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Foreword

Cancer Neurology in Clinical Practice comes in its third edition, now edited by David Schiff,
Isabel Arrillaga, and Patrick Y. Wen. The overall aim remains to provide a comprehensive
overview on neurologic complications of cancer and its treatment. The refined classification of
many cancer entities to a molecular level has not only resulted in a better understanding of
pathogenesis but also in the development of several rather specific molecularly targeted
treatments. Moreover, the last years have seen a wave of new therapeutic approaches in the
area of immunotherapy. These were associated not only with striking gains in survival, but
also with a changing spectrum of complications from cancer treatment. These developments
made a new edition of this textbook timely and necessary.

An overview on the general role of neurologic disease in cancer is followed by parts on
diagnostic studies and the overall involvement of the nervous system by systemic cancer. This
is then further detailed in a part on the neurologic complications of cancer and of its treatment,
and all this with specific consideration of distinct types of cancer. Finally, the last chapter is
dedicated to an area of increasing relevance, the neurologic symptoms and signs of long-term
cancer survivors.

The editors and their team of distinguished contributors are to be congratulated for having
provided an up-to-date and comprehensive source of knowledge of high value for all those
involved in the management of patients with cancer.

Prof. Dr. Michael Weller
Department of Neurology
University Hospital Zurich

Zurich, Switzerland
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Preface

It is estimated that cancer affects approximately 40% of the population at some time and is
responsible for 20% of deaths. Recent years have witnessed substantial advances in the
treatment of many malignancies. Targeted molecular therapies have improved outcomes for
many cancers including HER2-positive breast cancer, EGFR and ALK-positive non-small cell
lung cancer, BRAFV600E-positive melanoma, and a growing number of hematologic malig-
nancies, among others. More recently, checkpoint inhibitor-based immunotherapy has dra-
matically changed the fortune of some patients with melanoma, non-small cell lung cancer, and
a rapidly growing list of other cancers (7 FDA approvals in 2016 alone). However, as therapies
for cancer improve and patients live longer, relapse within the nervous system is increasing.
Additionally, prolonged survival has exposed more cancer survivors to the long-term neuro-
logic sequelae of radiation therapy and systemic therapies. Finally, newly approved antineo-
plastic therapies bring new neurologic complications, as seen with immunotherapy. These
neurologic complications detract significantly from patients’ quality of life.

The diagnosis and treatment of neurologic complications of the nervous system are shared
among neuro-oncologists, medical and radiation oncologists, neurologists, and neurosurgeons.
While neurologists and neurosurgeons have expertise in the diagnosis and management of
neurologic complaints, they are generally less familiar with the biology, behavior, and man-
agement of cancer. Conversely, medical and radiation oncologists have expertise in the
diagnosis and treatment of cancer but are less familiar with the diagnosis and management of
neurologic complaints in cancer patients. The purpose of this Third Edition of Cancer Neu-
rology in Clinical Practice is to provide clinicians from various backgrounds and levels of
training with information that will allow them to optimally diagnose and manage neurologic
complications of the nervous system. This volume begins with an overview of diagnostic
studies for neurologic complications involving the nervous system. That is followed by parts
on metastatic and non-metastatic complications of cancer involving the nervous system, and
the interpretation, diagnosis, and management of common neuro-oncologic symptoms. The
next part reviews the neurologic complications of cancer therapy, including corticosteroids,
radiation therapy, chemotherapy, targeted molecular therapies, immunotherapies,
hematopoietic stem cell transplantation, and infections involving the nervous system. The final
part focuses on the most important neurologic complications in cancers arising from specific
organs.

We hope that this volume will provide clinicians from varied backgrounds looking after
cancer patients with readily accessible, relevant information that will allow them to optimally
diagnose and manage neurologic complications in these patients. Prompt diagnosis and
effective interventions will ameliorate neurologic outcomes of most of the complications
discussed in this volume, translating into improved quality (and in some cases quantity) of life
for patients suffering from cancer.

Charlottesville, USA David Schiff
Boston, USA Isabel Arrillaga
Boston, USA Patrick Y. Wen

vii



Acknowledgements

I am very grateful for the addition of Isabel Arrillaga as co-editor; she has provided
much-needed new energy, perspective, organization, and talent to this new edition. Patrick
Wen, who is responsible for my choosing neuro-oncology as a specialty 25 years ago, remains
a mentor, friend, and role model as well as a shining light in the field. My heartfelt appre-
ciation goes to the many excellent chapter authors. Most importantly, I thank my patients and
Tanya Nezzer, MD, for teaching me what matters in life.

David Schiff, MD

I am privileged to have worked on this Third Edition of Cancer Neurology in Clinical
Practice alongside David Schiff and Patrick Wen, both leaders in the field of neuro-oncology
and cancer neurology. I am particularly grateful to Patrick for the opportunity to collaborate on
this text and for sharing so much of his time and talent over the years as a thoughtful and
trusted mentor. I dedicate this book to my husband, Benjamin Rymzo, my greatest supporter
and pillar, to my two young daughters, Celina and Camila, whom I hope I can one day inspire
to pursue their own passions, and to my parents, Rafael Arrillaga and Celina Romany, who are
ever-present sources of encouragement and confidence. Lastly, I humbly acknowledge the
patients we treat and the many lessons they have offered about resilience, determination, and
grace.

Isabel Arrillaga, MD, Ph.D.

This Third Edition of Cancer Neurology in Clinical Practice would not have been possible if
not for all the efforts of David Schiff. I am very grateful for his hard work and encyclopedic
knowledge of the field, which were both instrumental in making the three editions possible,
and, most importantly, for his friendship, support, and always wise counsel over the years. We
also were very lucky to have Isabel Arrillaga join us as an editor for this third edition. She is a
wonderfully talented neuro-oncologist, and this edition would not have been possible without
the hard work and the countless hours she devoted to it. I would also like to thank the expert
group of chapter authors for their willingness to contribute to this book despite their very busy
schedules. I dedicate this book to my parents, Hsiang-Lai Wen, MD, and Grace Wen, and to
my family, May, Katherine, and Jessie.

Patrick Y. Wen, MD

ix



Contents

Part I Overview

1 The Prevalence and Impact of Neurological Disease in Cancer . . . . . . . .. . . . . . . . 3
Andrew L. Lin and Lisa M. DeAngelis

Part II Diagnostic Studies

2 Imaging Neurologic Manifestations of Oncologic Disease . . . . . . . . . . . . . . . . . 13
Raymond Huang and Patrick Y. Wen

3 Other Diagnostic Tools for Neurological Disease in Cancer:
EEG, EMG, and Lumbar Puncture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Crystal S. Janani and Edward K. Avila

Part III Nervous System Involvement of Systemic Cancers

4 Brain Metastasis as Complication of Systemic Cancers . . . . . . . . . . . . . . . . . . 57
Riccardo Soffietti, Federica Franchino, and Roberta Rudà

5 Leptomeningeal Metastasis as Complication of Systemic Cancers . . . . . . .. . . . . . . 81
Sophie Taillibert, Emilie Le Rhun, and Marc C. Chamberlain

6 Spinal Metastasis as Complication of Systemic Cancers . . . . . . . . . . . . . . . . . . 113
Gregory Davis, Michaela Lee, Dawit Aregawi, Mark E. Shaffrey,
David Schiff, and Jonathan H. Sherman

7 Peripheral Nervous System Metastases as Complications
of Systemic Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Amanda C. Guidon

Part IV Neurological Complications of Cancer

8 Headache as Complication of Cancer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Surabhi Ranjan and David Schiff

9 Seizures as Complications in Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Christa P. Benit, Melissa Kerkhof, Alberto Duran-Peña,
and Charles J. Vecht

10 Cerebrovascular Complications of Cancer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Lisa R. Rogers

11 Elevated Intracranial Pressure and Hydrocephalus in Brain
Tumor Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Matthew E. Shuman and Mark D. Johnson

12 Cognitive Dysfunction, Mood Disorders, and Fatigue
as Complications of Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
Jörg Dietrich and Michael W. Parsons

xi



13 Paraneoplastic Syndromes of the Nervous System
as Complications of Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Myrna R. Rosenfeld and Josep Dalmau

Part V Neurological Complications of Cancer Therapy

14 Neurologic Complications of Radiation Therapy. . . . . . . . . . . . . . . . . . . . . . . . 241
Damien Ricard, Thomas Durand, Arnault Tauziède-Espariat,
Delphine Leclercq, and Dimitri Psimaras

15 Neurological Complications of Chemotherapy . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Craig A. Vargo, Leslie A. Ray, and Herbert B. Newton

16 Neurological Complications of Targeted Therapies . . . . . . . . . . . . . . . . . . . . . . 311
Deborah A. Forst and Patrick Y. Wen

17 Neurological Complications of Immune-Based Therapies . . . . . . . . . . . . . . . . . 335
Martha R. Neagu, Russell W. Jenkins, and David Reardon

18 Neurologic Complications of Hematopoietic Stem Cell Transplantation . . . . .. . . . 345
Eudocia Q. Lee and Patrick Y. Wen

19 Neurologic Complications of Corticosteroids in Cancer Therapy . . . . . . .. . . . . . . 359
Erin M. Dunbar, Yue Wang, and Santosh Kesari

20 Central Nervous System Infections in Patients Receiving
Cancer Therapies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
Amy A. Pruitt

Part VI Neurological Complications of Specific Malignancies

21 Neurological Complications of Primary Brain Tumors. . . . . . . . . . . . . . . . . . . 399
Justin T. Jordan, Thomas N. Byrne, and Tracy Batchelor

22 Neurological Complications of Lung Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Ming Chi and Manmeet S. Ahluwalia

23 Neurological Complications of Breast Cancer and Its Treatment . . . . . . .. . . . . . . 435
Emilie Le Rhun, Sophie Taillibert, and Marc C. Chamberlain

24 Neurologic Complications of Gastrointestinal Cancer . . . . . . . . . . . . . . . . . . . . 471
Rajiv Magge and Eli L. Diamond

25 Neurologic Complications of Genitourinary Cancer . . . . . . . . . . . . . . . . . . . . . 485
Jennie W. Taylor

26 Neurologic Complications of Female Reproductive Tract Cancers . . . . . .. . . . . . . 497
K. Ina Ly and Maciej M. Mrugala

27 Neurological Complications of Sarcomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
Megan L. Kruse and David M. Peereboom

28 Neurologic Complications of Head and Neck Cancer . . . . . . . . . . . . . . . . . . . . 527
Sepideh Mokhtari and Thomas J. Kaley

29 Neurological Complications of Malignant Melanoma . . . . . . . . . . . . . . . . . . . . 541
Hamza Malek, Annise Wilson, and Jeffrey Raizer

30 Neurological Complications of Leukemia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559
Joachim M. Baehring and Amy M. Chan

31 Neurologic Complications of Lymphoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 571
Lakshmi Nayak and Christian Grommes

xii Contents



32 Neurologic Complications of Plasma Cell Dyscrasias . . . . . . . . . . . . . . . . . . . . 583
Elie Naddaf and Michelle L. Mauermann

33 Neurologic Complications of Pediatric Systemic Cancer. . . . . . . . . . . . . . . . . . 597
Elizabeth S. Duke, Scott L. Pomeroy, and Nicole J. Ullrich

Part VII Neurological Complications in Long Term Cancer Survivors

34 Neurological Complications of Cancer and Cancer Therapies
in Long-Term Survivors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 617
Isabel Arrillaga

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 627

Contents xiii



Contributors

Manmeet S. Ahluwalia MD Cleveland, OH, USA

Dawit Aregawi MD Department of Neurosurgery, Penn State Milton S. Hershey Medical
Center, Penn State College of Medicine, Hershey, PA, USA

Isabel Arrillaga MD, Ph.D. Department of Neurology/Neuro-Oncology, Massachusetts
General Hospital, Boston, MA, USA

Edward K. Avila DO Department of Neurology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Joachim M. Baehring MD, DSc Departments of Neurology and Neurosurgery, Yale School
of Medicine, New Haven, CT, USA

Tracy Batchelor MD, MPH Department of Neurology, Massachusetts General Hospital,
Boston, MA, USA

Christa P. Benit MD Department of Neurology, The Hague Medical Center, The Hague,
The Netherlands

Thomas N. Byrne MD Massachusetts General Hospital, Neurology, Boston, MA, USA

Marc C. Chamberlain MD Department of Neurology and Neurological Surgery, Seattle
Cancer Care Alliance, University of Washington, Seattle, WA, USA; Cascadian Therapeutics,
Inc., Seattle, WA, USA

Amy M. Chan MD Department of Neurology, Yale School of Medicine, New Haven, CT,
USA

Ming Chi MD Atlanta Cancer Care, Northside Hospital, Atlanta, GA, USA

Josep Dalmau MD, Ph.D. Hospital Clinic, Institució Catalana de Recerca i Estudis Avançats
(ICREA), Institut d’ Investigació Biomedica August Pi I Sunyer (IDIBAPS), Barcelona,
Catalonia, Spain

Gregory Davis MD Department of Neurological Surgery, George Washington University
Hospital, Washington, DC, USA

Lisa M. DeAngelis MD Department of Neurology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Eli L. Diamond MD Department of Neurology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Jörg Dietrich MD, Ph.D. Department of Neurology, Harvard Medical School, Mas-
sachusetts General Hospital, Boston, MA, USA

Elizabeth S. Duke MD Department of Neurology, Boston Children’s Hospital, Boston, MA,
USA

xv



Erin M. Dunbar MD Piedmont Hospital, Brain Tumor Center, Atlanta, GA, USA

Alberto Duran-Peña MD Department of Neurology Mazarin, Pitié Salpetrière Hospital,
Paris, France

Thomas Durand M.Sc. UMR MD4 8257 Cognition and Action Group, Paris, France

Deborah A. Forst MD Department of Neuro-Oncology, Massachusetts General Hospital,
Boston, MA, USA

Federica Franchino MD Department of Neuroscience, University of Turin and City of
Health and Science Hospital, Turin, Italy

Christian Grommes MD Department of Neurology, Memorial Sloan Kettering Cancer
Center, New York, NY, USA

Amanda C. Guidon MD Department of Neurology, Harvard Medical School, Massachusetts
General Hospital, Boston, MA, USA

Raymond Huang MD, Ph.D. Department of Radiology, Brigham and Women’s Hospital,
Boston, MA, USA

Crystal S. Janani MD Department of Neurology, St. Agnes Hospital, Baltimore, MD, USA

Russell W. Jenkins MD, Ph.D. Department of Medical Oncology, Dana Farber Cancer
Institute, Boston, MA, USA

Mark D. Johnson MD, Ph.D. Department of Neurological Surgery, University of Mas-
sachusetts Medical School and UMass Memorial Hospital, Worcester, MA, USA

Justin T. Jordan MD Department of Neurology, Massachusetts General Hospital, Boston,
MA, USA

Thomas J. Kaley MD Department of Neurology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Melissa Kerkhof M.Sc., MD Department of Neurology, The Hague Medical Center, The
Hague, The Netherlands

Santosh Kesari MD, Ph.D. Department of Translational Neuro-Oncology and Neurothera-
peutics, John Wayne Cancer Institute at Providence Saint John’s Health Center, Santa Monica,
CA, USA

Megan L. Kruse MD Department of Hematology/Oncology, Cleveland Clinic, Cleveland,
OH, USA

Emilie Le Rhun MD Department of Neurosurgery and Neuro-oncology, University Hospi-
tal, Lille Cedex, France; Breast unit, Department of Medical Oncology, Oscar Lambert Center,
Lille Cedex, France; PRISM Inserm U1192, Villeneuve-d’Ascq, France

Delphine Leclercq MD Department of Neuroradiology, Pitié Salpetrière Hospital, Paris,
France

Eudocia Q. Lee MD, MPH Center for Neuro-Oncology, Dana-Farber/Brigham and
Women’s Cancer Center, Boston, MA, USA

Michaela Lee MD Department of Neurosurgery, George Washington University Medical
Center, Washington, DC, USA

Andrew L. Lin MD Department of Neurology, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

xvi Contributors



K. Ina Ly MD Stephen E and Catherine Pappas Center for Neuro-Oncology, Massachusetts
General Hospital, Boston, MA, USA; Center for Neuro-Oncology, Dana-Farber Cancer
Institute, Boston, MA, USA

Rajiv Magge MD Weill Cornell Medicine/New York Presbyterian, Weill Cornell Brain
Tumor Center, New York, NY, USA

Hamza Malek MD Department of Neurology, Northwestern University, Chicago, IL, USA

Michelle L. Mauermann MD Department of Neurology, Mayo Clinic, Rochester, MN, USA

Sepideh Mokhtari MD Department of Neurology, H. Lee Moffitt Center, Tampa, FL, USA

Maciej M. Mrugala MD, Ph.D., MPH Department of Neurology, University of Washington
Medical School, Fred Hutchinson Cancer Research Center, Seattle, WA, USA; Department of
Neurology and Division of Medical Oncology, Mayo Clinic, Phoenix, AZ, USA

Elie Naddaf MD Department of Neurology, Mayo Clinic, Rochester, MN, USA

Lakshmi Nayak MD Department of Neuro-Oncology, Dana-Farber Cancer Institute, Boston,
MA, USA

Martha R. Neagu MD, Ph.D. Department of Medical Oncology, Dana Farber Cancer
Institute, Boston, MA, USA

Herbert B. Newton MD, FAAN Neuro-Oncology Center, Florida Hospital Cancer Institue
& Florida Hospital Orlando, Orlando, FL, USA

Michael W. Parsons Ph.D. Burkhardt Brain Tumor Center and Section of Neuropsychology,
Cleveland Clinic, Cleveland, OH, USA

David M. Peereboom MD, FACP Burkhardt Brain Tumor and Neuro-Oncology Center,
Cleveland Clinic, Cleveland, OH, USA

Scott L. Pomeroy MD, Ph.D. Department of Neurology, Boston Children’s Hospital,
Boston, MA, USA

Amy A. Pruitt MD Department of Neurology, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, PA, USA

Dimitri Psimaras MD Department of Neurology, Pitié Salpetrière Hospital, Paris, France

Jeffrey Raizer MD Department of Neurology, Northwestern University, Chicago, IL, USA

Surabhi Ranjan MBBS Department of Neurology, University of Virginia, Charlottesville,
VA, USA

Leslie A. Ray Pharm.D., BCOP Department of Pharmacy, The James Cancer Hospital, The
Ohio State University, Columbus, OH, USA

David Reardon MD Center for Neuro-Oncology, Dana-Farber Cancer Institute, Boston,
MA, USA

Damien Ricard MD Department of Neurology, Hôpital d’Instruction des Armées Percy,
Clamart, France

Lisa R. Rogers DO Department of Neurology, University Hospitals Cleveland Medical
Center, Cleveland, OH, USA

Myrna R. Rosenfeld MD, Ph.D. Institut d’Investigació Biomedica August Pi i Sunyer
(IDIBAPS), Barcelona, Catalonia, Spain

Roberta Rudà MD Department of Neuroscience, University of Turin and City of Health and
Science Hospital, Turin, Italy

Contributors xvii



David Schiff MD Neuro-oncology center, University of Virginia, Charlottesville, VA, USA

Mark E. Shaffrey MD Department of Neurological Surgery, University of Virginia Hospital,
Charlottesville, VA, USA

Jonathan H. Sherman MD Department of Neurosurgery, The George Washington
University Hospital, Washington, DC, USA

Matthew E. Shuman BA Department of Neurosurgery, Brigham and Women’s Hospital,
Boston, MA, USA

Riccardo Soffietti MD Department of Neuroscience, University of Turin and City of Health
and Science Hospital, Turin, Italy

Sophie Taillibert MD Department of Neurology and Department of Radiation Oncology,
Pitié-Salpétrière Hospital, UPMC-Paris VI University, Paris, France

Arnault Tauziède-Espariat MD Laboratory of Neuropathology, Sainte-Anne Hospital,
Paris, France

Jennie W. Taylor MD, MPH Department of Neurology and Neurosurgery, University of
California, San Francisco, CA, USA

Nicole J. Ullrich MD, Ph.D., MMSci Department of Neurology, Boston Children’s
Hospital, Boston, MA, USA

Craig A. Vargo Pharm.D. Department of Pharmacy, The James Cancer Hospital, The Ohio
State University, Columbus, OH, USA

Charles J. Vecht MD, Ph.D. Department of Neurology Mazarin, Pitié Salpetrière Hospital,
Paris, France

Yue Wang MD, Ph.D. Department of Neurology, University of Florida, Gainesville, FL,
USA

Patrick Y. Wen MD Center for Neuro-Oncology, Dana-Farber/Brigham and Women’s
Cancer Center, Boston, MA, USA

Annise Wilson MD Department of Neurology, Northwestern University, Chicago, IL, USA

xviii Contributors



Part I

Overview



1The Prevalence and Impact of Neurological
Disease in Cancer

Andrew L. Lin and Lisa M. DeAngelis

Abbreviations
APL Acute promyelocytic leukemia
CAR T-cell Chimeric antigen receptor T-cell
CNS Central nervous system
CSF Cerebrospinal fluid
CTLA4 Cytotoxic T-lymphocyte-associated protein 4
DIC Disseminated intravascular coagulation
FDA Food and Drug Administration
JC virus John Cunningham virus
HER2 Human epidermal growth factor receptor 2
MEK Mitogen-activated protein kinase enzyme
MS Multiple sclerosis
PRES Posterior reversible encephalopathy syndrome

Introduction

Cancer is a leading cause of disability and death throughout
the world. Though regional variations in environmental risk
factors and genetic propensities affect the incidence of each
type of cancer, as an illness, it afflicts all age and socioe-
conomic groups worldwide [1]. In the United States, 1 in 4
deaths are due to cancer, making it the second leading cause
of death [2]. This sobering statistic is offset by a decline in
cancer death rates by as much as 20% over the past 20 years
as a result of early treatment and medical advancements
which have resulted in some cures, and delays in progression
among those with advanced disease.

A large percentage of the cancer population will develop
a neurologic complication of their disease. Up to 25% of
cancer patients develop a central nervous system

(CNS) metastasis over the course of their illness [3]. Many
more develop chemotherapy-associated neuropathy; it
occurs commonly in patients receiving both conventional
cytotoxic chemotherapy––with an incidence that approaches
100% among patients treated with vincristine––and novel
agents, such as the small molecule inhibitor, bortezomib.

For these reasons, in the mid-1980s, almost 50% of
patients on a solid tumor service were admitted with a
neurologic complaint; Table 1.1 details the most common
chief complaints and neurologic diagnoses identified by an
inpatient neurology consultant in a population of patients
with cancer [4, 5]. During this same time period, a cancer
hospital in the Netherlands referred about 15% of their
patients for neurologic evaluation [6]. Because patients are
living longer after their cancer diagnosis, the number of
neurologic complications has increased and more patients
suffer the diverse, late effects of treatment and the disease
itself.

An estimated 1.7 million Americans will be diagnosed
with cancer in 2015, of whom 68% will be alive at 5 years
[7]. Many of these 1.2 million cancer survivors will have a
neurologic symptom or disability and would benefit from

A.L. Lin � L.M. DeAngelis (&)
Department of Neurology, Memorial Sloan Kettering Cancer
Center, 1275 York Ave, New York, NY 10065, USA
e-mail: deangell@mskcc.org
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neurologic expertise. This book seeks to address the broad
scope of these issues and the large unmet clinical needs of
these patients.

Management of the Neurologic Complications
of Cancer

Neurooncology is the subspecialty of neurology that deals
with the neurologic complications of cancer. Neurologic
symptoms may arise from primary malignancies of the brain,
and for that reason, one focus of neurooncology is the man-
agement of gliomas and other primary tumors of the CNS.
A second, equally important focus is the diagnosis and man-
agement of neurologic complications of systemic cancer and
its treatment which is the core of this book. This second focus
extends far beyond brain metastases, a problem that is already
ten times more common than malignant gliomas [3, 7].

The first step in managing a neurologic complication of
cancer is the correct identification of the underlying problem.
A cancer patient with a change in gait may have loss of

proprioception from prior chemotherapy, disease within the
CNS, or severe pain that limits function. Correct diagnosis
and treatment of the patient’s complaint is contingent upon
the same principles of neurology that apply to the
non-cancer population. A careful history and detailed exam
localizes the deficit in the nervous system to a focal, mul-
tifocal, or diffuse process. From that localization, a neuro-
logic differential diagnosis can be developed that is based on
specialized knowledge of the characteristic propensities of
each cancer, the off-target effects of a wide array of con-
ventional cytotoxic, novel small molecule and biologic
therapeutics, and the complications of radiotherapy and
surgical treatments. The most common neurologic compli-
cations of cancer and their association with different
malignancies and treatment are provided in Table 1.2.

Direct Effects of Cancer on the Nervous System

Cancer frequently metastasizes to the nervous system, pri-
marily to the brain, dura, subarachnoid space, spinal cord,

Table 1.1 Categorization of
2137 inpatient neurology consults
at a large cancer center by chief
complaint and neurologic
diagnosis

Number of patients Percentage of consults

Chief complaint

Back pain 385 18

Headache 192 9

Other pain 160 7

Altered mental status 521 24

Weakness 395 18

Sensory deficit 173 8

Ataxia/gait instability 156 7

Seizures 156 7

Vision deficit 54 2

Speech deficit 52 2

Neurologic diagnosis

Parenchymal brain metastasis 407 19

Epidural metastasis 298 14

Leptomeningeal metastasis 224 10

Other metastasis 407 19

Toxic metabolic encephalopathy 275 12

Cerebrovascular disease 169 8

Headache 67 3

Syncope 45 2

Peripheral neuropathy 40 1

Epilepsy 34 1

Paraneoplastic syndrome 7 0.3

Other 246 12

Patients may have more than one chief complaint or neurologic diagnosis
Used with permission of Oxford University Press from DeAngelis and Posner [5]

4 A.L. Lin and L.M. DeAngelis



Table 1.2 Neurologic complications of cancer

Location Complication Cancer or treatment related causes

Brain

Direct complications Brain metastasis Lung, melanoma, renal, breast, and colon cancer

Primary brain tumor Meningioma, glioma, pituitary adenoma, and schwannoma

Leptomeningeal metastasis Breast, lung, melanoma, and gastrointestinal cancer

Complications
associated with
cancer

Epilepsy/status epilepticus Brain metastasis, primary brain tumor, paraneoplastic limbic encephalitis, and
meningitis/encephalitis

Paraneoplastic limbic
encephalitis

Anti-VGKC SCLC and thymoma

Anti-NMDA Ovarian teratoma

Anti-Hu SCLC and gynecological cancer

Anti-Ma2 Testicular germ cell

Paraneoplastic cerebellar
degeneration

Anti-Yo Ovarian and breast cancer

Anti-Tr Hodgkin lymphoma

Anti-Hu SCLC and gynecological cancer

Meningitis/encephalitis Cancer-mediated
immunosuppression

Hodgkin lymphoma, CLL, multiple myeloma, and
Waldenstrom macroglobulinemia

Ischemic stroke Hyperviscosity Multiple myeloma, Waldenstrom macroglobulinemia,
and leukemia

Cancer-mediated
hypercoagulability

Pancreatic cancer, adenocarcinomas

Tumor emboli Rhabdomyosarcoma

DIC Sepsis from cancer-mediated immunosuppression

Vasculopathy Intravascular lymphoma

Infectious vasculopathy (VZV) from cancer-mediated
immunosuppression

Hemorrhagic stroke Coagulopathy/DIC APL

Sepsis from cancer-mediated immunosuppression

Liver metastases

Thrombocytopenia Leukemia, lymphoma, and multiple myeloma

Hemorrhage from a
metastasis

Renal cell carcinoma, melanoma, choriocarcinoma, and
papillary thyroid cancer

Treatment
complications

Encephalopathy Methotrexate, ifosfamide, and 5-FU

PRES Bevacizumab, sorafenib, cyclophosphamide, high-dose corticosteroids, L-
asparaginase, cisplatin, gemcitabine, and tacrolimus

Ischemic stroke Bevacizumab, sunitinib, sorafenib, and cisplatin

Radiation-induced vasculopathy from treatment of head and neck cancers

Infectious vasculopathy and DIC from treatment-induced immunosuppression

Hemorrhagic stroke Chemotherapy-induced thrombocytopia

Bevacizumab

Hemorrhage due to vascular changes secondary to radiotherapy

Venous sinus thrombosis L-asparaginase

Pseudoprogression Radiation to a primary or metastatic brain tumor

Radiation necrosis Radiation to the head and neck; SRS to brain metastases

Bacterial
meningitis/abscess/empyema

Neurosurgical
procedure

VP shunt, burr hole, craniotomy, transsphenoidal
resection, and laminectomy

Treatment-induced
immune suppression

Cytotoxic chemotherapy, hematopoietic stem cell
transplant, and immune-modulating biologics

(continued)
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and plexus. Considered together, the direct complications of
cancer on the nervous system are responsible for a major
burden of disability and death. Ironically, enhanced thera-
peutics and longer systemic disease control may be
responsible for increasing the incidence of these complica-
tions, making the need for better therapeutics for CNS dis-
ease ever more pressing.

The elucidation of the molecular drivers of cancer has in
certain cancer subtypes significantly improved tumor con-
trol. For example, trastuzumab, a monoclonal antibody

directed against the HER2 receptor which is overexpressed
in 25–30% of breast cancers has markedly improved the
prognosis of patients with stage IV breast cancer by reducing
the hazard rate of relapse by one-half [8, 9]. Unfortunately,
the improved systemic control afforded by trastuzumab in
appropriately selected patients with HER2 overexpression
has not translated into the same degree of control within the
CNS. Several retrospective studies have reported an inci-
dence of clinically evident brain metastasis of 25–40% in
patients with HER2 positive breast cancer receiving

Table 1.2 (continued)

Location Complication Cancer or treatment related causes

Spinal cord

Leptomeningeal Metastasis Breast, lung, melanoma, and gastrointestinal cancers

Cord compression/cauda
equina syndrome

Lung, breast, prostate, renal, colorectal, and hematologic malignancies

Paraneoplastic myelopathy Anti-amphiphysin Breast cancer

Anti-CRMP5 SCLC and thymoma

Anti-Hu SCLC and gynecological cancer

Anti-ANNA-3 SCLC

Anti-NMO Carcinoma and lymphoma

Radiation myelopathy Radiation to the vertebral column, thorax, abdomen, or neck

Radiculomyelitis Cancer-mediated and treatment-induced immunosuppression

Plexus

Neoplastic infiltration Brachial Breast and lung cancer

Lumbosacral Prostate, colorectal, cervical, bladder cancers, and
retroperitoneal sarcoma

Radiation plexopathy Radiation near the plexus

Peripheral nerve

Neoplastic infiltration Leukemia, lymphoma, Waldenstrom macroglobulinemia, prostate cancer, and
squamous cell of head and neck (to cranial nerves)

Drug-associated neuropathy Platinum agents, vinca alkaloids, thalidomide, bortezomib, and ipilimumab

Immune-mediated neuropathy POEMS syndrome, MGUS, and multiple myeloma

Paraneoplastic neuronopathy Anti-Hu SCLC and gynecological cancer

Peripheral nerve
hyper-excitability

Anti-VGKC SCLC and thymoma

Neuromuscular junction

Myasthenia gravis Anti-acetylcholine
receptor

Thymoma

Lambert–Eaton myasthenic
syndrome

Anti-Ca channel SCLC

Muscle

Steroid myopathy Pituitary adenomas/carcinomas, adrenal adenomas/adrenocortical carcinomas, and
exogenous steroids

Dermatomyositis/polymyositis Cervical, lung, ovarian, pancreatic, bladder, and gastric cancer

Abbreviations APL acute promyelocytic leukemia, CLL chronic lymphocytic leukemia; DIC disseminated intravascular coagulation, MGUS
monoclonal gammopathy of unknown significance, POEMS polyneuropathy organomegaly endocrinopathy M-protein skin-changes, PRES
posterior reversible encephalopathy syndrome, SCLC small cell lung cancer, SRS stereotactic radiosurgery, VP shunt ventriculoperitoneal shunt,
VZV varicella zoster virus, 5-FU 5-flurouracil
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trastuzumab compared with an incidence of only 10–15% in
HER2 negative patients with advanced disease [10]. One
explanation is that HER2 positive breast cancer has a trop-
ism for seeding the CNS; alternatively, the CNS may func-
tion as a sanctuary site because trastuzumab does not
penetrate the blood–brain barrier effectively and prolonged
systemic control may permit sufficient time for brain
metastases to become evident [11]. Both of these and other
factors may play a role, and altering this natural history will
require unraveling the mechanisms by which it and other
malignancies metastasize and circumvent the blood–brain
barrier.

Basic and translational research have revealed that the
development of metastatic disease is a highly inefficient
process; large numbers of circulating tumor cells leave the
primary tumor with only a small percentage (<0.01% of
metastatic clonal cells in experimental models) surviving
and establishing themselves at a distant site, including the
brain [12]. The inefficiency of this process is due to the
obstacles that these circulating tumor cells must overcome.
Some of these obstacles apply to the development of
metastases at any organ site, and others appear to be host
organ specific.

An emerging concept is that there is a strong and complex
interplay between normal brain tissue and tumor cells that
develop into brain metastases. For example, it has been
recognized that tumor cells thwart the brain’s defense
against the development of metastases by disrupting the
normal function of plasmin. Plasmin is made in the brain to
support synaptic plasticity; however, it also protects against
the establishment of a metastasis once a tumor cell has
extravasated into the brain parenchyma. Plasmin prevents
tumor cells from binding to the abluminal surface of brain
capillaries and interferes with the required co-option of the
cerebral vasculature by the cancer cell to sustain growth
[13]. By overexpressing plasminogen activator inhibitory
serpins, which inhibit the conversion of plasminogen to
plasmin, a subset of tumor cells are able to overcome this
obstacle, and they are the cells that successfully develop into
a brain metastasis.

Brain and all CNS metastases typically occur late in the
cancer course. In autopsy studies, it has been shown con-
sistently that about 30% of individuals with breast cancer
have CNS metastases. The rate is even higher for lung
cancer and melanoma at 34 and 72%, respectively [14]
Cancers with a lower rate of intracranial metastasis include
colon and pancreatic cancers; nevertheless, brain metastases
develop even in these subtypes (Table 1.3). All told,
approximately 25% of all patients with cancer have CNS
metastases at death, and in approximately 40% of these
patients, the brain is the sole metastatic site [14].

In addition to developing parenchymal brain metastases,
patients can develop disease in the subarachnoid space

resulting in leptomeningeal metastasis. Leptomeningeal
metastasis is another direct complication of cancer that
occurs commonly, either in the presence or absence of
parenchymal brain metastases. It is found in 4–8% of
patients at autopsy and is a particularly challenging diag-
nosis to establish because the symptoms are highly variable,
relatively subtle and nonspecific, and diagnostic tests have a
high rate of false negative results [5, 14]. Moreover, outside
of cancer, the symptoms of leptomeningeal disease are rarely
encountered, except in patients with chronic meningitides,
making it more difficult to recognize the clinical syndromes.
Leptomeningeal metastasis frequently presents with tempo-
rary, postural neurologic symptoms that occur with changes
in body position from lying to standing. By history alone,
the symptoms seem orthostatic in etiology, but in reality they
are due to impaired cerebrospinal fluid (CSF) reabsorption
which results in transient, marked elevation in intracranial
pressure, typically lasting 5–20 min, known as plateau
waves [15]. Alternatively, it may present with symptoms that
localize anywhere along the neuraxis such as leg cramping,
cranial nerve palsies, radiculopathy, headache, diplopia, and
cognitive impairment; the symptoms may occur either alone
or in combination.

Metastasis to the CNS contributes significantly to mor-
bidity and mortality in patients with cancer. Unfortunately,
the treatment of parenchymal and leptomeningeal metastases
has lagged behind the development of treatments for sys-
temic tumors, as trials have historically excluded these
patients due to their poor prognosis. Fortunately, this is now
beginning to change, particularly for patients with
parenchymal brain metastases. There is growing recognition
of the need to develop both preventative and therapeutic
approaches to metastases in the CNS. Clinical trials are
investigating laboratory assays that permit earlier diagnosis,
innovative approaches for delivering therapy across the
blood–brain barrier, and novel drugs that draw from new
insights into the pathogenesis of brain metastases.

Indirect Effects of Cancer on the Nervous System

While neurologic complications of cancer can develop as a
consequence of direct metastases to the nervous system,
cancer also affects the nervous system indirectly.

Cancer induces an inflammatory state, and certain tumors
secrete procoagulant substances. For these reasons, patients
with cancer, particularly adenocarcinomas, are at a higher
risk for ischemic stroke accounting for the 14.6% incidence
of cerebrovascular disease found in an autopsy study [16].
A common mechanism by which individuals with cancer
develop ischemic strokes is through the development of
nonbacterial thrombotic endocarditis (or marantic endo-
carditis), but it can be caused by other mechanisms as well
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including tumor emboli, infarction secondary to sepsis, and
treatment-related hypercoagulability and vasculopathy.

Not only is there a higher incidence of ischemic stroke,
population studies also show a higher risk of intracerebral
hemorrhage [17, 18]. Primary and secondary brain tumors
may hemorrhage; particularly high risk tumors are oligo-
dendrogliomas and brain metastases from choriocarcinoma,
melanoma, papillary thyroid cancer, or renal cell carcinoma
[19]. Alternatively, cancer can lead to spontaneous intra-
parenchymal hemorrhage by causing coagulopathy, as in
acute promyelocytic leukemia (APL) [20]. Patients with this
condition usually have disseminated intravascular coagula-
tion (DIC) at presentation, and until the recent development
of effective therapies, death from massive intracranial hem-
orrhage was common.

A disordered immune response directed against the tumor
but cross-reacting with nervous system proteins is another
mechanism whereby cancer affects the nervous system. In
1948, Derek Denny-Brown published an early description of
a prototypic paraneoplastic neurologic syndrome character-
ized by a rapidly progressive, debilitating sensory neu-
ronopathy in individuals with small cell lung cancer [21].
The antibody mediating this paraneoplastic syndrome was
later identified from the serum of patient H.U. (giving rise to
the name anti-Hu); this antibody was found to cause dys-
function at nearly every level of the nervous system. It is
associated with limbic encephalitis, cerebellar degeneration,
brainstem encephalopathy, autonomic dysfunction, and
motor neuron dysfunction [22]. Moreover, anti-Hu
co-associates with other paraneoplastic antibodies such as
anti-calcium channel antibodies which primarily affect the
neuromuscular junction and give rise to the Lambert–Eaton
myasthenic syndrome [23].

The true incidence of paraneoplastic syndromes involving
the nervous system is unclear, but they are rare. For all
cancers, it may be as low as one per 10,000 patients [24]. For

tumors with neuroendocrine proteins, such as small cell lung
cancer, the rate is higher, occurring in about 3–5% of
patients. In individuals with thymoma and immune dys-
function, myasthenia gravis and other paraneoplastic syn-
dromes are commonplace, occurring in 15–20% of these
patients.

Complications of Cancer Treatment

Another category of neurologic dysfunction is the short- and
long-term effects of cancer therapies, such as radiotherapy,
chemotherapy, and the many procedures that are prescribed.
This category of dysfunction may be even more diverse than
the others considered.

Peripheral neuropathy is the most common complication
of cancer chemotherapy as it affects 30–70% of all patients
[25]. Neuropathy can have profound effects on patient
function, quality of life, and in one study, was the most
troublesome symptom of treatment for one-third of patients
with cancer [26]. Importantly, it is also a major dose limiting
toxicity of chemotherapy that frequently results in either
dose reduction or the premature discontinuation of otherwise
effective treatment, and as a consequence, it can adversely
affect outcomes.

Conventional cytotoxic chemotherapies are myelosup-
pressive; hence, treatment may be complicated by hemor-
rhage from thrombocytopenia or infection due to chronic
immunosuppression which may be further compounded by
bone marrow suppression and immune dysfunction from the
disease itself, as in multiple myeloma. Patients receiving
treatment are susceptible to a wide variety of pathogens and
often develop more severe disease than is seen in the general
population from the same infectious agent. As an example,
people who were previously able to clear the West Nile virus
with few clinical symptoms may develop a fulminant

Table 1.3 Prevalence of a primary or secondary brain tumor estimated for 2015

Primary cancer New cases [7] Number of deaths [7] Percentage with intracranial
tumor at autopsy [5, 14]

Projected number with intracranial
tumor at death

Lung 221,200 158,040 34 53,734

Breast 234,190 40,730 30 12,219

Melanoma 73,870 9940 72 7157

Urinary system 138,710 30,970 23 7123

Leukemia 54,270 24,450 23 5624

Colon 93,090 49,700 7 3479

Non-Hodgkin lymphoma 71,850 19,790 16 3166

Pancreas 48,960 40,560 7 2839

All sites 1,658,370 589,430 24 141,463

Brain and spinal cord 22,850 15,320 100 15,320
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meningoencephalitis or a poliomyelitis-like syndrome [27].
They can also develop viral, fungal, or atypical bacterial
infections such as varicella zoster virus vasculopathy, cyto-
megalovirus radiculitis, human herpes virus 6 limbic
encephalitis, herpes simplex virus meningoencephalitis,
aspergillosis, or nocardiosis.

Bacterial meningitis can also occur. Cancer patients who
have undergone neurosurgical procedures are susceptible to
infections from uncommon bacterial organisms such as
gram-negative bacteria; moreover, because their immune
response is frequently blunted, clinical manifestations may
be subtle and they may not exhibit the classic tetrad of
headache, fever, nuchal rigidity and altered mental status,
thus delaying recognition and early institution of appropriate
antibiotic therapy [28].

Mainstays of cancer treatment, such as methotrexate and
ifosfamide, sometimes precipitate encephalopathy syndromes
and can be associated with specific neurologic complications,
such as venous sinus thrombosis among patients treated with
L-asparaginase and posterior reversible leukoencephalopathy
syndrome (PRES) among patients receiving cyclophos-
phamide or cisplatin [5]. With the advent of molecular med-
icine, a new generation of drugs has emerged that act on
cancer by a variety of mechanisms. As these drugs are being
tried on an investigational basis and achieve wider use, neu-
rooncologists are being confronted with an unprecedented
diversity of unanticipated adverse effects. An illustrative
example is the focal neck extensor weakness that can be
caused by selumetinib, a MEK inhibitor [29].

Rituximab, a monoclonal antibody against CD20 that
revolutionized the treatment of B-cell lymphoma, was Food
and Drug Administration (FDA) approved in 1997, but the
association between its chronic use and the development of
progressive multifocal leukoencephalopathy (PML), a dev-
astating demyelinating condition caused by reactivation of
the John Cunningham (JC) virus, was not recognized until
2011 [30]. This association was finally reported by a neu-
rologist with an interest in understanding the development of
PML in patients treated with natalizumab, a drug for mul-
tiple sclerosis (MS). Research on natalizumab has shown
that JC virus serostatus can be used to risk stratify the
development of PML [31]. Insights like this from general
neurology can form the management of patients with cancer;
lymphoma patients on maintenance rituximab and other
immunomodulatory drugs may one day benefit from similar
serological testing.

Activating the immune system can also have significant
neurologic toxicity, as sometimes occurs following the
administration of ipilimumab. Ipilimumab is a monoclonal
antibody against cytotoxic T-lymphocyte-associated protein
4 (CTLA4); this drug mobilizes the immune system by
inhibiting this molecule’s ability to downregulate the T-cell
response. It extends survival in patients with metastatic

melanoma, and has activity against other cancers with high
mutational loads and a large number of neoantigens to which
the immune system can react [32]. Ipilimumab may cause a
number of different autoimmune neurologic syndromes
such as hypophysitis (resulting in central hypothyroidism,
adrenal insufficiency, and hypogonadism), an axonal motor-
predominant polyradiculoneuropathy resembling Guillain–
Barre, myasthenia gravis, transverse myelitis, and an
inflammatory myopathy [33].

Treatment-related neurotoxicity can also occur following
radiotherapy and surgery. These treatments place patients at
risk for stroke, radiation necrosis and other forms of direct
damage to nearby structures, such as the brachial plexus.
Finally, novel treatments are having unanticipated effects on
the nervous system by mechanisms that are not completely
understood as found in some patients who have received
infusions of chimeric antigen receptor T-cells (CAR T-cells)
[34]. CAR T-cells are genetically engineered lymphocytes
that attack tumor cells and appear highly active against
hematologic cancers. Patients treated with this form of
cell-based immunotherapy can develop a cytokine storm,
which results in striking neurologic symptoms that start with
aphasia and progresses to severe encephalopathy, even
obtundation, with or without seizures [35]. When the cyto-
kine storm and seizures are appropriately managed, this
treatment-related neurologic toxicity is often reversible, but
failure to implement treatment rapidly can result in perma-
nent damage, particularly from uncontrolled seizures.

Because neurologic complications of cancer treatments
are so common, any team endeavoring to treat these medi-
cally complicated patients requires a neurologist to correctly
localize the deficit and identify the underlying cause. This is
of particular importance in the context of clinical trials
because investigational agents commonly have unexpected
neurologic consequences which need to be clearly and
completely defined so that the safety profile can be assessed
adequately and reported.

Conclusion
The nervous system is both a uniquely protected and
uniquely vulnerable organ system. Neurologic compli-
cations of cancer are common and increasingly prevalent,
as patients are surviving longer and are able to experience
both the acute and delayed consequences of the disease
and its treatment. Compromise of the nervous system by
cancer or its therapy is often serious but frequently
treatable, particularly if recognized early before serious
deficits are fully established, making accurate diagnosis
essential. This is where the neurooncologist plays a
fundamental role.

Mobility, functional independence, and freedom from
pain are of the utmost importance to patients. The

1 The Prevalence and Impact of Neurological Disease in Cancer 9



neurooncologist works to help patients accomplish these
goals, and in this way, neurooncologists strive to improve
not only the quantity, but also the quality of life for their
patients with cancer. This book was written to provide the
neurooncologist, the general neurologist, and the oncol-
ogist with a framework for the early recognition and
management of the most frequent neurologic complica-
tions of cancer, thus minimizing their effect on the
increasingly longer life enjoyed by many with this
disease.
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2Imaging Neurologic Manifestations
of Oncologic Disease

Raymond Huang and Patrick Y. Wen

Intracranial Metastasis

Brain metastases are the most common cause of malignant
brain tumors in adults. Lung and breast cancers are the most
common tumors that metastasize to brain, with melanoma,
renal, and colorectal cancers accounting for the majority of
the remaining metastases [1]. Among human cancers, mel-
anoma has the highest propensity to metastasize to the brain
[2]. The relative anatomical distribution of metastases in
brain is associated with regional blood perfusion, with 80%
of metastases found in supratentorial compartment, 15% in
the cerebellum, and 5% in brainstem [3]. Metastatic tumors
can involve either intra-axial or extra-axial compartments, or
both.

Radiological Features of Intra-Axial Metastases

When metastases occur in brain parenchyma (intra-axial),
the junction of gray and white matters is the most common
site of seeding. Intra-axial metastatic lesions can be
solid-appearing or demonstrate intratumoral necrosis or
cystic changes as rimenhancement on contrast enhancement
CT or MRI.

Unless intratumoral hemorrhage is present, metastases are
usually isodense on unenhanced CT and often not readily
distinguished from adjacent brain tissues. The presence of
vasogenic edema characterized by hypodensities outlining

the gray and white matter junction can be an important clue
suggesting an underlying metastasis. For larger lesions with
cystic or necrotic changes, the lesions appear hypodense
compared to normal brain tissues. In a few subtypes of
metastatic tumors including germ cell tumors, melanoma,
small cell lung cancers, and lymphoma, the tumors cells are
highly cellular resulting in increased attenuation on CT. Due
to streak and beam hardening artifacts from dense osseous
structures in the skullbase, small or isodense posterior fossa
lesions can be difficult to detect on CT. Most metastases
enhance intensely with iodinated contrast due to absence of
blood–brain barrier within tumor vasculature. Contrast-
enhanced CT remains a very commonly employed screen-
ing test for some tumor types since CT imaging of other
body areas can be performed on the same day of brain CT
and its cost is lower than that of MRI.

The cellular component of brain metastases on MRI is
usually hypointense to isointense relative to gray matter on
T1-weighted images and hypointense on T2-weighted ima-
ges. The necrotic or cystic tumor components generally
appear hypointense on T1-weighted images and hyperin-
tense on T2-weighted images. A subset of metastases can
exhibit hyperintensity on T1-weighted images due to pres-
ence of subacute blood product. The wall of the enhancing
rim is usually thick and irregular, and this can be an
important sign to differentiate from the usual thin rim of
enhancement seen with brain abscesses.

More than half of brain metastases are multifocal, but a
significant number will present as a solitary brain mass,
making differentiation from primary brain tumors difficult
[4]. The enhancing portions of tumor often have distinct
sharp margins from adjacent brain parenchyma, in contrast
to high-grade primary gliomas that typically exhibit an
infiltrative pattern at the tumor–brain interface. In the
following sections individual imaging features pertinent to
the diagnosis of metastasis will be discussed (Table 2.1).
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Tumor Permeability and Peritumoral Edema

Metastatic tumors to brain resemble the tissue characteristics
of the primary tumors and therefore do not possess the
blood–brain barrier seen in normal brain tissues. Thus,
lesional enhancement is almost always observed for metas-
tases on delayed post-contrast CT or T1-weighted MR
images due to extra-vascular leakage of contrast agents.
Aggressive primary intra-axial tumors such as higher grade
astrocytomas, primitive neuroectodermal tumors, and pri-
mary CNS lymphomas also commonly enhance, although
the mechanism of enhancement often include disruption of
blood brain barrier and secretion of vasoactive substances.
Other non-neoplastic intracranial processes can also exhibit
contrast enhancement, including infarct, inflammation or
infection.

One consequence of increased vascular permeability is
accumulation of interstitial water content, resulting in
decreased attenuation on CT as well as hyperintense signal
on T2-weighted MRI from prolonged T2 relaxation times.
A vasogenic pattern is characterized by edema that does not
violate the boundary at the gray-white matter junction and
can be easily identified by noting the exaggerated difference
between gray and white matter attenuation or signal inten-
sities on both CT and MRI. In contrast, cytotoxic edema
resulted from direct damage to tissues as seen with ischemic
infarction, does not spare the gray matter and there is a
reduction in visual contrast at the gray-white matter junction.
The extent of edema surrounding intra-axial metastases is
often significantly greater than the actual tumor size. Rarely,
vasogenic edema can be absent particularly with very small
tumors (<1 cm).

When untreated brain metastases in the cortex near
cerebral sulci or cerebellar folia are observed without

associated edema, involvement of the extra-axial space, i.e.
leptomeninges, should be suspected. Extra-axial metastatic
tumors, similar to some meningiomas, can produce edema in
the adjacent brain due to mass effect causing venous con-
gestion or direct effect on capillary permeability.

Intratumoral Hemorrhage

Among intracranial metastases, hemorrhage more com-
monly occurs in melanoma, renal cell carcinoma, and thy-
roid carcinoma. Hemorrhagic metastases demonstrate
variable signal intensities depending on the age of hemor-
rhage, and intratumoral hemorrhages tend to evolve more
slowly and often contain blood product of mixed ages as
compared to hemorrhages from non-tumor causes. Due to
their intrinsic melanin content and frequently intratumoral
hemorrhages, hyperintensity on unenhanced T1-weighted
images can be observed in melanoma [5–7] (Figs. 2.1a–c
and 2.2a–d).

Assessing whether parenchymal hemorrhage in brain is
spontaneous or secondary to aneoplastic process is an
important task in neuroimaging. Important clues to an
underlying tumor include presence of nodular enhancement
adjacent or within hematoma, incomplete hemosiderin ring,
peritumoral edema more extensive than expected for the age
of the hemorrhage, and delay in the expected evolution of
signal characteristics in the hematoma. When these imaging
signs are not present, short-term follow-up imaging may be
required to confirm the nature of hemorrhage.

Venous infarcts can mimic a brain mass with enhance-
ment, vasogenic edema, and hemorrhage. The site of sinus or
cortical vein thrombosis can lead to venous infarct in cor-
responding venous drainage territory. Thus, recognizing

Table 2.1 Imaging differential
diagnosis for intra-axial mass(es)

Multifocal enhancing lesions Solitary enhancing lesion

Solid Metastases
Multifocal glioma
Lymphoma
Demyelination
Granulomatous disease

High-grade glioma
Metastases
Lymphoma
Medullublastoma
Ependymoma

Cystic Metastases
Infection (bacterial, fungal, parasitic)

High-grade glioma
Metastases
Hemangioblastoma
Pilocytic astrocytoma
Ependymoma

Calcification Granulomatous disease
Metastases (squamous cell carcinoma, mucinous
adenocarcinomas, osteosarcoma, chondrosarcoma)

Oligodendrogliomas
Gangliogliomas
Central neurocytomas

Hemorrhage Metastases (melanoma, renal cell carcinoma, and
thyroid carcinoma)
Fungal septic emboli

High-grade glioma
Metastasis
Pleomorphic xanthoastrocytoma
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common location of venous infarct corresponding to site of
thrombosis can be helpful in making the diagnosis.

Tumor Necrosis and Tumor Associated Cysts

Necrosis is a common imaging feature in brain metastases
but also commonly seen with glioblastomas as well as
lymphoma in immunocompromised population. Necrosis in
metastases can also commonly occur following chemo- or
radiation treatment, occasionally accompanied by enlarge-
ment of overall tumor size requiring close imaging follow-up
to determine durability of treatment response.

Cystic brain metastases are commonly found with tumors
of gastrointestinal or genitourinary origins but also occur in
lung cancers [8]. In contrast to necrosis, tumor associated
cysts tend to have thinner borders. Other primary neoplasms,
including hemangioblastoma, pilocytic astrocytoma, and
ganglioglioma can contain cysts although these tumors are
usually not associated with peritumoral edema. Unlike
post-chemotherapy or radiation necrosis often observed
during treatment response, enlargement of tumor associated
cysts often indicates elevated tumor secretion and can be a
sign of tumor growth.

The thin-wall cysts seen in some metastases can appear
identical to non-neoplastic cystic brain lesions. It is

Fig. 2.1 a–c Melanoma
hemorrhage. Two melanoma
metastases in the left temporal
and occipital lobes demonstrate
hyperintensity on T1-weighted
image (a). Following contrast
administration, subtle
enhancement is seen along the
margins of hemorrhage. Magnetic
susceptibility within the masses
confirm presence of hemorrhage
(c)
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important to consider infectious etiologies such as brain
abscesses, which can appear as multifocal rim-enhancing
lesions and exhibit surrounding vasogenic edema. Often
patients with brain abscess(es) have a distinct clinical his-
tory as well as presenting signs and symptoms from those
with brain metastases, although it can be challenging to
distinguish them clinically on occasions. Diffusion-
weighted imaging based on the detection of changes in
the random motion of protons in water is particularly
helpful in diagnosing brain abscesses since their mucopu-
rulent content tends to have very low diffusivity and
exhibits a dark signal on the apparent diffusion coefficient
(ADC) maps. In contrast, brain metastases have peripheral

low diffusivity due to higher cell density while the necrotic
content centrally tends to be of high diffusivity (bright on
ADC). However, presence of hemorrhage can affect diffu-
sion characteristics and one should be careful when there is
evidence of susceptibility changes within the area of dif-
fusion signal abnormality. Compared to abscesses,
metastases are much more likely to be associated with
hemorrhage. Furthermore, a small group of metastases,
usually from GI or GU origins, may present as
mucin-containing cystic lesions that manifest as similarly
low diffusivity. On the other hand, atypical infections such
as toxoplasmosis may not show low diffusivity within the
cyst content.

Fig. 2.2 a–d Melanoma.
33-year-old female presented with
history of melanoma presenting
with rapid onset hearing loss.
A nodular lesion in the left
cerebellopontine angle is
hyperintense on T1-weighted
image (a) and hypointense on
T2-weighted images (b). No
magnetic susceptibility is seen
associated with this lesion (c).
Following contrast
administration, an enhancing
component is difficult to detect in
the presence of underlying T1
hyperintensity (d)
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Calcifications

Intratumoral calcifications rarely observed among untreated
brain metastases, although it has been reported in a variety
of tumor types, including common tumor metastasizing to
brain such as lung and breast cancers as well as more rare
tumor types including squamous cell carcinoma, mucinous
adenocarcinomas from genitourinary or gastrointestinal
origins, osteosarchoma, and chondrosarcoma [9, 10]. On
the other hand, calcifications frequently occur in many
primary intracranial tumors, most notably oligoden-
drogliomas, gangliogliomas, neurocytomas, and cranio-
pharyngiomas. Following treatment, calcifications can
develop within metastases. CT is both sensitive and specific
in detecting macroscopic calcification, and approximately
3% of brain metastases seen on CT exhibited calcification
in one series [11]. On MRI, calcifications can result in
variable signal intensities depending on the microenviron-
ment of calcium, but most commonly they appear as focal
T1 shortening and magnetic susceptibility. These MR
imaging findings, however, overlap with iron within blood
products although they can be distinguished by differences
in phase shifts [12].

Extra-Axial Intracranial Metastases

Within the extra-axial compartment metastases can involve
bony structures of calvarium and skull base, dura (pachy-
meninges), leptomeningeal spaces including cerebral sulci,
cerebellar folia, and cranial nerves, or within ventricles.
Similar to osseous metastatic tumor elsewhere, metastases to
calvarium and skull base can have lytic, sclerotic, or mixed
patterns on CT depending on primary tumor subtypes. For
example, prostate cancer metastases are generally sclerotic,
whereas renal and thyroid metastases tend to present as lytic
lesions. Following treatment, lytic metastases frequently
produce a sclerotic pattern.

Dural (pachymeningeal) metastases often grow from
adjacent calvarium or skull base but can be directly seeded
from hematogeneous sources. Breast cancer, lymphoma,
leukemia, prostate cancer, and neuroblastoma are tumors
most commonly presenting as dural metastases (Fig. 2.3a–c).
Meningiomas are the most common benign tumor arising
from dura, and it can be difficult to distinguish from dural
metastases unless meningiomas contain calcifications or
induce hyperostosis of adjacent bone. Intracranial hypoten-
sion is a common non-neoplastic cause of dural enhancement
but the pattern of enhancement is almost always diffuse and
smooth rather than focal or nodular, and is often supported by
clinical history of previous cranial or spinal intervention. In
severe cases, intracranial hypotension can be associated with
subdural hygroma or hematoma, and it is also not uncommon

for dural metastases to produce subdural fluid collection or
hemorrhage. Contrast-enhanced MRI is best for detecting
nodular enhancement along the dural lining of hematomato
diagnose dural-based tumor (Fig. 2.3a–c).

Leptomeningeal metastases occur in many types of can-
cer, particularly breast carcinoma, lung carcinoma, mela-
noma, lymphoma, and leukemia. Metastatic spread to the
meninges can occur hematogenously via meningeal vessels
or through direct extension from metastatic lesions at the pial
surface. Leptomeningeal metastases are usually not detect-
able on CT without contrast enhancement, although hydro-
cephalus can be an indirect sign of leptomeningeal
involvement. Contrast-enhanced MRI provides significant
better sensitivity in detecting leptomeningeal metastases as
planar or nodular enhancement along cerebral sulci, cere-
bellar folia, or cranial nerves [13] (Fig. 2.4a–c). Other
non-tumor processes including ischemic infarction and lep-
tomeningitis can also exhibit enhancement along brain sur-
faces but often can be distinguished based on clinical
history. A nodular pattern of leptomeningeal enhancement is
more commonly seen with neoplastic processes but can also
be observed in infectious etiologies. CSF analysis should be
obtained when leptomeningeal abnormality is identified on
imaging but there is uncertainty regarding the diagnosis. On
fluid-attenuated inversion recovery (FLAIR) sequence, lep-
tomeningeal tumor can appear as hyperintense signal along
sulci as a result of shortened T1 relaxation time but this
finding without enhancement is not specific since other CSF
pathologies such as hemorrhage or infection can appear
identical. Unlike parenchymal metastases, leptomeningeal
seeding of tumor commonly does not lead to significant
vasogenic edema, although edema and mass effect can be
observed when there is florid involvement. Table 2.2 sum-
marizes the main differential diagnoses of extra-axial
masses.

General Approach to Imaging of Patients
Presenting with Suspected Brain Metastases

When one or more enhancing mass is found on brain
imaging of a patient with known progressive or recurrent
metastatic cancer, diagnostic certainty for brain metastasis is
high. For patients with no or remote history of cancer pre-
senting with newly discovered brain mass(es), the diagnostic
possibilities can be broad, including primary brain neo-
plasms, infection, demyelinating lesions, vascular lesions
that can be difficult to distinguish from brain metastasis on
both imaging and clinical presentation.

While multiplicity can be helpful in making the diagno-
sis, solitary metastases are common and can be difficult to
distinguish from other intra-axial tumors such as primary
glioma or lymphoma, as well as non-neoplastic mass-like
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processes such as demyelination, infection, or vascular
pathology. When multifocal enhancing brain metastases
occur, the extent of T2 signal abnormality surrounding
lesions tend to be separated on T2-weighted imaging,
whereas multifocal enhancement in high-grade gliomas
typically show contiguous areas of infiltrative appearing
nonenhancing T2 abnormalities between foci of enhance-
ment. In addition, the areas of T2 abnormality in high-grade
glioma often demonstrate infiltration of gray matter.

Demyelination disease can be “tumefactive,” mimicking
a brain mass clinically and on imaging. These lesions,
however, tend to occur in younger patients without history
of malignancy. On imaging, an “incomplete ring sign” is an
important feature suggesting the presence of a demyelinating
lesion. CSF analysis for gamma globulin can help clarify the
diagnosis, and follow-up imaging several months later often
confirms eventual improvement or resolution.

Vascular lesions including arterial or venous infarction as
well as vascular malformations can mimic a brain mass.
Ischemic infarcts, particular during subacute phase, can
present as enhancing lesions 2–3 days following onset of the
ischemic event that persist for several months; diffusion
signal changes typically associated with acute infarct usually
normalize after 7–10 days [14]. Enhancement associated
with ischemic infarct, however, does not exhibit surrounding
vasogenic edema. For small enhancing lesions along gray
matter that cannot be diagnosed as infarction based on
clinical history or lesion location, a short-term follow-up
imaging can readily clarify the etiology. It is important to
keep in mind that ischemic infarct can coexist with brain
metastasis due to a hypercoagulable state associated with
malignancy, as well as from embolic events from systemic
procedures. In addition, perioperative infarct is not infre-
quently observed and often located immediately adjacent to

Fig. 2.3 a–c 70-year-old man
with metastatic prostate cancer
presents with headache.
T1-weighted unenhanced image
shows a T1 hyperintense
collection along right frontal
convexity (a) consistent with
subacute subdural hematoma.
Following intravenous contrast
administration, extensive dural
thickening with multifocal
enhancing masses are identified
(b and c), evening along the
lining of subdural hematoma (b)
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the surgical margin. It is important to perform and examine
the diffusion- weighted sequence during the immediate
postoperative MRI to identify area(s) of peritumoral infarct
so the expected subsequent enhancement will not be mis-
interpreted as tumor recurrence.

When brain imaging reveals findings suggestive of
metastatic disease in a patient without history of systemic
cancer, imaging for potential primary cancer site or addi-
tional extracranial metastases is often necessary to identify
an anatomical site that carries a lower risk for diagnostic

Fig. 2.4 a–c Leptomeningeal.
55-year-old man with history of
lung cancer presents with acute
headache and gait disturbance.
Axial T1-weighted post-contrast
images demonstrate
leptomeningeal carcinomatosis
with enhancement along cerebral
sulci (a), cerebellar folia (b), and
cranial nerve in the internal
acoustic canals (c)

Table 2.2 Differential diagnosis
for extra-axial mass(es)

Intraosseous-calvarium Leptomeningeal Pachymeningeal

Hemangioma
Fibro-osseous lesions
Metastasis
Langerhans cell histiocytosis
Sarcoma
Meningioma

Metastases
Infectious meningitis
Lymphoma
Sarcoidosis
PNET

Meningioma
Metastases
Lymphoma
Sarcoidosis
Idiopathic pachymeningitis
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biopsy. The imaging modalities depend on the patient
demographics, but often include CT scan of the chest,
abdomen and pelvis. FDG-PET imaging can be highly
sensitive in detecting occult primary malignancy and can be
used as part of staging in many systematic cancers.

Optimization of Radiological Protocol
for Evaluation of Intracranial Metastasis

For staging systemic malignancy in an asymptomatic
patient, CT can be the test of choice due to its wider avail-
ability and the speed of imaging. While small brain metas-
tases can be difficult to detect by CT unless there is
significant surrounding edema, mass effect or intratumoral
hemorrhage, CT has the advantage of visualizing lesions that
are centered in bone or producing calcifications. CT imaging
of the bony margins can help elucidate the underlying
pathology. For example, slow-growing lesions are often
accompanied by bone remodeling and manifesting as
smooth cortical rather than destructive margins. Calcifica-
tions are often found in a subset of brain tumors, including
meningioma, oligodendroglioma, germ cell neoplasm, and
craniopharyngioma, and these are better visualized by CT
evaluation. CT may be the only available option for
screening if patients have contraindications for MRI such as
cardiac pacers, ferromagnetic foreign bodies, implants or
surgical devices. While whole-body 18fluoro-D-glucose
positron emission tomography (FDG-PET) is commonly
used for initial stating of systemic cancers, its sensitivity in
detecting brain metastases is generally considered low due to
relative high FDG uptake in normal brain tissues. For
example, the sensitivity of brain PET/CT for detecting brain
metastases in lung cancer was 72% in one series [15].

For most systemic malignancy, MRI is the imaging
modality of choice in assessing brain metastases due to its
excellent soft tissue contrast and lack of ionizing radiation.
Several MRI sequences are generally recommended during
evaluation of brain metastases. An isotropic volumetric
post-gadolinium T1-weighted sequence allows detection of
very small lesions, on the order of 1–2 mm. This high
sensitivity can be important since the total number as well as
the distribution of metastatic brain lesions contributes to
selection of treatment approach. The sensitivity of detecting
brain metastasis can be improved by increased time duration
following contrast and using contrast agents with longer T1
relaxation time [16–18]. Higher magnet strengths, i.e., 3
versus 1.5 T, can further increase sensitivity [19, 20]. In
addition, volumetric acquisition allows multi-planar refor-
mation for better lesion visualization and can be fused with
stereotactic equipment for surgical guidance. This type of

acquisition method requires longer acquisition time and is
therefore more susceptible to patient motion artifact when
performed using lower field strength MR scanners. Finally, it
is often helpful to perform a T1-weighted sequence before
contrast administration to distinguish true enhancement from
other tissue types with short T1 relaxation times such as
hemorrhage, fat or proteinaceous cyst.

Mass lesions with a cystic component as well as perile-
sional edema can be readily delineated by a T2-weighted
sequence. Infiltration of tissues with prolonged T2 relaxation
time in the cortical gray matter with expansion of gray
matter and blurring of the gray-white matter junction is a
specific sign of primary glioma and not observed with
metastatic tumors. On T2-weighted imaging, the interface of
tumor and adjacent brain often appears sharper compared to
high-grade gliomas.

Diffusion weighted imaging (DWI) is commonly inclu-
ded during evaluation of brain lesions due to its high sen-
sitivity in detecting a variety of brain pathologies including
infarct, abscess, cerebritis, and tumor that manifest as
hyperintensity on DWI and hypointensity on apparent dif-
fusion coefficient (ADC) maps that are calculated from DWI.
Findings on DWI images are more helpful when they are
interpreted alongside conventional imaging sequences and
clinical history for improved specificity. For example, sub-
acute infarct can manifest as cortical swelling and
enhancement mimicking brain tumor, but a serpiginous
pattern of low diffusivity confined to an arterial distribution
is characteristic of ischemic infarct rather than neoplasm.
When a peripherally enhancing brain lesion is encountered,
evidence of low diffusivity within the lesion is suggestive of
abscess as discussed previously but the diagnostic specificity
can be increased if the enhancing rim is also thin and sys-
temic signs of infection are present.

On MR imaging, DWI has also been correlated with
hypercellularity typically manifesting as reduced diffusivity
on the ADC map [21]. This imaging marker of cell density
can be used to help several tumor types that are character-
istically hypercellular, including breast and lung metatases
[22]. CNS lymphomas are characteristically cellular [21, 23]
and are more commonly located in the periventricular
regions of brain. It is important to recognize that intratu-
moral hemorrhage can appear as hyperdensity on CT, and
ADC measurement can also be decreased due to presence of
blood product. DWI is also very useful in identifying cal-
varial and skullbase metastases due to its high lesion to
background contrast [24] (Fig. 2.5a, b).

T2*-sensitive techniques such as gradient-echo and
susceptibility-weighted imaging are useful for detecting
intratumoral hemorrhage, which is common in high-grade
gliomas and metastases, but rare in low-grade gliomas and
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lymphoma. The deoxyhemoglobin causes magnetic suscep-
tibility that results in shortened T2* relaxation times and
hypointense signal changes on T2*-weighted (T2*W) ima-
ges. This phenomenon can improve sensitivity of detecting
small metastatic lesions with hemorrhages that do not
enhance or elicit peritumoral edema. For example, 7% of
melanoma lesions were detected only on this sequence in
one series [5]. Susceptibility-weighted imaging (SWI) can
amplify the effect of magnetic susceptibility by overlaying
magnetic phase changes with high-resolution magnitude
images to detect foci of microhemorrhages [25]. These
techniques are also helpful in identifying thromboses within
dural venous sinuses or cortical veins due to exaggerated
magnetic susceptibility from deoxyhemaglobin [26]. The
appearance of venous infarction on conventional MRI
sequences can mimic brain tumor due to mass effect, edema,
and enhancement. If misdiagnosed, this can lead to unnec-
essary biopsy or a delay in anticoagulation treatment.

Advanced Techniques in Brain Metastasis
Imaging

Several imaging techniques have become increasingly
available for evaluation of brain lesions including MR
spectroscopy, MR perfusion, and MR diffusion tensor
imaging. When combined with conventional imaging
sequences, these advanced methods can often provide useful
diagnostic information when evaluating brain lesions
including metastases. As these advanced imaging methods
are being improved and validated, it is important to under-
stand their advantages and limitations before incorporating
them into clinical imaging protocol.

Magnetic Resonance Spectroscopy (MRS)
MR spectroscopy can provide a noninvasive window to
analyze metabolic composition of brain lesions. Similar to
most pathological processes observed in brain, metastases
show reduced NAA peak on MR spectroscopy [27, 28], and
the level of NAA concentration is often absent or much
lower than other intrinsic brain pathologies where brain
tissues are being infiltrated or damaged as in case of primary
brain tumor or inflammation. Choline concentration also
typically increases in the enhancing portion of metastases as
a result of increased cellular turnover [27, 29]. This meta-
bolic marker can be useful in distinguishing peritumoral
edema surrounding metastases from infiltrative glioma since
reactive or vasogenic edema, unlike tumor infiltration, does
not result in greater cellular turnover [30]. Lipids and lactate
are also frequently seen in metastases although these are not
specific findings and can be found also in high-grade glio-
mas [30]. Based on a retrospective analysis of multicenter
trial data, automatic brain tumor classification by MRS
allows classifications of glioblastoma, meningioma, metas-
tasis, and low-grade glial with diagnostic accuracies of near
90% for most diagnostic pairs except for the glioblastoma
versus metastasis discrimination [31].

Perfusion-Weighted Imaging (PWI)
Similar to high-grade primary brain neoplasms, metastatic
lesions induce neovascularization resulting in greater
intravascular blood volume, although the vessels associated
with metastases are highly permeable similar to those of the
primary systemic tumors [32]. Estimation of intravascular
volume in tumors can be performed by dynamic imaging
methods such as dynamic contrast-enhanced MRI (DCE-
MRI), dynamic susceptibility contrast MRI (DSC-MRI), as

Fig. 2.5 a–b DWI-Calvarium-
Orbit. 46-year-old female with
breast cancer developed
metastases to calvarium and right
orbit. The lesions are seen on both
T1-weighted imaging (a) than
DWI (b), although more
conspicuous on the latter due to
greater lesion to background
contrast
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well as dynamic contrast-enhanced CT. Due to its short
acquisition time of less than 2 min, DSC-MRI can readily be
incorporated into standard imaging protocol for evaluation
of brain mass. Elevation of regional cerebral blood volume
(rCBV) is characteristic of most high-grade gliomas,
although metastatic tumors, particularly renal cell carci-
noma, choriocarcinoma, and thyroid carcinoma, can also
demonstrate high intravascular blood volume making this
diagnostic imaging marker less useful [33]. The specificity
of DSC-MRI can be improved by using spin-echo (SE) ac-
quisition compared to gradient-echo (GRE) since the former
technique appears to correlate with microscopic angiogene-
sis that is typical with gliomas, while the later technique
detects macroscopic intratumoral vessels more commonly

seen in cases of hypervascular metastases [34]. Furthermore,
higher rCBV within the peritumoral region is also suggestive
of infiltrative tumor rather than vasogenic edema [35, 36].

Diffusion Tensor Imaging (DTI)
The magnitude and directionality of water motion can be
quantified by DTI and used as imaging markers to charac-
terize microstructural changes occurring at tissue or cellular
levels [37]. This technique can be highly sensitive to
pathological changes in brain including both neoplastic and
non-neoplastic processes, although its specificity is low
without advanced post-processing. For example, fractional
anisotropy (FA) values of high-grade gliomas and solitary
brain metastases show significant overlap [38, 39]. Similar to

Fig. 2.6 a–d Infarct. 48 h
postoperative MRI demonstrates
no significant enhancement near
resection bed on
contrast-enhanced T1-weighted
image (a) but a wedge-shaped
DWI abnormality anterior to the
resection cavity (b). b Two weeks
following surgery, the regions of
previous infarct exhibit
enhancement (c) (blue arrow)
with normalization of DWI
abnormality (d), and the blood
product within resection cavity
appears hyperintense on
T1-weighted image (c) (red
arrow) and bright on DWI (d)
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PWI and MRS, measuring peritumoral nonenhancing
abnormalities result in improved specificity [38, 40]. More
recently, using k-means clustering of FA/mean diffusivity
(MD) data, metastasis can be differentiated from high-grade
glioma and meningioma with high accuracy [41].

Morphological Analysis

While qualitative assessment of tumor morphology based on
MR imaging can contribute to diagnosis of brain tumors, the
subjective nature of such evaluation methodology introduces

Fig. 2.7 a–g Radiation necrosis. 51-year-old woman with history of
breast cancer and brain metastatic received SRS treatment to a superior
right frontal lesion. Axial enhanced T1W and FLAIR images at one
month (a and b) and 9 month (c and d) following treatment,
demonstrating interval increase in size of enhancement and surrounding

edema. FDG-PET shows no significant uptake in the region of
enhancement relative to adjacent brain (e). At 15 months after
treatment, the area of enhancement and surrounding edema decreased
in size (f and g)

Table 2.3 Differential diagnosis
for spinal mass(es)

Multifocal enhancing lesions Solitary enhancing lesion

Extra-dural Metastasis
Lymphoma
Myeloma
Granulomatous disease

Metastasis
Meningioma
Schwannoma
Neurofibroma
Lymphoma
Myeloma/plasmacytoma

Intradural, extramedullary Metastasis (systemic or CNS origins)
Schwannomas
Neurofibromas
Granulomatous disease

Schwannomas
Neurofibromas
Metastasis

Intramedullary Demyelinating disease
Hemangioblastomas
Metastasis
Abscesses
Granulomatous disease

Ependymoma
Astrocytoma
Hemangioblastoma
Demyelinating disease
Metastasis
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significant variability. More recently, quantitative approa-
ches to these imaging features have been developed.
Three-dimensional (3D) shape morphology of tumor has
been used to build morphometric models of glioblasdtomas
and brain metastases pathology [42, 43]. These promising
techniques require further validation using larger prospective
imaging data. Once validated, software optimization will
also be necessary prior routine clinical use.

Post-therapeutic Evaluation of Brain Metastasis

In order to assess presence of residual tumor, postoperative
MRIs are usually performed within 48 h following surgical
resection prior to onset of enhancement along surgical
margins [44, 45]. During this period, enhancement is highly
suggestive of residual tumor. In addition, perioperative brain
infarction can be detected during early postoperative

Fig. 2.8 a–c Spine epidural.
45-year-old male with lung
cancer presents with back pain.
Sagittal T1 weighted image
without contrast enhancement
(a) shows abnormal marrow
signal in the posterior aspect of
multiple vertebral bodies in the
thoracic spine. Sagittal
T1-weighted image without
contrast enhancement (b) and
axial T1W post-contrast image
(c) show involvement of left
epidural space and neural
foramen with narrowing of thecal
sac and flattening of spinal cord
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imaging with diffusion weighted imaging. Documenting
presence of infarction can be important since enhancement
from evolved infarction can mimic tumor residual tumor
[14] (Fig. 2.6a–d).

Increased enhancement along surgical margins can also
occur during postoperative infection. Enlargement of surgi-
cal cavity and increased degree of surrounding edema are
suspicious signs for infection. While low diffusivity on
diffusion-weighted imaging is a specific imaging sign of an
abscess, a small number of brain metastases also exhibit low
diffusivity and this finding is also less specific in the post-
operative setting in the presence of evolving blood products
within resection cavity [46] (Fig. 2.6a–d).

Depending on number, location and types of brain
metastases, focal or whole brain radiation therapy is com-
monly performed alone or following surgical resection. Not
infrequently, brain injury following radiation can produce
clinical and imaging findings that resemble tumor progres-
sion or recurrence. It is important to recognize a number of
imaging patterns associated with radiation treatment to avoid
unnecessary surgery or cessation of effective chemotherapy.

Radiation-related brain injuries can be categorized by
their timing following therapy initiation into acute (within
weeks), subacute (within 3–4 months) and late (4 months to

years) phases. Acute radiation injuries are transient and can
appear normal on imaging or show increased edema and
contrast enhancement. Subacute and delayed radiation inju-
ries are often accompanied by increased edema and
enhancement at and around original tumor site that can
mimic tumor progression (Fig. 2.7a–g). Seventy percent of
focal late radiation injuries occur within 2 years after ther-
apy. Demyelination of white matter in periventricular
regions is also a common late manifestation of injury fol-
lowing whole brain radiation treatment, characterized by
gradually increasing patchy-appearing areas of T2 prolon-
gation without associated mass effect or enhancement. White
matter volume loss as a result of radiation injury can be
apparent from expansion of ventricular size, although com-
municating hydrocephalus can be a superimposed clinical
imaging finding that may be difficult to distinguish without a
shunt trial. Capillary telangiectasias and cavernous malfor-
mations are vasculopathies that often develop several years
to decades after radiation therapy. These lesions can be
readily recognized by multifocal small hemosiderin deposi-
tions on T2*-weighted imaging and are not associated with
edema or mass effect [47].

While it is usually difficult to distinguish radiation
necrosis from tumor recurrence, several imaging features

Fig. 2.9 a–d Pathological
Fracture. 88-year-old female with
history of breast cancer presents
with back pain. Sagittal T1
(a) and T2 (b) weighted images
show compression fracture of L1
vertebral body with abnormal
marrow signal involving the
entire vertebral body and there is
a convex appearance of the
posterior cortex. The posterior
element also shows abnormal
marrow signal (c). Trabecular and
cortical destructions are readily
identified on axial CT imaging (d)
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have been observed to help distinguish the two. Following
radiosurgery, longer time between radiosurgery and resec-
tion and a larger edema/lesion volume ratio are predictive of
radionecrosis as opposed to tumor recurrence [48].
Delayed MRI at greater than one hour following contrast
injection can differentiate tumor from non-tumor tissues with
high sensitivity and positive predictive value to active tumor
[49]. Texture features analysis of conventional MRI
sequence also provides improved classification accuracy in
differentiating brain metastasis and radiation necrosis [50].

Advanced MR imaging techniques including DWI, MRS,
and PWI have been used to differentiate radiation necrosis
following lesions treated by stereotactic radiosurgery [51].
Radiation necrosis usually shows heterogeneity on DWI
images and has significantly higher maximal ADC values
compared to recurrent tumors [52]. While the blood volume
and blood flow measurements of brain metastases on PWI
are highly variable depending on primary tumor histology, a
change in PWI parameters between pre-treatment and post-
treatment imaging provides greater diagnostic value; a
decrease of rCBV values indicates radiation-induced necro-
sis while elevation of rCBV following treatment is indicative

of tumor recurrence [53]. Based on serial change in the
tissue choline/creatine level and lipid–lactate complex, MR
spectroscopy can distinguish tumor recurrence from
radiation-induced changes [54, 55]. While these advanced
MR imaging techniques are undergoing validation for their
clinical utility, they also require expertise in imaging quality
control and postprocessing to ensure diagnostic consistency.

18FDG PET can also distinguish between necrosis and
recurrent tumor with modest accuracy raging from 50 to
70% [56, 57]. Residual or recurrent tumor usually demon-
strates increased FDG uptake, whereas necrosis from radi-
ation or chemotherapy usually demonstrates isometabolic or
decreased FDG uptake, although there is significant overlap
in the uptake values. Novel amino acid PET radio-
tracers with high lesion to background ratio have been
evaluated for imaging of metastases. 6-[(18)F]-fluoro-L-3,4-
dihydroxyphenylalanine (F-DOPA) PET can differentiate
radionecrosis from tumor progression with greater overall
accuracy compared to perfusion-MRI [58].

Finally, CNS metastases can respond to systemic treat-
ment differently from tumors at extracranial sites secondary
to differences in drug penetration, tumor genetic

Fig. 2.10 a–c Hemangioma.
69-year-old with history of colon
adenocarcinoma presented with
new lumbar spine mass
discovered on abdominal
imaging. Axial T1-weighted
images before (a) and after
(b) intravenous contrast
administration showed an
enhancing mass involving the left
aspect of vertebral body
extending to pedicle and left
paravertebral space. Percutaneous
needle biopsy did not reveal
malignant cells, and mass
decreased in size without
treatment on subsequent imaging,
demonstrating characteristic
hyperintensity of hemangioma on
unenhanced axial T1-weighted
image (c)
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heterogeneity, and tumor microenvironment. On the other
hand, localized therapies for CNS lesions including whole
brain radiotherapy and stereotactic radiosurgery can produce
a local response despite progression of systemic disease.
Therefore, two-compartment response assessment criteria
has been proposed to account for both CNS and non-CNS
tumor burden [59].

Spinal Metastasis

Metastases to the spine can also be classified by their
anatomical locations with respect to the dura and involve-
ment of the spinal cord (Table 2.3). Most commonly,
metastatic spinal lesions are extra-dural, found predomi-
nantly in the vertebral bodies and posterior elements with

Fig. 2.11 a–d Spine intradural.
54-year-old male with metastatic
melanoma presented with
progressive right lower extremity
weakness. Sagittal and axial T2-
(a and c) and T1-weighted
contrast (b and d) enhanced
images show heterogeneously
enhancing intradural,
extramedullary mass resulting in
leftward displacement and
flattening of the spinal cord (d).
There is cord edema on axial
T2-weighted image (c)
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frequent extension to the epidural compartment causing
compression of spinal cord or nerve roots. Epidural spinal
cord compression occurs in approximately 5% of patients
with cancer [60]. MRI, in particular unenhanced
T1-weighted imaging, is most sensitive in detecting marrow
involvement and diagnosing epidural disease due to
replacement of marrow and epidural fat (Fig. 2.8a–c). Flat-
tening of spinal cord contour with or without edema suggests
cord compression (Fig. 2.8a–c). While cord compression is
usually a clinical diagnosis, imaging is important for con-
firming locations of tumor to facilitate surgical or radio-
therapy planning. Since multiple spinal levels are often
simultaneously involved, it is important to obtain imaging of
the entire spine.

Occasionally it can be difficult to distinguish pathological
vertebral fractures from insufficiency fractures. On MRI,
preservation of normal marrow signal in the non-compressed
portion of vertebra and linear fluid signal or vacuum favor

non-tumor etiologies [61–63]. Retropulsed fracture frag-
ments at the posterior vertebra, usually located at the supe-
rior endplate, is highly specific for a benign fracture but has
low sensitivity [64]. On the other hand, abnormal marrow
signal in the pedicle or posterior element suggests metastatic
involvement [65] (Fig. 2.9a–d). A convex posterior border
of the vertebral body is also commonly found in metastatic
compression fractures [65] (Fig. 2.9a–d). Destruction of
cortical bone of the vertebral body or the pedicle provides
important clues to underlying malignancy and can be best
visualized on CT (Fig. 2.9a–d). DWI methods has been used
to differentiate benign from metastatic compression fractures
and can improve diagnostic accuracy when added to con-
ventional MR sequences [66–69].

Presence of paraspinal or epidural enhancing soft tissues
as well as additional spinal metastatic lesions are signs of
tumor involvement [70], although one must also consider
fluid or soft tissue findings related to hematoma, infection, or

Fig. 2.12 a–d Intramedullary
metastasis. 63-year-old female
with renal cell cancer presents
with intramedullary metastasis.
Sagittal and axial T2-weighted
images (a and c) show a solitary
lesion with central hypointensity
and surrounding edema. There is
enhancement on post-contrast
T1-weighted images (b and d)
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atypical hemangiomas. In particular, findings suggestive of
vertebral height loss due to infection have contiguous ver-
tebral, endplate and disk involvement.

Hemangiomas are common benign lesions in spine that
are typically diagnosed on the basis of intrinsic short T1
(hyperintense) signal. However, a subset of hemangiomas
exhibit atypical imaging appearances including lack of
hyperintensity on T1-weighted images and aggressive
changes including cortical disruption and epidural/
paravertebral extension (Fig. 2.10a–c). Detection of a char-
acteristic “polka dotted” trabellular pattern on both MRI and
CT can be helpful in diagnosing hemangiomas.

Intradural, extramedullary metastases are due to tumor
seeding within the leptomeninges and can appear as linear or
nodular enhancing lesions along the surfaces of cord or
cauda equina nerve roots. Large intradural metastases can
also compress the spinal cord (Fig. 2.11a–d). While
gadolinium contrast is highly valuable in diagnosing lep-
tomeningeal carcinomatosis, subtle nodular thickening of
cauda equina nerve roots can be detected by T2-weighted
imaging at high resolution (3 mm or less). If MR imaging is
contraindicated, CT myelography can also outline the con-
tours of spinal cord and nerve roots.

Intramedullary metastases are rare although they must be
considered in the setting of advanced systemic metastatic
disease [71, 72]. These lesions usually demonstrate
enhancement and adjacent cord edema (Fig. 2.12a–d),
although on imaging they are often not distinguishable from
other entities affecting spinal cord, including primary cord
neoplasms, inflammatory or infectious pathologies.

Conclusion
Imaging plays a critical role in the diagnosis and man-
agement of metastatic disease in the central nervous sys-
tem. Accurate diagnosis of CNSmetastases is an important
step in staging. While the imaging appearance of metas-
tases can be highly variable depending on histological
subtype of primary tumor, there are a number of important
imaging features that can help with diagnosis and treat-
ment planning. The imaging approach to CNS metastasis
depends on both clinical symptoms and cancer types in
order to maximize the sensitivity of lesion detection.
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3Other Diagnostic Tools for Neurological
Disease in Cancer: EEG, EMG, and Lumbar
Puncture

Crystal S. Janani and Edward K. Avila

Electroencephalography

History

The early works of Galvani and Volta were essential in the
discovery of animal and later human electrical circuitry in
the nervous system [1]. In 1875, British physician Richard
Caton received a grant to explore electrical phenomena in
the exposed cerebral hemispheres of monkeys. Caton found
that “feeble currents of varying directions pass through the
multiplier when the electrodes are placed on two varying
points of the external surface.” [2] In 1924, Hans Berger
performed the first electroencephalogram (EEG) on a human
when he performed an EEG on a 17-year-old boy during an
open neurosurgical operation. Throughout the 1930s Berger
continued to describe different patterns, but it was the work
of American pioneers Fredric Gibbs, Erna Gibbs, Herbert
Jasper, and William Lenox that defined what we know today
about epileptogenic discharges and their role in epilepsy
[1, 3]. Recent advances have helped to further the field of
epilepsy. While the first EEGs were on paper, the advent of
computers has made digitalized EEG easier to read and more
accessible to the clinician. Additionally, video monitoring in
conjunction with EEG has helped to further correlate semi-
ology types with EEG findings. The discovery of elec-
troencephalography was a milestone in the diagnosis and
evaluation of patients with seizures and remains a valuable
tool today.

Technical Component

In order to obtain an EEG, an EEG technician places scalp
leads, records the EEG for a given amount of time, and
transfers the data to a neurologist for interpretation. Most
commonly with electroencephalography, scalp electrodes are
placed with a gel or putty that makes an electrolyte bridge
between the electrode and the skin. An electrical potential is
generated between two given positions on the scalp and the
signal is amplified via an amplifier and displayed on the
computer screen as an upward or downward deflected wave.
Ultimately, an EEG recording measures, amplifies, and
registers differences between fluctuating electrical field
potentials and displays this as a function of time. Frequen-
cies and amplitudes are interpreted by the neurologist. Fre-
quencies include delta (0.5–4 Hz), theta (4–8 Hz), alpha
(8–12 Hz), beta (12–30 Hz), and gamma (30–60 Hz) [1]. In
adults, the normal wake state consists of alpha, while theta
and delta frequencies are considered abnormal. Additionally,
sharply contoured epileptiform discharges can be seen and
are sometimes pathologic. In the most basic sense, a seizure
is a rhythmic build up of epileptogenic discharges with
evolution over space and time.

In order to localize pathology of a lesion, one must know
where the electrodes are placed on the scalp. In an effort to
standardize the recorded data, a committee of the Interna-
tional Federation of Societies for Electroencephalography
and Clinical Neurophysiology recommended what is known
as the International 10–20 system. This system requires
specific measurements to be made from bony structures of
the skull to determine the placement of electrodes in order to
standardize inter-electrode distance in every patient [4].

An EEG has very good temporal resolution but lacks
spatial resolution. Approximately 10 cm2 of cortical surface
must be activated in order to appreciate a response on scalp
EEG. EEG has varied sensitivity and specificity. It is sen-
sitive for discharges with a large field as seen in a general-
ized seizure but lacks sensitivity in small focal seizures.

C.S. Janani
Department of Neurology, St. Agnes Hospital, 900 Caton Avenue,
Baltimore, MD 21229, USA
e-mail: crystal.janani@stagnes.org

E.K. Avila (&)
Department of Neurology, Memorial Sloan Kettering Cancer
Center, 1275 York Avenue, New York, NY 10065, USA
e-mail: avilae@mskcc.org

© Springer International Publishing AG 2018
D. Schiff et al. (eds.), Cancer Neurology in Clinical Practice,
DOI 10.1007/978-3-319-57901-6_3

33



EEGs with spike and wave discharges can be relatively
specific for certain epilepsy types, but generalized slowing
and other patterns are relatively nonspecific in determining
the causative source [5]. Thus, interpretation of the EEG
should be made with the clinical context of the patient in
mind.

Indications and Contraindications

Electroencephalography is a useful tool in the diagnosis of
both clinical and subclinical seizures. It is most commonly
used in evaluation of patients with suspected seizures but has
other utility in the cancer patient. Overall, 20–40% of
patients with brain tumors will present with seizures and
another 20–45% will develop seizures later in the course of
their disease [5–8]. Mental status changes, unresponsive-
ness, episodic spells, and shaking movements are frequent
indications for EEG evaluation. There is mounting evidence
that comatose patients, particularly those with structural
lesions of the brain, should be monitored with continuous
EEG for the evaluation of subclinical seizures. Nearly 10%
of all comatose medical intensive care unit patients with no
suspicion for seizure have non-convulsive seizures [9]. Up to
one-third of patients with central nervous system infections
have subclinical seizures [10]. In certain paraneoplastic
encephalidities, up to one-half of the patients have seizures
and even more have EEG slowing [11]. Supratentorial
tumors can have rates exceeding these [8]. Thus, it is
imperative that EEG has a low threshold for use as a diag-
nostic tool in the cancer patient.

There are no true contraindications to EEG. Placing
electrodes over skin lesions on the scalp (due to surgical
incision or ulcerations from prolonged EEG monitoring)
should be avoided, but the electrodes can be placed on a
nearby site if needed. EEG can be performed even with the
presence of electrical devices such as a cardiac pacemaker,
cochlear implant, or deep brain stimulator. Hair weaves or
other extensions should be removed in order to allow direct
contact between the electrodes and the scalp.

Slow EEG Patterns

Electrocorticography has strengths and weaknesses in eval-
uating the cancer patient. EEG is reliable at localizing
lesions of the superficial cerebral hemisphere but is of lim-
ited use in deep lesions, particularly those in the posterior
fossa. Tumors are electrically inert and destroy neurons thus
augmenting the EEG recording. Studies have shown that
direct electrocorticogram (ECog) evaluation of the cortex
with the skull removed demonstrates (a) the cortex invaded
by tumor has no activity, (b) the cortex abutting the tumor

has a burst-suppression pattern, and (c) the most distant
cortical zones have continuous slow waves [12].

A common pattern present with primary or metastatic
brain tumors is continuous focal polymorphic delta slow
activity due to focal lesions of the subcortical white matter.
This slow activity is minimally reactive to different physi-
ologic states and persists throughout wake, drowsiness, and
even N2, N3 and REM sleep. This is often seen in tumors
such as glioblastoma which disrupt subcortical and cortical
structures [13].

Another pattern commonly seen is slow rhythmic sinu-
soidal monomorphic waves occurring in bursts. This inter-
mittent rhythmic delta activity (IRDA) activity can have a
frontal predominance (FIRDA) or occipital predominance
(OIRDA); the occipital pattern being seen primarily in
children. This intermittent monomorphic activity, in contrast
to polymorphic delta activity, is much more widespread over
bilateral hemispheres and shows reactivity with augmenta-
tion with eye closure, hyperventilation, and drowsiness.
IRDA ceases during deeper non-REM sleep and reappears in
REM sleep. With infratentorial lesions, this IRDA is typi-
cally symmetric and bilateral with some shifting asymmetry.
With supratentorial lesions, however, this IRDA can show a
persistent asymmetry being most prominent over the side of
the lesion [13].

Yet another pattern often seen with focal lesions such as
primary or metastatic brain tumors is attenuation, or a
decrease in amplitude often with drop-out of faster fre-
quencies. It is typically localized to the side of the lesion and
can be widespread in distribution over the hemisphere.
Attenuation can also be widespread over both hemispheres,
and when severe, can become suppressed constituting a
burst-suppression pattern [13].

Cancer patients with focal lesions can also have diffuse
changes on EEG due to a variety of toxic-metabolic entities.
At times, EEG can provide objective criteria for severity of
the underlying pathologic process. Table 3.1 lists some
common toxic-metabolic derangements that are seen in
cancer patients and their EEG findings.

Paroxysmal and Ictal EEG Patterns

According to the International Federation of Societies for
Electroencephalography and Clinical Neurophysiology
(IFSECN), a transient is an event that clearly stands out
against the background EEG and can be a single wave or a
sequence of two or more waves. Spikes are transients which
are considered epileptiform and are clearly distinguished
from the background with a pointed peak and duration
between 20 and 70 ms and a sharp wave is a transient clearly
distinguished from the background with a pointed peak and
duration between 70 and 200 ms [14]. Spikes and sharp
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waves are closely related phenomenon, both of which are
associated with an epileptic seizure disorder, although both
transients may occur with no prior history of epileptic sei-
zure disorder [1]. These epileptiform and highly epilepto-
genic potentials are seen in patients with and without
structural brain lesions. These discharges are often seen
interictally in patients with brain tumors and epilepsy. They
are often localized to the region of the brain tumor but in
multifocal structural lesions such as brain metastasis, mul-
tifocal epileptiform discharges can be seen. It is uncommon
for this epileptiform activity to be the only EEG abnormality
associated with a tumor. Typically, some degree of focal
slowing is present when epileptiform activity is present
[13, 15].

While epileptiform activity is commonly seen with
indolent or static lesions, periodic lateralized epileptiform
discharges are more commonly seen with an acute lesion
[13]. Periodic lateralized epileptiform discharges (PLEDs)
are sharp waves, spike waves, or more complex wave forms
recurring periodically every 1–2 s with a return to back-
ground between discharges and occupying a relatively large
area of the hemicranium [13, 16]. They can be due to a
variety of structural lesions including neoplasms,

hematomas, and infections. While stroke is the most com-
mon etiology of PLEDs, 12% of patients with PLEDs have
brain tumors, almost all of which are supratentorial brain
tumors. PLEDs are considered to be on the ictal-interictal
spectrum and are highly associated with conversion to frank
seizure activity. Almost 50% of patients with brain tumors
and PLEDs have seizures [16].

When a patient has a seizure that persists for a sufficient
length of time or repeats frequently enough that recovery
between attacks does not occur, it is termed status epilepti-
cus. Mortality with status epilepticus is up to 20%. Con-
vulsive status epilepticus accounts for nearly half of all
status epilepticus [17]. Over 4% of patients who present with
status epilepticus have brain tumors. In patients who present
with status epilepticus with no preexisting history of seizure,
almost 9% have brain tumors [18]. Patients with structural
brain lesions more often have refractory status epilepticus
and over 5% of patients presenting with refractory status
epilepticus have this condition secondary to a brain
tumor [19].

At times, status epilepticus is partial (as opposed to
generalized) in nature. Epilepsia partialis continua is a partial
somatomotor status epilepticus that is often seen in the

Table 3.1 Common
toxic-metabolic derangements in
cancer patients and their
associated EEG findings

Derangement EEG findings

Benzodiazepine or
barbiturate use

Diffuse beta activity

Hepatic failure Early—slowed alpha rhythm

Late—persistent theta or delta activity

Triphasic wave pattern—2–4 Hz bilaterally synchronous waves with a
triphasic morphology

Renal failure Early—slowed alpha rhythm

Late—nearly persistent theta or delta activity

Triphasic waves—also present

Hyponatremia Early—slowposterior alpha rhythm

Late—generalized slow activity

High-voltage IRDA

Epileptiform discharges are uncommon even with seizures

Hypernatremia Theta activity

Often no EEG changes at all

Hypoglycemia Enhanced response to hyperventilation with FIRDA longer after cessation
of hyperventilation

Glucose 50–80 mg/dl: slowing of alpha rhythm

Glucose below 40 mg/dl diffuse theta and delta with IRDA activity

Epileptiform discharges are uncommon even with seizures

Hyperglycemia Changes typically not seen until glucose greater than 400 mg/dl

Sporadic epileptiform discharges

Hypothermia Core temperature 29–30 °C—diffuse theta and delta

Core temperature 20–22 °C—burst suppression pattern

Core temperature <18 °C—electrocerebral silence
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setting of brain tumors. Between 11 and 15% of patients
who present with epilepsia partialis continua have brain
tumors as the etiology. EEG findings with this can be vari-
able depending on the area of focus and, at times, the EEG
can be normal given that it takes a sufficient amount of
cortex to elicit a response on EEG [20, 21].

A common cause of altered mental status in the brain tumor
population is non-convulsive status epilepticus (NCSE).
NCSE can be defined as status epilepticus with reduced or
altered consciousness, behavioral and vegetative abnormali-
ties, or subjective symptoms with no major convulsive
movements [22]. NCSE is the cause of altered mental status in
over 5% of tumor patients [23]. NCSE is more common in
patients with gliomas than in those with metastatic tumors
[24]. Even in patients with systemic cancer but no brain
metastasis, NCSEwas the cause of altered mental status in 6%
of patients [23]. EEGmonitoring can be particularly helpful in
the diagnosis of seizures in these patients and should be uti-
lized in any cancer patient with altered mental status [25].

EEG Changes by Tumor Type

EEG changes in patients with brain tumors depend on sev-
eral factors, including location, size, and growth rate.
Although EEG patterns are not specific for the histologic
pathology of the tumor, some general correlations can be
made.

Extra-axial tumors that are slow growing, like menin-
giomas, are less likely to produce EEG abnormalities.
Meningiomas located in the convexities, especially
parasagittally, are more likely to cause changes like focal
theta, FIRDA, and diminished or altered frontal beta
rhythms. Rolandic meningiomas cause epileptiform dis-
charges in up to 45% of patients with similar incidence of
seizure. Meningiomas of other regions are less likely to
cause EEG effects; however, approximately 25% of patients
with meningiomas present with seizures [26, 27].

Indolent gliomas are more likely to cause EEG changes.
Glioneural tumors including gangliogliomas and dysem-
bryoplastic neuroepithelial tumors (DNETs) have the highest
rates of epilepsy with 90–100% of patients having seizures,
often pharmacoresistant [8, 28]. Diffuse low-grade gliomas
cause seizures in 60–88% of patients [8, 29]. Focal poly-
morphic slow activity is usually a later finding and can occur
intermittently. This slowing becomes increasingly persistent
as the tumor progresses [30].

Rapidly growing parenchymal tumors, such as glioblas-
tomas, are more likely to cause marked abnormalities on
EEG but are less likely to cause seizures. Glioblastomas and
other rapidly growing and destructive tumors cause promi-
nent and focal polymorphic delta activity with marked
alterations of background rhythms unilaterally and often

bilaterally. Areas of necrosis can be electrically silent
causing regions of attenuation. FIRDA occurs more fre-
quently in glioblastoma than in other types of supratentorial
tumors. With glioblastoma, epileptiform discharges are not
present as frequently as they are with more indolent gliomas
but PLEDS are more likely to occur [13]. Seizure rates in
glioblastoma are approximately 30–50%, which is signifi-
cantly lower than what is seen with lower grade gliomas
[8, 31, 32].

Metastatic tumors to brain occur most commonly with
cancers of the lung, breast, kidney, and melanoma. The EEG
findings tend to be lateralized to the side of the metastasis.
Larger or multiple metastatic lesions cause more EEG
abnormalities than do small solitary lesions. The slow
activity in metastatic lesions tends to be more theta range,
compared to delta slow activity present with glioblastomas.
EEG slow activity in metastatic disease also tends to be more
episodic rather than persistent as seen with glioblastomas
[33]. Metastatic lesions cause epileptogenic discharges in
about one-third of patients and seizures in nearly one-half.
Overall, metastatic lesions tend to cause more benign EEG
changes than do gliomas of any grade [34].

EEG Changes by Tumor Location

EEG findings can vary by location of the tumor. Since the
EEG reflects cortical neuron activity, hemispheric tumors
affect EEG more markedly and reliably than do deeper
tumors and tumors of the posterior fossa.

Frontal lobe tumors often cause local high-voltage delta
slow activity. The slow activity can be continuous or epi-
sodic and bifrontal with a FIRDA pattern. FIRDA is more
common with frontal tumors than in tumors of other loca-
tions. The background activity can be relatively preserved in
frontal tumors. Epileptiform discharges are seen in almost
one-half of frontal tumor patients [26].

Temporal tumors are the easiest to localize with EEG and
display moderate to high-voltage focal polymorphic delta
slowing lateralized over the tumor in over 80% of cases. In a
majority of cases the slow activity is localized to the region
of the tumor [33]. The slow activity recorded with temporal
tumors tends to be continuous rather than intermittent.
Temporal lobe tumors are also likely to cause FIRDA, but
less so than frontal lobe tumors [26]. Background rhythms
are more likely to be altered in posterior temporal lesions
than in anterior temporal lesions.

Parietal tumors are less likely to cause EEG changes than
are other supratentorial tumors. Slow activity can be local or
more widespread and is more likely to be theta range, only
of a moderate voltage, and intermittent or continuous. The
background rhythms tend to be disturbed with parietal
tumors [33].
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Occipital tumors tend to cause focal polymorphic delta
activity. Slow activity in surrounding temporal and parietal
regions is often seen in conjunction with this. The posterior
alpha rhythm is frequently absent ipsilaterally [1].

Tumors of subcortical structures vary in their findings and
can be fairly non-localizing. Tumors of deep structures
including the hypothalamus, fornix, basal ganglia, internal
capsule, and corpus callosum characteristically cause inter-
mittent slow activity. The slow activity is often monorhyth-
mic and bilateral in an IRDA pattern [35]. Up to one-fourth of
patients with lesions in these regions will have normal EEG
findings [13]. Tumors of the sellar region typically do not
cause EEG findings until they expand and obstruct the third
ventricle, only then causing IRDA [36]. Thalamic tumors can
cause IRDA but have also been shown to cause attenuation,
disorganization of background frequencies, and slow activity
of the ipsilateral alpha rhythm [37].

Tumors of the third ventricle and posterior fossa tend to
be variable and are often normal on EEG. Abnormalities are
more frequently found with obstruction of cerebrospinal
fluid flow causing obstructive hydrocephalus. If an abnormal
EEG is seen, the most common pattern is that of IRDA [1].

EEG Changes with Tumor Treatment

Iatrogenic changes are also seen on EEG in response to
treatment therapies. Some are well characterized and others
less so. EEG is useful in diagnosing epileptogenic potential
with new cancer treatments and chemotherapeutic agents.

Brain irradiation occurs in two forms, whole brain radi-
ation (WBRT) and partial brain radiation. WBRT can cause
an acute or delayed reaction with cognitive decline and
neurologic deficits. It can also cause generalized slowing of
the background rhythms, IRDA, or even focal polymorphic
delta slowing due to necrosis. Partial brain radiation can
cause necrosis lending to focal slow activity, epileptogenic
discharges, and even seizures [38–40].

Numerous medications for cancer treatment have an
associated incidence of central nervous system toxicity.
Some drugs cause diffuse dysfunction and slow activity on
EEG while others are frankly epileptogenic. Table 3.2 lists
known electrographic changes associated with common
cancer treatments [41, 42].

EEG Changes with Autoimmune and
Paraneoplastic Disorders

Paraneoplastic limbic encephalitis is becoming increasingly
recognized with the commercial availability of antibody

assays. Any paraneoplastic encephalitis involving the cortex
or limbic system can cause EEG abnormalities and seizures.
There are several autoantibody syndromes that are com-
monly associated with paraneoplastic epilepsy. These cause
marked EEG abnormalities that are sometimes reversible
with treatment of the underlying malignancy. Up to 100% of
patients with paraneoplastic limbic encephalitis have an
abnormal EEG, with seizures occurring in over 50% of these
patients. EEG abnormalities include diffuse slowing, focal
slowing, multifocal slowing, focal or multifocal epileptiform
discharges, periodic lateralized epileptiform discharges
(PLEDs), and seizures [43, 44]. Table 3.3 lists autoanti-
bodies and their associated EEG findings [45–50].

Electromyography

History

The groundwork set by Alessandro Volta and Luigi Galvani
paved the way for later visionaries in the field of peripheral
electrodiagnosis [51, 52]. In 1833, Guillaume-Benjamin
Duchenne used cloth-covered electrodes to stimulate nerves
from the surface of the skin [53, 54]. Later, in 1850,
Helmholtz successfully measured the conduction velocity of
a nerve impulse of a frog, and later a human median nerve
[54, 55]. In 1882, Wilhelm Erb devised a formula for polar
contraction in normal and abnormal nerve states, and is
generally cited as the founder of classic electrodiagnostics
[54, 56]. On the electromyography front, a sensitive
recording apparatus was needed for progress in the study of
muscle action potentials. In 1922, Herbert Spencer
Gasser and Joseph Erlanger overcame the limitations of a
galvanometer with the advent of a cathode ray oscilloscope
and laid the ground of the modern electrodiagnostic era
[54, 57]. The first electromyogram (EMG) in a patient was
performed by R. Proebster in 1928 and, following this, the
field continued to expand into common clinical use
[54, 58].

The demand for electrical testing of peripheral nerves
grew with the two World Wars as physicians treating war
casualties needed to know the extent of damaged nerves and
the status of regeneration. This sparked a greater interest in
the field and the need for peripheral diagnostics was realized.
The First International Congress of Electromyography was
held in 1961 in Pavia, Italy, and helped standardize values
and the understanding of current peripheral electrodiagnostic
studies [54]. Today, we continue to use electromyography
and nerve conduction measurements to aid in the diagnosis
of peripheral nervous system disorders.
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Table 3.2 Cancer treatments
and their associated EEG findings

Cancer treatment EEG findings

Busulfan Diffuse and focal delta

Resolves within days of treatment discontinuation

Seizures common and require prophylactic antiepileptic drug
administration

Chimeric antigen receptor T-cell
therapy

Slow background activity

Epileptogenic discharges and increased seizure frequency

Cytarabine Diffuse theta and delta activity

Ifosfamide Slow alpha rhythm with increased theta and delta

Triphasic waves

Epileptogenic discharges and increased seizure frequency

EEG and encephalopathy improve with benzodiazepine
administration

Interferons Diffuse theta and delta activity

FIRDA activity

Methotrexate Both diffuse and localized delta activity

Seizure incidence increased

Pacitaxel Diffuse theta activity

Vincristine Diffuse theta and delta activity

Epileptogenic discharges

Increased seizure frequency with focal seizures

FIRDA frontal intermittent rhythmic delta activity

Table 3.3 Autoantibodies and
their associated EEG findings

Antibody Associated cancers EEG findings

Anti-Hu Small cell lung cancer 10% EEGs abnormal
Temporal, bitemporal, or multifocal epileptiform discharges
Seizures, epilepsia partialis continua, status epilepticus

Anti-Ma Testicular germ cell
tumor
Breast cancer
Non-small cell lung
cancer

Epileptiform discharges
Seizures and status epilepticus

NMDA Ovarian teratoma Irregular or rhythmic delta activity
Extreme delta brush pattern
Up to 70% with seizures or status epilepticus
Tonic, focal, or generalized seizures

AMPA Thymus
Breast
Lung

Temporal or bitemporal epileptiform discharges or seizures
Diffuse, focal, or multifocal slow activity

GABA-B Small cell lung cancer Diffuse slow activity
PLEDs
Up to 100% with seizures

VGKC Small cell lung cancer
Often no tumor found

Temporal or bitemporal epileptiform discharges
Faciobrachial dystonic seizures, tonic seizures, temporal
seizures
Diffuse slow activity

NMDA N-methyl D-aspartate, AMPA a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid, GABA-B
c-Aminobutyric acid, Type B, VGKC voltage-gated potassium channel, PLEDs periodic lateralized
epileptiform discharges
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Technical Component

EMG is a method of recording motor unit potentials with
extracellular electrodes. This study is typically performed
after a nerve conduction study (NCS) has narrowed the
clinical diagnosis and suggested muscles that may be
pathologically involved. To perform an EMG, a needle
electrode is inserted into the muscle of interest. See Fig. 3.1.
The needle may have a reference electrode embedded within
it (concentric needle) or a monopolar needle with a surface
skin reference electrode can be used. The tip of the needle is
the active recording electrode and a triphasic waveform is
produced as the muscle action potential approaches, reaches,
and leaves the recording electrode. The needle is connected
to an EMG machine which records and amplifies the signal
and provides a visual and auditory representation of the
signal [54, 59].

To perform the test, a needle electrode is placed in the
muscle and electrical activity is noted during the insertion.
Insertional activity from initial needle insertion should be
only a few hundred milliseconds in duration. Insertional
activity can be classified as normal, decreased (seen in
fibrotic muscle disease) or increased (seen in denervated
muscle). Next, the muscle is evaluated while it is at rest for
any spontaneous activity. All muscle fibers of a given motor
unit will fire at the same time as action potentials are an
all-or-none response. Damaged and denervated muscle fibers
become unstable and no longer fire with the rest of their
motor unit. These damaged fibers can fire spontaneously
with no external stimuli, producing spontaneous activity.
Fibrillation potentials and positive sharp waves are the most
common findings when assessing for spontaneous activity,
and typically signify active denervation [54, 59, 60]. The
patient is then asked to perform mild voluntary contraction

of the muscle to evaluate motor unit potentials. Motor unit
action potentials (MUAP) have typical morphology and
characteristics. The duration reflects the number of muscle
fibers within the motor unit and is typically 5–15 ms from
initial take-off to the return to baseline. The number of
phases, or times the waveform crosses baseline, is typically
2–4 in normal MUAPs. Polyphasia can be seen in both
neuropathic and myopathic disorders. The amplitude of a
MUAP is typically 100 lV–2 mV, and reflects only the few
fibers that are nearest to the needle. After the MUAP is
assessed with mild voluntary contraction, the patient is asked
to perform maximal voluntary contraction of the muscle in
order to evaluate recruitment and interference. Normally
with muscle contracture, motor units can increase muscle
force by increasing the firing rate or by recruiting additional
motor units to fire. Decreased recruitment occurs when there
is a loss of MUAPs, typically through axonal loss or con-
duction block, where additional units cannot be recruited
easily. In contrast, increased or early recruitment typically
occurs with myopathic processes where the individual
muscle fibers within a unit cannot produce enough force and
require additional motor units to generate a small amount of
force. Once all of these factors are evaluated, the needle is
moved to another location to repeat the above maneuver.
The needle electrode samples muscle motor unit potentials in
close proximity to the location of needle insertion; thus,
multiple sites must be examined to have a thorough sam-
pling of an area of interest. Typically, sampling is done in at
least four directions from any given puncture site and mul-
tiple puncture sites are selected in one or several muscles of
interest [54, 59, 60].

NCS can be performed to evaluate both nerve compound
motor action potentials (CMAP) and sensory nerve action
potentials (SNAP). CMAPs are measured in millivolts
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Fig. 3.1 Electromyography showing a needle insertion with EMG tracing
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(mV) and are very large compared to SNAPs which are
measured in microvolts (µV). While these have some dif-
ferences in interpretation, much of the technical components
remain the same [54, 59].

A stimulating probe is typically used with fixed surface
electrodes that consist of a cathode (negative pole) and anode
(positive pole) that are two to three centimeters apart. The
cathode is positioned closer to the recording site. An elec-
trical current is introduced into the stimulating probe. The
current flows from the anode to the cathode, collecting neg-
ative charges between the cathode and the underlying nerve
surface and depolarizing the underlying nerve. To record the
stimulus for a motor nerve, an active recording surface
electrode is placed over the belly of a muscle innervated by
the nerve of interest, and a second inactive recording surface
electrode is placed over the tendon of the muscle. When a
stimulating current is given from the stimulating probe, the
nerve is depolarized and the propagating muscle action
potential is recorded at active recording electrode which is at
the motor end point. See Fig. 3.2. Sensory nerves can be
stimulated orthodromically (distal-to-proximal or in the
direction of sensory flow) or antidromically
(proximal-to-distal or opposite of the direction of sensory
flow). Orthodromic recording is more commonly used; the
active recording surface electrode is placed over the nerve
and the second, inactive, recording surface electrode is placed
at a remote site. Again, the stimulating probe depolarizes the
nerve and propagates an action potential recorded at the given
location on the sensory nerve [54, 59].

Several parameters are recorded and analyzed in a NCS.
Amplitude (measured from baseline to the negative peak)
reflects the number of muscle fibers that are depolarized.
Duration (measured from the initial deflection from baseline
to the first crossing of baseline) is a measure of synchrony of

the muscle fibers. Conduction velocity (the distance traveled
divided by the nerve conduction time) measures the speed of
the fastest conducting axons. Latency (onset latency the time
from the stimulus to the initial deflection from baseline), or
peak latency (the time from the stimulus to the midpoint of
the first negative peak) reflects the time from stimulation
until a response is recorded at recording electrode. With
motor studies, the distal motor latency includes the con-
duction time along the distal nerve, the neuromuscular
junction (NMJ) transmission time, and the muscle depolar-
ization time, necessitating two stimulation sites in order to
subtract the time across the NMJ and muscle. With sensory
studies, only one stimulation is needed to measure the
latency and velocity [60].

There are several basic abnormal nerve conduction pat-
terns. With neuropathic lesions one can see axonal loss, with
reduced amplitude being the primary finding, or demyeli-
nation, with slowed velocity and latency. In myopathic
disorders, the sensory NCS remain normal, as do the distal
latencies and conduction velocities, with an occasional
decrease in CMAP amplitude. These patterns are important
in understanding etiologies of disease and correlating this
with the clinical picture. See Table 3.4.

Indications and Contraindications

NCS and EMG are used to diagnose disorders of the
peripheral nervous system (PNS), including disorders of
primary motor neurons (anterior horn cells), sensory neurons
(dorsal root ganglia), nerve roots, brachial and lumbosacral
plexuses, peripheral nerves, neuromuscular junctions, and
muscles. Patients with peripheral pain, paresthesias, sensory
loss, atrophy, and weakness are routinely tested via EMG
and NCS in order to better delineate an etiology and treat-
ment plan. EMG and NCS have become a staple in our
armamentarium and continue to provide useful diagnostic
information in cancer patients.

At this time, there are no true contraindications of NCS.
They are routinely performed in patients with pacemakers,
cochlear implants, vagus nerve stimulators, deep brain
stimulators, and other electric hardware as there are insuffi-
cient data to suggest significant risk to the patient [54, 59].
Although there is no clearly defined risk, a discussion with
the patient’s cardiologist may be advised if the NCS is to be
performed close to the chest wall, or if dysfunction of the
pacemaker may be life threatening [61, 62].

Patients with a bleeding tendency should be screened
prior to performing routine EMG examination. The study
maybe contraindicated in patients with untreated hemophilia
or severe thrombocytopenia (typically considered platelets
<20,000/mm [3]). Patients with iatrogenic blood thinning
due to oral or intravenous anticoagulation should not

Fig. 3.2 Nerve conduction velocity. Depicting the stimulator with
recording electrodes on the thenar eminence
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undergo EMG until there is some degree of reversal of the
prothrombin time or partial thromboplastin time. In addition
to bleeding tendency, EMG should not be performed in an
area with local skin or soft tissue infection as there is a risk
of bacteremia [54].

Local Cancer Invasion

Tumors can enter the peripheral nervous system by direct
invasion or hematogenous spread. The tumor can then
externally compress the nerve fibers or invade them. Neural
compression is more common with many cancers causing
local trauma to the nerve with resultant neurologic symp-
toms and deficits. Neural invasion is less common but has
been demonstrated with prostate cancer, breast cancer, lung
cancer, pancreatic cancer, and lymphoma [63].

Leptomeningeal metastasis or epidural tumors can cause
radiculopathy with irritation or direct compression of the
nerve roots. Plexopathies are quite frequent in approximately
1% of cancer patients with some metastatic involvement of
their plexi [64]. Invasion of the lumbosacral plexus is more
common and is often due to direct extension of abdominal
and pelvic tumors including cervical cancer, colorectal
cancer, bladder cancer, and retroperitoneal sarcomas. Inva-
sion of the brachial plexus is typically due to breast and lung
cancer. The lower trunk of the brachial plexus is most
commonly involved due to its proximity to the lateral axil-
lary lymph nodes [64]. Peripheral neuropathies are less
frequent, but can be seen with peripheral nervous system
infiltration from lymphoma called neurolymphomatosis.
This is a well-known disorder and has been described with
both B-cell and T-cell lymphomas [65]. It tends to invade
multiple nerves or nerve roots and presents clinically as a
polyneuropathy or polyradiculopathy [66]. Mononeu-
ropathies are less common with local cancer invasion, but
can occur with extension of bony metastasis. Malignant
nerve sheath tumors that typically occur in the setting of
neurofibromatosis I, or as a result of radiation therapy, can
also cause a mononeuropathy [65].

The neurologic symptoms and deficits depend on the
topography of the nerve involvement. Electrodiagnostic
testing with EMG and NCS can be valuable in localizing
nerve involvement to determine if the pathology is in the
root, plexus, peripheral nerve, or neuromuscular junction.

Although neurophysiologic testing does not distinguish local
cancer invasion from other types of nerve damage, it can
help localize the region of pathology so that a specific region
can be imaged or biopsied for further investigation and
prognostication.

Paraneoplastic and Antibody Mediated

Most paraneoplastic disorders begin acutely or subacutely
and progress over time often with some stabilization late in
the disease process. The current concept of paraneoplastic
syndromes is that the primary tumor ectopically expresses an
antigen that is identical in structure to a neural antigen but
seen by the host immune system as foreign, thus eliciting an
immune attack on both the antigen and the neural structure.
The central nervous system or peripheral nervous system can
be attacked, leaving the patient with debilitating symptoms.
The incidence of paraneoplastic peripheral neuropathy is
thought to be 6–8%, with most paraneoplastic neuropathies
being sensorimotor and axonal [67]. Paraneoplastic disorders
can also occur at the level of the neuromuscular junction or
muscle. While antibodies and tissue pathology are more
specific, EMG and NCS can be a valuable tool in the
diagnosis of peripheral paraneoplastic disorders. Here we
describe some common paraneoplastic and
antibody-mediated disorders of the peripheral nervous sys-
tem (motor neuron, nerve, NMJ and muscle) and their
associated neurophysiologic findings. See Table 3.5.

Acute Inflammatory Demyelinating
Polyneuropathy
An acute inflammatory demyelinating polyneuropathy
(AIDP or Guillain–Barre syndrome) with acute to subacute
weakness and sensory features has an increased incidence in
patients with Hodgkin lymphoma as well as various types of
solid cancers [68, 69]. With AIDP, typical findings include
prolonged or absent F waves followed by increased distal
latencies and conduction block of motor responses. Signifi-
cant slowing of the motor nerve conduction velocities is not
seen until later in the disease course. Sensory NCS can
demonstrate absent or slowed conduction velocities. The
needle EMG often remains normal or only with decreased
recruitment [70].

Table 3.4 Comparison of
neuropathy versus myopathy

NCV CMAP SNAP MUAP

Neuropathy—axonal Normal Decreased Decreased Large

Neuropathy—demyelinating Decreased Normal Normal Normal

Myopathy Normal Decreased Normal Small

NCV nerve conduction velocity, CMAP compound muscle action potential, SNAP sensory nerve action
potential, MUAP motor unit action potential
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Chronic Inflammatory Demyelinating
Polyneuropathy
Chronic inflammatory demyelinating polyneuropathy
(CIDP) has been reported in patients with solid and liquid
tumors including adenocarcinomas, melanoma, and

paraproteinemias [71, 72]. Clinically, these patients have
slowly progressive sensory changes with large fiber sensory
modalities being most affected. CIDP is distinguished
from AIDP on the basis of a prolonged and relapsing course,
enlargement of nerves, and responsiveness to

Table 3.5 Autoantibody,
paraneoplastic, and
paraproteinemic diseases of the
peripheral nervous system and
associated EMG/NCV findings

Associated cancer NCV EMG

AIDP Hodgkin lymphoma, lung
cancer, breast cancer

Prolonged F-wave Normal or decreased
recruitmentIncreased distal

latencies

Conduction block

CIDP Lymphoma, leukemia,
melanoma, paraproteinemia

Absent or prolonged
F-wave

Increased distal
latencies

Abnormal temporal
dispersion, conduction
block

Paraproteinemic
neuropathy

Amyloid, multiple
myeloma, MGUS,
Waldenström’s
macroglobulinemia

Decreased motor and
sensory CMAP

Spontaneous activity an
acute denervation

Anti-CV2 Small cell lung cancer Decrease motor
sensory CMAP

Anti-Hu Small cell lung cancer Decreased sensory
CMAP; Normal motor
CMAP

Normal or active
denervation

Mononeuritis
multiplex

Vasculitic neuropathy,
small cell lung cancer,
uterine cancer, lymphoma,
prostate cancer

Decreased sensory
CMAP

Neuromyotonia Thymoma, lymphoma,
small cell lung cancer

Spontaneous irregular
firing of single or
MUAP

Persist during sleep and
general anesthesia

Stiff person
syndrome

Breast cancer, small cell
lung cancer, Hodgkin
lymphoma, colon cancer

Sustained continuous
MUAP, disappeared
during sleep and general
anesthesia

Lambert-Eaton
myasthenic
syndrome

Small cell lung cancer Decrement with slow
rate repetitive nerve
stimulation; 3–5 Hz

Single-fiber
EMG-increased jitter

High rate stimulation;
20–50 Hz results in
increased CMAP

Myasthenia
gravis

Thymoma, lymphoma Slow rate repetitive
nerve stem; 3–5 Hz
decrement in CMAP
amplitude

Single-fiber
EMG-increased jitter

High rate
stimulation-no
increment

AIDP acute inflammatory demyelinating polyneuropathy; CIDP chronic inflammatory demyelinating
polyneuropathy; CMAP compound muscle action potential; EMG electromyography; MUAP motor unit
action potential
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corticosteroids. Progression tends to be in a
length-dependent manner for the sensory changes. The
motor abnormalities are typically not as pronounced but are
frequently present. The neuropathy may precede the dis-
covery of the neoplasm. Similar to what is seen with acute
inflammatory demyelinating polyneuropathy, the electro-
physiologic studies demonstrate prolonged or absent F
waves, increased distal latencies, abnormal temporal dis-
persion, and conduction block of motor responses [73].

Paraproteinemic Neuropathies
The prevalence of peripheral neuropathy is ten times higher
in patients with paraproteinemias than it is in the general
population. Peripheral neuropathy can occur with primary
amyloidosis, multiple myeloma, monoclonal gammopathy of
unknown significance, Waldenstrom macroglobulinemia,
and other rare conditions. Paraproteinemic neuropathies are
a heterogeneous group of disorders but with a great degree
of overlap.

Patients with primary amyloidosis of the light chain type
can develop a devastating peripheral neuropathy. The neu-
ropathy consists of distal and symmetric progressive sen-
sorimotor and autonomic dysfunction. The sensory
symptoms are often small fiber predominant with persistent
pain. Nerve conduction studies demonstrate decreased
amplitude and, at times, mild slowing of conduction velocity
consistent with axonal degeneration due to invasion of the
nerves by amyloid. EMG can demonstrate increased spon-
taneous activity and evidence of acute denervation [67, 74].

Peripheral neuropathy can occur in multiple myeloma
(MM) in several settings. With typical osteolytic MM,
patients can have a mild sensorimotor axonal neuropathy
with decreased motor and sensory amplitudes or a purely
sensory axonal neuropathy with only sensory involvement.
A demyelinating type of primary motor neuropathy can also
be seen and resembles AIDP or CIDP as described above.
Patients with MM associated with systemic amyloidosis can
have prominent pain and small fiber sensory findings with
electrophysiologic findings as seen in primary amyloidosis.
Patients with atypical osteosclerotic myeloma tend to be
younger and less ill. The neuropathy associated with
osteosclerotic myeloma is chronic in nature with distal and
symmetric sensorimotor changes. This neuropathy also
resembles CIDP with a motor predominance and marked
slowing in conduction velocities. These patients can develop
a clinical syndrome (POEMS syndrome) with organome-
galy, endocrinopathy, and skin changes [67, 74].

Patients with monoclonal gammopathy of unknown sig-
nificance (MGUS) typically present with distal and sym-
metric chronic and progressive sensorimotor symptoms.
Electrophysiologically, the peripheral neuropathy resembles
a chronic inflammatory demyelinating polyneuropathy with
slow motor nerve conduction velocities and increased distal

latencies on NCS. Some MGUS patients have circulating
anti-myelin-associated protein (anti-MAG) antibodies
directed against peripheral nerve myelin. The majority of
patients with anti-MAG antibodies have IgM-kappa mono-
clonal proteins in their serum [67, 74, 75].

Patients with Waldenstrom macroglobulinemia (WM) can
develop symmetric and distal sensorimotor changes and a
primarily demyelinating sensorimotor polyneuropathy on
electrophysiologic testing. Similar to MGUS, some WM
patients have circulating anti-MAG antibodies damaging the
myelin and causing increased distal latency and slowed
conduction velocity in motor and sensory nerves. Occa-
sionally, WM is associated with an axonal pattern of neu-
ropathy [67, 74, 75].

Anti-CV2
Anti-CV2 antibodies are seen in association with small cell
lung cancer and can cause a variety of nervous system
maladies including cerebellar degeneration, peripheral neu-
ropathy, and uveitis. In up to 20% of patients, the anti-Hu
antibody is also expressed. Patients with anti-CV2 typically
have symmetric distal length-dependent sensory loss in all
modalities with concomitant motor weakness. Electrophys-
iologically, a sensory motor axonal polyneuropathy is seen,
but at times there are some demyelinating features. NCS
demonstrates decreased amplitude of sensory and motor
responses with some decrease in velocity of these responses
[76].

Anti-Hu
Anti-Hu antibodies are now recognized as a common cause
of paraneoplastic neuronopathy that affects the dorsal root
ganglia. It is most commonly associated with small cell lung
cancer, but is also present with other malignancies. The
onset is typically rapid and painful but, unlike classic
peripheral neuropathies, this neuronopathy can be asym-
metric or non-length dependent in some patients. All sensory
modalities can be affected, but the proprioceptive loss can be
so profound that patients can have debilitating sensory
ataxia. Anti-Hu was once thought to be only a sensory dis-
order, but evidence shows that some patients have a mixed
sensorimotor picture [77, 78]. Electrophysiologic studies
demonstrate axonal degeneration with low amplitude or
absent sensory action potentials and preserved or abnormal
motor responses on NCS. EMG is typically normal but, at
times, can show signs of active denervation including fib-
rillation potentials and positive sharp waves [77, 79].

Mononeuritis Multiplex
A vasculitic neuropathy can be seen in association with
malignancies. Vasculitic neuropathies typically present as
mononeuritis multiplex, most commonly with asymmetric
and patchy changes in sensory and/or motor nerves. The
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symptoms can occur acutely or chronically, and are com-
monly seen with solid tumors, including small cell lung
cancer, prostate cancer, uterine cancer, and lymphomas [67,
80]. Anti-Hu antibodies are sometimes associated with this
disorder. On NCS, a primarily axonal neuropathy is seen
with low amplitude sensory and compound muscle action
potentials with minimal reduction of conduction velocities
[79, 81].

Neuromyotonia
Neuromyotonia is a disorder characterized by peripheral
nerve hyperexcitability due to spontaneous firing of motor
unit action potentials. Clinically, patients can present with
slow relaxation of muscles, cramps, stiffness, or myokymia.
It is thought to be autoimmune mediated and can be asso-
ciated with voltage-gated potassium channel antibodies or
amphiphysin antibodies [67, 82]. Thymoma is the most
common cause of paraneoplastic neuromyotonia, which can
also be seen with lymphoma and small cell lung cancer [83,
84]. On EMG there is spontaneous irregular firing of single
or multiple motor units at a rate of 150–300 Hz that can
persist even in sleep and under general anesthesia [67].

Stiff Person Syndrome
Stiff person syndrome is characterized by painful muscle
stiffness and rigidity typically involving truncal musculature.
It can be autoimmune in nature and most commonly asso-
ciated with glutamic acid decarboxylase antibodies. The
paraneoplastic version of the disorder can have glutamic acid
decarboxylase antibodies or more commonly amphiphysin
antibodies. Breast cancer, small cell lung cancer, Hodgkin
disease, and colon cancer are commonly associated cancers
with the paraneoplastic version. On EMG, there are sus-
tained continuous motor unit action potentials that disappear
during sleep and with general anesthesia [67, 85].

Lambert–Eaton Myasthenic Syndrome
Lambert–Eaton Myasthenic Syndrome (LEMS) is one of the
most common paraneoplastic syndromes although it can also
be autoimmune in nature. About one-half of patients with
LEMS have an underlying malignancy, with small cell lung
cancer being the most likely culprit. Patients with paraneo-
plastic LEMS have V/Q voltage-gated calcium channel
antibodies that bind presynaptically at the cholinergic junc-
tion preventing entry of calcium into the terminal axon and
inhibiting the release of acetylcholine [86]. Patients present
with fatigue and muscle weakness that is typically more
proximal and can improve with repeated use. With LEMS,
the compound muscle action potential in hand muscles are
small at baseline and increase dramatically after exercise.
With repetitive nerve stimulation at a slow rate of 3–5 Hz,
there is a decrement in the CMAP amplitude due to failure of
the neuromuscular junctions. When stimulated at a higher

rate of 20–50 Hz, this is overcome with increased release of
calcium and there is an increase in the CMAP amplitude. An
increase greater than 100% in most muscles tested is sug-
gestive of LEMS. Single-fiber EMG (SFEMG) can also be
performed to help establish the diagnosis. With SFEMG, the
variability in the timing of discharges of fibers is compared
and an increase in this timing, known as jitter, demonstrates
the insecurity of the neuromuscular junction [67, 87].

Myasthenia Gravis
In contrast to LEMS, myasthenia gravis (MG) is not con-
sidered a classic paraneoplastic syndrome because only a
small portion of patients with the disease harbor a malig-
nancy. Thymoma and lymphoma are the most common
malignancies associated with the disease. When present,
acetylcholine antibodies can aid in the diagnosis of MG but
the antibodies do not distinguish paraneoplastic from
non-paraneoplastic forms of MG. Clinically, patients have
weakness in frequently used muscles and the weakness
progresses throughout the day. Similar to LEMS, with
repetitive nerve stimulation at a slow rate of 3–5 Hz, there is
a decrement in the CMAP amplitude due to failure of the
neuromuscular junctions. However, there is no increment
with faster stimulation as seen with LEMS. Increased jitter is
also seen with MG, again demonstrating the insecurity of the
neuromuscular junction [67, 87].

Myopathies

Inflammatory Myopathy
Of the inflammatory myopathies, dermatomyositis (DM) and
polymyositis (PM) have a clear relation to malignancy while
this relationship is less clear with inclusion body myositis
(IBM). DM and PM are associated with a wide range of
cancers with lung cancer, ovarian cancer, and non-Hodgkin
lymphoma being the most common [88]. With both DM and
PM, patients have proximal symmetric weakness that typi-
cally evolves over weeks to months; muscle tenderness and
pain are associated with this weakness. While muscle biopsy
provides the definitive diagnosis, EMG can be a valuable
tool in diagnosing inflammatory myopathies. With DM and
PM, the EMG demonstrates a myopathic pattern with small
amplitude short duration muscle potentials with early
recruitment. Later in the disease, fibrillation potentials and
positive sharp waves can be seen [67].

Necrotizing Myopathy
Necrotizing myopathy is a rare disorder that has been shown
to have an association with gastrointestinal adenocarcinoma,
transitional cell carcinoma, prostatic carcinoma, and
non-small cell carcinoma. Patients have a rapid and pro-
gressive syndrome with symmetric proximal weakness and
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pain. EMG studies in patients with necrotizing myopathy
demonstrate abnormal spontaneous activity and decreased
amplitude and duration of the motor unit potentials [89, 90].

Therapy-Induced Pathology

Chemotherapy Induced Pathology
Peripheral neuropathy is a common side effect of multiple
chemotherapeutic agents. The taxanes, vinca alkaloids, and
platinum compounds are the most notorious classes of
agents that produce neuropathic side effects, but other less
commonly known agents can be neuropathic as well. There
are several patterns of disease caused by these drugs. While
many cause diffuse polyneuropathies, some can cause
myositis while sparing the peripheral nerves. EMG and NCS
findings can be useful in diagnosing and following the
recovery of these pathologic changes. Table 3.6 lists elec-
tromyographic findings associated with some common can-
cer treatments [91–97].

Radiation-Induced Pathology
Radiation therapy (RT) is frequently used as adjunctive
treatment for malignancy. RT causes damage to both normal
and abnormal cells often leaving unwanted side effects.
Ionizing radiation causes cellular damage by breaking DNA,
damaging RNA, proteins, and lipids, and by stimulating
apoptosis [63]. Classically, there are three stages of radiation
damage: acute (during the actual course of radiation),
early-delayed (within weeks), or late-delayed (within months
to years). While the acute and early-delayed stages are often
reversible, the late-delayed stage is often chronic and can be
progressive with few treatment options. The peripheral
nervous system is more resistant than the central nervous
system to the adverse side effects of radiation therapy, but
despite this, peripheral nerve damage is a frequent compli-
cation of RT. The major sites of damage include the brachial
plexus (typically after lymphoma, breast, or lung cancer
treatment) and the lumbosacral plexus (after pelvic and
abdominal treatment for numerous cancers) [63]. Distin-
guishing local cancer recurrence from radiation-induced
plexopathy can be difficult. The clinical picture remains very
important as several clinical factors aid in determining the
diagnosis. With radiation-induced plexopathy, electromyo-
graphy and nerve conduction studies can also be useful.

Myokymia on EMG examination may be the single most
helpful electrodiagnostic finding in differentiating local
cancer recurrence versus radiation-induced plexopathy [59,
98, 99]. Myokymic discharges are caused by the same motor
unit and are groups of rhythmic spontaneous repetitive dis-
charges (grouped fasciculations). With myokymia, the firing

frequency is typically 5–60 Hz and the firing frequency
between bursts is much slower. Myokymic discharges are
likely due to spontaneous depolarization along demyelinated
nerve segments. Clinically, myokymia looks like continuous
involuntary rippling movement of a muscle [59].
Other EMG abnormalities are often seen in patients with
radiation-induced injury. Fibrillation potentials, decreased
motor unit potential amplitude, and increased motor unit
potential duration are frequent findings associated with
radiation injury but are nonspecific [99].

NCS abnormalities are also seen in patients with radiation
plexopathy. These are not specific and can also be seen with
direct neoplastic invasion. One such finding is conduction
block due to an acquired demyelinating process. Conduction
block is defined as a drop in compound motor action
potentials amplitude of at least 20% between proximal and
distal stimulation sites. Conduction block is frequently pre-
sent in early-delayed and late-delayed radiation injury, but at
times can also be seen with local neoplastic invasion. Sen-
sory nerve conduction studies can have decreased ampli-
tudes or be absent in patients with radiation injury [59, 98].
While NCS sensory changes are present in local neoplastic
invasion, the incidence of abnormal NCS studies is greater in
patients with radiation-induced injury [98].

Lumbar Puncture

History

The presence of fluid surrounding the brain was known for
centuries. It was described by Hippocrates in the
fourth-century B.C., Galen in the second-century A.D., and
Valsalva in the 1600s [100]. In 1764, Contungo described
fluid within the ventricles and subarachnoid space of 20
adults on whom he did lumbar taps [101]. Later in 1825,
Magendie described tapping the cisterna magna in animals
and postulated that there was continuity of the subarachnoid
space around the brain and spinal cord. However, it was
Axel Key and Magnus Retzius in 1875 who discovered what
we know about cisternal anatomy today [102]. Soon after,
Quincke developed a procedure using a percutaneous needle
with a stylet to investigate hydrocephalus and tuberculous
meningitis. He recorded the opening pressure with a
manometer and was the first to study cell counts, protein,
and glucose within the cerebrospinal fluid [103]. Nearly
50 years later, Merritt and Fremont-Smith published nearly
20 years of experience with cerebrospinal fluid studies at
Boston City Hospital, providing a valuable reference point
[104]. In the past century, the field has further advanced with
radioisotopes, polymerase chain reaction (PCR), cytology,
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Table 3.6 Cancer treatments and their associated EMG findings

Drug class Drug names Common
uses

Mechanism of action Clinical findings EMG findings NCS FINDINGS

Vinca alkaloids Vincristine,
vinblastine,
vindesine,
vinorelbine

Leukemia,
lymphoma

Binds intracellular
tubulin and inhibits
polymerization

Symmetric distal
sensory changes
±motor symptoms

EMG: rarely
pathologic
spontaneous
activity in distal
muscles

NCS: Axonal
neuropathy with
reduced amplitude
of sensory > motor
compound action
potentials with late
demyelinating
features

Autonomic
neuropathy is
common.
“Coasting”
phenomenon—
worsening of
symptoms despite
withdrawal of agent

Taxanes Paclitaxel,
docetaxel,
abraxane,
tesetaxel

Breast,
ovarian,
prostate,
bladder,
esophageal,
head and
neck
cancers

Microtubule stabilizing
agent that interferes with
mitotic spindles during
mitosis

Symmetric or
asymmetric distal
sensory changes,
mixed small and
large fiber

EMG: pathologic
spontaneous
activity in distal
muscles, rarely
myopathic changes
on EMG

NCS: Axonal
neuropathy with
reduced amplitude
and relative sparing
of velocity of
sensory > motor
compound action
potentials

Motor symptoms
are uncommon and
mild but can include
foot drop

Platinum
compounds

Cisplatin,
carboplatin,
oxaliplatin

Ovarian,
bladder,
testicular,
lung cancers

DNA is damaged by
intrastrand and
interstrand crosslinks
which induces apoptosis

Symmetric distal
sensory changes—
primarily large fiber
modalities affected.
Motor symptoms
are extremely rare.
“coasting”
phenomenon with
worsening of
symptoms despite
withdrawal of agent

EMG: no changes NCS: Axonal
neuropathy with
reduced amplitude
of sensory
compound action
potentials with late
demyelinating
features

Polysulfonated
urea

Suramin Prostate
cancer

Inhibits reverse
transcriptase

Symmetric distal
sensory changes—
mixed small and
large fiber
modalities. Motor
symptoms are
common but mild

EMG: rarely
pathologic
spontaneous
activity in distal
muscles

NCS: Axonal
neuropathy with
reduced amplitude
of sensory and
motor compound
action potentials

Guillian-Barre-like
syndrome with
severe, rapid
predominantly
motor
demyelinating
neuropathy can be
seen, albeit rare

With the
Guillian-Barre-like
syndrome there is
prolongation of
F-wave latencies,
decreased sensory
and motor
compound action
potential amplitude
and velocities, and
temporal dispersion

Angiogenesis
inhibitors

Thalidomide Myeloma,
lymphoma

Inhibits angiogenesis Symmetric sensory
changes—mixed
small and large fiber
modalities affected.
Motor symptoms
are uncommon but
mild

EMG: rarely
pathologic
spontaneous
activity in distal
muscles

NCS: Axonal
neuropathy with
reduced amplitude
of sensory > motor
compound action
potentials

(continued)
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and other assays leading to widespread use of lumbar
puncture as an essential tool for the diagnosis of many
neurologic conditions [102].

Technical Component

A lumbar puncture is best performed with the patient in the
lateral recumbent position with the craniospinal axis parallel
to the floor and the patient in the fetal position with the head,
knees, and torso flexed. The most superior part of the iliac
crest is palpated and correlates with the L4 vertebral body at
midline. Under sterile conditions and after local anesthesia,
the spinal needle is advanced at the L3/L4 or L4/L5 vertebral
interspace, angling slightly towards the head. Once the
subarachnoid space is reached, the patient extends legs and a
manometer is placed on the hub of the spinal needle to
measure opening pressure. After pressure is measured,
cerebrospinal fluid (CSF) is drained into sterile tubes. A total
of 5–15 mL of fluid is typically collected during a routine
lumbar puncture. However, in the workup of neurologic
malignancy, more CSF may increase the yield and at least
10 mL should be collected for cytologic evaluation [102,
105, 106]. Fluoroscopic-guided lumbar puncture may be
required if traditional lumbar puncture is failed at the bed-
side. If lumbar puncture is not possible, then cisternal
puncture or cervical puncture may be considered. In modern
day, these are done under fluoroscopy.

Indications and Contraindications

Lumbar puncture is useful in the diagnosis ofmany neurologic
conditions including but not limited to: bacterial meningitis,
viral meningitis, fungal meningitis, mycobacterial meningitis,
vasculitis, subarachnoid hemorrhage, normal pressure
hydrocephalus, central demyelinating disease, Guillain–Barre
syndrome, central nervous systemmalignancy, carcinomatous
meningitis, autoimmune encephalitis, and paraneoplastic
encephalitis. The diagnostic role of lumbar puncture in neu-
rologic malignancies will be discussed below.

There are several relative contraindications to lumbar
puncture. Performing a lumbar puncture in a patient with
preexisting increased intracranial pressure can precipitate
deleterious consequences. Herniation syndromes can arise
and can be life threatening. When increased intracranial
pressure is suspected, computed tomography (CT) or mag-
netic resonance imaging (MRI) should be performed first to
help assess the risk of herniation associated with lumbar
puncture. Lumbar puncture in a patient with a focal mass
with midline shift increases the risk of herniation and should
be avoided [107].

Local skin infection, spinal epidural abscess, and epidural
or vertebral malignancy in the lumbar region near the entry
zone of the spinal needle is another relative contraindication.
Performing a lumbar puncture through an infection, abscess,
or malignancy can seed the CSF, increasing morbidity and
mortality [102, 108].

Table 3.6 (continued)

Drug class Drug names Common
uses

Mechanism of action Clinical findings EMG findings NCS FINDINGS

Proteasome
inhibitors

Bortezomib Myeloma,
lymphoma

Breakdown of
intracellular molecules

Symmetric sensory
changes with
small > large fiber
modalities affected

EMG: no changes NCS: Axonal
neuropathy with
reduced amplitude
of sensory
compound action
potentials

Monoclonal
antibody

Ipilimumab Melanoma Targets human cytotoxic
T-lymphocyte-associated
antigen

Symmetric distal
sensory changes.
Motor symptoms
can be seen

EMG: no changes NCS: Sensorimotor
polyneuropathy
with demyelinating
features with
decreased
amplitude and
conduction
velocities with
conduction block

Nucleoside
analogs

Gemcitabine Pancreatic
cancer

Replaces cytidine in
DNA replication causing
faulty DNA and
apoptosis

Painful, symmetric,
mild proximal
weakness

EMG: motor unit
action potentials
with small
amplitude, short
duration, and early
recruitment
consistent with
myopathic changes
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Thrombocytopenia and anticoagulation also pose a risk
when performing a lumbar puncture. It is generally advised
to withhold lumbar puncture in patients who are actively
bleeding, have platelets <50,000/ll, or an international
normalized ratio (INR) >1.4. Aspirin and subcutaneous
heparin at doses appropriate for deep vein thrombosis pro-
phylaxis are not believed to pose a substantial risk [109–
111]. Cisternal puncture is contraindicated in patients with
an Arnold–Chiari malformation or posterior fossa tumor.

Composition of Cerebrospinal Fluid

CSF pressure is balanced carefully by the production from
the choroid plexus and absorption from arachnoid granula-
tions. Normal CSF opening pressure with a manometer
while the patient is lying flat with legs extended is between
60 and 250 mm H2O [112].

CSF is normal, clear, and colorless. Turbidity is rated
from 0 to 4+ by most laboratories. Color is pathologic and
can be due to infection, inflammation, or blood product.
Three major pigments derived from red blood cells can be
detected in CSF: oxyhemoglobin, bilirubin, and methe-
moglobin. Oxyhemoglobin is derived from lysed red blood
cells and present in CSF by 2 h, peaks at 36 h, and typically
disappears by 7 days. Bilirubin is first detected in CSF at
about 10 h, reaches maximum in 48 h, and can persist up to
2–4 weeks after extensive bleeding. Oxyhemoglobin, and
more so bilirubin, are the major pigments responsible for
xanthochromia seen with subarachnoid blood. CSF bilirubin
can be elevated with liver disease causing xanthochromia
that can falsely mimic that found with subarachnoid blood.
Methemoglobin, the latest byproduct of blood, is found in
encapsulated subdural hematomas and in old loculated
intracerebral hemorrhages [102].

Protein is largely excluded from the CSF by the blood–
CSF barrier. The protein level in normal CSF is 20–
45 mg/dl. A high protein level is nonspecific and can be due
to an array of etiologies including but not limited to tumor,
infection, trauma, stroke, hemorrhage, vasculitis, and
demyelinating disease [105].

CSF glucose level is maintained by facilitated transport
and simple diffusion. Glucose in CSF is derived from plasma
glucose and is typically two-thirds of the plasma level. Thus,
high or low glucose level should be corrected for serum
glucose in order to make a proper assessment [105].

Under normal conditions, CSF is acellular. CSF can
contain up to 5 white blood cells (WBC) per mm [3] and/or
5 red blood cells (RBC) per mm [3] without being consid-
ered pathologic. A cell count greater than this should be
investigated. Unfortunately, not all lumbar punctures go as
planned and interpreting a traumatic tap is often necessary.

Under normal conditions, there may be an increase of 1
WBC for every 700 RBC introduced into the CSF for a
traumatic tap. If there is a significant anemia or leukocytosis,
the following formula may be implemented: where
WBCREAL is the calculated WBC count of the CSF before
the traumatic blood was added, WBCCSF is the WBC count
in the bloody spinal fluid, WBCSERUM is the WBC count in
the serum, RBCCSF is the RBC count in the bloody spinal
fluid, and RBCSERUM is the RBC count in the serum [102].

WBCREAL ¼ WBCCSF � WBCSERUM � RBCCSFð Þ=RBCSERUM

Focal Mass and Leptomeningeal Involvement

Brain metastases are a common complication of cancer. The
incidence is 9–17% although this number is thought to be
low as the incidence of brain metastases is increasing [113].
This increase in incidence may be due, at least in part, to
improved imaging techniques. Additionally, the incidence
may be increasing as we provide systemic treatments that
prolong life, allowing the cancer to disseminate to the brain
[114]. Breast cancer, lung cancer, and melanoma are the
leading cancers with brain metastasis, and account for over
two-thirds of all metastases [113].

Leptomeningeal metastasis is diagnosed in nearly 5%
of patients with cancer metastasis. Again, this number is
thought to be low as it is found to be much higher at
autopsy [115]. The largest risk factor for leptomeningeal
metastasis is the presence of parenchymal brain metastasis
[116]. Additionally, primary brain tumors including
astrocytomas, meduloblastomas, ependymomas,
pineoblastomas, and oligodendrogliomas can infiltrate the
CSF [117].

With solid tumor invasion of the brain (primary brain
tumors and parenchymal metastasis), the CSF typically has a
normal cell count, although there can occasionally be a
pleocytosis that is most commonly seen with tumors near the
ventricular surface or with large infiltrating gliomas. There is
often normal glucose but an elevated protein concentration.
This is in contrast to leptomeningeal metastasis, which
typically demonstrates a more profound pleocytosis (ap-
proximately 50%), elevated protein (approximately 75%),
and decreased glucose (approximately 30–50%) [102, 118].
The pleocytosis is typically due to lymphocytes, although
eosinophilia can be seen with acute lymphoblastic leukemia
and Hodgkin lymphoma [119]. Elevated opening pressure is
often seen with leptomeningeal metastasis (nearly 50%) and
large solid tumors [102, 118]. Although most patients do not
have all of these features, completely normal CSF is
uncommon [120].
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Cytology

Positive cytology remains the gold standard for diagnosis of
malignancy in the CSF. Unfortunately, despite having a high
specificity, the sensitivity of cytology is between 50 and
90%. With parenchymal involvement alone the sensitivity is
even lower [121, 122]. This often necessitates repeat lumbar
punctures that can be difficult for both the patient and the
physician. Several steps can improve the sensitivity of
cytology: (1) A minimum of 10 ml of CSF should be sub-
mitted for cytology evaluation, (2) specimens should be
fixed in ethanol-based fixative for cytology and should be
processed immediately and not left overnight in the labora-
tory, (3) CSF should be obtained closest to the symptomatic
site (lumbar puncture for spinal imaging or clinical findings
and cisternal or ventricular puncture for cranial imaging or
clinical findings). If these measures continue to provide
negative cytology in the setting of clinical suspicion for
parenchymal or leptomeningeal involvement, a second tap
should be performed, again with the aforementioned mea-
sures in place. Although some perform further taps, little
additional benefit has been shown for subsequent samplings
[122]. Despite these efforts, CSF cytology remains negative
in up to 20% of patients with clinical or radiographically
unequivocal leptomeningeal carcinomatosis [116, 122]. It is
important to note that sensitivity of cytology is reduced in
primary CNS lymphoma with recent exposure to corticos-
teroids, which causes cytolysis [123]. A recent pilot study
revealed the utility of rare cell capture technology in the
diagnosis of leptomeningeal metastasis from solid tumor
with 100% sensitivity and 97% specificity [124].

Flow Cytometry

Flow cytometry is a technique used to measure multiple
characteristics of individual cells within a heterogenous
population. Immunophenotyping can then be done to
determine the composition of a group of cells by detecting
cellular protein expression [125]. These methods are par-
ticularly useful in determining metastasis from hematologic
malignancies. CSF flow cytometry can help identify whether
atypical lymphoid cells lines are monoclonal or polyclonal
[114, 126]. It can be used as an adjunct to CSF cytology to
help increase diagnostic accuracy as almost 50% of patients
have a positive flow cytometry in the absence of positive
cytology [127]. With cytology and adjunctive flow cytom-
etry, up to 80% of lymphoma cases with CSF involvement
can be detected with the first CSF sample. Although rare,
peripheral blood of a patient with active systemic lymphoma
can contaminate the CSF causing false-positive CSF results.
Thus, using CSF from a traumatic tap should be avoided
when sending for flow cytometry [127, 128].

After flow cytometry is performed, CSF immunoglobulin
heavy chain (IgH) rearrangement testing can be used to
analyze the clonality of the antibodies being produced.
Using PCR analysis of CSF, regions of the IgH can be
amplified. In cases of neoplastic proliferation of lympho-
cytes, a unique arrangement is produced, resulting in a single
sharp band on agarose gel. Conversely, nonneoplastic pro-
liferation of lymphocytes, as seen with inflammatory pro-
cesses, will reflect a widened band with multiple heavy chain
sequences [128]. IgH rearrangement studies in the CSF for
the detection of monoclonal antibody production have
reported sensitivity of nearly 60% and specificity of nearly
85%. Similar to what is seen with cytology, recent corti-
costeroid treatment reduces the sensitivity of this study.

Biomarkers

Tumor markers in CSF can be useful when cytology is
negative. The most usefulness is found with organ-specific
tumor markers such as prostate-specific antigen
(PSA-prostate), carcinoembryonic antigen (CEA-colon),
carcinoma antigen 15-3 (CA 15-3-breast), carcinoma antigen
125 (CA 125-ovarian), carcinoma antigen 19-9 (CA
19-9-pancreatic), carcinoma antigen 72-4 (CA 72-4-gastric),
melanoma antigen recognized by T cells (MART-1-
melanoma), alpha fetoprotein (AFP-germ cell), and beta
human chorionic gonadotropin (BhCG-germ cell). These can
be relatively specific for leptomeningeal involvement when
elevated in the CSF with the absence or markedly elevated
serum levels [129–139].

Other novel biomarkers have been investigated but need
more data in order to be useful clinically. Molecules
involved in tumor invasion, angiogenesis, and metastasis
(e.g., vascular endothelial growth factor, cathepsins, matrix
malloproteinases, and lipid-associated sialic acid) show
some promise, but are not sensitive enough at this time to
improve cytologic diagnosis [139–145]. With vascular
endothelial growth factor (VEGF), the sensitivities were
51.4–100% and specificities 71–100% [126, 140]. Levels of
Beta2-microglobulin may be elevated up to 68% in leukemia
or lymphoma with CSF involvement, but the false-positive
rate was found to be as high as 25% [128]. Additionally,
other biomarkers pertaining to brain metabolism have been
studied but again with mixed results. In the brain, aerobic
isozymes of LDH dominate (LD1 and LD2), reflecting the
brain’s dependence on aerobic metabolism. With malignant
disease states, however, there is increased anaerobic LDH
isozymes (LD4 and LD5). Patients with CNS malignancy
were found to have higher LD5 anaerobic isozymes, with a
93% sensitivity. Unfortunately, LD5 elevation is also seen in
bacterial meningitis and other conditions thus rendering this
nonspecific [128, 146]. Proteomic analysis of CSF has
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revealed several proteins that are differentially expressed in
different tumor types. With CNS lymphoma there is some
hope that a serine protease inhibitor, antithrombin III, may
be useful clinically. Antithrombin III levels above 1.2 g/ml
were able to detect CNS lymphoma with 75% sensitivity and
98% specificity [128, 140]. Further investigation of these
biomarkers is necessary before they gain wide clinical use.

Paraneoplastic

Paraneoplastic neurologic syndromes are characterized by
indolent tumor growth, inflammation of the nervous system,
and immune activation against antigens shared by the tumor
cell and the nervous system [147]. Paraneoplastic reactions
can cause a wide array of neurologic syndromes encom-
passing the central nervous system and peripheral nervous
system, including but not limited to limbic encephalitis,
brainstem encephalitis, encephalomyelitis, cerebellar degen-
eration, and peripheral nerve disorders. Serum should be
evaluated for suspected paraneoplastic neurologic syndromes
but CSF studies for anti-Hu, anti-Yo, anti-Ma, anti-Ri,
anti-CV2, and amphiphysin can be checked as well [148].

Abnormalities in the CSF can be found early on in
paraneoplastic neurologic disease and can provide useful
adjunctive information. In the vast majority of patients, the
CSF is abnormal. Elevated white blood cells (>5 cells/mm
[3]) are found in 47% of patients with lumbar punctures
performed within one month of clinical symptom onset, but
only 28% after the third month. Elevated protein
(>50 mg/dl) is found in 71% of patients before the third
month and only 61% after the third month. Oligoclonal
bands are positive in over 60% of patients and remain stable
over time. In up to 10% of patients, oligoclonal bands are the
only abnormal finding in the CSF. Completely normal CSF
is found in just 3% of patients with paraneoplastic neuro-
logic syndromes with confirmed serum antibody when CSF
is measured within the first month of clinical symptom onset
[148].

Infections

Neurologic infections pose a serious risk to patients with
cancer. Cancer patients are more susceptible to neuroinfec-
tious disease for a number of reasons including cancer
infiltrating the bone marrow, immunosuppressive therapies,
radiation, neurosurgical procedures, indwelling ventricular
catheters, and indwelling vascular catheters [149]. They are
at increased risk of infection not only during the time of
cancer treatment, but also before and after treatment. A few
groups of cancer patients account for a large majority of
those afflicted with neuroinfectious disease. Patients with
lymphoma or leukemia represent one-fourth of the cancer
population with CNS infection, while patients with primary
brain tumors represent just over one-sixth of the population
[150]. Patients with recent neurosurgery account for over
three-fourths of cases of bacterial or fungal infection [151].

The organisms encountered in this population are diverse
and differ from those in the general population. Additionally,
in this population, two or more independent infectious
agents can coexist. This is further complicated by the fact
that up to one-third of neutropenic patients with culture
positive bacterial or fungal meningitis can have normal CSF
[151]. Adding to this complexity is the fact that cancer
patients do not present with the classic symptoms of neu-
rologic infection [149]. In fact, in one study only 5% of
patients with culture positive meningitis presented with the
triad of fever, nuchal rigidity, and mental status change,
compared to 44% in the general population. Fever and
headache were the most common isolated symptoms asso-
ciated with meningitis in cancer patients [151]. Meningitis
without focal signs is more typical in viruses, Candida, and
Cryptococcus, while symptoms and focal deficits are more
commonly seen in Toxoplasma gondii and Aspergillus
[152]. Thus, lumbar puncture is an essential tool in the
workup of infection or headache in patients with cancer even
when clinical symptoms are scant.

Infectious patterns are important to recognize when trying
to diagnose a suspected neurologic infection with CSF. In a

Table 3.7 CSF findings
associated with abscesses,
bacterial infections, fungal
infections, and viral infections

Normal Abscess Bacterial Fungal Viral

Pressure
(mmH2O)

60–250 Normal to
elevated

Elevated Normal to
elevated

Normal

WBC count
(mm3)

0–5 Normal to
elevated

>1000 10–500 10–500

Differential
(Predominance)

None Neutrophil Neutrophil Lymphocyte Lymphocyte

Protein (mg/dl) 20–45 Normal to
elevated

Elevated Elevated Normal to
elevated

Glucose (mg/dl) 45–100 or >50%
of serum

Normal Low Low Normal
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clinical situation there are typically limitations to the quan-
tity of CSF that can be obtained and the number of tests that
can be sent for. Thus, narrowing the differential diagnosis in
order to send the appropriate tests is important. Table 3.7
[102] lists CSF findings associated with abscesses, bacterial
infections, fungal infections, and viral infections. Table 3.8
[150, 152] lists different immunodeficiencies and their
associated infectious agents.
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Introduction

Brain metastases represent one of the most common neu-
rological complications of systemic cancer, in many cases
resulting in significant morbidity and mortality. The inci-
dence has increased over time as a result of advances in
detection and improvements in the treatment of primary
tumor and systemic disease, which have led to an increase in
survival. They currently represent the most frequent
intracranial tumors, outnumbering primary brain tumors.

The majority of patients who develop brain metastases
have a relatively short survival, despite the fact that initial
treatment is often effective. The short survival may be the
result of progressive systemic disease (in more than a half of
patients) or uncontrolled neurological disease. The treatment
of brain metastases includes corticosteroids, anticonvulsants,
surgery, radiosurgery, radiotherapy, chemotherapy, and tar-
geted therapies. Although for many patients effective palli-
ation is transient or not possible, other patients with
metastatic brain disease do well for prolonged periods with
an aggressive therapeutic approach. Prognostic factors can
help to identify subgroups of patients with differing life
expectancy, and tailor therapeutic approaches.

This chapter will review the state of the art and advances
in the management of patients with brain metastases.

Epidemiology, Natural History and Risk
Factors

Few population estimates of brain metastasis are available.
The incidence of newly diagnosed brain metastasis is esti-
mated to be 3–10 times the number of newly diagnosed
primary malignant brain tumors each year [1, 2]. Brain
metastases occur in up to 40% of patients with cancer, being
symptomatic during life in 60–75% or discovered inciden-
tally on CT/MRI or autopsy [3–7].

In adults, lung (36–64%), breast (15–25%), and skin
(melanoma) (5–20%) are the most frequent sources of brain
metastases. Less frequent are cancers from colon rectum,
kidney, prostate, testis, ovary, and sarcomas. In general, any
malignant tumor is able to metastasize to the brain. The
primary site is unknown in up to 10–15% of patients with
brain metastases. The propensity of primary tumors to
spread to the brain parenchyma (“neurotropism”) differs, and
is high for melanoma (20–45% of patients), small-cell lung
cancer, choriocarcinoma and germ cell tumors; intermediate
for breast cancer, nonsmall-cell lung cancers (being more
frequent in adenocarcinomas than in squamous tumors) and
renal cancer; low for cancers of the prostate, gastrointestinal
tract, ovary, thyroid, and sarcomas. Cerebral metastatic
disease in children is less frequent than in adults (6–10%)
[8]. The childhood solid tumors that more frequently
metastasize to the brain are neuroblastomas and a variety of
sarcomas, including rhabdomyosarcoma, Wilms’ tumor,
Ewing’s sarcoma, and osteogenic sarcoma. Among children
older than 15 years, germ cell tumors have the highest
incidence. Brain metastases are more commonly diagnosed
in patients with known systemic malignancy (metachronous
presentation) and may be the first evidence of the metastatic
disease. Less commonly, brain metastases are discovered in
patients at the same time as the primary tumor (synchronous
presentation, up to 30%) or prior to discovery of primary
disease (precocious presentation).

In the CT era around 50% of brain metastases were
presumed to be single, while MRI has revealed that multiple
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lesions exist in two-thirds to three-fourths of all cases of
brain metastases [9, 10]. Brain metastases from renal and
abdominopelvic tumors are often single, whereas malignant
melanoma and lung tumors have a greater tendency to pro-
duce multiple cerebral lesions.

The overwhelming majority of brain metastases arise
from embolization of tumor cells through the arterial circu-
lation (hematogenous spread). The occurrence of metastases
in the different locations is roughly proportional to their
relative mass and blood flow: lesions are located in the
cerebral hemispheres in 80% of patients, in the cerebellum in
15%, in the brainstem in 5%, and are rare in the basal
ganglia, pineal gland, and hypophisis [11]. Brain metastases
are commonly found at the junction of the gray and white
matter, and are overrepresented in “watershed” areas of the
brain, consistent with the origin of metastases from tumor
cell emboli carried to terminal arterioles. Melanoma is
unusual in its predilection to metastasize to the cerebral
cortex and basal ganglia rather than to the gray-white matter
junction [12]. There are few circumstances in which non-
specific hematogenous spread does not explain the observed
distribution of brain metastases. Pelvic and abdominal
tumors have a predilection to form posterior fossa metastases
far in excess of what the proportion of blood flow supply to
this region would predict. Dissemination byway of Batson’s
vertebral venous plexus has long been invoked to explain
this phenomenon, but this hypothesis cannot explain why
patients with pelvic or abdominal tumors do not a high
incidence of spinal and skull metastases as well, as these
structures are also drained by Batson’s plexus.

Some clinico-pathological and molecular factors are
recognized as risk factors for developing brain metastases.
In NSCLC an increased risk for brain metastases has been
related to an advanced disease stage, large primary tumor
size, non-squamous histology (mainly adenocarcinoma) and,
more recently, EGFR mutational status [13, 14].

In breast cancer, younger age at first diagnosis, the
presence of lung metastases and short disease-free survival
are considered as major clinical risk factors for the devel-
opment of brain metastases. Patients with triple-negative
tumors (ER-, PR-, HER2 wild type) are at higher risk of
developing brain metastases compared with the luminal or
HER2-positive subtypes [15]. HER2-positive patients with
metastatic disease receiving the monoclonal antibody against
HER2 trastuzumab have a higher incidence of brain metas-
tases (30–55%) than patients with HER2-negative disease
[16]. It is still debated whether patients with early breast
cancer receiving adjuvant trastuzumab have a significant
increase in the risk of CNS relapse as well [17, 18]. CNS
disease as the first site of relapse remains relatively rare, but
occurs more frequently in HER2-positive compared to
HER2-negative patients [19]. There are two hypotheses to
explain the higher risk for brain metastases in HER2-positive

patients [20]. The first one is that trastuzumab is not able to
cross an intact BBB, thus being active against the systemic
disease but not preventing CNS disease. The second
hypothesis suggests that there is an increased propensity of
the HER-2 lineage to colonize the brain.

Biology and Molecular Pathways

In general, metastasis of cancer cells occurs via the “meta-
static cascade,” which refers to tumor cell invasion of sur-
rounding tissue, entry into the blood stream (intravasation),
attachment to local vasculature (arrest), extravasation, and
proliferation at the site of metastasis. The “soil and seed”
hypothesis of metastasis formation explains why circulating
tumor cells may travel throughout the body, but metastases
tend to form in particular organs (as in the brain in absence
of lung metastases). The metastasis formation would be the
result of an interaction between the organ microenvironment
(the “soil”) and the adhesive and invasive capabilities of the
metastasizing tumor cells (the “seed”) [21]. Neoplastic cells
with the potential to colonize the brain may express unique
molecular determinants and respond to brain-derived growth
factors, and thereby be able to invade, proliferate, and induce
angiogenesis [22]. Moreover, the brain is a unique target
organ because of the presence of the blood–brain barrier
(BBB) [23] and the absence of lymphatic drainage.

Several genes that mediate the spread of the different
primary tumor types to the brain have been identified.
Expression profiling has revealed at least five molecular
subtypes of breast cancer that differ in tropism to different
organs. The luminal breast cancer subtype tends to affect
pleura and bone, while the basal subtype preferentially
metastasizes to lung and brain [24]. Recently, a set of
specific genes was identified [25] by comparing the
expression profiles of murine breast cancer cells preferen-
tially metastasizing to brain with the profiles of breast cancer
samples from patients with known cerebral metastases.
A distinction was made between genes that are expressed in
primary tumors with metastases, and therefore called
“metastasis progression-genes,” and other genes active in the
metastatic tumors but not expressed in the primary tumors.
The cyclooxygenase COX2, the EGFR ligand HBEGF and
the a26-sialyltransferase ST6GALNAC5 were identified as
mediators of cancer cell passage through the BBB. While the
EGFR ligand and COX2 are also involved in the develop-
ment of lung metastases, the sialyltransferase ST6GAL-
NAC5 is more specific to the development of brain
metastases. In an invitro model COX2 was found to be
crucial in the passage of the tumor cells through the BBB
[25], and COX2 knock-down lowered the frequency of brain
metastasis. Palmieri and colleagues [26] found hexokinase 2
(HK2) to be upregulated 1.5-fold in tumor cells in the brain
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and associated with poor survival in patients following
craniotomy. Moreover, HER2 overexpression does not
appear to affect tumor cell arrival or intravasation into the
brain, but it increases brain colonization [27]. STAT3 acti-
vation has been implicated as an important driver of brain
metastasis in breast cancer and its inhibition has been
recently shown to suppress development of brain metastases
[28]. Few studies have investigated the genomic drivers of
brain metastases from lung cancer. Grinberg-Rashi and
colleagues [29] reported 12 candidate genes whose overex-
pression was associated with brain or systemic metastasis in
a large series of NSCLC primary tumors, and three genes
(CDH2, KIFC1, FAL2) were able to predict prognosis. Of
particular interest is the overexpression of CDH2
(N-cadherin), which is involved in multiple processes, such
as invasion, migration, and adhesion. The EGFR pathway
and integrins may play a role in helping promote brain
metastasis in lung and breast cancers [30]. Cancer cells of
neural crest origin such as melanoma and neuroendocrine
carcinoma may preferentially migrate to the brain [31]. The
TGF-B2 expression by murine melanoma is necessary for
the establishment and growth of metastases in the brain [32].

In order to get to the brain, tumor cells must reach the
cerebral microvasculature and pass through the BBB [33,
34]. Genes coding for cell surface glycoproteins are involved
in the attachment of the cells to local blood vessels, and
genes regulating vascular permeability are involved in
passing through the vessels. Genes involved in the formation
and maintenance of the astrocytic end-feet at the opposite
side of the BBB have also been implicated.

In order to proliferate, metastatic tumor cells need to
switch on the expression of pro-angiogenic molecules like
VEGF, MMP-9, and gelatinase B, as well as molecules
degrading the extracellular matrix, allowing the growth of
new vessels [35]. Increased expression levels of VEGF are
necessary but not sufficient for successful formation of
metastases in experimental animals [34, 36]. The absence of
neo-angiogenesis in metastatic tumor cell populations keep
the tumor dormant, a state of increased apoptosis of tumor
cells with normal proliferation [37].

Various genes that suppress the formation of metastases
have been identified, including Nm23 and CD44. Overex-
pression of Nm23 in breast cancer and melanoma negatively
affects invasion, colonization, and motility [38], and patients
with melanoma with low expression of Nm23 had increased
risk of developing brain metastases [39]. The membrane
glycoprotein CD44 plays a role in the adherence of circu-
lating tumor cells to endothelium. Downregulation of the
gene by DNA hypermethylation prevented the formation of
metastases and, conversely, consistent expression was
reported in cancers of thyroid, skin, and breast [40]. Inter-
estingly, while the standard CD44 isoform is expressed in

primary brain tumors, the CD44 splicing variant is almost
exclusively found in brain metastases [41].

Clinical Presentation

The clinical presentation of brain metastases is similar to the
presentation of any intracranial mass lesion. Headache is a
presenting symptom in 40–50% of patients, is more common
with multiple or posterior fossa metastases, and may be mild.
Papilledema is associated with headache in 15–25% of
patients only. Up to 40% of patients present with focal
neurological deficits, and seizures occur in 15–20% of
patients. Another 5–10% of patients present with acute
“strokelike” symptoms due to an intratumoral hemorrhage
(especially in melanoma, renal carcinoma, and choriocarci-
noma). Altered mental status or impaired cognition are fre-
quently seen in patients with multiple metastases and/or
increased intracranial pressure, sometimes resembling a
metabolic encephalopathy. Conversely, the symptoms and
signs at presentation can be subtle. As a general rule, brain
metastases should be suspected in any patient with known
systemic cancer in whom new neurological findings develop.

Diagnosis by Neuroimaging

MRI is the method of choice for the assessment of brain
metastasis. Contrast-enhanced MRI is more sensitive than
enhanced CT (including double-dose delayed contrast) or
unenhanced MRI in detecting brain metastases, particularly
lesions in the posterior fossa or multiple punctate metastases
[9, 10]. Although T2-weighted and FLAIR images are sen-
sitive in showing vasogenic edema as areas of increased
signal intensity, not all metastatic lesions have sufficient
edema to be identified.

There are no specific features on MRI that distinguish
brain metastases; however, a peripheral location, spherical
shape, ring enhancement with prominent peritumoral edema
and multiple lesions all suggest metastatic disease (Fig. 4.1).
Differential diagnoses, including primary brain tumors
(especially high-grade gliomas and lymphomas) and
non-neoplastic conditions (abscesses, infections, hemor-
rhages) must be considered, even in patients with a history of
cancer. Diffusion-weighted (DW) MR imaging may be
useful in the diagnosis of ring-enhancing cerebral lesions
(restricted diffusion is more typical in abscesses compared to
unrestricted diffusion in necrotic glioblastomas or metas-
tases), but the findings are not specific [42–44]. When
employing MR perfusion imaging, there is a tendency
towards lower cerebral blood volume values within the
peritumoral region in brain metastases compared with
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glioblastomas [45, 46]. MR spectroscopy more often shows
a lower choline to creatinine ratio in brain metastases than in
high-grade gliomas [47, 48]. FDG-PET and18F-FET PET do
not provide sufficient differentiation between metastases and
high-grade glial tumors [49, 50].

Overall, advanced functional imaging techniques cannot
reliably identify the histologic origin of an enhancing brain
lesion and hence histopathological analysis remains the gold
standard. A tissue diagnosis by biopsy should be considered
in patients with either unknown primary tumor or
well-controlled systemic cancer, especially if a long interval
has elapsed since the initial cancer diagnosis, or (less com-
mon) in patients with active systemic cancer when the
radiographic appearance is atypical. In the modern era there
is seldom a justification for irradiating “presumed brain
metastases” without a histological diagnosis of cancer.

Staging

A new brain mass suspected to be a metastasis in a patient
with no prior history of cancer warrants additional systemic
work-up for a primary malignancy. A chest CT is always
recommended given the high frequency of brain metastases
from lung cancer [51, 52], CT of the abdomen and ultrasound
of the testis occasionally reveal the primary tumor. Addi-
tional work-up beyond this is low yield, unless the patient’s

history or physical exam is suggestive of a specific primary
site [53]. Whole-body fluorodeoxyglucose (FDG) PET can
be useful [54], but the specificity in differentiating malignant
tumors from benign or inflammatory lesions is relatively low.
Notably, serial chest CTs may increase the probability of
detection of lung cancer in patients with a brain metastasis
from an unknown primary tumor, but for these patients early
detection provides only limited if any, benefit in survival.
[55]. Therefore, a costly extensive evaluation for the unde-
tected primary during the follow-up is not appropriate until
more effective cancer therapies are available [53, 55].

A CSF examination is not indicated in the work-up of
brain metastases unless there are symptoms, signs or neu-
roimaging findings that suggest a coexistent leptomeningeal
carcinomatosis.

Diagnostic Neuropathology

Routine hematoxylin-eosin stain of biopsy specimens usu-
ally reveals the neoplastic nature of the cerebral lesion, and
can distinguish between metastases, malignant gliomas,
meningiomas, lymphomas, and more rare entities.
Immunohistochemical markers may aid in the further char-
acterization of the tumor.

Cerebral Metastasis of Known Primary Tumors

In patients with a known primary tumor, the histology and
the marker profile of the primary and the cerebral metastasis
will usually show similarities. In general, histologic com-
parison between the specimen of primary tumor(s) and
cerebral metastasis is mandatory, as not infrequently patients
may harbor more than one tumor type.

Cerebral Metastasis of Unknown Primary Tumors

For the determination of the lineage of the metastatic tumor,
basic morphology provides a first differentiation between
carcinomas, lymphomas, or melanomas (Fig. 4.2a–c). In
addition, immunohistochemical profiles of metastases may
be indicative of the site and lineage of the primary tumor
[56]; however, these show variable overlap, and most
markers are not specific. In case of a cerebral adenocarci-
noma of unknown primary, TTF-1 positivity is strongly
associated with lung cancer (Fig. 4.3) and cancer of the
thyroid. Negativity for CK7 and positivity for CK20 sug-
gests colorectal cancer. Neuroendocrine differentiation is
confirmed by chromogranin, synaptophysin and antibodies
directed against specific hormones (insulin, gastrin, gluca-
gon, serotonin and somatostatin). Similarly, there are

Fig. 4.1 MRI with gadolinium: brain metastasis from colon cancer in
the right cerebellar hemisphere with edema and mass effect on the 4th
ventricle
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immunohistochemical panels for mesenchymal tumors
(vimentin, desmin, S100).

Attempts to identify unknown primary tumors from their
metastases by using RNA expression profiles are ongoing. In
general, few studies have focused on the comparison of
primary tumors and their cerebral metastases with respect to
lineage markers and biomarkers for treatment eligibility
[57, 58].

Prognostic Factors

Several factors, including Karnofsky performance status
(KPS), age, primary/systemic tumor activity, neurocognitive
function, number of brain metastases, primary tumor type
and time from primary tumor diagnosis to the brain lesion
have individual prognostic significance in patients with brain
metastases [59, 60]. Of these, the KPS has consistently been
shown to be the major determinant of survival. Based on the
most powerful factors, prognostic indices have been devel-
oped in order to distinguish subgroups of patients with dif-
ferent prognosis. Utilizing recursive partitioning analysis
(RPA) a three-tiered prognostic categorization (RPA
Classes I, II and III) was derived from 1200 patients in the
Radiation Therapy Oncology Group (RTOG) database who
received WBRT [59, 61]. RPA class I represents patients
with a KPS greater than 70, age younger than 65 years,
controlled primary tumor and no extracranial metastases,
with a median survival of 7.7 months; RPA class III repre-
sents patients with KPS less than 70, with a median survival
of 2.3 months; RPA class II represents the remainder of
patients with a median survival of 4.5 months.

A new prognostic index, the Graded Prognostic Assess-
ment (GPA), derived from an analysis of an updated RTOG
database of 1960 patients, has been proposed [62]. The GPA
uses four factors (age, KPS, status of extra neural disease

Fig. 4.2 a–c Hematoxylin-eosin:
neoplastic cells from NSCLC
with hyperchromatic nuclei,
arranged in well demarcated solid
foci within brain parenchyma

Fig. 4.3 Nuclear immunostaining of neoplastic cells for thyroid
transcription factor 1 (TTF 1) in a brain metastasis from lung carcinoma
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and number of brain metastases) to subdivide patients into
one of four categories with median survival ranging from 2.6
to 11 months. This new index appears equivalent to the RPA
in ability to prognosticate, but is less subjective and more
quantitative. Additional analysis [63] has shown that the
prognostic factors for patients with brain metastases vary
according to the histological diagnosis. For both
nonsmall-cell and small-cell lung cancer, the significant
prognostic factors were KPS, age, presence of extracranial
metastases and number of brain metastases, confirming the
original GPA. Conversely, for breast cancer, significant
prognostic factors were KPS, age and tumor subtype (clas-
sified as HER2, estrogen receptor and progesterone receptor
status), but not number of brain metastases or status of
systemic disease. For melanoma and renal cell carcinoma,
the significant prognostic factors were KPS and number of
brain metastases. The GPA categorization has now been
validated in patients with breast cancer and brain metastases
[64, 65], and should be used to stratify future randomized
clinical trials, estimate survival and guide the choice of
management options. RPA and GPA provide group rather
than individual estimates. Recently, a nomogram for the
estimation of individual survival probabilities in patients
with brain metastases has been proposed with use of data
from RTOG database [66].

Additional prognostic scores have been developed for
patients with brain metastasis undergoing radiosurgery [67,
68]. Prognosis does not differ between patients with a known
and unknown primary tumor [52, 69].

Supportive Care

Corticosteroids are used to control vasogenic cerebral edema
and mass effect. Two evidence-based guidelines on the role
of steroids in brain metastases have been published in Eur-
ope [70] and US [71], and they substantially agree. Dex-
amethasone is recommended for patients who are
symptomatic, with a starting dose of 4–8 mg/day, consid-
ering higher doses such as 16 mg/day or more in patients
with severe symptoms. Dexamethasone is the steroid of
choice because of its minimal mineralocorticoid effect and
long half-life, though other corticosteroids can be effective if
given in equipotent doses. A neurological improvement
within 24–72 h after beginning of treatment is expected in
up to 75% of patients. As monotherapy, dexamethasone can
relieve symptoms for approximately one month and may
slightly increase the 4–6-weeks median survival in com-
parison to patients who receive no treatment at all. To
minimize side effects from chronic dexamethasone admin-
istration, including proximal myopathy, tapering of steroid
dosing within 1 week of starting therapy and discontinuation

within 2 weeks is encouraged. Asymptomatic patients do not
need steroids.

The need for anticonvulsant medication is clear in patients
who have experienced a seizure. There exists no evidence to
support the use of prophylactic anti-epileptic drugs (AEDs) in
patients with brain tumors, including metastases. Twelve
studies, either randomized trials or cohort studies, investi-
gating the ability of prophylactic AEDs (phenytoin, pheno-
barbital, valproic acid) to prevent the first seizure, have been
examined, and none have demonstrated efficacy [72].
Subtherapeutic levels of anticonvulsants were extremely
common and the severity of side effects appeared to be higher
(20–40%) in brain tumor patients than in the general popu-
lation receiving anticonvulsants, probably as a result of drug
interactions. Phenytoin, phenobarbital, carbamazepine, and
oxcarbazepine stimulate the cytochrome P450 system and
accelerate the metabolism of corticosteroids and antineo-
plastic agents, such as nitroso ureas, paclitaxel, cyclophos-
phamide, topotecan, irinotecan, thiotepa, adriamycin,
methotrexate, imatinib, gefitinib, erlotinib and other tyrosine
kinase inhibitors (TKIs), and thus reduce their efficacy. The
role of prophylactic anticonvulsants remains to be addressed
in subgroups of patients who have a higher risk of developing
seizures, such as those with metastatic melanoma, hemor-
rhagic lesions, or multiple metastases. For patients who
undergo a neurosurgical procedure the efficacy of prophy-
laxis has not been proven. The efficacy of novel AEDs
(levetiracetam, topiramate, gabapentin, lamotrigine, lacosa-
mide) has to date not been extensively investigated [73].

Anticoagulant therapy is the standard treatment for acute
venous thromboembolism (VTE) in cancer patients. Sub-
cutaneous low-molecular weight heparin(LMWH) is rec-
ommended for the initial 5–10 days of treatment for deep
vein thrombosis and pulmonary embolism as well as for
long-term secondary prophylaxis (for a minimum of
6 months) [74]. Use of novel oral anticoagulants is not
currently recommended for patients with malignancy and
VTE because of limited data in this patient population [75].

Prophylaxis with LMWH is required for hospitalized
patients undergoing major surgery, while in the outpatient
setting it is recommended only in selected high-risk patients
[76, 77].

Treatment of Newly Diagnosed Brain
Metastasis

Surgery

Three randomized trials in single brain metastasis have
compared the efficacy of surgical resection followed by
WBRT with WBRT alone [78–80]. See Table 4.1.
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The first two studies showed a survival benefit for
patients receiving the combined treatment (median survival
9–10 months vs. 3–6 months). In the Patchell study, patients
who received surgery displayed a reduced rate of local
relapses (20% versus 52%) and a longer time of functional
independence. In the third study, which included more
patients with active systemic disease and a low Karnofsky
performance status, the addition of surgery to WBRT did not
confer a survival benefit, suggesting that this benefit may be
limited to a subgroup of patients with controlled systemic
disease and good performance status.

In the majority of patients, surgical resection can alleviate
symptoms of intracranial hypertension, reduce focal neuro-
logical deficits and seizures, and allow for a rapid steroid
taper. It should be strongly considered for lesions � 3 cm
and/or with significant surrounding edema and/or located in
the posterior fossa with mass effect and associated hydro-
cephalus. Gross total resection of a brain metastasis can be
achieved with lower morbidity using contemporary
image-guided systems, such as preoperative functional MRI,
intraoperative neuronavigation, and cortical mapping [81].
An early postoperative MRI has been recommended to
detect residual tumor that is present in up to 20% of patients,
and can lead to an increased risk in local recurrence [82].
The same group has suggested that a supramarginal resection
(i.e., a resection including a peripheral portion of normal
nervous tissue) in eloquent locations could increase the rate
of gross total resection [83]. The combined resection of a
solitary brain metastasis and a synchronous nonsmall-cell
lung carcinoma (stage I and II) yields a median survival of at
least 12 months, with 10–30% of patients surviving at
5 years [84].

Leptomeningeal dissemination (LMD) can be a signifi-
cant complication of the resection of metastasis, especially in
case of patients with posterior fossa lesions [85, 86]. A re-
cent retrospective study from MD Anderson Cancer Center
[86] in 379 patients with posterior fossa metastases, who

underwent either surgery or radiosurgery, revealed a sig-
nificant increase of LMD in patients whose tumors under-
went a “piecemeal” resection (13.8%) compared to en bloc
resection (5–6%), and the risk of LMD after en bloc resec-
tion was comparable to that after SRS.

Surgery may be considered for patients with 2–3 surgi-
cally accessible brain metastases who are in good neuro-
logical condition, have controlled systemic disease and
limited comorbidities (Fig. 4.4a–d). Complete surgical
resection in this population yields results comparable to
those obtained in single lesions [87].

The usefulness of carmustine wafer placement in the
resection cavity in newly diagnosed brain metastasis [88] has
not been proven in large series of prospective trials.

The GliaSite Radiation Therapy System is an intracavi-
tary high-activity 125-I brachytherapy, performed with a
balloon placed in the resection cavity and filled with a
radioactive solution. It delivers highly localized doses of
radiation to the resection margins (60 Gy to 1 cm depth).
A phase II trial in resected single brain metastasis [89] has
reported an overall and 1-year local control rate of 83 and
79%, respectively, with a 17% of local failures. Seventeen
per cent of patients experienced radiation necrosis. A smaller
retrospective study [90] reported the results of 125-I
brachytherapy using low-activity permanent seeds placed
in the resection cavity. Local tumor control was achieved in
96% of patients, with 4% local failure. The 1-year risk of
symptomatic radiation necrosis was lower than that seen in
the phase II trial [89] with high-activity seeds (8% vs. 23%).

Stereotactic Radiosurgery

Stereotactic radiosurgery (SRS) is a single, high-dose radi-
ation treatment with precise localization of the target using
stereotactic frames or image guidance. Convergence of
multiple beams on the target yields a highly therapeutic

Table 4.1 Results of phase III trials comparing WBRT alone with surgery plus WBRT in single brain metastasis

Author Treatment arms Median survival Patterns of progression Median time to progression

Patchell [78] A1: WBRT (n = 23)
A2: surgery +WBRT (n = 25)

A1: 15 weeks
A2: 40 weeks
p < 0.01

Local
A1: 12/23(52%)
A2: 5/25(20%) p < 0.02
distant
A1: 3/23(13%)
A2: 5/25(20%) P = NS

Local
A1: 21 weeks
A2: >59 weeks
P < 0.0001

Vecht [79] A1: WBRT (n = 31)
A2: surgery +WBRT (n = 32)

A1: 3 months
A2: 15 months
p = 0.04

NR N

Mintz [80] A1: WBRT (n = 43)
A2: surgery +WBRT (n = 41)

A1: 6.3 months
A2: 5.6 months
P = NS

NR NR

NR not reported; NS not significant; A1 Arm 1; A2 Arm 2

4 Brain Metastasis as Complication of Systemic Cancers 63



effect, while the steep dose fall-off to surrounding normal
structures minimizes the risk of damage. Most brain
metastases represent an ideal target for SRS, owing to the
small size, spheroid shape, and distinct pathologic margins
[91]. The dose is inversely related to tumor diameter and
volume. Maximal tolerated doses of SRS were defined in the
RTOG 90-05 study [92] in previously irradiated primary
brain tumors or brain metastases: 24 Gy for � 20 mm,
18 Gy for 21–30 mm and 15 Gy for 31–40 mm in maxi-
mum diameter. As a consequence, the local tumor control
decreases as the size of the metastasis increases and the dose
that can be given in single fraction decreases. Recently, there
has been an increasing interest in hypofractionation for lar-
ger metastases (2–5 fractions of smaller doses) with the aim
to give radiobiologically higher doses to improve local
control and decrease the risk of radionecrosis [93–95].

Comparative studies of hypofractionated SRS versus single
dose SRS are awaited.

Several retrospective series have shown single dose SRS
to be effective in the treatment of newly diagnosed brain
metastases. One-year local control rates of 80-90% with
symptom improvement and median survival of 6–12 months
have been reported [96–98]. Patients with single lesion,
controlled systemic disease and KPS of 70% or greater, have
longer survival [99, 100].

Metastases from radio resistant tumors, such as mela-
noma and renal cell carcinoma, respond to SRS as do
metastases from radiosensitive tumors [101]. Radiosurgery
allows the treatment of brain metastases in almost any
location, including the brainstem [102, 103]. Older patients
(� 80 years of age) may respond as well as younger patients
[104]. The type of radiosurgical procedure, gamma knife or

Fig. 4.4 a–d 40 year-old
woman with node-positive
triple-negative breast cancer
diagnosed two years earlier
presenting with headache and gait
ataxia. a, b Bihemispheric
cerebellar metastases on
post-contrast T1-weighted MRI at
diagnosis. c, d Same case of a and
b following resection
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linear accelerator (Linac)-based, does not impact the results.
The imaging response to SRS has been reported to correlate
with survival only in patients with breast cancer [105].

For patients in RPA classes 1 and 2 with 1–3 brain
metastases, SRS has been reported to be more effective than
WBRT alone in terms of local tumor control [106].

A randomized phase III study (RTOG95-08) in patients
with 1–3 brain metastases, stratified by the RPA system,
investigated the value of the addition of a SRS boost to
WBRT [107], and reported better local control and perfor-
mance status at 6 months in the combined therapy
group. However, the survival advantage was statistically
significant only in a subgroup of patients with single
metastasis (6.5 months vs. 4.9 months). Recently, a sec-
ondary analysis of RTOG 95-08 that poststratified patients
by the GPA classification has reported that the addition of
SRS to WBRT conferred a significant survival advantage for
patients with a good prognosis (GPA 3.5–4.0) regardless of
whether they had 1 or 2 or 3 brain metastases [108]. Con-
versely, this benefit did not extend to patients with lower
GPA and 2 or 3 metastases. It must be stressed that
approximately two-third of patient in the trial had lung
tumors. A small randomized trial, comparing WBRT alone
versus WBRT + SRS in patients with 2–4 metastases, was
stopped earlier due to the significant benefit in terms of local
failure reduction at 1 year for patients receiving the com-
bined treatment (8% vs. 100%) [109].

The role of SRS alone in patients with up to 3–4
metastases is discussed in the section on WBRT following
surgery or radiosurgery.

The role of SRS alone, instead of WBRT, in patients with
>4 brain metastases has been investigated in single arm trials.
A prospective multicenter Japanese study investigated the
use of SRS alone in 1194 patients with one, 2–4 or 5–10 brain
metastases, and found similar overall survival (10.8 months)
and treatment related toxicity rates between the groups with
2–4 and 5–10 metastases [100]. Salvage SRS was performed
in 38% of patients and WBRT in 9%. Cumulative volume of
metastases, rather than the number, seems to be a more sig-
nificant prognostic factor [100, 110]. A consortium in the US
is conducting a randomized trial in patients with � 5
metastases to compare SRS to WBRT with neurocognitive
outcome as the primary endpoint.

Acute (early) and chronic (late) complications following
radiosurgery are reported in 10–40% of patients. Serious
complications are rare [111]. Acute reactions (due to edema)
occur more often within 2 weeks of treatment, and include
headache, nausea and vomiting, worsening of preexistent
neurological deficits and seizures. These reactions are gen-
erally reversible with steroids. Chronic complications
include hemorrhage and radionecrosis (1–17%). Radio-
graphically, a transient increase in the size of the irradiated
lesion, with increasing edema and mass effect, with or

without radionecrosis, cannot be distinguished from a tumor
progression. FDG-PET, MRI spectroscopy, and MRI per-
fusion can provide additional information but cannot
definitively distinguish between the two diagnoses [112].

Radiation necrosis can be treated with steroids, hyper-
baric oxygen, anticoagulants (with risk of bleeding), and
more recently with the anti-VEGF agent bevacizumab,
which allows a stabilization and normalization of the dam-
aged vascular permeability [113].

A recent review of adverse radiation effects (ARE) fol-
lowing SRS in a large cohort of patients with brain metas-
tases, either radiographic or pathologic, has been published
[114]. Although the incidence of ARE after SRS was overall
low, the risk increased rapidly with size and volume,
leveling off at 1-year cumulative incidence of 13–14%. The
authors found a wide range in the time of onset and time to
improvement of ARE, and at least 75% probability of
improvement over time in conservatively managed AREs.
With the exception of capecitabine, neither systemic therapy
within 1 month of SRS norarterial hypertension or diabetes
[114] appeared to increase the risk of adverse events in the
brain.

Surgery Versus SRS

There is no prospective randomized study with sufficient
power to compare surgery to SRS. Most comparisons [115–
118], including an early terminated small randomized study
[119], showed similar outcomes. The one exception is a
small series by Bindal and colleagues [120], who reported a
superiority of surgery over SRS in terms of OS (16.4 months
vs. 7.5 months) and neurologic deaths (19% vs. 50%).
However, only 80% of SRS-treated patients were deemed
resectable retrospectively, and it is unclear whether this was
due to the extent of systemic disease or tumor location.

In general, SRS is less invasive and can be accomplished
in an outpatient setting, offering cost-effectiveness advan-
tages over surgery. Patients with larger lesions (2–3 cm),
however, may require chronic steroid administration given
risk of tumor-related edema and swelling with SRS. Ulti-
mately, the choice between surgery and SRS must be made
on a case by case basis, with consideration given to tumor
location, size, type of neurological symptoms, patient pref-
erence and physician expertise.

Whole Brain Radiotherapy Following Surgery
or Radiosurgery

The utility of adjuvant WBRT following surgery or radio-
surgery remains controversial. WBRT is believed to eradi-
cate microscopic disease at the original tumor site and at
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distant intracranial locations. The risk of long-term neuro-
toxicity and availability of potentially effective salvage
treatments [121] are the main arguments against the use of
adjuvant WBRT. This needs to be weighted against potential
risks of omitting treatment, including CNS progression at
distant sites and resultant neurocognitive and neurological
sequelae. Moreover, the effectiveness of systemic salvage
therapy remains unknown [122].

There are now three phase III trials [123–126], showing
that the omission of WBRT in patients with newly diagnosed
brain metastases after either surgery or SRS, results in sig-
nificantly inferior local and distant control, without effect on
overall and functionally independent survival. An
American-led trial [123] investigating the role of WBRT
following surgery, and a Japanese led trial [124] investi-
gating the role of WBRT following SRS, included patients
with progressive systemic disease. Conversely, the EORTC
22952-26001 trial focused on patients with stable systemic
disease, i.e., on those who could maximally benefit from the
addition of early WBRT. This trial randomized 359 patients
with 1–3 metastases (81% had one lesion and 19% had
two-three lesions), who had previous surgery or SRS, to
either WBRT or observation [125]. Adjuvant WBRT sig-
nificantly reduced the risk of intracranial progression, both
locally and at distant sites, by about 50%, but failed to
improve functional independence and OS (median
10.9 months vs. 10.7 months). A meta-analysis of the three
randomized trials assessing SRS with or without WBRT has
challenged our current understanding of the effect of adju-
vant WBRT [127]. The investigators reported a survival
advantage for SRS alone in those patients presenting with
one to four metastases, KPS of 70 or higher and age of
50 years or younger. Moreover, in the subgroup of patients
with <50 years, a reduction in the risk of new brain metas-
tases with adjuvant WBRT was not observed. Conversely, in
older patients (aged >50 years), WBRT decreases the risk of
new brain metastases, but did not affect survival.

A retrospective study [128] has reported that adjuvant
WBRT following surgery is of particular value in reducing
local and distant recurrence in the brain among patients with
metastases >3 cm or with active systemic disease.

The impact of adjuvant WBRT on cognition and quality
of life has been examined in several recent studies. Aoyama
and coworkers [129] compared the neurocognitive function
of patients who underwent either SRS alone or SRS +
WBRT. More than 50% of patients experienced significant
improvement in the MMSE score shortly after therapy (2–
3 months), regardless of treatment, but there was evidence of
neurocognitive decline in long-term survivors (up to
36 months) after WBRT. In a randomized controlled trial,
Chang and coworkers [130] showed that patients treated

with SRS plus WBRT were at greater risk of a significant
decline in learning and memory function by 4 months
compared with the group receiving SRS alone.

A recently completed randomized phase III trial (NCCTG
N0574) compared SRS alone versus SRS + WBRT in
patients with 1–3 brain metastases using a primary neu-
rocognitive endpoint, defined as a decline from baseline in
any six cognitive tests at 3 months [131]. Overall, the
decline was significantly more frequent after SRS + WBRT
versus SRS alone (88% vs. 61.9%, respectively). Specifi-
cally, there was more deterioration in the SRS + WBRT arm
in immediate recall (31% vs. 8%), delayed recall (51% vs.
20%) and verbal fluency (19% vs. 2%). Intracranial tumor
control at 6 and 12 months was higher in the combined arm,
but not statistically significant.

Soffietti and coworkers [132] analyzed the quality of life
data of the EORTC 22952-26001. They found no significant
difference in the global Health-Related Quality of Life over a
one-year follow-up period, but patients who underwent
adjuvant WBRT had transiently lower physical functioning
and lower cognitive functioning scores.

These data suggest that adjuvant WBRT after SRS in
patients with a limited number of metastases (up to 3–4)
improves intracranial control without improving survival,
and carries a high risk of neurocognitive decline, and is
therefore not unequivocally recommended. In this regard,
the American Society for Radiation Oncology (ASTRO) has
recently recommended in their Choose Wisely campaign
SRS without adjuvant WBRT for the treatment of limited
number of brain metastases [133].

The need for WBRT following surgical resection remains
debated, as randomized trials [123, 125] have reported a
higher rate of local relapses following surgery alone (about
60% in the EORTC trial) compared with SRS alone.

In general, omission of WBRT, following either SRS or
surgery, requires close monitoring with serial imaging (every
3–4 months).

SRS Following Surgery

Postoperative SRS is an approach used to decrease local
relapse and avoid the cognitive sequelae of WBRT. Several
cohort studies and one phase II trial have reported local
control rates of 85–95% [134–136]. The median survival in
published studies is around 4 months (range 10–
20.5 months). The improved local control and survival rates
suggest that postoperative SRSmay be as effective as WBRT.

Postoperative SRS is advantageous because it can be
delivered within a day or two following surgery and com-
pleted in one day. WBRT cannot be initiated for at least
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10 days but usually up to two weeks postoperatively to allow
for adequate wound healing. For patients receiving systemic
therapy, a break from chemotherapy is necessary during
WBRT administration, and up to one month following its
completion. With postoperative SRS, there is minimal to no
interruption of systemic agents, thereby decreasing time off
treatment and risk of systemic disease progression.

Despite a growing body of literature [134, 136–139], SRS
to the resection cavity does not seem to be superior over
WBRT in terms of local control at 1 and 2 years. Moreover,
SRS may pose increased risk over WBRT of radionecrosis
and other neurological complications, as well as lep-
tomeningeal relapse.

Several questions remain regarding SRS following sur-
gery [135, 140, 141]. The optimal dose and fractionation
schedule, especially for large brain metastases (>3 cm)
associated with higher risk for local failure, are unknown.
The same holds true for the optimal margin around the
resection cavity to be included in the treatment field. From a
clinical standpoint, there remain little data about the impact
of postoperative SRS on HRQOL and neurocognitive
function. The timing of SRS after surgery also remains
unclear. There is little evidence that SRS administered in the
immediate postoperative period is more effective than when
administered at the time of tumor progression.

The risk of radionecrosis following postoperative SRS
[135, 141–143] is higher (between 9 and 17.5%) than that
reported by the EORTC study with WBRT following either
surgery or radiosurgery (2.6%), and could increase over time
(7% at 1 year and 16% at 2 years) [141]. However, the
actual incidence of pathologically proven radionecrosis is
unknown, as often the values reported in the different series
represent a combination of biopsy proven and MRI sus-
pected cases of radionecrosis. Several advanced neu-
roimaging techniques (MRS, MRI perfusion, PET with FDG
or amino acids) can aid in the diagnosis of radiation necrosis
but oftentimes produce conflicting results. Treatment may
include the use of bevacizumab [113], but not without sig-
nificant financial costs. Alternatively, steroids can reduce
symptoms and edema related to radiation effects, but their
use increases risk of steroid dependency. The average fre-
quency and duration of steroid using following postoperative
SRS remains unknown.

The use of SRS to the resection cavity without the
addition of WBRT may be associated with increased risk of
leptomeningeal disease (LMD). The incidence has been
found to range from 8 to 13% [139, 141–146]. Patients with
breast histology may be at higher risk (at 1 year 24% vs.
9%) [146]. It is unclear whether the inclusion of WBRT
would decrease this risk or whether the increased risk for
LMD seen in patients with brain metastases from breast is
associated with the biology of this tumor type. To better
characterize this risk of LMD, future reports on the use of

SRS to the resection cavity should distinguish between
compartments of failure: local, distant and leptomeningeal.

In conclusion, the main limitations of available studies on
postoperative SRS in single brain metastasis include rela-
tively small sample size, short follow-up, heterogeneous
primary histologies, unknown disease stage, and concurrent
use of chemotherapy. Given the lack of clear risk/benefit
data and increased associated financial costs, additional
research in this area is needed before the use of postoperative
SRS becomes routine clinical practice [147].

WBRT Alone

WBRT alone is the treatment of choice for patients with any
of the following: single or multiple brain metastases not
amenable to surgery or radiosurgery, a low KPS (� 50) or
active systemic disease. Complete and partial responses have
been reported in up to 60% of patients, with a neurological
improvement that probably is in part attributable to steroids.
Tumor volume reduction after WBRT seems to be associated
with better neurocognitive function preservation and pro-
longed survival [148]. Median survival following WBRT
alone ranges from 3 to 6 months, with 10–15% of patients
alive at 1 year. A meta-analysis of 39 trials involving 10.835
patients concluded that, in comparison to standard fraction-
ation (30 Gy in 10 fractions or 20 Gy in 5 fractions), altered
WBRT dose fractionation schemes do not improve overall
survival, neurologic function or symptom control [149].
However, a recent randomized trial in patients with NSCLC
not candidate for either surgery or radiosurgery, did not
show any difference in overall survival and quality of life
between WBRT and supportive care alone [150].

Nausea, vomiting, headache, fewer and worsening of
neurological symptoms can be observed in the initial phase
of therapy, requiring steroid administration for control.

Up to date, radiosensitizers have not provided any clear
additional benefit over conventional treatment. Recently, the
addition of motexafin gadolinium to early WBRT in patients
with brain metastases from NSCLC yielded an improvement
in time to neurological progression over WBRT alone
(5.5 months vs. 3.7 months) [151]. Likewise, the addition of
efaproxiral (RSR 13) to WBRT in patients with brain
metastases from breast cancer has reduced the death rate by
46%, while improving quality of life [152].

Cognitive Dysfunctions Following WBRT: Risk
Factors, Pathogenesis, and Prevention

A radiation-induced dementia with ataxia and urinary
incontinence has been reported in up to 30% of patients by
one year from receiving unconventional large size fractions
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of WBRT (6–8.5 Gy) [153]. The picture on CT/MRI is that
of a leukoencephalopathy (diffuse hyperintensity of the
periventricular white matter on T2-weighted and FLAIR
images) with associated hydrocephalus. Ventriculo-
peritoneal shunt may be of clinical value in some patients.
When using more conventional size fractions (up to 3 or 4 Gy
per fraction) the risk is that of milder cognitive dysfunctions,
consisting mainly of deficits in learning and memory with
associated white matter damage and cortical atrophy on MRI.
Patients with arterial hypertension, diabetes or other vascular
diseases are at higher risk of developing cognitive dysfunc-
tions. The pathogenesis of this radiation-damage is thought to
include injury to the endothelium of small vessels, resulting
in accelerated atherosclerosis and ultimately in a chronic
ischemia similar to small vessel disease of vascular dementia.
For this reason, there is interest in investigating vascular
dementia treatments to prevent or reduce radiation-induced
cognitive decline. One of these approaches is using
memantine in combination with WBRT. Memantine is a
non-competitive, low affinity antagonist of the N-methyl-D-
aspartate (NMDA) receptor, a receptor activated by the
principal excitatory neurotransmitter glutamate. Memantine
has the potential to block the excessive NMDA stimulation
following ischemia that may lead to excitotoxic damage of
the normal brain. In two placebo-controlled phase III trials
memantine was well tolerated and effective in treating
patients with small vessel disease [154, 155]. In a recently
published randomized, double-blind, placebo-controlled
phase II trial of RTOG (RTOG 0614) the use of memantine
during and after WBRT resulted in better cognitive function
over time, specifically delaying time to cognitive decline, and
reducing the rates of decline in memory, executive function
and processing speed [156].

Radiation-induced cognitive deficits may also result, at
least in part, from injury to neuronal stem cells in the sub-
granular zone of the hippocampus [157, 158]. Stem cell
neurogenesis critical in memory function, especially for
encoding new episodic memories. Low-dose irradiation in
rodents results in a blockade of hippocampal neurogenesis
and damage of the neurogenic microenvironment, leading to
significant short-term memory impairment. Sparing the
hippocampus during WBRT could prevent damage to neu-
ronal progenitor cells and improve memory function [159].
Hippocampal avoidance WBRT (HAWBRT) uses intensity
modulated radiotherapy (IMRT) to conformally reduce the
radiation dose to the hippocampus, while applying the usual
higher dose to the whole brain. A potential concern is
whether hippocampal avoidance could lead to loss of control
of metastases in or around this region. However, recent
studies analyzing the distribution of recurrent brain metas-
tases have shown that the metastatic involvement of the
limbic circuit is uncommon [160, 161]. The recent single
arm phase II RTOG 0933 suggested that the conformal

avoidance of the hippocampus during WBRT spares mem-
ory and QoL. Performance at 4 months on standardized
memory tests declined 7% from baseline in patients treated
with HAWBRT compared with 30% in a historical control
group [162]. Importantly, the trial reported that of the
patients who developed intracranial progression only 4.5%
experienced progression in the hippocampal avoidance area.

Building on results of RTOG 0933 and RTOG 0614,
NRGCC001 is a US National Cancer Institute approved
phase III trial that will evaluate the potential combined
neuroprotective effects of hippocampal avoidance in addi-
tion to memantine during WBRT for brain metastases [163].
Given the increased cost of hippocampal avoidance, the trial
will also perform a comparative cost-effectiveness analysis.

Treatment of Recurrent Brain Metastasis

Re-resection can afford neurological improvement and pro-
longation of survival in patients with local accessible brain
relapse, high performance status, stable extracranial disease,
and relatively long time to recurrence (˃6 months) [81, 164–
166]. Salvage WBRT following previous WBRT or SRS is
now rarely employed. Salvage SRS after WBRT has been
widely used during the initial development of SRS, and
RTOG 9005 [92] has established the standard doses
according to diameter. Several retrospective studies have
reported reasonable local control and survival rates with SRS
for salvage after WBRT [167–170]. A population-based
study has suggested similar survival outcomes following
either salvage SRS or boost SRS [171].

Reirradiation with SRS after local recurrence at a site
treated with SRS has been employed in a limited number of
patients, and the long-term risk of radionecrosis should be
considered against the benefit [172].

Multiple courses of SRS for new brain metastases after an
initial course of SRS, with continued deferral of WBRT, may
yield high rates of local control, low risk of toxicity, and
favorable duration of overall and neurologic progression-free
survival [100, 173, 174]. A recent large retrospective series
[175] has reported that in patients undergoing multiple
courses of SRS the aggregate volume, but not the cumulative
number of brain metastases, and the GPA score, as recalcu-
lated at the second course of SRS, correlate with duration of
survival and help guide management.

Chemotherapy and Targeted Therapies

For many years chemotherapy has not been considered to
play a major role in the treatment of patients with brain
metastases, due to the presence of the blood–brain barrier
(BBB) which limits the access of hydrophilic and/or large
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drugs into the CNS. However, the BBB is partially disrupted
in many brain metastases (˃1 mm in size) allowing for many
chemotherapeutic agents to reach the tumor cells. Intrinsic
chemosensitivity of tumor cells is a more critical factor for
the response to chemotherapy [176]. Response rates of brain
metastases often reflect the sensitivity of the primary tumor:
relatively high response rates in SCLC (30–80%), interme-
diate rates in breast cancer (30–50%) and NSCLC (10–
30%), and low rates in melanoma (10–15%).Importantly
even in the most chemosensitive tumors response to
chemotherapy is typically equivalent to that observed with
radiotherapy.

The combination of radiotherapy and chemotherapy may
improve response rates compared to radiotherapy alone, but
does not improve survival [177], as in the case of radio-
therapy combined with temozolomide (TMZ) for brain
metastases [178, 179].

At least two theories may help to explain the disap-
pointing results with chemotherapy. First, metastatic tumor
cells in the brain may be resistant to chemotherapy. Brain
metastases often develop later in the course of disease after
multiple rounds of prior chemotherapies, allowing for the
development of resistance through the accumulation of dif-
ferent mutations. Second, permeability of BBB in brain
metastases is likely heterogeneous, thereby preventing suf-
ficient drug accumulation and distribution. It has been
hypothesized [180] that brain metastases from primary
tumors with an intrinsic low expression of P-glycoprotein
(an ATP-dependent efflux pump linked to chemoresistance)
may be more permeable to antineoplastic drugs.

Recent advances in the understanding of the molecular
pathways of tumor growth in many solid tumors have allowed
the development of agents targeting specific molecular
pathways both in extracranial and intracranial disease [181,
182]. Overall, the response rates to targeted agents seem
higher than those observed after conventional chemotherapy.
However, for some of these agents passage across the BBB
remains an issue. Most of these new compounds, similarly to
the old chemotherapeutics, have been shown to be substrates
of one or more active efflux transporters.

The promising activity of several TKIs in brain metas-
tases from different primaries has led to two main avenues of
clinical investigation [183]. The first is the use of targeted
agents as radiosensitizers, which has led to the combination
of targeted agents with radiotherapy (WBRT, SRS).The
second is the upfront use of targeted agents to control
micrometastases, which would allow WBRT to be withheld.
Clinical and translation work is ongoing to fully characterize
the potential utility of TKIs in the management of brain
metastases.

The antiangiogenic drug bevacizumab, a monoclonal
antibody targeting VEGF with activity in high-grade, is now
being investigated in brain metastases from miscellaneous

solid tumor types. Its associated risk of bleeding has been
shown to be quite low [184].

Two important factors can limit the impact of targeted
agents on brain metastases: a lack of molecular concordance
between the primary tumor and brain metastasis and the
emergence of secondary resistance.

Brain Metastases from NSCLC

Platinum compounds (cisplatin, carboplatin), alone or in
combination (etoposide, vinorelbine), are the most com-
monly used chemotherapeutics against brain metastases
from NSCLC, either upfront or after radiation at the time of
recurrence [176]. Pemetrexed and temozolomide also have
some activity. The role of EGFR tyrosine kinase inhibitors
(gefitinib, erlotinib) in the management of brain metastases
from NSCLC is emerging. A pooled analysis of published
data to evaluate the efficacy of EGFR TKIs in NSCLC
patients with brain metastases has been recently published
[185]. Sixteen studies were included in the analysis, with a
total of 464 enrolled patients. The EGFR mutational status
was unknown for 362 (unselected group) and 102 had
activating EGFR mutations. A higher response rate (85% vs.
45.1%), and a longer PFS (12.3 months vs. 5.9 months) and
OS (16.2 months vs. 10.3 months) were observed in the
EGFR mutation group compared with the unselected
group. These data strongly suggest that the EGFRTKIs are
an effective treatment for NSCLC patients with brain
metastases, particularly for those patients harboring activat-
ing EGFR mutations. However, even in EGFR wild-type
patients EGFR-TKIs represent a valuable second-line ther-
apy with a response rate of around 10% [14].

Based on the high intracranial response rates, TKIs
monotherapy may be used in lieu of WBRT in patients
harboring activating EGFR mutations and asymptomatic
brain metastases (i.e., not needing the palliation from
WBRT) [186–188]. However, it is important to note that the
discordance rate of EGFR mutations between the primary
tumor and brain metastases can be as high as 32%, and the
CSF penetration rate of gefitinib (1–10%) and erlotinib (2.5–
13%) is limited. A systematic review and metanalysis of the
literature has suggested that upfront cranial radiotherapy
(SRS or WBRT), alone or with TKIs, may improve survival
outcome relative to TKIs alone. On the other hand, the
combination of erlotinib with radiation therapy (SRS or
WBRT) in patient cohorts not specifically selected for target
expression has failed to demonstrate superiority over radio-
therapy alone [189–191]. To date, there are no published
data on the efficacy for brain metastases of the newer
EGFR TKI inhibitors (afatinib, doconitib, and icotinib).

Other “druggable” alterations seen in up to 5% of NSCLC
patients include rearrangements of the “anaplastic lymphoma
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kinase” (ALK) gene. In particular, ALK translocations have
been found in 3% of brain metastases from NSCLC, and
appear to be concordant between brain metastasis and pri-
mary tumor [192]. NSCLC with ALK activating transloca-
tions has been shown to be sensitive to treatment with the
ALK inhibitor crizotinib. A recent study on brain metastases
from ALK-rearranged NSCLC [193] has reported that
crizotinib was associated with a 55% rate of disease control
within CNS at 3 months of therapy in both RT-naïve and
RT-pretreated patients. Moreover, crizotinib was associated
with a moderate (18–33%) RECIST-confirmed response rate.

Other multitarget ALK-TKIs, such as ceritinib and alec-
tinib, which are active in patients with ALK-rearranged
NSCLC who are either naïve or resistant to crizotinib, are
now being investigated in patients with brain metastases.
Veliparib, a PARP 1, 2 inhibitor, is another interesting
compound currently under investigation in combination with
WBRT for the treatment of brain metastases from NSCLC.

Brain Metastases from SCLC

Various combinations of etoposide, teniposide, cisplatinum
or carboplatinum are active against brain metastases [176].
So far, there are no effective targeted agents available.

Brain Metastases from Breast Cancer

Chemotherapy regimens, variably combining cyclophos-
phamide, 5-FU, methotrexate, vincristine, cisplatin, and
etoposide are active in patients with brain metastases from
breast cancer [176]. Capecitabine monotherapy has activity
against breast cancer brain metastases. In a retrospective
review conducted at MSKCC [194], three out of four
patients showed complete response, and three had stable
disease, with a median overall and progression-free survival
after treatment of 13 and 8 months respectively. Capecita-
bine, combined with TMZ, has some efficacy as well [195].
Likewise, high-dose methotrexate has activity in recurrent
brain metastases [196]; however, the risk of leukoen-
cephalopathy, especially when administered after WBRT, is
a limiting factor.

The dual EGFR and HER2 tyrosine kinase inhibitor
lapatinib has shown modest activity in a phase II study in
HER2-positive breast cancer patients with brain metastases,
following trastuzumab-based systemic chemotherapy and
WBRT [197]. CNS objective responses to lapatinib were
observed in 6% of patients, and 21% experienced � 20%
volumetric reduction in the CNS lesions. A recent phase II
single arm study (LANDSCAPE) has shown that the com-
bination of lapatinib and capecitabine in patients with pre-
viously untreated brain metastases from HER2-positive

metastatic breast cancer yields durable responses in up to
65% of patients [198]. Based on the strength of these data, a
randomized trial comparing lapatinib and capecitabine ver-
sus WBRT has been launched. In addition, trials of other
HER2 directed TKIs, including neratinib and afatinib, are
currently in progress.

It is not clear whether trastuzumab, with limited blood–
brain barrier penetration, may be active as well [20].

Brain Metastases from Melanoma

Fotemustine (response rate of 5–25%) and temozolomide
(response rate 6–10%), either as single agent or in combi-
nation with WBRT, are the most active chemotherapeutics
against brain metastases from melanoma [176, 199].

BRAF V600E inhibitors are emerging as treatment
options for patients with BRAF-mutant melanoma metastatic
to the CNS. The activity of vemurafenib is meaningful. Both
retrospective [200] and phase II trials [201] have reported an
intracranial response rate of 16–50%, despite disappointing
results on OS. A phase II study of dabrafenib in patients with
BRAF-mutated melanoma and brain metastasis reported an
overall intracranial objective response rate of 31%, with little
difference between patients who progressed after prior CNS
therapy and patients who were treatment naïve [202].

The activity of BRAF inhibitors on brain metastases
appears to be superior to that of ipilimumab [203–205], a
monoclonal antibody with immunomodulatory activity that
has been approved for the treatment of metastatic melanoma.
An open-label phase 2 multicenter trial in the US [204]
showed that ipilimumab has activity in patients with
asymptomatic melanoma brain metastases off steroids. Dis-
ease control (CR + PR + SD) after 12 weeks of treatment
was 16% in the cohort of asymptomatic patients without
steroids compared with 5% in the cohort of symptomatic
patients receiving steroids. Steroid use may suppress the
immune response thereby limiting the effect of
immunotherapy, though this remains to be clearly estab-
lished. Importantly, the investigators did not report any
neurological deterioration as an effect of an inflammatory
response to treatment in the CNS, even in patients who had
received prior radiation therapy. There is some interest in
combining ipilimumab with radiation therapy [206], and new
molecular agents, such as trametinib, are being investigated.

Prophylaxis

The brain can be a sanctuary for micrometastases that can
become radiologically and/or clinically evident after the
primary tumor has been controlled by effective therapies.
Thus, treating the subclinical disease could prevent the
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development of overt brain metastases. This strategy is
particularly relevant for SCLC where prophylactic cranial
irradiation (PCI) reduces the risk of brain metastases at
2 years and increases overall survival in patients with SCLC
who achieve complete remission after upfront therapy [207,
208]. Cognitive decline in SCLC patients after PCI is rela-
tively uncommon up to 2 years after PCI [209, 210]. There
is currently insufficient evidence to support PCI in high-risk
NSCLC patients [211].

In patients with metastatic HER2-positive breast cancer,
PCI or newer drugs with improved penetration of an intact
BBB (i.e., TMZ, lapatinib) might be useful. The combina-
tion of these agents with radiation could allow a lowering of
the PCI dose.

Effective agents are needed to prophylactically treat
micrometastatic disease in patients at high risk for brain
metastases. Well-designed clinical trials that include detailed
neuropsychological assessments are needed to both identify
effective agents and establish the role for CNS prophylaxis
in different systemic malignancies.

Prevention Strategies: Molecular and Clinical
Data

Numerous molecular compounds have been tested in pre-
clinical models in a prevention setting and overall the studies
have shown that prevention of brain metastases is feasible
[212, 213]. Experimental models have shown that beva-
cizumab may prevent early angiogenesis and induce pro-
longed dormancy of micrometastases [214]. Lapatinib,
vorinostat, and pazopanib are able to prevent the formation
of metastases by brain-topic breast cancer cells [215–217].
The selective PLK1 inhibitor GSK 46I1364A, inhibits the
development of large brain metastases and prolongs the
survival in a xenograft model of breast cancer brain metas-
tases [218]. Limited clinical data have shown that prevention
of brain metastases can also be achieved in clinical settings.
In a metastatic breast cancer trial of lapatinib plus capeci-
tabine versus capecitabine alone there was a significant
reduction in the incidence of metastases in the brain as first
site of relapse after combined treatment [219]. A retrospec-
tive review of a sub-cohort of patients with advanced
EGFR-mutated NSCLC treated with gefinitib or erlotinib
reported 1-year and 2-year CNS relapse rates of 6 and 13%,
respectively, an improvement from historical data [220].
A retrospective analysis of the clinical trial data from sor-
afenib in patients with renal cell cancer(RCC) and brain
metastases demonstrated a 75% prevention of brain metas-
tases development, compared with 4% response rate for
established metastases [221]. A recent review of patients
enrolled in a phase III trial on RCC (TARGET trial) revealed

a significantly lower incidence of brain metastases in
patients who received sorafenib (3%) than in those who
received placebo (12%) [222]. The protective effect of TKIs
(sorafenib, sunitinib, pazopanib) on the development of
brain metastases from RCC has been recently outlined [223].

A major challenge in the field has been the identification
of patients at highest risk of developing brain metastases
because of tumor and host factors. Up to date, only
HER2-positive breast cancer patients have entered preven-
tion trials to better define the role of lapatinib.

Challenges in Developing Trials in Brain
Metastases

The design of clinical trials in brain metastases can be
challenging [224–226]. The choice of endpoints is influ-
enced by several factors including the patient population,
primary tumor type, phase of trial and the setting (treatment
of established brain metastases or prevention). The ideal
measure of drug activity in the brain is the assay of target
modulation within the tumor obtained after resection in
patients treated preoperatively. Moreover, advanced neu-
roimaging techniques may provide valuable surrogate
pharmacodynamic information. Objective response has been
commonly used as primary endpoint for phase II trials in
patients with brain metastases, being a possible surrogate for
other markers of clinical benefit, such as neurological status,
neurocognitive decline or neurological deterioration free
survival. Unfortunately, none of the standard response cri-
teria (RECIST, WHO, MacDonald, RANO) were designed
specifically for brain metastases. There is a need to stan-
dardize MRI criteria for lesion measurement (tumor area
versus volume) and the definition of response to treatment,
including use of both steroids and neurological symptoms in
the response criteria. Use of unique therapies such as
antiangiogenic agents and immunomodulators will require
specific adaptations. A clear distinction between intracranial,
extracranial and overall progression-free survival is impor-
tant. When the concurrent systemic disease is controlled by a
standard systemic regimen, the safety (not only the efficacy)
of concurrent use of an investigational agent for brain
metastasis must be carefully evaluated.

As the number of experimental agents increases and
available resources become limited, new trial designs should
be considered. Adaptive randomization can make clinical
trials more efficient in reaching endpoints with fewer patients
than with conventional randomization [227].

The RANO Brain Metastasis Group has recently pro-
posed new response criteria for clinical trials in patients with
brain metastases [228]; these need validation in the next
generation of studies.
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Other Cranial Metastases

The topics of skull and dural metastases are covered in
Chap. 23 (Neurological Complications of Breast Cancer and
Its Treatment).

References

1. Central Brain Tumor Registry of the US. CBTRUS Statistical
Report: Primary Brain and Central Nervous System Tumors
Diagnosed in the in 2004.2008. 2012. Available at www.cbtrus.
org. Accessed 5 Mar 2012.

2. Davis FG, Dolecek TA, McCarthy BJ, Villano JL. Toward
determining the lifetime occurrence of metastatic brain tumors
estimated from 2007 United States cancer incidence data. Neuro
Oncol. 2012;14(9):1171–7.

3. Schouten LJ, Rutten J, Huveneers HA, Twijnstra A. Incidence of
brain metastases in a cohort of patients with carcinoma of the
breast, colon, kidney, and lung and melanoma. Cancer. 2002;94
(10):2698–705.

4. Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P,
Sawaya RE. Incidence proportions of brain metastases in patients
diagnosed (1973–2001) in the metropolitan detroit cancer
surveillance system. J Clin Oncol. 2004;22(14):2865–72.

5. Gavrilovic IT, Posner JB. Brain metastases: epidemiology and
pathophysiology. J Neurooncol. 2005;75(1):5–14.

6. Fabi A, Felici A, Metro G, Mirri A, Bria E, Telera S, Moscetti L,
Russillo M, Lanzetta G, Mansueto G, Pace A, Maschio M,
Vidiri A, Sperduti I, Cognetti F, Carapella CM. Brain metastases
from solid tumors: disease outcome according to type of
treatment and therapeutic resources of the treating center. J Exp
Clin Cancer Res. 2011;18(30):10.

7. Nayak L, Lee EQ, Wen PY. Epidemiology of brain metastases.
Curr Oncol Rep. 2012;14(1):48–54.

8. Bouffet E, Doumi N, Thiesse P, Mottolese C, Jouvet A,
Lacroze M, Carrie C, Frappaz D, Brunat-Mentigny M. Brain
metastases in children with solid tumors. Cancer. 1997;79
(2):403–10.

9. Sze G, Milano E, Johnson C, Heier L. Detection of brain
metastases: comparison of contrast-enhanced MR with unen-
hanced MR and enhanced CT. AJNR Am J Neuroradiol. 1990;11
(4):785–91.

10. Schellinger PD, Meinck HM, Thron A. Diagnostic accuracy of
MRI compared to CCT in patients with brain metastases.
J Neurooncol. 1999;44(3):275–81.

11. Delattre JY, Krol G, Thaler HT, Posner JB. Distribution of brain
metastases. Arch Neurol. 1988;45(7):741–4.

12. Byrne TN, Cascino TL, Posner JB. Brain metastasis from
melanoma. J Neurooncol. 1983;1(4):313–7.

13. Preusser M, Capper D, Ilhan-Mutlu A, Berghoff AS, Birner P,
Bartsch R, Marosi C, Zielinski C, Mehta MP, Winkler F,
Wick W, von Deimling A. Brain metastases: pathobiology and
emerging targeted therapies. Acta Neuropathol. 2012;123
(2):205–22.

14. Berger LA, Riesenberg H, Bokemeyer C, Atanackovic D. CNS
metastases in non-small-cell lung cancer: current role of
EGFR-TKI therapy and future perspectives. Lung Cancer.
2013;80(3):242–8.

15. Heitz F, Harter P, Lueck HJ, Fissler-Eckhoff A, Lorenz-Salehi F,
Scheil-Bertram S, Traut A, du Bois A. Triple-negative and
HER2-overexpressing breast cancers exhibit an elevated risk and

an earlier occurrence of cerebral metastases. Eur J Cancer.
2009;45(16):2792–8.

16. Berghoff AS, Preusser M. Biology in prevention and treatment of
brain metastases. Expert Rev Anticancer Ther. 2013;13
(11):1339–48.

17. Yin W, Jiang Y, Shen Z, Shao Z, Lu J. Trastuzumab in the
adjuvant treatment of HER2-positive early breast cancer patients:
a meta-analysis of published randomized controlled trials.
PLoS ONE. 2011;6(6):e21030.

18. Pestalozzi BC, Holmes E, de Azambuja E, Metzger-Filho O,
Hogge L, Scullion M, Láng I, Wardley A, Lichinitser M,
Sanchez RI, Müller V, Dodwell D, Gelber RD, Piccart-Gebhart
MJ, Cameron D. CNS relapses in patients with HER2-positive
early breast cancer who have and have not received adjuvant
trastuzumab: a retrospective substudy of the HERA trial (BIG
1-01). Lancet Oncol. 2013;14(3):244–8.

19. Olson EM, Najita JS, Sohl J, Arnaout A, Burstein HJ, Winer EP,
Lin NU. Clinical outcomes and treatment practice patterns of
patients with HER2-positive metastatic breast cancer in the
post-trastuzumab era. Breast. 2013;22(4):525–31.

20. Larsen PB, Kümler I, Nielsen DL. A systematic review of
trastuzumab and lapatinib in the treatment of women with brain
metastases from HER2-positive breast cancer. Cancer Treat Rev.
2013;39(7):720–7.

21. Fidler IJ. The role of the organ microenvironment in brain
metastasis. Semin Cancer Biol. 2011;21(2):107–12.

22. Eichler AF, Chung E, Kodack DP, Loeffler JS, Fukumura D,
Jain RK. The biology of brain metastases-translation to new
therapies. Nat Rev Clin Oncol. 2011;8(6):344–56.

23. Arshad F, Wang L, Sy C, Avraham S, Avraham HK. Blood-brain
barrier integrity and breast cancer metastasis to the brain.
Patholog Res Int. 2010;29(2011):920509.

24. Smid M, Wang Y, Zhang Y, Sieuwerts AM, Yu J, Klijn JG,
Foekens JA, Martens JW. Subtypes of breast cancer show
preferential site of relapse. Cancer Res. 2008;68(9):3108–14.

25. Bos PD, Zhang XH, Nadal C, Shu W, Gomis RR, Nguyen DX,
Minn AJ, van de Vijver MJ, Gerald WL, Foekens JA, Massagué
J. Genes that mediate breast cancer metastasis to the brain.
Nature. 2009;459(7249):1005–9.

26. Palmieri D, Fitzgerald D, Shreeve SM, Hua E, Bronder JL,
Weil RJ, Davis S, Stark AM, Merino MJ, Kurek R,
Mehdorn HM, Davis G, Steinberg SM, Meltzer PS, Aldape K,
Steeg PS. Analyses of resected human brain metastases of breast
cancer reveal the association between up-regulation of hexoki-
nase 2 and poor prognosis. Mol Cancer Res. 2009;7(9):1438–45.

27. Palmieri D, Bronder JL, Herring JM, Yoneda T, Weil RJ,
Stark AM, Kurek R, Vega-Valle E, Feigenbaum L, Halverson D,
Vortmeyer AO, Steinberg SM, Aldape K, Steeg PS. Her-2
overexpression increases the metastatic outgrowth of breast
cancer cells in the brain. Cancer Res. 2007;67(9):4190–8.

28. Lee H-Te, Xue J, Chou P-C, Zhou A, Yang P, Conrad CA,
Aldape KD, Priebe W, Patterson C, Sawaya R, Xie K, Huang S.
Stat3 orchestrate interaction between endothelial and tumor cells
and inhibition of Stat3 suppresses brain metastasis of breast
cancer cells. Oncotarget. 2015;6(12):10016–29.

29. Grinberg-Rashi H, Ofek E, Perelman M, Skarda J, Yaron P,
Hajdúch M, Jacob-Hirsch J, Amariglio N, Krupsky M, Siman-
sky DA, Ram Z, Pfeffer R, Galernter I, Steinberg DM, Ben-Dov
I, Rechavi G, Izraeli S. The expression of three genes in primary
non-small cell lung cancer is associated with metastatic spread to
the brain. Clin Cancer Res. 2009;15(5):1755–61.

30. Gril B, Evans L, Palmieri D, Steeg PS. Translational research in
brain metastasis is identifying molecular pathways that may lead
to the development of new therapeutic strategies. Eur J Cancer.
2010;46(7):1204–10.

72 R. Soffietti et al.



31. Marchetti D, Denkins Y, Reiland J, Greiter-Wilke A, Galjour J,
Murry B, Blust J, Roy M. Brain-metastatic melanoma: a
neurotrophic perspective. Pathol Oncol Res. 2003;9(3):147–58.

32. Zhang C, Zhang F, Tsan R, Fidler IJ. Transforming growth
factor-beta2 is a molecular determinant for site-specific mela-
noma metastasis in the brain. Cancer Res. 2009;69(3):828–35.

33. Nicolson GL, Menter DG, Herrmann JL, Yun Z, Cavanaugh P,
Marchetti D. Brain metastasis: role of trophic, autocrine, and
paracrine factors in tumor invasion and colonization of the central
nervous system. Curr Top Microbiol Immunol. 1996;213(Pt
2):89–115.

34. Yano S, Shinohara H, Herbst RS, Kuniyasu H, Bucana CD,
Ellis LM, Davis DW, McConkey DJ, Fidler IJ. Expression of
vascular endothelial growth factor is necessary but not sufficient
for production and growth of brain metastasis. Cancer Res.
2000;60(17):4959–67.

35. Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K,
Tanzawa K, Thorpe P, Itohara S, Werb Z, Hanahan D. Matrix
metalloproteinase-9 triggers the angiogenic switch during car-
cinogenesis. Nat Cell Biol. 2000;2(10):737–44.

36. Kim LS, Huang S, Lu W, Lev DC, Price JE. Vascular endothelial
growth factor expression promotes the growth of breast cancer
brain metastases in nude mice. Clin Exp Metastasis. 2004;21
(2):107–18.

37. Kirsch M, Schackert G, Black PM. Angiogenesis, metastasis, and
endogenous inhibition. J Neurooncol. 2000;50(1–2):173–80.

38. Leone A, Flatow U, King CR, Sandeen MA, Margulies IM,
Liotta LA, Steeg PS. Reduced tumor incidence, metastatic
potential, and cytokine responsiveness of nm23-transfected
melanoma cells. Cell. 1991;65(1):25–35.

39. Sarris M, Scolyer RA, Konopka M, Thompson JF, Harper CG,
Lee CS. Cytoplasmic expression of nm23 predicts the potential
for cerebral metastasis in patients with primary cutaneous
melanoma. Melanoma Res. 2004;14(1):23–7. Erratum in: Mel-
anoma Res. 2004;14(3):239. Lee, Soon C [corrected to Lee, C
Soon].

40. Harabin-Słowińska M, Słowiński J, Konecki J, Mrówka R.
Expression of adhesion molecule CD44 in metastatic brain
tumors. Folia Neuropathol. 1998;36(3):179–84.

41. Li H, Liu J, Hofmann M, Hamou MF, de Tribolet N. Differential
CD44 expression patterns in primary brain tumors and brain
metastases. Br J Cancer. 1995;72(1):160–3.

42. Desprechins B, Stadnik T, Koerts G, Shabana W, Breucq C,
Osteaux M. Use of diffusion-weighted MR imaging in differential
diagnosis between intracerebral necrotic tumors and cerebral
abscesses. AJNR Am J Neuroradiol. 1999;20(7):1252–7.

43. Hartmann M, Jansen O, Heiland S, Sommer C, Münkel K,
Sartor K. Restricted diffusion within ring enhancement is not
pathognomonic for brain abscess. AJNR Am J Neuroradiol.
2001;22(9):1738–42.

44. Duygulu G, Ovali GY, Calli C, Kitis O, Yünten N, Akalin T,
Islekel S. Intracerebral metastasis showing restricted diffusion:
correlation with histopathologic findings. Eur J Radiol. 2010;74
(1):117–20.

45. Law M, Cha S, Knopp EA, Johnson G, Arnett J, Litt AW.
High-grade gliomas and solitary metastases: differentiation by
using perfusion and proton spectroscopic MR imaging. Radiol-
ogy. 2002;222(3):715–21.

46. Bulakbasi N, Kocaoglu M, Farzaliyev A, Tayfun C, Ucoz T,
Somuncu I. Assessment of diagnostic accuracy of perfusion MR
imaging in primary and metastatic solitary malignant brain
tumors. AJNR Am J Neuroradiol. 2005;26(9):2187–99.

47. Chiang IC, Kuo YT, Lu CY, Yeung KW, Lin WC, Sheu FO,
Liu GC. Distinction between high-grade gliomas and solitary
metastases using peritumoral 3-T magnetic resonance

spectroscopy, diffusion, and perfusion imagings. Neuroradiology.
2004;46(8):619–27.

48. Server A, Josefsen R, Kulle B, Maehlen J, Schellhorn T, Gadmar
Ø, Kumar T, Haakonsen M, Langberg CW, Nakstad PH. Proton
magnetic resonance spectroscopy in the distinction of high-grade
cerebral gliomas from single metastatic brain tumors. Acta
Radiol. 2010;51(3):316–25.

49. Kosaka N, Tsuchida T, Uematsu H, Kimura H, Okazawa H,
Itoh H. 18F-FDG PET of common enhancing malignant brain
tumors. AJR Am J Roentgenol. 2008;190(6):365–9.

50. Hutterer M, Nowosielski M, Putzer D, Jansen NL, Seiz M,
Schocke M, McCoy M, Göbel G, la Fougère C, Virgolini IJ,
Trinka E, Jacobs AH, Stockhammer G. [18F]-
fluoro-ethyl-L-tyrosine PET: a valuable diagnostic tool in
neuro-oncology, but not all that glitters is glioma. Neuro Oncol.
2013;15(3):341–51.

51. Le Chevalier T, Smith FP, Caille P, Constans JP, Rouesse JG.
Sites of primary malignancies in patients presenting with cerebral
metastases. A review of 120 cases. Cancer. 1985;56(4):880–2.

52. Merchut MP. Brain metastases from undiagnosed systemic
neoplasms. Arch Intern Med. 1989;149(5):1076–80.

53. Van de Pol M, van Aalst VC, Wilmink JT, Twijnstra A. Brain
metastases from an unknown primary tumor: which diagnostic
procedures are indicated? J Neurol Neurosurg Psychiatry.
1996;61(3):321–3.

54. Klee B, Law I, Højgaard L, Kosteljanetz M. Detection of
unknown primary tumors in patients with cerebral metastases
using whole-body 18F-flouorodeoxyglucose positron emission
tomography. Eur J Neurol. 2002;9(6):657–62.

55. Rudà R, Borgognone M, Benech F, Vasario E, Soffietti R. Brain
metastases from unknown primary tumor: a prospective study.
J Neurol. 2001;248(5):394–8.

56. Monzon FA, Koen TJ. Diagnosis of metastatic neoplasms:
molecular approaches for identification of tissue of origin. Arch
Pathol Lab Med. 2010;134(2):216–24.

57. Berghoff AS, Bartsch R, Wöhrer A, Streubel B, Birner P,
Kros JM, Brastianos PK, von Deimling A, Preusser M. Predictive
molecular markers in metastases to the central nervous system:
recent advances and future avenues. Acta Neuropatol. 2014;128
(6):879–91.

58. Shen Q, Sahin AA, Hess KR, Suki D, Aldape KD, Sawaya R,
Ibrahim NK. Breast cancer with brain metastases: clinicopatho-
logic features, survival, and paired biomarker analysis. Oncolo-
gist. 2015;20(5):466–73.

59. Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T,
McKenna WG, Byhardt R. Recursive partitioning analysis
(RPA) of prognostic factors in three Radiation Therapy Oncology
Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol
Phys. 1997;37(4):745–51.

60. Lagerwaard FJ, Levendag PC, Nowak PJ, Eijkenboom WM,
Hanssens PE, Schmitz PI. Identification of prognostic factors in
patients with brain metastases: a review of 1292 patients. Int J
Radiat Oncol Biol Phys. 1999;43(4):795–803.

61. Gaspar LE, Scott C, Murray K, Curran W. Validation of the
RTOG recursive partitioning analysis (RPA) classification for
brain metastases. Int J Radiat Oncol Biol Phys. 2000;47(4):1001–
6.

62. Sperduto PW, Berkey B, Gaspar LE, Mehta M, Curran W. A new
prognostic index and comparison to three other indices for
patients with brain metastases: an analysis of 1960 patients in the
RTOG database. Int J Radiat Oncol Biol Phys. 2008;70(2):510–4.

63. Sperduto PW, Chao ST, Sneed PK, Luo X, Suh J, Roberge D,
Bhatt A, Jensen AW, Brown PD, Shih H, Kirkpatrick J,
Schwer A, Gaspar LE, Fiveash JB, Chiang V, Knisely J,
Sperduto CM, Mehta M. Diagnosis-specific prognostic factors,

4 Brain Metastasis as Complication of Systemic Cancers 73



indexes, and treatment outcomes for patients with newly
diagnosed brain metastases: a multi-institutional analysis of
4259 patients. Int J Radiat Oncol Biol Phys. 2010;77(3):655–61.

64. Sperduto PW, Kased N, Roberge D, Xu Z, Shanley R, Luo X,
Sneed PK, Chao ST, Weil RJ, Suh J, Bhatt A, Jensen AW,
Brown PD, Shih HA, Kirkpatrick J, Gaspar LE, Fiveash JB,
Chiang V, Knisely JP, Sperduto CM, Lin N, Mehta M. Effect of
tumor subtype on survival and the graded prognostic assessment
for patients with breast cancer and brain metastases. Int J Radiat
Oncol Biol Phys. 2012;82(5):2111–7.

65. Subbiah IM, Lei X, Weinberg JS, Sulman EP,
Chavez-MacGregor M, Tripathy D, Gupta R, Varma A,
Chouhan J, Guevarra RP, Valero V, Gilbert MR,
Gonzalez-Angulo AM. Validation and development of a modi-
fied breast graded prognostic assessment as a tool for survival in
patients with breast cancer and brain metastases. J Clin Oncol.
2015;33(20):2239–45.

66. Barnholtz-Sloan JS, Yu C, Sloan AE, Vengoechea J, Wang M,
Dignam JJ, Vogelbaum MA, Sperduto PW, Mehta MP, Mach-
tay M, Kattan MW. A nomogram for individualized estimation of
survival among patients with brain metastasis. Neuro Oncol.
2012;14(7):910–8.

67. Weltman E, Salvajoli JV, Brandt RA, de Morais Hanriot R,
Prisco FE, Cruz JC, de Oliveira Borges SR, Wajsbrot DB.
Radiosurgery for brain metastases: a score index for predicting
prognosis. Int J Radiat Oncol Biol Phys. 2000;46(5):1155–61.

68. Lorenzoni J, Devriendt D, Massager N, David P, Ruíz S,
Vanderlinden B, Van Houtte P, Brotchi J, Levivier M. Radio-
surgery for treatment of brain metastases: estimation of patient
eligibility using three stratification systems. Int J Radiat Oncol
Biol Phys. 2004;60(1):218–24.

69. Nguyen LN, Maor MH, Oswald MJ. Brain metastases as the only
manifestation of an undetected primary tumor. Cancer. 1998;83
(10):2181–4.

70. Soffietti R, Cornu P, Delattre JY, Grant R, Graus F, Grisold W,
Heimans J, Hildebrand J, Hoskin P, Kalljo M, Krauseneck P,
Marosi C, Siegal T, Vecht C. EFNS Guidelines on diagnosis and
treatment of brain metastases: report of an EFNS Task Force.
Eur J Neurol. 2006;13(7):674–81.

71. Ryken TC, McDermott M, Robinson PD, Ammirati M,
Andrews DW, Asher AL, Burri SH, Cobbs CS, Gaspar LE,
Kondziolka D, Linskey ME, Loeffler JS, Mehta MP,
Mikkelsen T, Olson JJ, Paleologos NA, Patchell RA, Kalka-
nis SN. The role of steroids in the management of brain
metastases: a systematic review and evidence-based clinical
practice guideline. J Neurooncol. 2010;96(1):103–14.

72. Glantz MJ, Cole BF, Forsyth PA, Recht LD, Wen PY, Cham-
berlain MC, Grossman SA, Cairncross JG. Practice parameter:
anticonvulsant prophylaxis in patients with newly diagnosed
brain tumors. Report of the Quality Standards Subcommittee of
the American Academy of Neurology. Neurology. 2000;54
(10):1886–93.

73. Rudà R, Soffietti R. What is New in the management of epilepsy
in gliomas? Curr Treat Options Neurol. 2015;17(6):351.

74. Lyman GH, Bohlke K, Khorana AA, Kuderer NM, Lee AY,
Arcelus JI, Balaban EP, Clarke JM, Flowers CR, Francis CW,
Gates LE, Kakkar AK, Key NS, Levine MN, Liebman HA,
Tempero MA, Wong SL, Somerfield MR, Falanga A. American
society of clinical oncology. Venous thromboembolism prophy-
laxis and treatment in patients with cancer: American society of
clinical oncology clinical practice guideline update 2014. J Clin
Oncol. 2015;33(6):654–6.

75. Sardar P, Chatterjee S, Herzog E, Pekler G, Mushiyev S,
Pastori LJ, Visco F, Aronow WS. New oral anticoagulants in

patients with cancer: current state of evidence. Am J Ther.
2015;22(6):460–8.

76. Akl EA, Kahale L, Sperati F, Neumann I, Labedi N, Terrenato I,
Barba M, Sempos EV, Muti P, Cook D, Schünemann H. Low
molecular weight heparin versus unfractionated heparin for
perioperative thromboprophylaxis in patients with cancer.
Cochrane Database Syst Rev. 2014;6:CD009447.

77. Connors JM. Prophylaxis against venous thromboembolism in
patients with cancer. N Engl J Med. 2014;371(13):1263–4.

78. Patchell RA, Tibbs PA, Walsh JW, Dempsey RJ, Maruyama Y,
Kryscio RJ, Markesbery WR, Macdonald JS, Young B. A ran-
domized trial of surgery in the treatment of single metastases to
the brain. N Engl J Med. 1990;322(8):494–500.

79. Vecht CJ, Haaxma-Reiche H, Noordijk EM, Padberg GW,
Voormolen JH, Hoekstra FH, Tans JT, Lambooij N, Metsaars JA,
Wattendorff AR, et al. Treatment of single brain metastasis:
radiotherapy alone or combined with neurosurgery? Ann Neurol.
1993;33(6):583–90.

80. Mintz AH, Kestle J, Rathbone MP, Gaspar L, Hugenholtz H,
Fisher B, Duncan G, Skingley P, Foster G, Levine M. A ran-
domized trial to assess the efficacy of surgery in addition to
radiotherapy in patients with a single cerebral metastasis. Cancer.
1996;78(7):1470–6.

81. Vogelbaum MA, Suh JH. Resectable brain metastases. J Clin
Oncol. 2006;24(8):1289–94.

82. Kamp MA, Rapp M, Bünher J, Slotty OJ, Reichelt D, Sadat H,
Dibué-Adjei M, Steiger H-J, Turowski B, Sabel M. Early
postoperative magnet resonance tomography after resection of
cerebral metastases. Acta Neuroch. 2015;157(9):1573–80.

83. Kamp MA, Rapp M, Slotty PJ, Turowski B, Sadat H, Smuga M,
Dibué-Adjei M, Steiger H-J, Szelényi A, Sabel M. Incidence of
local in-brain progression after supramarginal resection of
cerebral metastases. Acta Neuroch. 2015;157(6):905–10.

84. Kelly K, Bunn PA Jr. Is it time to reevaluate our approach to the
treatment of brain metastases in patients with non-small cell lung
cancer? Lung Cancer. 1998;20(2):85–91.

85. Norris LK, Grossman SA, Olivi A. Neoplastic meningitis
following surgical resection of isolated cerebellar metastasis: a
potentially preventable complication. J Neurooncol. 1997;32
(3):215–23.

86. Suki D, Abouassi H, Patel AJ, Sawaya R, Weinberg JS,
Groves MD. Comparative risk of leptomeningeal disease after
resection or stereotactic radiosurgery for solid tumor metastasis to
the posterior fossa. J Neurosurg. 2008;108(2):248–57.

87. Pollock BE, Brown PD, Foote RL, Stafford SL,
Schomberg PJ. Properly selected patients with multiple brain
metastases may benefit from aggressive treatment of their
intracranial disease. J Neurooncol. 2003;61(1):73–80.

88. Ewend MG, Brem S, Gilbert M, Goodkin R, Penar PL, Varia M,
Cush S, Carey LA. Treatment of single brain metastasis with
resection, intracavity carmustine polymer wafers, and radiation
therapy is safe and provides excellent local control. Clin Cancer
Res. 2007;13(12):3637–41.

89. Rogers LR, Rock JP, Sills AK, Vogelbaum MA, Suh JH,
Ellis TL, Stieber VW, Asher AL, Fraser RW, Billingsley JS,
Lewis P, Schellingerhout D. Shaw EG; Brain Metastasis Study
Group. Results of a phase II trial of the GliaSite Radiation
Therapy System for treatment of newly diagnosed, resected
single brain metastases. J Neurosurg. 2006;105(3):375–8.

90. Dagnew E, Kanski J, McDermott MW, Sneed PK, McPherson C,
Breneman JC, Warnick RE. Management of newly diagnosed
single brain metastasis using resection and permanent iodine-125
seeds without initial whole-brain radiotherapy: a two institution
experience. Neurosurg Focus. 2007;22(3):E3.

74 R. Soffietti et al.



91. Baumert BG, Rutten I, Dehing-Oberije C, Twijnstra A, Dirx MJ,
Debougnoux-Huppertz RM, Lambin P, Kubat B. A pathol-
ogy-based substrate for target definition in radiosurgery of brain
metastases. Int J Radiat Oncol Biol Phys. 2006;66(1):187–94.

92. Shaw E, Scott C, Souhami L, Dinapoli R, Kline R, Loeffler J,
Farnan N. Single dose radiosurgical treatment of recurrent
previously irradiated primary brain tumors and brain metastases:
final report of RTOG protocol 90-05. Int J Radiat Oncol Biol
Phys. 2000;47(2):291–8.

93. Aoyama H, Shirato H, Onimaru R, Kagei K, Ikeda J, Ishii N,
Sawamura Y, Miyasaka K. Hypofractionated stereotactic radio-
therapy alone without whole-brain irradiation for patients with
solitary and oligo brain metastasis using noninvasive fixation of
the skull. Int J Radiat Oncol Biol Phys. 2003;56(3):793–800.

94. Minniti G, D’Angelillo RM, Scaringi C, Trodella LE, Clarke E,
Matteucci P, Osti MF, Ramella S, Enrici RM, Trodella L.
Fractionated stereotactic radiosurgery for patients with brain
metastases. J Neurooncol. 2014;117(2):295–301.

95. Eaton BR, LaRiviere MJ, Kim S, Prabhu RS, Patel K, Kandula S,
Oyesiku N, Olson J, Curran W, Shu HK, Crocker I. Hypofrac-
tionated radiosurgery has a better safety profile than single
fraction radiosurgery for large resected brain metastases. J Neu-
rooncol. 2015;123(1):103–11.

96. Mehta MP, Tsao MN, Whelan TJ, Morris DE, Hayman JA,
Flickinger JC, Mills M, Rogers CL, Souhami L. The American
society for therapeutic radiology and oncology (ASTRO)
evidence-based review of the role of radiosurgery for brain
metastases. Int J Radiat Oncol Biol Phys. 2005;63(1):37–
46.7/s11060-015-1767-4. Epub 2015 Apr 11. Erratum in: J
Neurooncol. 2015;123(1):113.

97. Suh JH. Stereotactic radiosurgery for the management of brain
metastases. N Engl J Med. 2010;362(12):1119–27.

98. Lippitz B, Lindquist C, Paddick I, Peterson D, O’Neill K,
Beaney R. Stereotactic radiosurgery in the treatment of brain
metastases: the current evidence. Cancer Treat Rev. 2014;40
(1):48–59.

99. Karlsson B, Hanssens P, Wolff R, Söderman M, Lindquist C,
Beute G. Thirty years’ experience with Gamma Knife surgery for
metastases to the brain. J Neurosurg. 2009;111(3):449–57.

100. Yamamoto M, Serizawa T, Shuto T, Akabane A, Higuchi Y,
Kawagishi J, Yamanaka K, Sato Y, Jokura H, Yomo S,
Nagano O, Kenai H, Moriki A, Suzuki S, Kida Y, Iwai Y,
Hayashi M, Onishi H, Gondo M, Sato M, Akimitsu T, Kubo K,
Kikuchi Y, Shibasaki T, Goto T, Takanashi M, Mori Y,
Takakura K, Saeki N, Kunieda E, Aoyama H, Momoshima S,
Tsuchiya K. Stereotactic radiosurgery for patients with multiple
brain metastases (JLGK0901): a multi-institutional prospective
observational study. Lancet Oncol. 2014;15(4):387–95.

101. Manon R, O’Neill A, Knisely J, Werner-Wasik M, Lazarus HM,
Wagner H, Gilbert M, Mehta M. Eastern cooperative oncology
group. Phase II trial of radiosurgery for one to three newly
diagnosed brain metastases from renal cell carcinoma, melanoma,
and sarcoma: an Eastern cooperative oncology group study (E
6397). J Clin Oncol. 2005;23(34):8870–6.

102. Huang CF, Kondziolka D, Flickinger JC, Lunsford LD. Stereo-
tactic radiosurgery for brainstem metastases. J Neurosurg.
1999;91(4):563–8.

103. Fuentes S, Delsanti C, Metellus P, Peragut JC, Grisoli F,
Regis J. Brainstem metastases: management using gamma knife
radiosurgery. Neurosurgery. 2006;58(1):37–42.

104. Watanabe S, Yamamoto M, Sato Y, Kawabe T, Higuchi Y,
Kasuya H, Yamamoto T, Matsumura A, Barfod BE. Stereotactic
radiosurgery for brain metastases: a case-matched study compar-
ing treatment results for patients 80 years of age or older versus
patients 65–79 years of age. J Neurosurg. 2014;121(5):1148–57.

105. Iyer A, Harrison G, Kano H, Weiner GM, Luther N, Niranjan A,
Flickinger JC, Lunsford LD, Kondziolka D. Volumetric response
to radiosurgery for brain metastasis varies by cell of origin.
J Neurosurg. 2014;121(3):564–9.

106. Rades D, Pluemer A, Veninga T, Hanssens P, Dunst J, Schild SE.
Whole-brain radiotherapy versus stereotactic radiosurgery for
patients in recursive partitioning analysis classes 1 and 2 with 1–3
brain metastases. Cancer. 2007;110(10):2285–92.

107. Andrews DW, Scott CB, Sperduto PW, Flanders AE, Gaspar LE,
Schell MC, Werner-Wasik M, Demas W, Ryu J, Bahary JP,
Souhami L, Rotman M, Mehta MP, Curran WJ Jr. Whole brain
radiation therapy with or without stereotactic radiosurgery boost
for patients with one to three brain metastases: phase III results of
the RTOG 9508 randomised trial. Lancet. 2004;363(9422):1665–
72.

108. Sperduto PW, Shanley R, Luo X, Andrews D, Werner-Wasik M,
Valicenti R, Bahary J-P, Souhami L, Won M, Mehta M.
Secondary analysis of RTOG 9508, a phase 3 randomized trial
of whole-brain radiation therapy versus WBRT plus stereotactic
radiosurgery in patients with 1–3 metastases; poststratified by the
grade prognostic assessment (GPA). Int J Radiat Oncol Biol
Phys. 2014;90(3):526–31.

109. Kondziolka D, Patel A, Lunsford LD, Kassam A, Flickinger JC.
Stereotactic radiosurgery plus whole brain radiotherapy versus
radiotherapy alone for patients with multiple brain metastases.
Int J Radiat Oncol Biol Phys. 1999;45(2):427–34.

110. Bhatnagar AK, Flickinger JC, Kondziolka D. Lunsford LD
Stereotactic radiosurgery for four or more intracranial metastases.
Int J Radiat Oncol Biol Phys. 2006;64(3):898–903.

111. Maldaun MV, Aguiar PH, Lang F, Suki D, Wildrick D,
Sawaya R. Radiosurgery in the treatment of brain metastases:
critical review regarding complications. Neurosurg Rev. 2008;31
(1):1–8.

112. Chao ST, Ahluwalia MS, Barnett GH, Stevens GH, Murphy ES,
Stockham AL, Shiue K, Suh JH. Challenges with the diagnosis
and treatment of cerebral radiation necrosis. Int J Radiat Oncol
Biol Phys. 2013;87(3):449–57.

113. Boothe D, Young R, Yamada Y, Prager A, Chan T, Beal K.
Bevacizumab as treatment for radiation necrosis of brain
metastases post stereotactic radiosurgery. Neuro Oncol. 2013;15
(9):1257–63.

114. Sneed P, Mendez J, Vemer-van den Hoek JGM, Seymour ZA,
Ma L, Molinaro AM, Fogh SE, Nakamura JL, McDermott MW.
Adverse radiation effect after stereotactic radiosurgery for brain
metastases: incidence, time course, and risk factor. J Neurosurg.
2015; 123(2):373–86.

115. Auchter RM, Lamond JP, Alexander E, Buatti JM, Chappell R,
Friedman WA, Kinsella TJ, Levin AB, Noyes WR, Schultz CJ,
Loeffler JS, Mehta MP. A multiinstitutional outcome and
prognostic factor analysis of radiosurgery for resectable single
brain metastasis. Int J Radiat Oncol Biol Phys. 1996;35(1):27–35.

116. Muacevic A, Kreth FW, Horstmann GA, Schmid-Elsaesser R,
Wowra B, Steiger HJ, Reulen HJ. Surgery and radiotherapy
compared with gamma knife radiosurgery in the treatment of
solitary cerebral metastases of small diameter. J Neurosurg.
1999;91(1):35–43.

117. O’Neill BP, Iturria NJ, Link MJ, Pollock BE, Ballman KV,
O’Fallon JR. A comparison of surgical resection and stereotactic
radiosurgery in the treatment of solitary brain metastases. Int J
Radiat Oncol Biol Phys. 2003;55(5):1169–76.

118. Rades D, Kueter JD, Veninga T, Gliemroth J, Schild SE. Whole
brain radiotherapy plus stereotactic radiosurgery (WBRT + SRS)
versus surgery plus whole brain radiotherapy (OP + WBRT) for
1–3 brain metastases: results of a matched pair analysis. Eur J
Cancer. 2009;45(3):400–4.

4 Brain Metastasis as Complication of Systemic Cancers 75



119. Muacevic A, Wowra B, Siefert A, Tonn JC, Steiger HJ,
Kreth FW. Microsurgery plus whole brain irradiation versus
Gamma Knife surgery alone for treatment of single metastases to
the brain: a randomized controlled multicentre phase III trial.
J Neurooncol. 2008;87(3):299–307.

120. Bindal AK, Bindal RK, Hess KR, Shiu A, Hassenbusch SJ,
Shi WM, Sawaya R. Surgery versus radiosurgery in the treatment
of brain metastasis. J Neurosurg. 1996;84(5):748–54.

121. Sneed PK, Suh JH, Goetsch SJ, Sanghavi SN, Chappel R,
Buatti JM, Regine WF, Weltman E, King VJ, Breneman JC,
Sperduto PW, Mehta MP. A multi-institutional review of
radiosurgery alone vs. radiosurgery with whole brain radiother-
apy as the initial management of brain metastases. Int J Radiat
Oncol Biol Phys. 2002; 53(3):519–526.

122. Regine WF, Huhn JL, Patchell RA, St Clair WH, Strottman J,
Meigooni A, Sanders M, Young AB. Risk of symptomatic brain
tumor recurrence and neurologic deficit after radiosurgery alone
in patients with newly diagnosed brain metastases: results and
implications. Int J Radiat Oncol Biol Phys. 2002;52(2):333–8.

123. Patchell RA, Tibbs PA, Regine WF, Dempsey RJ, Mohiuddin M,
Kryscio RJ, Merkesbery WR, Foon KA, Young B. Postoperative
radiotherapy in the treatment of single metastases to the brain: a
randomized trial. JAMA. 1998;280(17):1485–9.

124. Aoyama H, Shirato H, Tago M, Nakagawa K, Toyoda T,
Hatano K, Keniyo M, Oya N, Hirota S, Shioura H, Kunieda E,
Inomata T, Hayakawa K, Katoh N, Kobashi G. Stereotactic
radiosurgery plus whole-brain radiation therapy vs stereotactic
radiosurgery alone for treatment of brain metastases: a random-
ized controlled trial. JAMA. 2006;295(21):2483–91.

125. Kocher M, Soffietti R, Abacioglu U, Villà S, Fauchon F,
Baumert BG, Fariselli L, Tzuk-Shina T, Kortmann RD, Carrie C,
Ben Hassel M, Kouri M, Valeinis E, van den Berge D, Collette S,
Collette L, Mueller RP. Adjuvant whole-brain radiotherapy
versus observation after radiosurgery or surgical resection of
one to three cerebral metastases: results of the EORTC
22952-26001 study. J Clin Oncol. 2011;29(2):134–41.

126. Tsao M, Xu W, Sahgal A. A meta-analysis evaluating stereotactic
radiosurgery, whole-brain radiotherapy, or both for patients
presenting with a limited number of brain metastases. Cancer.
2012;118(9):2486–93.

127. Sahgal A, Aoyama H, Kocher M, Neupane B, Collette S,
Tago M, Shaw P, Beyene J, Chang EL. Phase 3 trials of
stereotactic radiosurgery with or without whole-brain radiation
therapy for 1–4 brain metastases: individual patient data
meta-analysis. Int J Radiat Oncol Biol Phys. 2015;91(4):710–7.

128. McPherson CM, Suki D, Feiz-Erfan I, Mahaian A, Chang E,
Sawaya R, Lang FF. Adjuvant whole-brain radiation therapy after
surgical resection of single brain metastases. Neuro Oncol.
2010;12(7):711–9.

129. Aoyama H, Tago M, Kato N, Toyoda T, Keniyo M, Hirota S,
Shioura H, Inomata T, Kunieda E, Hayakawa K, Nakagawa K,
Kobashi G, Shirato H. Neurocognitive function of patients with
brain metastasis who received either whole brain radiotherapy
plus stereotactic radiosurgery or radiosurgery alone. Iny J Radiat
Oncol Biol Phys. 2007;68(5):1388–95.

130. Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF,
Kornguth DG, Arbuckle RB, Swint JM, Shiu AS, Maor MH,
Meyers CA. Neurocognition in patients with brain metastases
treated with radiosurgery or radiosurgery plus whole-brain
irradiation: a randomised controlled trial. Lancet Oncol.
2009;10(11):1037–44.

131. Brown PD. NCCTG N0574 (Alliance): a phase III randomized
trial of whole brain radiation therapy (WBRT) in addition to
radiosurgery (SRS) in patients with 1–3 brain metastases. Paper
presented at: 2015 ASCO 51st Annual Meeting 2015; Chicago, IL.

132. Soffietti R, Kocher M, Abacioglu U, Villa S, Fauchon F,
Baumert BG, Fariselli L, Tzuk-Shina T, Kortmann RD, Carrie C,
Ben Hassel M, Kouri M, Valeinis E, van der Berge D,
Mueller RP, Tridello G, Collette L, Bottomley A. A European
organisation for research and treatment of cancer phase III trial of
adjuvant whole-brain radiotherapy versus observation in patients
with one to three brain metastases from solid tumors after surgical
resection or radiosurgery: quality-of-life results. J Clin Oncol.
2013; 31(1):65–72.

133. Hahn C, Kavanagh B, Bhatnagar A, Jacobson G, Lutz S,
Patton C, Potters L, Steinberg M. Choosing wisely: the American
Society for Radiation Oncology’s top 5 list. Pract Radiat Oncol.
2014;4(6):349–55.

134. Soltys SG, Adler JR, Lipani JD, Jackson PS, Choi CY,
Puataweepong P, White S, Gibbs IC, Chang SD. Stereotactic
radiosurgery of the postoperative resection cavity for brain
metastases. Int J Radiat Oncol Biol Phys. 2008;70(1):187–
93.

135. Brennan C, Yang TJ, Hilden P, Zhang Z, Chan K, Yamada Y,
Chan TA, Lymberis SC, Narayana A, Tabar V, Gutin PH,
Ballangrud Å. Lis E9, Beal K. A phase 2 trial of stereotactic
radiosurgery boost after surgical resection for brain metastases.
Int J Radiat Oncol Biol Phys. 2014;88(1):130–6.

136. Amsbaugh MJ, Boling W et Woo S. Tumor bed radiosurgery: an
emerging treatment for brain metastases. J Neurooncol. 2015;
123(2):197–203.

137. Kelly PJ, Lin YB, Yu AY, Alexander BM, Hacker F, Marcus KJ,
Weiss SE. Stereotactic irradiation of the postoperative resection
cavity for brain metastasis: a frameless linear accelerator-based
case series and review of the technique. Int J Radiat Oncol Biol
Phys. 2012;82(1):95–101.

138. Hartford AC, Paravati AJ, Spire WJ, Li Z, Jarvis LA, Fadul CE,
Rhodes CH, Erkmen K, Friedman J, Gladstone DJ, Hug EB,
Roberts DW, Simmons NE. Postoperative stereotactic radio-
surgery without whole-brain radiation therapy for brain metas-
tases: potential role of preoperative tumor size. Int J Radiat Oncol
Biol Phys. 2013;85(3):650–5.

139. Hsieh J, Elson P, Otvos B, Rose J, Loftus C, Rahmathulla G,
Angelov L, Barnett GH, Weil RJ, Vogelbaum MA. Tumor
progression in patients receiving adjuvant whole-brain radiother-
apy vs localized radiotherapy after surgical resection of brain
metastases. Neurosugery. 2015;76(4):411–20.

140. Choi CY, Chang SD, Gibbs IC, Adler JR, Harsh GR 4th,
Lieberson RE, Soltys SG. Stereotactic radiosurgery of the
postoperative resection cavity for brain metastases: prospective
evaluation of target margin on tumor control. Int J Radiat Oncol
Biol Phys. 2012;84(2):336–42.

141. Minniti G, Esposito V, Clarke E, Scaringi C, Lanzetta G,
Salvati M, Raco A, Bozzao A, Maurizi Enrici R. Multidose
stereotactic radiosurgery (9 Gy x 3) of the postoperative resection
cavity for treatment of large brain metastases. Int J Radiat Oncol
Biol Phys. 2013;86(4):623–9.

142. Ling DC, Vargo JA, Wegner RE, Flickinger JC, Burton SA,
Engh J, Amankulor N, Quinn AE, Ozhasoglu C, Heron DE.
Postoperative stereotactic radiosurgery to the resection cavity for
large brain metastases: clinical outcomes, predictors of intracra-
nial failure, and implications for optimal patient selection.
Neurosurgery. 2015;76(2):150–6.

143. Mathieu D, Kondziolka D, Flickinger JC, Fortin D, Kenny B,
Michaud K, Mongia S, Niranjan A, Lunsford LD. Tumor bed
radiosurgery after resection of cerebral metastases. Neurosurgery.
2008;62(4):817–23.

144. Jensen CA, Chan MD, McCoy TP, Bourland JD, deGuzman AF,
Ellis TL, Ekstrand KE, McMullen KP, Munley MT, Shaw EG,
Urbanic JJ, Tatter SB. Cavity-directed radiosurgery as adjuvant

76 R. Soffietti et al.



therapy after resection of a brain metastasis. J Neurosurg.
2011;114(6):1585–91.

145. Robbins JR, Ryu S, Kalkanis S, Cogan C, Rock J, Movsas B,
Kim JH, Rosenblum M. Radiosurgery to the surgical cavity as
adjuvant therapy for resected brain metastasis. Neurosurgery.
2012;71(5):937–43.

146. Atalar B, Modlin LA, Choi CY, Adler JR, Gibbs IC, Chang SD,
Harsh GR 4th, Li G, Nagpal S, Hanlon A, Soltys SG. Risk of
leptomeningeal disease in patients treated with stereotactic
radiosurgery targeting the postoperative resection cavity for brain
metastases. Int J Radiat Oncol Biol Phys. 2013;87(4):713–8.

147. Roberge D, Parney I, Brown PD. Radiosurgery to the postop-
erative surgical cavity: who needs evidence? Int J Radiat Oncol
Biol Phys. 2012;83(2):486–93.

148. Li J, Bentzen SM, Renschler M, Mehta MP. Regression after
whole-brain radiation therapy for brain metastases correlates with
survival and improved neurocognitive function. J Clin Oncol.
2007;25(10):1260–6.

149. Tsao MN, Lloyd N, Wong RK, Chow E, Rakovitch E, Laper-
riere N, Xu W, Sahgal A. Whole brain radiotherapy for the
treatment of newly diagnosed multiple brain metastases.
Cochrane Database Syst Rev. 2012;4(6):349–55.

150. Mulvenna PM. The management of brain metastases in patients
with non-small cell lung cancer-is it time to go back to the
drawing board? Clin Oncol (R Coll Radiol). 2010;22(5):365–73.

151. Mehta MP, Shapiro WR, Phan SC, Gervais R, Carrie C,
Chabot P, Patchell RA, Glantz MJ, Recht L, Langer C,
Sur RK, Roa WH, Mahe MA, Fortin A, Meyers CA, Smith JA,
Miller RA, Renschler MF. Motexafin gadolinium combined with
prompt whole brain radiotherapy prolongs time to neurologic
progression in non-small-cell lung cancer patients with brain
metastases: results of a phase III trial. Int J Radiat Oncol Biol
Phys. 2009;73(4):1069–76.

152. Scott C, Suh J, Stea B, Nabid A, Hackman J. Improved survival,
quality of life, and quality-adjusted survival in breast cancer
patients treated with efaproxiral (Efaproxyn) plus whole-brain
radiation therapy for brain metastases. Am J Clin Oncol. 2007;30
(6):580–7.

153. DeAngelis LM, Delattre JY, Posner JB. Radiation-induced
dementia in patients cured of brain metastases. Neurology.
1989;39(6):789–96.

154. Orgogozo JM, Rigaud AS, Stöffler A, Möbius HJ, Forette F.
Efficacy and safety of memantine in patients with mild to
moderate vascular dementia: a randomized, placebo-controlled
trial (MMM 300). Stroke. 2002;33(7):1834–9.

155. Wilcock GK. Memantine for the treatment of dementia. Lancet
Neurol. 2003;2(8):503–5.

156. Brown PD, Pugh S, Laack NN, Wefel JS, Khuntia D, Meyers C,
Choucair A, Fox S, Suh JH, Roberge D, Kavadi V, Bentzen SM,
Mehta MP, Watkins-Bruner D. Radiation Therapy Oncology
Group (RTOG). Memantine for the prevention of cognitive
dysfunction in patients receiving whole-brain radiotherapy: a
randomized, double-blind, placebo-controlled trial. Neuro Oncol.
2013;15(10):1429–37.

157. Monje ML, Palmer T. Radiation injury and neurogenesis. Curr
Opin Neurol. 2003;16(2):12–34.

158. Gibson E, Monje M. Effect of cancer therapy on neural stem
cells: implications for cognitive function. Curr Opin Oncol.
2012;24(6):672–8.

159. Gondi V, ToméWA, Mehta MP. Why avoid the hippocampus? A
comprehensive review. Radiother Oncol. 2010;97(3):370–6.

160. Ghia A, Tomé WA, Thomas S, Cannon G, Khuntia D, Kuo JS,
Mehta MP. Distribution of brain metastases in relation to the
hippocampus: implications for neurocognitive functional preser-
vation. Int J Radiat Oncol Biol Phys. 2007;68(4):971–7.

161. Marsh JC, Herskovic AM, Gielda BT, Hughes FF, Hoeppner T,
Turian J, Abrams RA. Intracranial metastatic disease spares the
limbic circuit: a review of 697 metastatic lesions in 107 patients.
Int J Radiat Oncol Biol Phys. 2010;76(2):504–12.

162. Gondi V, Pugh SL, Tome WA, Caine C, Corn B, Kanner A,
Rowley H, Kundapur V, DeNittis A, Greenspoon JN, Konski AA,
Bauman GS, Shah S, Shi W, Wendland M, Kachnic L,
Mehta MP. Preservation of memory with conformal avoidance of
the hippocampal neural stem-cell compartment during whole-brain
radiotherapy for brain metastases (RTOG 0933): a phase II
multi-institutional trial. J Clin Oncol. 2014;32(34):3810–6.

163. Suh JH. Hippocampal-avoidance whole-brain radiation therapy: a
new standard for patients with brain metastases? J Clin Oncol.
2014;32(34):3789–91.

164. Sundaresan N, Sachdev VP, DiGiacinto GV, Hughes JE. Reop-
eration for brain metastases. J Clin Oncol. 1988;6(10):1625–9.

165. Arbit E, Wroński M, Burt M, Galicich JH. The treatment of
patients with recurrent brain metastases. A retrospective analysis
of 109 patients with nonsmall cell lung cancer. Cancer. 1995;76
(5):765–73.

166. Bindal RK, Sawaya R, Leavens ME, Hess KR, Taylor SH.
Reoperation for recurrent metastatic brain tumors. J Neurosurg.
1995;83(4):600–4.

167. Chao ST, Barnett GH, Vogelbaum MA, Angelov L, Weil RJ,
Neyman G, Reuther AM, Suh JH. Salvage stereotactic radio-
surgery effectively treats recurrences from whole-brain radiation
therapy. Cancer. 2008;113(8):2198–204.

168. Caballero JA, Sneed PK, Lamborn KR, Ma L, Denduluri S,
Nakamura JL, Barani IJ, McDermott MW. Prognostic factors for
survival in patients treated with stereotactic radiosurgery for
recurrent brain metastases after prior whole brain radiotherapy.
Int J Radiat Oncol Biol Phys. 2012;83(1):303–9.

169. Kurtz G, Zadeh G, Gingras-Hill G, Millar BA, Laperriere NJ,
Bernstein M, Jiang H, Ménard C, Chung C. Salvage radiosurgery
for brain metastases: prognostic factors to consider in patient
selection. Int J Radiat Oncol Biol Phys. 2014;88(1):137–42.

170. Lucas JT Jr, Colmer HG 4th, White L, Fitzgerald N, Isom S,
Bourland JD, Laxton AW, Tatter SB, Chan MD. Competing risk
analysis of neurologic versus nonneurologic death in patients
undergoing radiosurgical salvage after whole-brain radiation
therapy failure: who actually dies of their brain metastases? Int J
Radiat Oncol Biol Phys. 2015;92(5):1008–15.

171. Hsu F, Kouhestani P, Nguyen S, Cheung A, McKenzie M, Ma R,
Toyota B, Nichol A. Population-based outcomes of boost versus
salvage radiosurgery for brain metastases after whole brain
radiotherapy. Radiother Oncol. 2013;108(1):128–31.

172. Kim DH, Schultheiss TE, Radany EH, Badie B, Pezner RD.
Clinical outcomes of patients treated with a second course of
stereotactic radiosurgery for locally or regionally recurrent brain
metastases after prior stereotactic radiosurgery. J Neurooncol.
2013;115(1):37–43.

173. Chen JC, Petrovich Z, Giannotta SL, Yu C, Apuzzo ML.
Radiosurgical salvage therapy for patients presenting with
recurrence of metastatic disease to the brain. Neurosurgery.
2000;46(4):860–6; discussion 866–7.

174. Kondziolka D, Kano H, Harrison GL, Yang HC, Liew DN,
Niranjan A, Brufsky AM, Flickinger JC, Lunsford LD. Stereo-
tactic radiosurgery as primary and salvage treatment for brain
metastases from breast cancer. Clinical article. J Neurosurg.
2011;114(3):792–800.

175. Shultz DB, Modlin LA, Jayachandran P, Von Eyben R, Gibbs IC,
Choi CY, Chang SD, Harsh GR 4th, Li G, Adler JR, Hancock SL,
Soltys SG. Repeat courses of stereotactic radiosurgery (SRS),
deferring whole-brain irradiation, for new brain metastases after
initial SRS. Int J Radiat Oncol Biol Phys. 2015;92(5):993–9.

4 Brain Metastasis as Complication of Systemic Cancers 77



176. Soffietti R, Rudà R, Trevisan E. Brain metastases: current
management and new developments. Curr Opin Oncol. 2008;20
(6):676–84.

177. Mehta MP, Paleologos NA, Mikkelsen T, Robinson PD, Ammi-
rati M, Andrews DW, Asher AL, Burri SH, Cobbs CS,
Gaspar LE, Kondziolka D, Linskey ME, Loeffler JS, McDer-
mott M, Olson JJ, Patchell RA, Ryken TC, Kalkanis SN. The role
of chemotherapy in the management of newly diagnosed brain
metastases: a systematic review and evidence-based clinical
practice guideline. J Neurooncol. 2010;96(1):71–83.

178. Liu R, Wang X, Ma B, Yang K, Zhang Q, Tian J. Concomitant or
adjuvant temozolomide with whole-brain irradiation for brain
metastases: a meta-analysis. Anticancer Drugs. 2010;21(1):120–8.

179. Cao KI, Lebas N, Gerber S, Levy C, Le Scodan R, Bourgier C,
Pierga JY, Gobillion A, Savignoni A, Kirova YM. Phase II
randomized study of whole-brain radiation therapy with or
without concurrent temozolomide for brain metastases from
breast cancer. Ann Oncol. 2015;26(1):89–94.

180. Gerstner ER, Fine RL. Increased permeability of the blood-brain
barrier to chemotherapy in metastatic brain tumors: establishing a
treatment paradigm. J Clin Oncol. 2007;25(16):2306–12.

181. Soffietti R, Trevisan E, Rudà R. Targeted therapy in brain
metastasis. Curr Opin Oncol. 2012;24(6):679–86.

182. Lin NU. Targeted therapies in brain metastases. Curr Treat
Options Neurol. 2014;16(1):276.

183. Mehta MP. Brain metastases: the changing landscape. Oncology
(Williston Park). 2015;29(4):257–60.

184. Besse B, Lasserre SF, Compton P, Huang J, Augustus S,
Rohr UP. Bevacizumab safety in patients with central nervous
system metastases. Clin Cancer Res. 2010;16(1):269–78.

185. Fan Y, Xu X, Xie C. EGFR-TKI therapy for patients with brain
metastases from non-small-cell lung cancer: a pooled analysis of
published data. Onco Targets Ther. 2014;10(7):2075–84.

186. Jamal-Hanjani M, Spicer J. Epidermal growth factor receptor
tyrosine kinase inhibitors in the treatment of epidermal growth
factor receptor-mutant non-small cell lung cancer metastatic to
the brain. Clin Cancer Res. 2012;18(4):938–44.

187. Burel-Vandenbos F, Ambrosetti D, Coutts M, Pedeutour F.
EGFR mutation status in brain metastases of non-small cell lung
carcinoma. J Neurooncol. 2013;111(1):1–10.

188. Zimmermann S, Dziadziuszko R, Peters S. Indications and
limitations of chemotherapy and targeted agents in non-small cell
lung cancer brain metastases. Cancer Treat Rev. 2014;40(6):716–
22.

189. Welsh JW, Komaki R, Amini A,Munsell MF, UngerW, Allen PK,
Chang JY, Wefel JS, McGovern SL, Garland LL, Chen SS, Holt J,
Liao Z, Brown P, Sulman E, Heymach JV, Kim ES, Stea B.
Phase II trial of erlotinib plus concurrent whole-brain radiation
therapy for patients with brain metastases from non-small-cell lung
cancer. J Clin Oncol. 2013;31(7):895–902.

190. Lee SM, Lewanski CR, Counsell N, Ottensmeier C, Bates A,
Patel N, Wadsworth C, Ngai Y, Hackshaw A, Faivre-Finn C.
Randomized trial of erlotinib plus whole-brain radiotherapy for
NSCLC patients with multiple brain metastases. J Natl Cancer
Inst. 2014;106(7).

191. Sperduto PW, Wang M, Robins HI, Schell MC, Werner-Wasik
M, Komaki R, Souhami L, Buyyounouski MK, Khuntia D,
Demas W, Shah SA, Nedzi LA, Perry G, Suh JH,
Mehta MP. A phase 3 trial of whole brain radiation therapy
and stereotactic radiosurgery alone versus WBRT and SRS with
temozolomide or erlotinib for non-small cell lung cancer and 1–3
brain metastases: radiation therapy oncology group 0320. Int J
Radiat Oncol Biol Phys. 2013;85(5):1312–8.

192. Preusser M, Berghoff AS, Ilhan-Mutlu A, Magerle M, Dinhof C,
Widhalm G, Dieckmann K, Marosi C, Wöhrer A, Hackl M,

Zöchbauer-Müller S, von Deimling A, Schoppmann SF, Zielin-
ski CC, Streubel B, Birner P. ALK gene translocations and
amplifications in brain metastases of non-small cell lung cancer.
Lung Cancer. 2013;80(3):278–83.

193. Costa DB, Shaw AT, Ou SH, Solomon BJ, Riely GJ, Ahn MJ,
Zhou C, Shreeve SM, Selaru P, Polli A, Schnell P, Wilner KD,
Wiltshire R, Camidge DR, Crinò L. Clinical experience with
crizotinib in patients with advanced ALK-rearranged
non-small-cell lung cancer and brain metastases. J Clin Oncol.
2015;33(17):1881–8.

194. Ekenel M, Hormigo AM, Peak S, Deangelis LM, Abrey LE.
Capecitabine therapy of central nervous system metastases from
breast cancer. J Neurooncol. 2007;85(2):223–7.

195. Rivera E, Meyers C, Groves M, Valero V, Francis D, Arun B,
Broglio K, Yin G, Hortobagyi GN, Buchholz T. Phase I study of
capecitabine in combination with temozolomide in the treatment
of patients with brain metastases from breast carcinoma. Cancer.
2006;107(6):1348–54.

196. Lassman AB, Abrey LE, Shah GD, Panageas KS, Begemann M,
Malkin MG, Raizer JJ. Systemic high-dose intravenous
methotrexate for central nervous system metastases. J Neurooncol.
2006;78(3):255–60. Erratum in: J Neurooncol. 2006;78(3):261.
Shah, Gaurav G [corrected to Shah, Gaurav D].

197. Lin NU, Carey LA, Liu MC, Younger J, Come SE, Ewend M,
Harris GJ, Bullitt E, Van den Abbeele AD, Henson JW, Li X,
Gelman R, Burstein HJ, Kasparian E, Kirsch DG, Crawford A,
Hochberg F, Winer EP. Phase II trial of lapatinib for brain
metastases in patients with human epidermal growth factor receptor
2-positive breast cancer. J Clin Oncol. 2008;26(12):1993–9.

198. Bachelot T, Romieu G, Campone M, Diéras V, Cropet C,
Dalenc F, Jimenez M, Le Rhun E, Pierga JY, Gonçalves A,
Leheurteur M, Domont J, Gutierrez M, Curé H, Ferrero JM,
Labbe-Devilliers C. Lapatinib plus capecitabine in patients with
previously untreated brain metastases from HER2-positive
metastatic breast cancer(LANDSCAPE): a single-group phase 2
study. Lancet Oncol. 2013;14(1):64–71.

199. Agarwala SS, Kirkwood JM, Gore M, Dreno B, Thatcher N,
Czarnetski B, Atkins M, Buzaid A, Skarlos D, Rankin EM.
Temozolomide for the treatment of brain metastases associated
with metastatic melanoma: a phase II study. J Clin Oncol.
2004;22(11):2101–7.

200. Harding JJ, Catalanotti F, Munhoz RR, Cheng DT, Yaqubie A,
Kelly N, McDermott GC, Kersellius R, Merghoub T, Lacou-
ture ME, Carvajal RD, Panageas KS, Berger MF, Rosen N,
Solit DB, Chapman PB. A retrospective evaluation of vemu-
rafenib as treatment for BRAF-mutant melanoma brain metas-
tases. Oncologist. 2015;20(7):789–97.

201. Dummer R, Goldinger SM, Turtschi CP, Eggmann NB,
Michielin O, Mitchell L, Veronese L, Hilfiker PR, Felderer L,
Rinderknecht JD. Vemurafenib in patients with BRAF(V600)
mutation-positive melanoma with symptomatic brain metastases:
final results of an open-label pilot study. Eur J Cancer. 2014;50
(3):611–21.

202. Long GV, Trefzer U, Davies MA, Kefford RF, Ascierto PA,
Chapman PB, Puzanov I, Hauschild A, Robert C, Algazi A,
Mortier L, Tawbi H, Wilhelm T, Zimmer L, Switzky J, Swann S,
Martin AM, Guckert M, Goodman V, Streit M, Kirkwood JM,
Schadendorf D. Dabrafenib in patients with Val600Glu or
Val600Lys BRAF-mutant melanoma metastatic to the brain
(BREAK-MB): a multicentre, open-label, phase 2 trial. Lancet
Oncol. 2012;13(11):1087–95.

203. Weber JS, Amin A, Minor D, Siegel J, Berman D, O’Day
SJ. Safety and clinical activity of ipilimumab in melanoma
patients with brain metastases: retrospective analysis of data from
a phase 2 trial. Melanoma Res. 2011;21(6):530–4.

78 R. Soffietti et al.



204. Margolin K, Ernstoff MS, Hamid O, Lawrence D, McDermott D,
Puzanov I, Wolchok JD, Clark JI, Sznol M, Logan TF,
Richards J, Michener T, Balogh A, Heller KN, Hodi FS.
Ipilimumab in patients with melanoma and brain metastases: an
open-label, phase 2 trial. Lancet Oncol. 2012;13(5):459–65.

205. Queirolo P, Spagnolo F, Ascierto PA, Simeone E, Marchetti P,
Scoppola A, Del Vecchio M, Di Guardo L, Maio M, Di
Giacomo AM, Antonuzzo A, Cognetti F, Ferraresi V, Ridolfi L,
Guidoboni M, Guida M, Pigozzo J, Chiarion Sileni V. Efficacy
and safety of ipilimumab in patients with advanced melanoma
and brain metastases. J Neurooncol. 2014;118(1):109–16.

206. Patel KR, Shoukat S, Oliver DE, Chowdhary M, Rizzo M,
Lawson DH, Khosa F, Liu Y, Khan MK. Ipilimumab and
Stereotactic Radiosurgery Versus Stereotactic Radiosurgery
Alone for Newly Diagnosed Melanoma Brain Metastases. Am J
Clin Oncol. 2015. [Epub ahead of print].

207. Aupérin A, Arriagada R, Pignon JP, Le Péchoux C, Gregor A,
Stephens RJ, Kristjansen PE, Johnson BE, Ueoka H, Wagner H,
Aisner J. Prophylactic cranial irradiation for patients with
small-cell lung cancer in complete remission. Prophylactic cranial
irradiation overview collaborative group. N Engl J Med.
1999;341(7):476–84.

208. Meert AP, Paesmans M, Berghmans T, Martin B, Mascaux C,
Vallot F, Verdebout JM, Lafitte JJ, Sculier JP. Prophylactic
cranial irradiation in small cell lung cancer: a systematic review
of the literature with meta-analysis. BMC Cancer. 2001;1:5.

209. Arriagada R, Le Chevalier T, Borie F, Rivière A, Chomy P,
Monnet I, Tardivon A, Viader F, Tarayre M, Benhamou S.
Prophylactic cranial irradiation for patients with small-cell lung
cancer in complete remission. J Natl Cancer Inst. 1995;87
(3):183–90.

210. Gregor A, Cull A, Stephens RJ, Kirkpatrick JA, Yarnold JR,
Girling DJ, Macbeth FR, Stout R, Machin D. Prophylactic cranial
irradiation is indicated following complete response to induction
therapy in small cell lung cancer: results of a multicentre
randomised trial. United Kingdom Coordinating Committee for
Cancer Research (UKCCCR) and the European Organization for
Research and Treatment of Cancer (EORTC). Eur J Cancer.
1997;33(11):1752–8.

211. Lester JF, MacBeth FR, Coles B. Prophylactic cranial irradiation
for preventing brain metastases in patients undergoing radical
treatment for non-small-cell lung cancer: a Cochrane Review.
Int J Radiat Oncol Biol Phys. 2005;63(3):690–4.

212. Steeg PS, Camphausen KA, Smith QR. Brain metastases as
preventive and therapeutic targets. Nat Rev Cancer. 2011;11
(5):352–63.

213. Trinh VA, Hwu WJ. Chemoprevention for brain metastases. Curr
Oncol Rep. 2012;14(1):63–9.

214. Kienast Y, von Baumgarten L, Fuhrmann M, Klinkert WE,
Goldbrunner R, Herms J, Winkler F. Real-time imaging reveals
the single steps of brain metastasis formation. Nat Med. 2010;16
(1):116–22.

215. Gril B, Palmieri D, Bronder JL, Herring JM, Vega-Valle E,
Feigenbaum L, Liewehr DJ, Steinberg SM, Merino MJ,
Rubin SD, Steeg PS. Effect of lapatinib on the outgrowth of
metastatic breast cancer cells to the brain. J Natl Cancer Inst.
2008;100(15):1092–103.

216. Palmieri D, Lockman PR, Thomas FC, et al. Vorinostat inhibits
brain metastatic colonization in a model of triple-negative breast
cancer and induces DNA double-strand breaks. Clin Cancer Res.
2009;15:6148–57.

217. Gril B, Palmieri D, Qian Y, Smart D, Ileva L, Liewehr DJ,
Steinberg SM, Steeg PS. Pazopanib reveals a role for tumor cell
B-Raf in the prevention of HER2 + breast cancer brain metas-
tasis. Clin Cancer Res. 2011;17(1):142–53.

218. Qian Y, Hua E, Bisht K, Woditschka S, Skordos KW,
Liewehr DJ, Steinberg SM, Brogi E, Akram MM, Killian JK,
Edelman DC, Pineda M, Scurci S, Degenhardt YY, Laquerre S,
Lampkin TA, Meltzer PS, Camphausen K, Steeg PS, Palmieri D.
Inhibition of Polo-like kinase 1 prevents the growth of metastatic
breast cancer cells in the brain. Clin Exp Metastasis. 2011;28
(8):899–908.

219. Cameron D, Casey M, Press M, et al. A phase III randomized
comparison of lapatinib plus capecitabine versus capecitabine
alone in women with advanced breast cancer that has progressed
on trastuzumab: updated efficacy and biomarker analyses. Breast
Cancer Res Treat. 2008;112:533–43.

220. Heon S, Yeap BY, Britt GJ, et al. Development of central nervous
system metastases in patients with advanced non-small cell lung
cancer and somatic EGFR mutations treated with gefitinib or
erlotinib. Clin Cancer Res. 2010;16:5873–82.

221. Stadler WM, Figlin RA, McDermott DF, et al. Safety and efficacy
results of the advanced renal cell carcinoma sorafenib expanded
access program in North America. Cancer. 2010;116:1272–80.

222. Massard C, Zonierek J, Gross-Goupil M, et al. Incidence of brain
metastases in renal cell carcinoma treated with sorafenib. Ann
Oncol. 2010;21:1027–31.

223. Verma J, Jonasch E, Allen P, Tannir N, Mahajan A. Impact of
tyrosine kinase inhibitors on the incidence of brain metastasis in
metastatic renal cell carcinoma. Cancer. 2011;117(21):4958–65.

224. Peereboom DM. Clinical trial design in brain metastasis:
approaches for a unique patient population. Curr Oncol Rep.
2012;14:91–6.

225. Lin NU, Lee EQ, Aoyama H, Barani IJ, Baumert BG,
Brown PD, Camidge DR, Chang SM, Dancey J, Gaspar LE,
Harris GJ, Hodi FS, Kalkanis SN, Lamborn KR, Linskey ME,
Macdonald DR, Margolin K, Mehta MP, Schiff D, Soffietti R,
Suh JH, van den Bent MJ, Vogelbaum MA, Wefel JS, Wen PY;
Response Assessment in Neuro-Oncology (RANO) group. Chal-
lenges relating to solid tumour brain metastases in clinical trials,
part 1: patient population, response, and progression. A report
from the RANO group. Lancet Oncol. 2013;14(10):e396–406.

226. Lin NU, Wefel JS, Lee EQ, Schiff D, van den Bent MJ,
Soffietti R, Suh JH, Vogelbaum MA, Mehta MP, Dancey J,
Linskey ME, Camidge DR, Aoyama H, Brown PD, Chang SM,
Kalkanis SN, Barani IJ, Baumert BG, Gaspar LE, Hodi FS,
Macdonald DR, Wen PY; Response Assessment in
Neuro-Oncology (RANO) group. Challenges relating to solid
tumour brain metastases in clinical trials, part 2: neurocognitive,
neurological, and quality-of-life outcomes. A report from the
RANO group. Lancet Oncol. 2013;14(10):e407–16.

227. Berry DA. Adaptive clinical trials: the promise and the caution.
J Clin Oncol. 2011;29:606–9.

228. Lin NU, Lee EQ, Aoyama H, Barani IJ, Barboriak DP,
Baumert BG, Bendszus M, Brown PD, Camidge DR,
Chang SM, Dancey J, de Vries EG, Gaspar LE, Harris GJ,
Hodi FS, Kalkanis SN, Linskey ME, Macdonald DR, Margolin K,
Mehta MP, Schiff D, Soffietti R, Suh JH, van den Bent MJ,
Vogelbaum MA, Wen PY; Response Assessment in
Neuro-Oncology (RANO) group. Response assessment criteria
for brain metastases: proposal from the RANO group. Lancet
Oncol. 2015;16(6):e270–8.

4 Brain Metastasis as Complication of Systemic Cancers 79



5Leptomeningeal Metastasis as Complication
of Systemic Cancers

Sophie Taillibert, Emilie Le Rhun, and Marc C. Chamberlain

Abbreviations
AEDs Anti epileptic drugs
BBB Blood brain barrier
BC Breast cancer
BM Brain metastases
CSF Cerebrospinal fluid
CSI Craniospinal axis irradiation
CT Computed tomography
CTLA Cytotoxic T-lymphocyte antigen
CTCs Circulating tumor cells
EGFR Epidermal growth factor receptor
EpCAM Epithelial-cell adhesion molecule
ER Estrogen receptor
FCI Flow cytometry immunophenotyping
FLAIR Fluid attenuation inversion recovery
HD High dose
IT Intrathecal
IV Intravenous
IVent Intraventricular
LM Leptomeningeal metastases
LR Lumbar route
MAPK Mitogen-activated protein kinase
MR-Gd Magnetic resonance with gadolinium
MRI Magnetic resonance imaging

S. Taillibert
Department of Neurology, Pitié-Salpétrière Hospital, UPMC-Paris
VI University, 47 bd de l’hôpital, 75013 Paris, France
e-mail: sophie.taillibert@pal.aphp.fr; sophie.taillibert@gmail.com

S. Taillibert
Department of Radiation Oncology, Pitié-Salpétrière Hospital,
UPMC-Paris VI University, 47 bd de l’hôpital, 75013 Paris,
France

E. Le Rhun
Department of Neurosurgery and Neuro-oncology, University
Hospital, 59037 Lille Cedex, France
e-mail: emilie.lerhun@chru-lille.fr

E. Le Rhun
Department of Medical Oncology, Breast Unit, Oscar Lambert
Center, 59020 Lille Cedex, France

E. Le Rhun
PRISm Inserm U1191, Villeneuve d’Ascq, France

M.C. Chamberlain (&)
Cascadian Therapeutics, Inc., 2601 Fourth Ave, Suite 500,
Seattle, WA 98121, USA
e-mail: chambemc@uw.edu

© Springer International Publishing AG 2018
D. Schiff et al. (eds.), Cancer Neurology in Clinical Practice,
DOI 10.1007/978-3-319-57901-6_5

81



MTX Methotrexate
NCCN National comprehensive cancer network
NSCLC Non small cell lung cancer
OS Overall survival
PFS Progression free survival
PR Progesterone receptor
PS Performance status
QoL Quality of life
RANO Response assessment in neuro-oncology
RCCT Rare cell capture technology
RCTs Randomized clinical trials
RECIST Response evaluation criteria in solid tumors
RT Radiation therapy
TKI Tyrosine kinase inhibitors
TTP Time to tumor progression
VEGF Vascular endothelial growth factor
VPS Ventriculo-peritoneal shunting
WBC White blood cells
WBRT Whole brain radiation therapy

Introduction

Leptomeningeal metastases (LM) result from the spread of
cancer cells to the leptomeninges. LM is a relevant clinical
issue in neuro-oncology due to its increasing incidence and
poor prognosis and functional consequences directly
impacting patients’ quality of life. In recent years, not
withstanding advances in earlier diagnosis of LM, the
increased recognition has not been accompanied by thera-
peutic improvements in patient outcomes. This chapter
focuses on LM secondary to “solid” primary cancers and
excludes those originating from the central nervous system
(CNS) or from hematologic malignancies.

Epidemiology and Risk Factors

LM is identified in 4–15% of cancer patients [1–8]. LM is
confirmed postmortem in 19% of cancer patients who were
neurologically symptomatic antemortem [9]. Brain metas-
tases (BM) are diagnosed in 50–80% of LM patients [10–
14]. The cancers that most commonly lead to LM are lym-
phoma, leukemia, breast and lung cancer, head and neck
cancer, melanoma and gastric cancer; however, any histo-
logic type can result in LM (Table 5.1). In most cases (70%),
LM occurs in the setting of an advanced systemic disease.
Nevertheless, 5–10% of cases are the initial manifestation of
the cancer (including occasional cases where no
extra-leptomeningeal cancer is identified), or after a pro-
longed disease-free interval (20%) [1, 5, 15–17]. The three

most common causes of solid tumor-related LM are breast
cancer, lung cancer, and melanoma, illustrating the prelec-
tion for adenocarcinomas to metastasize to the lep-
tomeninges (Table 5.2) [2, 5, 6].

Although non-small cell cancer lung (NSCLC) and
melanoma show a tropism for the leptomeninges (11% and

Table 5.1 Distribution of LM by type of cancer

Type of cancer %

Breast cancer
Lung carcinoma
Melanoma
Gastrointestinal tract cancer
Adenocarcinoma of unknown primary

12–34
10–26
17–25
4–14
1–7

Data from References [1–6]
Used from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous
meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol
Int. 2013; 4(Suppl 4): S265–S288. Open Access Journal

Table 5.2 Frequency of leptomeningeal metastatic involvement by
type of cancer

Type of cancer Frequency of secondary LM (%)

Melanoma
Small cell lung cancer
Breast carcinoma
Non-small cell lung cancer
Head and Neck

22–46
10–25
5
1
1

Data from References [2, 5, 6]
Used from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous
meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol
Int. 2013; 4(Suppl 4): S265–S288. Open Access Journal
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up to 23% respectively) [18, 19], the incidence of LM sec-
ondary to breast cancer (BC) is higher, notwithstanding an
overall 5% rate of spread to the CSF and leptomeninges [1,
5, 20]. Negative estrogen receptor (ER) , negative proges-
terone receptor (PR), triple-negative status, and an infiltrat-
ing lobular component are all risk factors for LM in BC
patients [21–27]. In HER2 positive patients, opposite to the
well-established increased incidence of intraparenchymal
brain metastases, LM is relatively infrequent with an inci-
dence of 3–5% [28]. According to a recent retrospective
study, the occurrence of pulmonary metastases is associated
with development of LM in breast cancer [29]. Another
retrospective series concluded that breast cancer patients
undergoing resection of a brain metastasis had a high risk of
leptomeningeal disease [30]. Progressive systemic disease
and age younger than 40 years at the time of brain metastasis
treatment have also been associated with a higher risk of
developing LM in BC patients [31].

Risk factors predisposing metastatic spread to lep-
tomeninges include piecemeal surgical resection of
parenchymal cerebellar lesions, and resection of supraten-
torial BM resulting in a breach of the ventricular system [31–
37]. In both situations, direct spillage of tumor cells into the
CSF and subsequent dissemination of malignant cells is the
presumed mechanism. Improvement in systemic therapy
resulting in prolonged survival of patients is another factor
that contributes to the increased incidence of LM. By
example, the incidence of LM in melanboma has increased
since the introduction of recently approved drugs such as
anti-cytotoxic T-lymphocyte antigen (CTLA)-4 and PD-1
antibodies and BRAF inhibitors that have improved overall
survival (OS) and control of extracranial disease [16]. The
poor central nervous system (CNS) penetration of targeted
therapies such as antibodies (e.g., trastuzumab in BC) is
another factor contributing to the increased incidence of LM
[38–41]. The meninges and cerebrospinal fluid (CSF)
compartment is a pharmacological sanctuary for many
cytotoxic agents that have limited ability to cross an intact
blood–CSF barrier.

Pathogenesis

There are many ways by which malignant cells can spread to
the leptomeninges: (1) hematogenous spread, mostly by
arterial contamination or via the venous plexus of Batson in
pelvic cancers; (2) direct dissemination from adjacent BM or
primary brain tumors; (3) through centripetal migration,
along perineural or perivascular spaces. The latter mecha-
nism is mostly observed in head and neck cancers, and in
breast and lung cancers, when there are known vertebral and
paravertebral metastases [42–44].

Once circulating tumor cells (CTC) have breached the
subarachnoid space (SA), CTC spread through CSF, result-
ing in diffuse and multifocal seeding of the leptomeninges.
The base of brain (especially the basilar cisterns) and dorsal
surface of the spinal cord (especially the cauda equina) are
predominantly affected [45, 46]. The CSF outflow may be
obstructed by ependymal nodules or tumor deposits leading
to a communicating hydrocephalus. Obstruction of CSF
corridors affects predominantly the IVth ventricle, basal
cisterns, cerebral convexity, and spinal SA.

Diagnosis

It is important to diagnose LM in its initial stage, when
neurological impairment is minimal, the patient performance
status (PS) is maintained, and the tumor burden is low as
these factors are correlated with response to treatment and
OS.

Clinical Features

LM typically presents with pleomorphic neurological signs
and symptoms. The clinical manifestations of LM typically
reflect the simultaneous involvement of three distinct neu-
rologic compartments: (1) the cerebral hemispheres; (2) the
cranial nerves; and (3) the spinal cord and exiting roots
(Table 5.3).

Headache and mental status changes are the most fre-
quent symptoms linked to cerebral hemispheres involve-
ment, followed by confusion, dementia, seizures, and
hemiparesis. Diplopia is the most frequent symptom, caused
by cranial nerves impairment with a predominant involve-
ment of the VIth cranial nerve followed by cranial nerve III
and IV. Trigeminal sensory or motor dysfunction, cochlear
impairment, and optic neuropathy are less common. Weak-
ness (mostly of the lower limbs), dermatomal, segmental, or
radicular sensory impairment, and pain reflect spinal
involvement. In contrast to infectious meningitis, the
occurrence of nuchal rigidity is unusual (15% of patients) [2,
5, 6, 16]. Symptoms of increased intracranial pressure such
as syncope, headache, nausea, and vomiting may occur
when the CSF flow obstruction occurs and results in
hydrocephalus. The incidence of seizures is low (<10%) in
LM.

Diencephalic storm or paroxysmal sympathetic outflow
has been reported in LM. This may manifest as episodic
hyperhidrosis, hypertension, tachypnea, tachycardia, and
abnormal posturing. The occurrence of diencephalic storm
has been reported in many other neurologic conditions,
including hydrocephalus. The differential diagnosis includes
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seizures, pheochromocytoma, drug withdrawal, thyroid
storm, hypertensive crises, and sepsis or anxiety attacks [47].

The clinician should maintain a high index of suspicion in
order to diagnose as early as possible the presence of LM.
The presence in a cancer patient of neurological signs and
symptoms reflecting multifocal neuraxis involvement is
highly suggestive of LM. Nevertheless, isolated neurological
syndromes may also be seen in patients with LM. The dif-
ferential diagnosis at initial presentation of LM consists of
any underlying cause of chronic meningitis such as tuber-
culosis, fungal infection, or sarcoidosis. Metabolic and toxic
encephalopathies must also be excluded [5, 48].

In known LM, the appearance of new neurological
manifestations may reflect progression of LM but other
causes must be considered including BM, which can coexist
with LM in 30–40% of cases, chemotherapy or radiation
related neurological complications, and less commonly
paraneoplastic syndromes.

CSF Examination

Cytology
Most cases of LM (90+%) manifest abnormal CSF [49].
Raised opening pressure (>200 mm of H2O), increased
leukocytes rate (>4 mm3), elevated CSF protein
(>50 mg/dl), and hypoglycorrachia (<60 mg/dl) have been
reported in respectively 46, 57, 76, and 54% of LM. Nev-
ertheless, these abnormalities are nonspecific. The presence
of malignant cells in the CSF shown by cytological analysis
is the mainstay of the diagnosis [49, 50]. The sensitivity of a
first lumbar puncture is only 45–55%.

There are a few comparatively simple ways to improve
the sensitivity of CSF cytological analysis such as providing

a nonhemorrhagic CSF sample and by performing a second
CSF assessment; the latter will increase the sensitivity to
80%. The benefit of a third CSF assessment is marginal [9].
To decrease the rate of false negative CSF analysis, samples
should be obtained from a site compatible with clinical
manifestations or based upon radiologic findings [51]. It has
been reported that in the absence of CSF flow obstruction,
the rate of discrepancy between lumbar and ventricular
simultaneous assessments can reach 30% [51]. The minimal
recommended volume of CSF sent for cytology should be of
10.5 ml so as to achieve a sensitivity of 97% (vs. 68% for a
volume of 3.5 ml) [52]. The processing of the CSF samples
should be urgent since the viability of malignant cells
depends on time between sampling and laboratory assess-
ment. Only 50% of the CTC remain viable after 30 min, and
only 10% after 90 min [53]. The use of CSF fixation in
dedicated tubes permits longer intervals between sampling
of CSF and laboratory analysis. Nonetheless, approximately
25–30% of patients with clinical LM and normal neuraxis
imaging have persistently negative CSF cytology [22, 49,
54–58].

Tumor Biomarkers
A variety of biomarkers of LM have been suggested to assist
in achieving an earlier diagnosis of LM as well as to evaluate
effectiveness of treatment [22, 57–66]. These markers include
nonspecific biomarkers, such as alpha-glucuronidase, lactate
dehydrogenase, beta 2-microglobulin, carcinoembryonic
antigen, and others that are organ-specific such as CA 15-3,
CA 125, CA 19-9, CA724, AFP, NSE, Cyfra 21-1, and
EGFR. Two recent studies have reported that increased CSF
levels of CA 15-3 in BC-related LM, and the combination of
CEA and Cyfra 21.1 in NSCLC patients with LM may assist
in the diagnosis of LM [57, 58]. Proangiogenic molecules

Table 5.3 Most frequent symptoms and signs in patients with LM from solid tumors

Symptom Initially
(%)

At any time
(%)

Sign Initially
(%)

At any time
(%)

Cerebral Gait difficulty
Headache
Mental change
Nausea and
vomiting

46
38
25
12

68
40
30
20

Extensor plantar
Impaired mental state
Seizures
Papilledema

50
50
14
12

66
50
15
12

Cranial
nerve

Diplopia
Visual Loss
Hearing Loss
Dysphagia

8
8
6
2

20
12
9
4

Occular muscle palsy
Facial weakness
Hearing Loss
Trigeminal Neuropathy

30
25
20
12

38
26
20
14

Spinal Pain
Back pain
Radicular pain
Paresthesia
Weakness

25
18
12
10
22

40
50
25
42
50

Lower motor neuron
weakness
Reflex absence/decrease
Dermatomal sensory loss
Nuchal rigidity

78
60
50
16

78
76
50
17

Data from References 1 and 5
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(vascular endothelial growth factor [VEGF], uPA, and tPA)
have been assessed as potential biomarkers for LM. Most
series report elevated levels of CSF VEGF in patients with
LM, with very variable sensitivity (51.4–100%) and speci-
ficity (71–100%) [60, 62, 67–70]. Combinations of different
CSF tumor markers may improve the sensitivity though this
requires validation [67]. Profiling CSF proteins (using mass
spectrometry and multiplex immunoassays), especially those
involved in the metastatic process, may be useful for diag-
nosis and prognosis assessment [62, 71–73]. At present there
is no agreement regarding CSF biomarker cutoff levels nor
has there been standardization of these various assays. Due to
inconsistencies in laboratory methodology, there is consider-
able variation in sensitivity and specificity of these assays that
produces serious challenges for utilizing biomarkers in the
management of LM.

Flow Cytometry
Unlike in hematologic LM, flow cytometry is generally not
used for the evaluation of suspected solid tumor-related
leptomeningeal disease. A recent study explored the contri-
bution of flow cytometry immunophenotyping (FCI) in the
diagnosis of LM in solid tumors [74]. Epithelial cells were
identified by expression of the epithelial cell adhesion
molecule (EpCAM). Compared with cytology, FCI
improved the sensitivity and negative predictive value (79%
vs. 50%; 68% vs. 52%, respectively), but had a lower
specificity and positive predictive value (84% vs. 100%;
90% vs. 100%).

Circulating Tumor Cells
Techniques used for the detection of circulating tumor cells
(CTC) in peripheral blood have been applied to CSF with
encouraging preliminary results [75–78]. The rare cell cap-
ture technology (RCCT) has also been recently utilized in
the diagnosis of LM from solid tumors [76]. The sensitivity
of this method was reported as superior to conventional CSF
cytology (100% vs. 66.7%), demonstrated excellent speci-
ficity (97%), and provided an earlier diagnosis that was
subsequently confirmed by delayed CSF cytology.

The Cell Search technology (identification of cell surface
tumor associated proteins) has been used in BC and
melanoma-related LM [75, 78]. It provides a
semi-automated molecular analysis that in the future may
improve the sensitivity, reliability, objectivity, and accuracy
of detecting CSF tumor cells compared to CSF cytology
[75]. These techniques are not yet available in daily practice
and further evaluation of these novel technologies is ongo-
ing. At present, the pathologic gold standard in diagnosing
LM is still based on the detection of malignant cells in the
CSF by cytology [50, 79, 80].

Neuroradiographic Studies

Because LM involves the entire neuraxis, imaging of the
entire CNS is required. MRI with gadolinium enhancement
is the radiologic technique of choice [81–84]. The standard
examination should include axial T1-weighted images
without contrast, fluid attenuation inversion recovery
(FLAIR) sequences and 3D axial T1-weighted sequences
with contrast of the brain. The spine is best evaluated with
sagittal T1-weighted sequences with and without contrast
and sagittal fat suppression T2-weighted sequences, com-
bined with post-contrast axial T1-weighted images through
regions of interest. Contrast enhanced T1-weighted and
FLAIR sequences are the most sensitive to detect LM [85,
86].

Any leptomeningeal irritation—whether from hemor-
rhage, infection, or inflammation—of the SA can result in
enhancement on MRI. Lumbar puncture may elicit a
meningeal reaction resulting in leptomeningeal enhance-
ment; consequently MRI should be obtained before the
lumbar puncture [87]. At LM diagnosis, brain involvement
may be present in 40–75%. MRI in LM may demonstrate
subarachnoid, ventricular or parenchymal enhancing nod-
ules, focal or diffuse pial enhancement, folia (Fig. 5.1a, b),
ependymal (Fig. 5.2a, b), sulcal, or cranial nerve and nerve
roots enhancement [88]. SA and parenchymal enhancing
nodules (10–35%), diffuse or focal pial enhancement (10–
20%) are the most common MRI findings. LM should be
considered in the differential diagnosis of hydrocephalus in
the cancer patient (Fig. 5.3a, b). Spine involvement is pre-
sent in 15–25% of patients with LM (Fig. 5.4a, b). BM may
be associated with LM in 21–82% [13, 56, 89]. The sensi-
tivity of MRI in LM varies by report from 20 to 91% [10, 13,
22, 54, 56, 88–90]. A normal MRI does not exclude the
diagnosis of LM. Nonetheless, in cases with a typical clinical
presentation, abnormal MRI alone is adequate to establish
the diagnosis of LM [49, 50, 88]. Computed tomography
(CT) scan is of limited value in the diagnosis of LM [85].
The sensitivity of CT scan is estimated at 23–38%, and CT
scan should be performed only in patients for whom MRI is
contraindicated [22, 84].

CSF Flow Studies

CSF flow and circulation is best assessed by radionuclide cis-
ternography using either 111Indium-diethylenetriamine-
pentaacetic acid or 99Tc macro-aggregated albumin [44, 91].
Thirty to seventy percent of LM patients have CSF flow
abnormalities, mostly located at the skull base, the spinal canal,
and over the cerebral convexities [92–94]. Several series have
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observed a correlation between the presence of CSF flow
abnormalities and a shorter survival when compared to LM
patients with normal CSF flow [92–95]. CSF flow can be
restored to normal in 30% of patients with spinal blockage and
50% of patients with intracranial blockage by targeting the site
of CSF flow obstruction with local radiation therapy (RT) [7].

Increased overall survival, less therapeutic morbidity,
and decreased mortality from progressive LM have been
reported in patients in whom normal CSF flow has been

restored following involved-field RT, when compared to
the patients with persistent CSF flow obstruction [91, 94].
Indeed, it is likely that altered CSF flow leads to
heterogenous distribution of intra-CSF chemotherapy. This
may result in an imbalance in drug exposure in the CSF
compartments leading to under-treated areas that favor
tumor progression and other regions exposed to excess
chemotherapy with consequent neurological and systemic
side effects.

Fig. 5.1 Gadolinium-enhanced
T1 axial (a) and corresponding
FLAIR T2 axial (b) brain MRI
demonstrating cerebellar folia
contrast enhancement and FLAIR
hyperintensity in a patient with
breast cancer and leptomeningeal
carcinomatosis

Fig. 5.2 Ependymal contrast
enhancement on
gadolinium-enhanced T1 axial
MRI (a) and corresponding
periventricular hyperintensity on
FLAIR MRI (b) in breast cancer
with CSF seeding
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Based on these findings, many authors recommend that
intra-CSF treatment be preceded by a CSF flow study, and
that focal RT be administered on the sites of blockage prior
to any treatment [43, 96]. This systematic approach is rec-
ommended by the Response Assessment in Neuro-Oncology
(RANO) working group on LM in any clinical trial
assessing an intra-CSF therapy in LM [97].

Meningeal Biopsy

Whenever the diagnosis of LM cannot be established and other
etiologies of chronic meningitis have been excluded, a
meningeal biopsy targeting a symptomatic and/or contrast
enhancing area on MRI can be performed [98]. This procedure
most often is directed the skull base or the cauda equina [8].

Fig. 5.3 Gadolinium-enhanced
T1 axial MRI (a) and
corresponding FLAIR T2 axial
MRI (b) demonstrating
hydrocephalus and periventricular
FLAIR signal hyperintensity in a
breast cancer patient with
leptomeningeal carcinomatosis

Fig. 5.4 a, b Spinal MRI.
Gadolinium-enhanced T1 sagittal
MRI. Perimedullary contrast
enhancement in breast cancer
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Staging

In summary, patients with suspected LM should undergo,
prior to any anticancer treatment, one or two lumbar punc-
tures to establish the presence of CTC, cranial MR-Gd,
spinal MR-Gd and a radioisotope CSF flow study (the later
only in instances where intra-CSF chemotherapy is to be
administered). If cytology and MR are not contributive, a
ventricular or lateral cervical CSF analysis may be required.
If CSF cytology remains persistently negative despite com-
pelling clinical and radiological manifestations consistent
with LM, it is appropriate to commence LM-based therapy.

Differential Diagnosis

In patients with cancer, the diagnosis of LM is often
straightforward. The situation is more challenging in patients
without any known cancer, or if causality is uncertain (for
example, the primary cancer is either in remission or pre-
sumed cured) and with a negative CF cytology. Other causes
of subacute and chronic meningitis must then be excluded as
discussed above [99]. Eventually, if a systemic evaluation
does not identify an extraneural cancer, a primary brain
tumor should be considered [100–104].

Evaluation of the Response to Treatment

New neurological manifestations must be distinguished from
those secondary to parenchymal disease, from complications
of intra-CSF treatment, systemic therapies or RT, from
concomitant medications, from neurological or extraneuro-
logical concurrent disease, and more rarely from paraneo-
plastic syndromes [82]. Transient manifestations should not
be assumed to be LM-related neurological progression. As
mentioned earlier, CSF cytological analysis remains the gold
standard for the diagnosis of cancer cells in the CSF despite
a low sensitivity of a first CSF examination (45–55%), and
the usual need of successive CSF samples to adequately
assess cytology. The one-dimensional response evaluation
criteria in solid tumors (RECIST) criteria are not adapted for
the assessment of LM as the imaging characteristics of LM
in general are not measurable at least as defined by current
brain tumor response criteria [105].

In order to improve the methodology of future clinical
trials, a RANO working group critically reviewed published
the literature regarding randomized clinical trials (RCT) and
trial design in patients with LM [106]. Six RCT have been
published regarding the treatment of LM secondary to solid

tumors. As seen in Table 5.4, there were significant differ-
ences in the response assessment, such that interpretation of
the trial results is challenging. Among these RCT, only a
single trial attempted to determine whether intra-CSF
chemotherapy was superior to systemic therapy only.
Otherwise, this fundamental question has not been
prospectively answered in patients with solid cancers and
LM. The methodology of the 6 RCT varied considerably
regarding pretreatment evaluation, type of treatment, and
response to treatment. The RCT all share several common
initial assessment features including evaluation of CSF
cytology. Positive CSF cytology has been required for par-
ticipation in all published RCT. Additionally, a neurologic
clinical assessment and a predefined performance status
were required as inclusion criteria in all RCT. Nevertheless,
currently in neuro-oncology there is no standard instrument
to assess the neurologic examination and consequently RCT
in LM have lacked a rigorous method to determine clinical
disease progression [106]. Also poorly defined in the pub-
lished RCT is the utility of neuroimaging assessment (e.g.,
how radiographic findings alter treatment and how neu-
roimaging is used in the response assessment independent of
CSF cytology and clinical examination) [106]. The RANO
LM working group has developed a series of instruments to
address these deficiencies [97] that includes a standardized
neurological examination, definitions of CSF cytology and a
new radiographic evaluative instrument. The working group
recommends that “all patients enrolling in clinical trials
undergo CSF analysis (cytology in all cancers; flow cytom-
etry in hematologic cancers), complete contrast-enhanced
neuraxis MRI and radioisotope CSF flow studies (in patients
treated with intra-CSF therapy only)” [97]. “Response based
on CSF cytology is considered when CSF converts from
positive to negative and with a second confirmatory deter-
mination. CSF cytology is not to be considered in isolation in
evaluation of response of patients with solid tumors as
patients with persistence of positive cytology may continue
on treatment if clinically and radiographically stable or
improved” [97]. The committee created a composite score to
quantify MRI abnormalities recognizing that most LM
lesions are non-measurable. They concluded that “radio-
graphic assessment of LM is subjective, qualitative and
graded as stable, progressive or improved. Similar to CSF
cytology, radiographic disease progression in isolation, i.e.,
stable CSF cytology and neurological assessment, would be
defined as LM disease progression” [97]. It is hoped that
ultimately this work will provide a standardized approach for
LM assessment with validated criteria for response to treat-
ment, and defined endpoints for clinical trials.
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Survival and Prognostic Factors

The median OS of untreated patients with LM is 4–6 weeks
[3, 14, 48, 94, 107–113]. Despite aggressive treatment, LM
has a poor prognosis. The survival of patients with combined
treatment is usually less than 6 months with a median OS of
2–3 months [3, 10, 13, 14, 22, 48, 54, 56, 89, 90, 109–113].
Table 5.5 illustrates reported survival in patients with LM
from the recent literature.

The goal of LM-directed treatment is to improve or sta-
bilize neurologic status, maintain neurological quality of life,
and prolong survival. Nevertheless, deciding which patients
to treat remains a challenge. The NCCN CNS guidelines
(version 1.2012) have attempted to distinguish between
patients reasonably considered for treatment versus those
patients in whom supportive care is most appropriate [49,
50, 94, 107, 114, 115] (Table 5.6).

Based on the literature, the histology of the primary
cancer is known to be the prominent prognostic factor with
regard to OS in LM [50, 116]. Multivariate analysis has
confirmed the association between survival and primary
tumor type and the better prognosis of BC compared with
lung cancer or melanoma-related LM [10, 68, 117]. Breast
cancer LM has a relatively good prognosis among all solid
tumor-related LM, with a median OS of 3.3–5 months [22,
54–56, 109]. Modest improvement in lung cancer-related
LM may in part reflect increasing use of targeted agents such
as tyrosine kinase inhibitors (TKI) based on recent reports of
patients with lung cancer and LM with reported median
survival of 3–6 months [13, 89, 118–120]. LM secondary to
melanoma continues to demonstrate the worst prognosis of
all solid tumor-related LM with a median OS estimated
between 10 weeks and 4 months before the era of the
immunotherapy and targeted therapies [107–110].

Table 5.4 Randomized clinical studies in Leptomeningeal metastases

Study Design Response Toxicity

Hitchins
[166]

N = 44
Solid tumors and lymphomas
IT MTX versus
MTX + Ara-C

IT MTX versus
IT MTX + Ara-C:
RRa: 61% versus 45%
Median survival:a

12 versus 7 wk

IT MTX versus
IT MTX + Ara-C:
N/V: 36% versus 50%
Septicemia, neutropenia: 9% versus 15%
Mucositis: 14% versus 10%
Pancytopenia: 9% versus 10%.
Blocked Ommaya: 17%
Intracranial hemorrhage (Ommaya
placement): 11%

Grossman
[188]

N = 59
Solid tumors and lymphoma
(in 90%)
IT MTX versus thiotepa

IT MTX versus IT thiotepa:
Neurological improvements: none
Median survival:
15.9 versus 14.1 wk

IT MTX versus thiotepa:
Serious toxicity (47%)
Similar between groups
Mucositis and neurological AEDs more
common in IT MTX group

Glantz
[182]

N = 28
Solid tumors
L-Ara-Ca versus MTX

IVent L-Ara-Ca versus
IVent MTX:
RRa: 26% versus 20%
OSa: 105 versus 78 d
TTPa: 58 versus 30 d

L-Ara-Ca versus MTX:
Sensory/motor: 4% versus 10%
Altered mental status: 5% versus 2%
Headache: 4% versus 2%
Bacterial meningitis: 10% versus 3%

Boogerd
[193]

N = 35
Breast cancer
Systematic therapy and
involved-field radiotherapy
with versus no IT MTX

Systemic therapy and involved radiotherapy
with IT MTX versus no IT MTX:
Improved stabilization:
59% versus 67%
TTPa: 23 versus 24 wk

Systemic therapy and involved
radiotherapy with IT MTX versus
no IT MTX:
Drug-related AEs: 47% versus 6%

Shapiro
[310]

Solid Tumors: n = 103
L-Ara-Ca versus MTX
Lymphoma: n = 24
L-Ara-C versus
Ara-C

IVent L-Ara-Ca versus
IVent MTX/Ara-C:
PFSa: 35 versus 43 d
IVent L-Ara-Ca versus
IVent MTX:
PFSa: 35 versus 37.5 d
IVent L-Ara-Ca versus IVent Ara-C:
CytRa: 33.3% versus 16.7%

IVent L-Ara-Ca versus
IVent MTX/Ara-C:
Drug-related AEs: 48% versus 60%
Serious AEs: 86% versus 77%

aNo significant differences between groups; AE Adverse event; Ara-C Cytarabine; Cyt R Cytological response; d Days; L Ara-C Liposomal
Cytarabine; MTX Methotrexate; N/V Nausea/vomiting; OS Overall survival; PFS Progression-free survival; RR Response rate; TTP Time to
progression; wk Weeks; IVent Intraventricular chemotherapy; IT Intralumbar chemotherapy
Adapted from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol Int.
2013; 4(Suppl 4): S265–S288. Open Access Journal
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In addition to tumor histology, multivariate analysis in
series including all types of solid tumors confirms the
associations between OS and the performance status (PS),
the age at LM diagnosis, the presence of a LM-related
encephalopathy, time from diagnosis of primary tumor to
diagnosis of LC (>67 weeks), the CSF protein level, the
treatment modality (administration of systemic therapy), and
the presence of a short-term response to treatment [10, 68,
117, 121–124]. In one report, gender was significant in
multivariate analysis likely due to an interaction between

gender and tumor type [10]. Recently, the quantification of
CSF EpCAM+ cells obtained with flow cytometry
immunophenotyping (FCI) before any treatment has been
reported to be an independent prognostic factor for OS in
LM patients with a cutoff value of 8% [74].

In patients with BC and LM, multivariate analysis
demonstrates an association between OS and PS as well as PS
and treatment (number of prior chemotherapy regimens,
receipt of combined treatment modality, coadministration of
systemic chemotherapy or intra-CSF chemotherapy) [11, 22,

Table 5.5 Median OS in the main cohorts of LM according to the primary type of tumor

Type of the primitive tumor References N patients Median overall survival (Min–Max)

Breast cancer Grossman [188]
Clamon [311]
Boogerd [196]
Jayson [312]
Chamberlain [48]
Jaeckle [184]
Boogerd [193]
Regierer [313]
Rudnicka [56]
De Azevedo [54]
Clatot [109]
Gauthier [22]
Lee [55]
Kim [314]
Lara-Medina [11]
Le Rhun [185]
Niwinska [125]

52
22
58
35
32
43
35
27
67
60
24
91
68
30
49
103
149

14.1–15.9 weeks
21–150 days
12 weeks
77 days
7.5 months
7 weeks
18.3–30.3 weeks
9 weeks
16 weeks
3.3 months
150 days
4.5 months
4.5 months
8 months
7 weeks
3.8 months
4.2 months

Melanoma Chamberlain [94]
Harstad [110]
Raizer [14]

16
110
40

4 months
10 weeks
4 months

Lung cancer Rosen [18]
Chamberlain [190]
Hammerer [315]
Sudo [316]
Chuang [317]
Morris [13]
Park [89]
Lee [118]
Riess [120]
Xu [119]

60
32
26
37
34
50
125
149
30
108

7 weeks
5 months
57 weeks
106 days
5.1 weeks
3 months
4.3 months
14 weeks
6 months
5.3 months

Adapted from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol Int.
2013; 4(Suppl 4): S265–S288. Open Access Journal

Table 5.6 Risk categories in
patients with in leptomeningeal
metastases

High-risk group Low-risk group

KPS < 60%
Major neurological deficits
Extensive systemic disease without any efficient treatment
available
Bulky CNS disease
LM-related encephalopathy

KPS � 60%
No major neurological deficits
Minimal systemic disease
Manageable with an effective
treatment
No CSF blockade

Adapted from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal
metastases in solid tumors. Surg Neurol Int. 2013; 4(Suppl 4): S265–S288. Open Access Journal
Data from CNS National Comprehensive Cancer Network guidelines
CNS Central Nervous System; CSF Cerebrospinal Fluid; KPS Karnofsky Performance Status
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54, 55, 109, 122, 125]. Histological characteristics (histo-
logical grade, hormone receptor status, triple-negative status),
the initial CSF protein level, the number of prior
chemotherapy regimens, status of systemic disease (i.e., iso-
lated CNS metastases or bone metastases), the presence of an
early and/or combined cytological and neurological response
to treatment and the initial CSF cyfra 21-1 and protein levels
were also identified as significantly associated with prognosis
in BC-related LM [11, 22, 54–56, 109, 122–125].

In recent retrospective series of patients with NSCLC and
LM, multivariate analysis confirmed that PS, low initial CSF
protein level, low initial CSF (white blood cells) WBC count
were all significantly associated with a better OS [13, 89,
118]. The treatment modality (systemic therapy and
intrathecal chemotherapy) and clinical improvement after
intra-CSF chemotherapy were all significant predictors of
increased OS [13, 89, 118, 120]. The impact of whole brain
radiotherapy (WBRT) in the treatment of LM is unclear [13,
89, 118–120]. In EGFR-mutated NSCLC, EGFR inhibitors
have produced durable responses in patients with LM [13, 89,
113, 118, 119, 126–130]. In patients with melanoma, mul-
tivariate analysis suggests that a history of a primary mela-
noma lesion originating on the trunk predicted shorter OS
and that intra-CSF chemotherapy predicted longer OS [110].
Nevertheless, unlike prognostic factors present at LM diag-
nosis and before any treatment, the interpretation of prog-
nostic factors related to treatment and mostly derived from
retrospective series remains uncertain. All such series are
single-institution retrospective studies in which treated
patients are heterogeneous with respect to recognized
LM-prognostic features. Because of the retrospective nature
of these studies, there were no a priori determinants of
treatment such that treatment was defined individually,
without apparent standardization making cross-comparisons
between treatment groups difficult [131]. Moreover, two
series, one in NSCLC and the other in all types of solid tumor
LM, report that the placement of a VPS was significantly
predictive of improved OS in LM [118, 132]. These obser-
vations seem counter-intuitive and are difficult to reconcile.

Treatment

The goals of treatment include palliating neurologic symp-
toms and whenever possible stabilizing or improving patient
neurologic function as well as prolonging survival. Since the
prognosis of LM varies noticeably depending upon the pri-
mary tumor type and extent of both neurologic and systemic
disease, parameters separating poor-risk from good-risk

patients are helpful to determine the appropriate therapeutic
approach for an individual patient. The poor-risk and
good-risk patients categories are illustrated in Table 5.6. LM
ideally should be diagnosed early in the disease course
before the appearance of fixed and disabling neurological
deficits. Early LM-directed treatment may allow mainte-
nance of quality of life and potentially improve survival.
A combined treatment approach (i.e., systemic and
intra-CSF chemotherapy and site specific radiotherapy) may
provide better palliation in patients with LM [133].

Symptomatic Treatment and Supportive Care

Patients with low PS, neurologic deficits interfering with
quality of life, encephalopathy due to extensive LM-brain
infiltration, or uncontrolled systemic disease with limited
therapeutic options have a poor prognosis even with aggressive
LM-directed treatment. A palliative approach should be con-
sidered in such poor prognosis patients. Regardless, however,
supportive care is needed in every patient with LM independent
of treatment in order to palliate neurological symptoms and
signs associated with LM.

Pain relief is required for headache, back, and radicular pain,
and is based on the use of analgesics of increasing efficacy
from acetaminophen to opioids. In addition, neuropathic pain
often requires use of tricyclic antidepressants (such as
amitriptyline or nortriptyline) or antiepileptic drugs (such as
gabapentin, pregabalin, carbamazepine, and lamotrigine). Cor-
ticosteroids may also improve radicular pain. Focal irradiation
of symptomatic sites provides often a good analgesic effect.
Seizures are addressed with anticonvulsant drugs (AED) but
prophylactic administration of AED is not recommended.
Headaches related to edema or increased intracranial pressure
can sometimes be managed with steroids, even if the contri-
bution of steroids in the treatment of LM is modest as com-
pared with their efficacy in brain parenchymal metastases. In
instances of hydrocephalus secondary to CSF obstruction,
steroids in conjunction with whole brain or skull-base radio-
therapy may be effective but CSF shunting is often needed [91,
134]. Iterative lumbar punctures when there is no threatening
BM may be an alternative method to relieve temporarily
headache in patients declining CSF diversion. Depression or
fatigue may be managed with serotonin reuptake inhibitors or
stimulant medication (modafinil, methylphenidate) as clinically
appropriate [45]. Finally a discussion regarding of end of life
before institution of LM-directed therapy is recommended in all
patients so as to realistically outline the course of disease and
palliative treatment goals.
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Surgery

The main surgical interventions in LM are ventriculoperi-
toneal shunting (VPS) for symptomatic hydrocephalus,
placement of a ventricular (rarely lumbar) access device
(e.g., an Ommaya or Rickham reservoir) to facilitate
administration of intra-CSF chemotherapy, and meningeal
biopsy. When both a VPS and Ommaya ventricular access
device are needed, an on–off valve may be an option but the
patient should be able to tolerate having the VPS placed in
the off position so as to permit drug installation into the
ventricles and time for ventricular transit and distribution
into the nonventricular CSF compartments [134–136].
Complications of VPS rarely exceed 10% in recent series
[135, 136] but include the potential for peritoneal tumor
dissemination, device failure, device malpositioning, device
exposure, infection, hemorrhage, and leukoencephalopathy
[45, 135, 136].

When a ventricular access device is placed, confirmation
post-implantation of correct intraventricular (IVent) place-
ment requires a brain CT or alternatively a radioisotope CSF
flow study before intra-CSF drug administration [137–139].
Hemorrhage at the time of device placement occurs in less
than 1% of patients. Device infection (4–10% incidence) is
due mainly to Staphylococcus epidermidis and is either a
complication that occurs in relationship to surgery or results
from contamination at the time of device access [133, 134,
138–140]. In instances where the ventricular device becomes
infected occasionally, the device may be left in situ and
treated with both intravenous and IVent antibiotics [93, 140–
144]. Most often, however, device infections requires
removal and if indicated, replacement of the reservoir [93,
135, 142]. A rare complication in patients with increased
intracranial pressure is retrograde tracking of instilled
chemotherapy along the catheter, resulting in subgaleal or
intraparenchymal collections of CSF that may become
symptomatic and require revision or replacement with a
ventriculoperitoneal shunt [5].

Radiation Therapy

Craniospinal axis irradiation (CSI) is the only method of
radiotherapy that treats the entire neuraxis and that may be
reasonably considered as a single modality of treatment for
LM. However, in the majority of adults CSI is rarely con-
sidered as most patients have previously had some region of
the neuraxis irradiated, and as well have poor bone marrow
reserve as a consequence of prior exposure to cytotoxic
chemotherapy. Consequently, CSI and treatment-associated
toxicities of myelosuppression and enteritis is deemed too
toxic for routine use in adults with solid tumor-related LM.
The role of alternative methods of CSI such as tomotherapy

and proton radiotherapy, which could permit improved
precision in radiation dosing and targeted volumes and
consequently less hematological toxicity, has not been for-
mally evaluated and may be an option in the future.

The majority of patients with LM receive involved-field
radiotherapy to sites of symptomatic disease, bulky disease
observed on MRI and to sites of CSF flow block defined by
radioisotope ventriculography. Irradiation permits tumor
masses not treated by intra-CSF chemotherapy (due to lim-
ited diffusion of intra-CSF chemotherapy) to receive pallia-
tive radiotherapy [145]. WBRT is most commonly
administered at a dose of 30 Gy delivered in 10 fractions
over 10 days. While pain relief and stabilization of neuro-
logical manifestations are regularly observed, unfortunately
significant neurological improvement is exceptional. The
failure of neurological improvement is due to demyelination,
axonal and neuronal injury, and injury by infiltrating cancer
cells, aspects that underscore the need for early treatment of
LM [146]. Regardless of MRI findings (e.g., the absence of
visible radiographic disease), lumbosacral irradiation is
indicated in instances of cauda equine syndrome (low back
pain, legs weakness, bladder or bowel dysfunction). Simi-
larly, skull-base RT may be used for cranial neuropathies
[8]. RT is also indicated to reestablish normal CSF circula-
tion to improve therapeutic efficacy and reduce side effects
of intra-CSF chemotherapy [1–6, 8, 94]. Communicating
hydrocephalus is not infrequent in LM and is caused by
malignant cells in the subarachnoid space that obstruct
normal CSF resorption pathways. In these instances, WBRT
or placement of a VPS is often required [147]. Shunting of
CSF should be provided in patients with symptomatic or
communicating hydrocephalus that does not rapidly respond
to WBRT.

Unlike brain metastases, the impact of WBRT on OS is
not clearly established in LM, even in radiosensitive cancers
such as BC and NSCLC. Contradictory results have been
reported that in part reflect the limited survival of patients
with LM (<15% survive 1 year) [13, 89, 118–120]. In small
case reports WBRT has been reported (as part of a combined
modality treatment) to result in prolonged survival (from 13
to 19 months) in patients with melanoma and LM [148–
152]. In these case reports, WBRT was either delivered
concomitantly or prior to other treatment (intra-CSF or
systemic). However, the retrospective nature of the data
makes it challenging to determine the role of WBRT in the
treatment of LM.

Some authors have posited that WBRT may enhance the
efficacy of targeted drug therapy by either by radio sensiti-
zation or improving drug penetration into brain/CSF [148,
149]. Improved brain penetration following WBRT has been
demonstrated with systemically administered trastuzumab, a
monoclonal antibody a low rate of CNS penetration rate
[153–155]. In addition to mechanically disrupting the BBB,
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radiation may hinder the efflux function of multidrug resis-
tance proteins [149]. Indeed, the low CSF concentration of
vemurafenib has been related at least partially to the active
efflux by P-glycoprotein and breast cancer resistance protein
[156].

Side effects of involved-field RT alone are uncommon
and manifest mainly as radiation-associated fatigue. How-
ever, myelosuppression, mucositis, esophagitis, and
leukoencephalopathy have been reported with more exten-
sive radiation fields. Leukoencephalopathy (asymptomatic
more often than symptomatic) may be a delayed conse-
quence of WBRT and may be enhanced with coadministered
methotrexate (MTX) (either systemic or intra-CSF). Ongo-
ing clinical trials evaluating the safety of concomitant
WBRT and intra-CSF liposomal cytarabine will determine if
this is a common problem with chemoradiation or unique to
MTX when combined with radiotherapy.

Chemotherapy

Chemotherapy is the only treatment aside from CSI to treat
simultaneously the entire neuraxis. Chemotherapy may be
administered systemically or instilled directly into the CSF.
Intra-CSF administration is either intrathecal (IT) by the
lumbar route or intraventricular by way of a ventricular
access device (IVent).

Intra-CSF Chemotherapy
The benefit of intra-CSF IT or IVent chemotherapy in LM
over systemic treatment alone has never been proven in RCT
(Table 5.4) [106]. Nonetheless, recent retrospective studies
suggest that intra-CSF chemotherapy may be useful in
NSCLC patients. This population is rarely treated with
intra-CSF chemotherapy treatment because of historic poor
prognosis [13, 89]. Park reported on 48 patients with
NSCLC-related LM who received intra-CSF chemotherapy
with a cytological response rate of 52% [89]. The median
survival was 5.5 months in cytological responders and
1.4 months in nonresponders [89].

In a series of 149 patients with NSCLC (mainly adeno-
carcinoma) and LM, Lee reported a significantly favorable
impact of intra-CSF chemotherapy in multivariate analysis
[118]. Similarly, the favorable impact of intra-CSF
chemotherapy when combined with systemic therapy has
been retrospectively reported in BC patients with LM [122].
In melanoma patients, intra-CSF treatment has been reported
as a predictive factor of longer survival with occasional
long-duration survivors in a retrospective study [110, 150,
151, 157]. However, due to the limited number of patients,
heterogeneous intra-CSF treatment and retrospective nature,
these results should be interpreted cautiously.

Most anticancer drugs, when given by a systemic route in
patients with intact blood–brain and blood–CSF barriers,
display poor penetration into the CNS that translates into a
CSF exposure less than 5% of the plasma concentration. The
blood–CSF barrier in LM undergoes a partial disruption only
that varies from one area to another such that with few
exceptions (e.g., high-dose methotrexate (MTX) discussed
later for breast cancer-associated LM) systemic chemother-
apy is rarely a primary treatment of LM.

The goal of intra-CSF chemotherapy is to bypass the
blood–CSF barrier, and maximize CSF exposure while
decreasing systemic toxicity. Thus, since the distribution
volume of CSF is less than that of the plasma (140 vs.
3500 ml), a higher concentration of the active agent can be
reached using a lower dose [158]. Moreover, most cytotoxic
agents’ half-life is longer in the CSF than in plasma, allowing
a prolonged CSF exposure that is particularly useful for
cell-cycle-specific drugs such as MTX and ara-C. The
majority of affected regions in LM is only a few cells in
thickness and since intra-CSF chemotherapy can diffuse a
relatively short distance (1–2 mm), small volume disease and
cells suspended in CSF can be appropriately treated [159,
160]. However, intra-CSF chemotherapy cannot reliably treat
radiographically bulky leptomeningeal disease because of
limited diffusion into tumor lesions >2 mm in diameter, into
the Virchow–Robin spaces, and along nerve root sleeves.

Lumbar Intrathecal or IntraVentricular Route of
Administration

Since patient position has an impact on ventricular drug
levels after intralumbar administration, patients should
remain flat for at least 1 h following injection [161]. On only
rare occasion is IT drug administration delivered through a
lumbar catheter connected to a subcutaneous reservoir, as
such devices frequently fail with repeated use due to the high
protein content found in the lumbar cistern.

IVent administration of intra-CSF drug via an Ommaya
or Rickham reservoir offers some advantages compared with
IT therapy [52]. The procedure is painless for the patient and
more time-efficient for the clinician. The drug is also safely
administered at the correct place without the 10% risk of
epidural or sudural injection observed with IT injections. It
is also safe to administer IVent injection in instances of
thrombopenia, thus avoiding the risk of epidural or subdural
hematoma after lumbar puncture [162]. A better pharma-
cokinetic profile is also achieved with IVent administration,
with improved and more uniform drug distribution in the
entire CSF compartment [163–165]. IVent CSF drug con-
centration following IT injection is only 10% of that
achieved after an equivalent IVent dose. Another advantage
is that more frequent administrations of smaller doses of
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drug are an option to achieve lower peak drug concentrations
and therefore limit total cumulative dose and neurological
side effects. A survival benefit was suggested for IVent
compared with IT chemotherapy in one randomized clinical
trial [166]. IVent and IT administrations were compared in a
subset analysis of a RCT comparing liposomal ara-C with
MTX in 100 patients with LM [167]. Overall, intra-CSF
chemotherapy was given by IVent and IT route in 72 and
28% of cases, respectively. For patients given liposomal
ara-C, there was no statistically significant difference in
progression-free survival (PFS) according to the route of
administration. For those given MTX, the IVent route
appeared superior (PFS 19 vs. 43 days) suggesting that the
site of administration affects survival and is dependent upon
the CSF half-life of the chemotherapy.

Techniques of Intra-CSF Administration

It is critical to avoid any variation in CSF volume in LM
patients, who often are on the edge of the CSF ventricular
“pressure-volume” compliance curve. If the total CSF vol-
ume is increased, severe intracranial hypertension can occur.
Thus equivalent volume of CSF should be removed
(so-called isovolumetric withdrawal) prior to chemotherapy
administration. During the withdrawal of a large volume of
CSF from the ventricles, a transient retro-orbital or frontal
headache may result. The headache is often improved with
administration of intra-CSF chemotherapy if given in 5–
10 ml volume. No prospective trials in adults with LM have
proven any benefit to concomitant use of intra-CSF gluco-
corticoids (hydrocortisone) in combination with intra-CSF
chemotherapy.

Drugs Available for Intra-CSF Treatment

Currently, MTX, liposomal ara-C, and less often thiotepa
are used in daily practice (Table 5.7). Unfortunately, these
agents are not generally considered active systemically
against most common solid cancers associated with LM,
particularly melanoma and lung cancer. New agents
including monoclonal antibodies are currently being inves-
tigated in clinical trials and are discussed below.

Methotrexate

Therapeutic CSF concentrations of 1 lM/mL or more are
seen 48–72 h after a 12 mg IT dose of MTX in adults and in
children aged older than 2 years [3, 165, 168–170]. Usually,
MTX is administered on a twice-weekly schedule for
1 month; then the frequency of injections is reduced over a
total period of 3–6 months. The optimal duration of treat-
ment is not known, and a prolonged treatment may benefit
some patients. Alternative schedules have been reported
such as 2 mg of IVent MTX for 5 consecutive days every
2 weeks [169, 171, 172]. A dose-intense regimen of MTX
(15 mg/day, 5/7 days, 1 week on 1 week off) has been
reported in a retrospective study of BC patients with a
median survival of 4.5–5 months [22, 109, 173]. Conversion
from positive to negative CSF cytology with intra-CSF
MTX occurs in 20–61% of patients with LM [174–176]. The
clinical efficacy of different schedules of MTX in retro-
spective BC LM studies is illustrated in Table 5.8. This table
as well reflects coadministered CNS-directed RT given as
part of the LM treatment regimen, which makes the inter-
pretation of the impact of one intra-CSF MTX regimen
versus another challenging [174–177]. Achievement of a

Table 5.7 Intrathecal chemotherapy regimens in LM

Drugs Induction regimens Consolidation regimen Maintenance regimen

Bolus regimen C � T regimen Bolus regimen C � T regimen Bolus
regimen

C � T
regimen

Methotrexate 10–15 mg twice
weekly (Total
4 weeks)

2 mg/day for 5 days
every other week
(Total 8 weeks)

10–15 mg once
weekly (total
4 weeks)

2 mg/day for 5 days
every other week
(total 4 weeks)

10–
15 mg
once a
month

2 mg/day for
5 days once a
month

Ara-C 25–100 mg 2 or 3
times weekly
(Total 4 weeks)

25 mg/day for 3 days
weekly (Total
4 weeks)

25–100 mg
once weekly
(Total 4 weeks)

25 mg/day for 3 days
every other week
(Total 4 weeks)

25–
100 mg
once a
month

25 mg/day
for 3 days
once a month

Liposomal
cytarabine

50 mg every
2 weeks (Total
8 weeks)

50 mg every
4 weeks (Total
24 weeks)

Thiotepa 10 mg 2 or 3 times
weekly (Total
4 weeks)

10 mg/day for 3 days
weekly (total
4 weeks)

10 mg once
weekly (Total
4 weeks)

10 mg/day for 3 days
every other week
(Total 4 weeks)

10 mg
once a
month

10 mg/day
for 3 days
once a month
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cytological response in the first month of IT MTX treatment
may be predictive of increase survival (6 vs. 2 months)
[177]. Regardless, OS is within a similar range irrespective
of the intra-CSF MTX schedule. Considering the short sur-
vival of patients with LM and the difficulty differentiating
with certainty the respective impact of radiation and
intra-CSF chemotherapy, quality of life should be the pri-
ority when considering treatment of LM.

MTX is eliminated from the CSF by CSF/venous
resorption and subsequent delivery into the systemic circu-
lation. Consequently, conditions that impact CSF resorption
increase intra-CSF MTX-related neurotoxicity. Similarly,
renal impairment decreases the excretion of MTX and may
aggravated systemic MTX toxicity. The presence of pleural
or peritoneal effusions (creating a “third space effect”)
accentuates accumulation of MTX, which may increase
systemic MTX side effects such as myelosuppression or
mucositis. The concomitant use of drugs that displaces MTX
from albumin, such as aspirin, phenytoin, sulfonamides, and
tetracycline, may also amplify MTX toxicity. Neurologic
complications of intra-CSF MTX include aseptic meningitis,
acute encephalopathy, transverse myelopathy, and delayed
leukoencephalopathy. Folinic acid (leucovorin) has been
suggested to mitigate systemic MTX toxicity and is often
prescribed orally 10 mg every 6 h for 1–2 days after each
intra-CSF MTX administration. Leucovorin does not cross
the blood–brain barrier in sufficient amounts to interfere with
the efficacy of intra-CSF MTX. Significant or even lethal
complications may occur after an involuntary overdose of
intra-CSF MTX. Recommendations have been issued for

such clinical situations including drainage of CSF via lumbar
puncture, ventriculostomy with ventriculo-lumbar perfusion,
systemic steroids, and systemic leucovorin, and the use of
carboxypeptidase-G2 (CPDG2) as an antidote are proposed.
CSF MTX concentrations have been reduced by a 400-fold
within 5 min of this antidote use according to some phar-
macokinetic studies [178].

Cytosine Arabinoside (Cytarabine)

Cytarabine (ara-C) is initially administered at a dosage of
25–100 mg twice weekly. The 4-week induction period is
followed by 4 weeks of consolidation and subsequent
maintenance. The CSF half-life of ara-C is much longer than
in serum because cytidine deaminase, the main catabolic
enzyme of ara-C, is present at very low level in the CSF. The
rapid deamination that occurs in the systemic circulation
leads to a good systemic tolerance profile. A concentration
time regimen (i.e., low dose intra-CSF chemotherapy given
for consecutive days) has also been reported [179]. Lipo-
somal ara-C, a depot encapsulated formulation (DepoCyt) is
a useful intra-CSF agent in patients with LM secondary to
solid tumors as conventional ara-C is relatively ineffective
due primarily to the short half-life of ara-C (approximately
3.4 h). Intra-CSF administration of the conventional for-
mulation of ara-C results in complete clearance of the drug
from the CSF within 1 or 2 days [180, 181]. In contrast,
liposomal ara-C with a half-life of 140 h provides a thera-
peutic ara-C concentration in the CSF for up to 10–12 days.
Due to the long half-life of liposomal ara-C, intra-CSF drug

Table 5.8 Intra-CSF treatments in breast cancer

Agent/Reference N Other treatments Response Median OS (months)

Standard MTX
Rudnicka
[56]

67 Systemic: 61%
RT: 64%

Clinical: NS
Cyt: NS
MRI: NS
Overall: 76%

4

Standard
MTX
De Azevedo
[54]

60 Systemic: 43%
RT: 36.7%

Clinical: NS
Cyt: NS
MRI: NS

3.3

Intensified-MTX
Clatot
[109]

24 Systemic: 46%
RT: 46%

Clinical: 96%
Cyt: 46%
MRI: NS

5

Intensified-MTX
Gauthier [22]

80 Systemic: 78%
RT: 29%

Clinical: 73%
Cyt: 20%
MRI: NS

4.5

L-AraC
Le Rhun [185]

103 Systemic: 58.2%
RT: 13.5%

Clinical: 56.8%
Cyt: 30.6%
MRI: 62.5%

3.8

Cyt Cytological; L-Ara C Liposomal Aracytine; MRI Magnetic Resonance Imaging
NS Not stated; RT Radiation Therapy
Adapted from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol Int.
2013; 4(Suppl 4): S265–S288. Open Access Journal
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administration may be once every 2 weeks. At present,
liposomal ara-C is approved only for lymphomatous
meningitis but is often used off-label for solid tumor-related
LM.

In a RCT with solid tumor patients with LM, assessing
intra-CSF liposomal ara-C versus MTX, the median time to
neurologic progression was improved (58 vs. 30 days) with
a small increase in toxicity but fewer visits to the hospital
(75% reduction) with liposomal ara-C [182, 183]. There was
no significant difference between arms for median survival
(105 vs. 78 days) [182].

The liposomal ara-C regimen showed a better
quality-adjusted survival regardless of the quality of life
assessment based on time with toxicity and time following
disease progression (range, 44–79 days). In BC patients,
liposomal ara-C has shown similar cytological response rates
(26–30%) and median survival (3–4.6 months) compared
with other intra-CSF drugs in nonrandomized series [90,
124, 125, 184, 185] (Table 5.8). Nevertheless, the accept-
able tolerance profile of liposomal ara-C and its convenient
schedule of administration present some advantages com-
pared to other intra-CSF regimens.

Liposomal ara-C has been used in melanoma-associated
LM, in which occasional sustained responses (14–
24 months) have been observed [148, 150, 157]. The role of
intra-CSF liposomal ara-C in durable response achievement
and survival in these case reports is difficult to determine as
the majority of patients received systemic therapy,
involved-field radiotherapy as well as liposomal ara-C.
Liposomal ara-C is mainly complicated by arachnoiditis
(i.e., a transient sterile chemical meningitis), but the use of
oral dexamethasone (4 mg twice daily during 5 days, onset
on the day of liposomal ara-C injection) decreases the
occurrence of this side effect [186, 187].

In a retrospective series of 120 patients with LM and
treated with liposomal ara-C, neurotoxicity included bacte-
rial meningitis (IVent:IT treatment; 3.75%:0%); chemical
meningitis (17.5%:15%); communicating hydrocephalus
(3.75%:5%); conus medullaris/cauda equina syndrome
(5%:5%); decreased visual acuity (5%:2.5%); encephalopa-
thy (5%:5%); leukoencephalopathy (7.5:2.5%); myelopathy
(2.5%:2.5%); radiculopathy (1.25%:5%); and seizures
(1.25%:2.5%) [187]. The toxicity profile was similar in
ventricular and lumbar routes. Most side effects were
reversible (57% vs. 43%). Hospitalization was needed in
32.2%. The tolerance profile of liposomal ara-C was gen-
erally good; however, 12.5% of patients developed serious
and permanent neurological side effects that negatively
impacted quality of life [187].

Clinicians are advised to inform pathologists when
patients are under liposomal ara-C since liposomal particles
may be confused microscopically with white blood cells.

A randomized Phase III trial is currently ongoing in France
to evaluate intra-CSF liposomal ara-C (vs. no intra-CSF
therapy) in BC-related LM.

Thiotepa

Thiotepa, an alkylating agent and therefore cell-cycle-
nonspecific, has the shortest half-life (approximately
20 min) of all drugs directly administered in the CSF. CSF
clearance is achieved within 4 h. It is usually used as a
second-line agent for BC patients, when MTX is ineffective
or not tolerated. Thiotepa, unlike other intra-CSF adminis-
tered drugs, rapidly crosses brain capillaries and conse-
quently may result in meaningful systemic serum levels and
associated myelosuppression. Because the half-life is short
and the transcapillary movement is rapid, it has been argued
that there is no pharmacological advantage to intra-CSF
thiotepa. Nonetheless, a RCT has compared intra-CSF
thiotepa with intra-CSF MTX in LM patients. Similar
median survivals were observed: 14 weeks with intra-CSF
thiotepa versus 16 weeks with intra-CSF MTX. The CSF
cytological rate was 30%. Less neurotoxicity was reported
with thiotepa [188]. Twenty-four BC patients with LM were
treated with second-line intra-CSF thiotepa following failure
of intra-CSF liposomal ara-C in a retrospective study [189].
Systemic chemotherapy was also coadministered to nine
patients. The median PFS and OS with thiotepa was
3.1 months (range 3 days-2 years) and 4.0 months (range
6 days–2.5 years), respectively. The median OS from LM
diagnosis was 9.5 months (range 1.3 months–2.7 years).
Minimal treatment-related toxicity was observed.

Combination (Multi-agent) Intra-CSF
Chemotherapy with Systemic Treatment
Multidrug intra-CSF regimens in LM patients with solid
tumor are no more effective than single-drug regimens;
moreover, combination therapy is more toxic and associated
with a worse tolerance profile [166, 190]. A single RCT
compared intra-CSF MTX with intra-CSF MTX plus ara-C
plus hydrocortisone in 55 patients [166]. There was a higher
rate of cytological response (38% vs. 14%) and a longer
median survival (19 vs. 10 weeks) with the multidrug regi-
men, but these differences did not reach statistical signifi-
cance and a selection bias (lower risk patients receiving
multidrug therapy) cannot be ruled out [191]. In a recent
retrospective cohort, the combination of IT MTX and lipo-
somal cytarabine was assessed in 30 LM patients with dif-
ferent types of cancers [192]. Cytologic clearance was
achieved in 33% and median OS was 7.5 months in patients
with solid tumor-related LM. Considering the retrospective
nature of the study, the small number of patients and the
heterogeneity of tumor types, interpretation of this study is
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challenging. Another small randomized study addressed the
question of the potential superiority of a combination of
systemic and intra-CSF chemotherapy versus systemic
treatment alone in LM from BC and failed to show a survival
advantage for the intra-CSF chemotherapy treated cohort
[193].

Systemic Chemotherapy
Intra-CSF chemotherapy in LM from solid cancers is of
modest benefit when compared to results in hematologic
cancers. Several factors are responsible such as intrinsic
chemoresistance, limited choice of intra-CSF chemothera-
peutic agents and the limited accessibility of bulky nodules
to intra-CSF chemotherapy [194]. Furthermore, the main
cause of death in LM patients is uncontrolled systemic dis-
ease [175]. As a consequence, only systemic chemotherapy
can simultaneously address the systemic and leptomeningeal
disease [173, 175, 195]. Systemic treatment offers several
other advantages such as avoiding the risks of the surgical
placement of a ventricular access device, being able to treat
patients with a CSF flow block or bulky LM disease, as well
as having access to a wider range of therapeutic agents that
have tumor type specificity [174]. Some authors have sug-
gested that systemic therapy may replace intra-CSF therapy,
a hypothesis that has never been adequately evaluated in a
prospective trial of LM [13, 120, 122, 125, 148–152, 173,
175, 187, 195–202].

Some have concluded that the addition of intra-CSF
chemotherapy to systemic chemotherapy for treatment of
BC-related LM does not change the overall response rate,
median survival or the long-term survival rate, but does
significantly raise the rate of acute, subacute, and delayed
neurologic complications [197–199]. Conversely, systemic
treatment may not add any benefit for some patients.
Another prospective study in LM patients with NSCLC did
not show any survival benefit of adding systemic
chemotherapy to the combination of radiotherapy and
intra-CSF chemotherapy, which could be related to the poor
chemosensitivity of NSCLC [190].

An agent selected for use in systemic therapy should be
active against the primary cancer. The choice of a systemic
agent should be based on its activity profile against potential
secondary (acquired) resistance, and upon its capacity to
achieve effective intra-CSF concentrations. The later prop-
erty is related to its chemical properties, e.g., lipophilicity,
low protein-binding, low molecular weight, and ionization.

Temozolomide, an alkylating chemotherapy that crosses
the BBB, has been evaluated in a phase II trial in first-line
therapy of LM secondary to BC and NSCLC [203]. Temo-
zolomide was given according to a 1 week on/1 week off
schedule in 19 patients. Only three patients had clinical
benefit, median survival was 43 days, and median time to
progression was 28 days. These disappointing results likely

reflect the absence of clinical efficacy of temozolomide in
breast and lung cancer.

High-Dose Methotrexate

High-dose IV methotrexate (HD-MTX) with leucovorin
rescue is an alternative to intra-CSF treatment [174]. It has
been prescribed up to 8 g/m2, and its efficacy in this indi-
cation has been evaluated in small retrospective studies [174,
176]. Cytotoxic CSF MTX levels were achieved, even with
lower doses (700 mg/m2 initially, followed by a
2800 mg/m2 23-h continuous infusion), but cytological
clearing of malignant cells was variable according to the
differing MTX schedules (80% vs. 0% in the “8 g/m2” vs.
“lower dose” regimens, respectively).

High-Dose Cytarabine

Therapeutic CSF levels can be achieved by administering
ara-C 3 g/m2 every 12 h or by continuous infusion >4 g/m2/
72 h [204–207]. However, these schedules are associated
with significant systemic toxicity and have not proven ben-
eficial in the treatment of LM from solid tumors.

New Therapeutic Approaches

Investigational Intra-CSF Therapies
Many agents have been assessed in the intra-CSF setting,
such as diaziquone (AZQ), mafosfamide, nimustine
hydrochloride (ACNU), 4-hydroperoxycyclophosphamide
(4-HC), 6-mercaptopurine (6-MP), dacarbazine, and gemc-
itabine [178, 208–216]. No clear signal of activity was
observed with these agents and further development of these
drugs in LM has ceased.

Intra-CSF administration of a microcrystalline prepara-
tion of busulfan (Spartaject) has been assessed in clinical
trials though again with limited clinical efficacy aside from
chronic myelogenous leukemia-related LM [217, 218].
A microcrystalline formulation of temozolomide has also
been evaluated for intra-CSF use in preclinical studies.

Intra-CSF Etoposide

Intra-CSF etoposide has been assessed in two feasibility
studies and one phase II trial [219–221]. In the Phase II study,
induction treatment consisted in 0.5 mg etoposide per day for
5 consecutive days per week every other week for 8 weeks.
Among the 27 adult patients included, 26% were cytological
responders with a stable or improved neurologic status at the
end of induction. In responders, time to neurologic progres-
sion ranged from 8 to 40 weeks (median, 20 weeks). The
6-month neurologic disease PFS was 11%. The interpretation
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of these results is not straightforward, since theywere obtained
in different types of cancers with differing prognoses.

In a recent study, the pharmacokinetic properties of
intra-CSF etoposide were determined in 42 patients. An
intra-CSF dose of 0.75 mg was administered (over 1–2 min
by IVent or IT administration) for 5 consecutive days for 1–
3 weeks. Excellent distribution throughout the CSF com-
partment was achieved, irrespective of delivery route and
clearance of etoposide was near complete at 24 h. The
dosing regimen was shown to be relatively free of toxicity
and considered safe as previously reported [222].

Intra-CSF Topotecan

Topotecan is a topoisomerase I inhibitor that displays a wide
spectrum of activity. IVent administration of 1/100th of the
systemic dose of topotecan can lead to a 450-fold greater
CSF concentration, according to pharmacokinetic studies.
A Phase I trial of IT topotecan in a pediatric population of
LM patients with primary brain tumors showed 3 out of 13
responders with dose-limiting toxicity aseptic chemical
meningitis [223]. A Phase II nonrandomized trial of
intra-CSF topotecan in 62 adult patients used 0.4 mg of
topotecan administered IVent twice weekly during 6 weeks
[224]. The rate of cytological responders was 21% with a
15 week OS in the 65% of patients who completed the
6-week induction period. Arachnoiditis was again the most
frequent complication (32% of patients, 5% grade 3).
Topotecan displayed a good tolerance profile but its added
benefit over other intra-CSF drugs remains unclear since it
was evaluated in a heterogeneous population.

Biological Agents

Transduction inhibitors, antiangiogenic agents (angiostatin)
or drugs targeting vascular cell adhesion molecules are
currently being evaluated [225–229]. Intra-CSF IL-2 has
been assessed in melanoma patients with LM [230–232]. As
previously reported with systemic treatment, some patients
maintain a long duration of response but side effects of
treatment are not negligible.

In a phase II study of 22 patients with LM from various
solid tumor cancers, intra-CSF alpha interferon showed
modest activity (median duration of response: 16 weeks,
range 8–40), with transient chemical arachnoiditis and
chronic fatigue in the majority of patients [233].

A phase I trial assessed the safety profile of either sub-
cutaneous or IT administered CpG-28, a TRL-9 agonist, in
LM patients LM with solid tumors including primary CNS
tumors [234]. TLR-9 agonists are immunostimulating agents
that have displayed antitumoral activity in preclinical stud-
ies. CpG-28 treatment was administered weekly for 5 weeks

in 29 patients, with safety the primary endpoint. The toler-
ance profile was good at doses up to 0.3 mg/kg subcuta-
neously and 18 mg intrathecally. Treatment-related adverse
events were low-grade lymphopenia, anemia and neutrope-
nia, local erythema at injection sites, fever, and seizures.
Serious adverse events consisted of confusion episodes,
infections of ventricular devices, grade 4 thrombocytopenia,
and neutropenia. The median PFS was 7 weeks and median
OS was 15 weeks.

Monoclonal Antibodies

When administered systemically in LM patients, biological
response modifiers such as trastuzumab (humanized mono-
clonal antibody targeting HER2/neu) and SU5416 (inhibitor
of the tyrosine kinase activity of the VEGF receptor) pene-
trate poorly into the CSF [235–237].

A few long-term clinical responses (7–26 months) have
been achieved in clinical trials that enrolled LM patients
with primary solid tumors (melanoma, ovarian, and breast
primaries) to assess the efficacy of intra-CSF injection of I
[131] combined to monoclonal antibodies against tumor
antigens [227, 238–242]. The creation of specific mono-
clonal antibodies directed against an individual tumor, the
difficulty to reach distant cancer cells from the tumor
cell/monoclonal antibody complex, and the potential sys-
temic complications of the released radiolabeled compound
exemplify the potential pitfalls of this approach.

Intra-CSF immunotoxins, coupled to monoclonal anti-
bodies or biological ligands, such as epidermal growth factor
or transferrin, have been evaluated in preclinical studies and
in a pilot study of eight patients [243–247]. In four patients,
the CSF cancer cells were reduced by 50%, but progression
was observed in seven of eight patients. Toxicity was tran-
sient and manageable with steroids and CSF drainage.

LM is relatively infrequent (3–5% incidence) in the
HER2/neu positive BC patients as compared with
parenchymal BM (approximately 30% incidence) [27, 38,
248]. There is concordance regarding the tumor HER 2/neu
status between the primary cancer and CSF CTC, unlike
what has been demonstrated in parenchymal brain metastasis
[249]. Trastuzumab CSF/serum ratios have been reported
prior to and after WBRT completion and vary from 0.0023
to 0.013 mg/dL and up to 0.02 mg/dL in patients with LM
[155, 250, 251]. These pharmacological studies suggest very
limited entrance of trastuzumab into the CNS regardless of
the presence or absence of CNS metastasis or application of
WBRT.

In a toxicology study, intra-CSF trastuzumab was
administered to monkeys, and CSF concentrations exceeded
those reported after systemic administration [252]. Intra-CSF
trastuzumab has been administered at varying doses
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(5–100 mg) with clinical and cytological success reported in
case studies of patients with LM and HER-2/neu positive
breast cancer [236, 251–262]. Additionally, occasional
prolonged survival has been reported (>72 months).
Intra-CSF trastuzumab has also been given in combination
with intra-CSF MTX with encouraging preliminary results
[259, 263, 264]. Intra-CSF trastuzumab has also been
administered with intra-CSF thiotepa after progression fol-
lowing single agent intra-CSF trastuzumab [265]. This drug
combination was chosen based on previous preclinical
studies that showed a significant synergism between these
two agents [266]. A clinical benefit was seen in this case
report. A systematic literature review (17 patients in 13
articles) concluded that IT trastuzumab appears unassociated
with severe adverse event (SAE) in most cases [267].
Clinical improvement was observed in 68.8% of patients as
reflected by a cytological response rate of 66.7%. The
median OS was 13.5 months and the median CNS-PFS was
7.5 months.

A longer CNS-PFS was observed in clinical and CSF
responders. These data are promising but the intra-CSF use
of trastuzumab cannot be considered standard yet, as con-
firmatory studies are needed in order to determine dose,
interval, maintenance duration, and combination drugs.
Efforts to develop intra-CSF use of trastuzumab in HER-2
positive BC and LM are ongoing with two Phase I/II studies,
one in France and the other in US (NCT01325207
(US) Phase I/II Dose Escalation Trial to Assess Safety of
Intrathecal Trastuzumab for the Treatment of Lep-
tomeningeal Metastases in HER2 Positive Breast Cancer and
NCT01373710 (France) Phase 1–2 Study (HIT) of Safety
and Efficacy of Intrathecal Trastuzumab Administration in
Metastatic HER2 Positive Breast Cancer Patients Develop-
ing Carcinomatous Meningitis). The final results of the
phase I component of the French phase I/II study have been
reported recently [268]. IT trastuzumab was administered
once weekly for 8 consecutive weeks in a dose escalation
study (dose range 30–150 mg) in 19 patients [268]. The
primary endpoint was to determine the maximum tolerated
dose and to achieve a trastuzumab target concentration in
CSF similar to that known to be effective in plasma
(30 lg/mL). The maximum tolerated dose was not reached
and the safety profile was excellent without high-grade
toxicity. The CSF trastuzumab target concentration was
reached at dose level 4 (150 mg) and was recommended as
the Phase II dose to be administered weekly. The primary
endpoint of the study will be neurological progression-free
survival at 2 months [12–40].

Bevacizumab is a monoclonal antibody targeting the
VEGF ligand. Bevacizumab can be used safely without an
increase of bleeding in parenchymal CNS metastases that are
otherwise small in volume and asymptomatic, according to

retrospective analyses [269]. LM patients have shown sig-
nificantly elevated CSF levels and CSF/serum indices of
VEGF in several studies, suggesting a contributory role of
angiogenesis in LM. Survival was also inversely correlated
to the level of VEGF [70, 270, 271]. Prospective trials in LM
are ongoing to assess efficacy of intra-CSF bevacizumab. In
a pilot study of 15 patients with LM, CSF VEGF levels were
significantly decreased over time with bevacizumab treat-
ment. Clinical, radiological, and cytological responses or
stable disease were obtained in 54–73% of patients [272].

Investigational Systemic Treatment

Breast Cancer
Capecitabine

A small number of BC patients with LM benefited from
capecitabine, an oral prodrug of 5-fluorouracil, with
long-lasting responses and stabilizations; however, the role
of capecitabine in BC-related LM is uncertain given the
paucity of patients reported to date [273–277].

Hormonal Treatment

Tamoxifen, letrozole, anastrozole, and megestrol have
occasionally benefited BC patients with LM, but these
reports are usually comprised of very small numbers of
patients and consequently the interpretation of the data
remains speculative [278–280].

Non-Small Cell Lung Cancer
Chemotherapy

Previous reports suggesting systemic chemotherapy improves
survival in patients with LM have primarily been in patients
with chemoresponsive cancers such as BC or hematologic
malignancies. There are recent reports of a similar benefit with
administration of systemic chemotherapy in patients with
NSCLC and LM [89, 120]. In a series of 22 patients (44%)
with NSCLC and LM, systemic chemotherapy (cytotoxic
chemotherapy or EGFR inhibitor) combined with intra-CSF
chemotherapy showed improved survival relative to patients
treated without systemic therapy (11.5 vs. 1.4 months) [89].
Similarly, Riess reported improved survival in a series of 30
patients with LM secondary to lung adenocarcinoma treated
with combined systemic and CNS-directed therapy [120].

Targeted Therapies/Epidermal Growth Factor Inhibitors

The epidermal growth factor receptor (EGFR) tyrosine ki-
nase inhibitors (TKI) erlotinib and gefitinib are particularly
effective in NSCLC patients with adenocarcinoma and
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Table 5.9 Neurological toxicities of intra-CSF treatments and systemic treatments using high-dose systemic methotrexate and ara-C in patients
with leptomeningeal metastases

Nature Timing Drugs Clinical, biological and MR
findings

Pathological
findings

Treatment and
course

Myelopathy 48 h to
months
after
treatment

MTX,
AraC,
L-AraC
Thiotepa

Myelopathy
CSF: "protein
MR: spinal cord swelling,
"T2WI signal

demyelination Poor prognosis
with persistent
paraparesis
(60%)

Aseptic meningitis Hours
after
treatment

Any IT agent Mimics bacterial meningitis
CSF: pleocytosis, "protein

Oral
antipyretics,
Antiemetics
and steroids
Reversible
within 1–
3 days
Further
treatment
possible
Usually totally
reversible

Acute cerebellar syndrome 2–5 days
after
treatment

HD IV AraC
(>3 g/m2)

Encephalopathy immediately
followed by cerebellar
syndrome
MR: cerebellar atrophy,
reversible and diffuse
leukoencephalopathy

Diffuse loss of
Purkinje
cells ± WM
demyelination

Further
treatment
possible
Recovery after
treatment
discontinuation,
But may be
permanent

Acute encephalopathy 24–48 h
after
treatment

IT MTX
IT AraC,
IV HD MTX

Seizures, confusion,
disorientation and lethargy

Acute/subacute encephalopathy 48–
72 h/5–
6 days
after
treatment

IT MTX
HD IV MTX

Stroke-like syndrome
Normal CSF and
Restricted diffusion on MR

Folinic
acid/steroids,
Reversible
within 48–72 h,
MR
normalization
may take up to
4 weeks

Posterior reversible
encephalopathy syndrome

Within
48–72 h

IT MTX Headache, change in mental
status and seizures.
MR: reversible cortical and
subcortical changes consisting
of high-intensity lesions on
T2-WI and FLAIR sequences
with postGd", #signal
intensity on diffusion-WI and
"apparent diffusion coefficient

Not fully
understood,
vasogenic
edema in areas
of the brain
supplied by the
posterior
circulation

Total resolution
within days
following
causal agent
withdrawal

Delayed leucoencephalopathy Months
to years
after
treatment

High risk if
cumulative dose
IT
MTX > 140 mg
Typically
combined
RT + HD IV/IT
CT

Subcortical-frontal syndrome
Mutism-akinetism
CSF: "protein
MR: cortical atrophy, diffuse
WM "T2WI and FLAIR
signal, ventricular dilatation

Disseminated
foci of
demyelination,
axonal loss
Necrotizing
lesions

No treatment
Not reversible

(continued)
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specific EGFR-activating mutations. Among all NSCLC
patients, women, nonsmokers, and patients of Asian eth-
nicity are the most responsive. Published data have shown
that patients with NSCLC-related LM and activating EGFR
mutations may benefit from treatment with an EGFR-TKI at
normal or higher doses [13, 39, 119, 126, 130, 281–297].
Promising results have been observed in patients with
EGFR-activating mutations in NSCLC and LM, according to
four recent and one large retrospective series [13, 89, 118,
119]. Xu reported a median survival of 5.5 months in a
series of 108 NSCLC patients with LM [118]. Forty-two
patients were treated with a EGFR-TKI, and had better
survival when compared to patients who did not receive the
targeted treatment (11.1 vs. 4.4 months). Lee reported a
median survival of 3.5 months in a series of 149 patients
with LM from NSCLC (95% adenocarcinoma) [127].
EGFR-TKIs were used in 24 patients. Compared to patients
not treated with EGFRI, these patients had overall longer
survival (38 weeks vs. 13 weeks). In multivariate analysis,
EGFR-TKI therapy was a statistically significant factor
associated with a favorable survival [118].

Whether erlotinib should be prescribed in LM at standard
dose or at intermittent pulsatile high-dose is not clear [39,
281, 288–293, 297]. Some authors report a pharmacokinetic
and therapeutic advantage of a high-dose intermittent pul-
satile schedule with EGFR-TKIs (1000–1500 mg/week) in
patients with LM [39, 281, 289, 294]. A Phase 1 study of
high-dose gefitinib for patients with LM and NSCLC has
recently been reported [291]. Eligible patients had known
EGFR mutations and/or prior response to EGFR-TKI. Two
weeks of high-dose daily gefitinib (dose levels: 750, 1000,
1250 mg) were given alternating with 2 weeks of standard
dose maintenance therapy (500 mg daily). Primary end-
points were safety and toxicity. Seven patients were treated:
three at the 750 mg dose level and four at the 1000 mg dose
level. Toxic epidermal necrolysis was the dose-limiting
toxicity at the 1000 mg dose level. The study was stopped

due to slow accrual. Median neurologic progression-free
survival was 2.3 months (range 1.6–4.0 months); median
overall survival was 3.5 months (range 1.6–5.1 months).
Despite the absence of documented radiologic response, four
patients were clinically improved (not defined as to what
constituted improvement) and one patient converted from
positive to negative CSF cytology [291]. Long-lasting LM
responses have been reported with erlotinib after prior pro-
gression on gefitinib and vice versa [89, 127, 128, 130, 291–
296]. The authors conclude that in NSCLC and LM with
activating mutations in EGFR, EGFR TKI may be systemic
therapy option not necessitating intra-CSF chemotherapy.

Melanoma

Patients with LM from melanoma have the worst prognosis
among all patients with solid tumor-related LM with a
median survival of only 2.5–4 months before the era of
immunotherapy and targeted therapies [14, 110]. Intra-CSF
chemotherapy may postpone clinical neurologic progression,
but systemic chemotherapy (for example temozolomide,
DTIC, fotemustine) is usually of modest efficacy. Currently,
the impact of new drugs such as anti-cytotoxic
T-lymphocyte antigen (CTLA)-4 antibody, anti-PD-1 anti-
bodies and selective BRAF inhibitors in the clinical evolu-
tion of patients with melanoma and LM is not established
[148]. Nevertheless, several recently published case studies
have reported prolonged survival with clinical, cytological,
and radiological responses using an intensive schedule of
temozolomide, ipilimumab, vemurafenib, or the combination
of dabrafenib and trametinib [148, 149, 152, 157, 202, 297].
It remains difficult to evaluate the role of targeted agents,
since most patients undergo multi-modality therapy [148,
149, 152, 157]. However, as in NSCLC, selected melanoma
patients with LM and druggable targets may be candidates
for these novel targeted therapies.

Table 5.9 (continued)

Nature Timing Drugs Clinical, biological and MR
findings

Pathological
findings

Treatment and
course

Other: seizures, radiculopathy,
visual loss, communicating
hydrocephalus, pseudo-tumor
cerebri like syndrome, conus
medullaris/cauda equine
syndrome, #VA

Typically
combined
RT + HD
IV/and
IT MTX, or
LAra-C

May recover
partially or
remain
permanent

Data from References [187, 298–309]
CSF Cerebrospinal fluid; CT Chemotherapy; # Decreased; " Elevated; FLAIR Fluid attenuation inversion recovery; Gd Gadolinium; H Hours; HD
High doses; IT Intrathecal
IV Intravenous; L Liposomal; MR Magnetic resonance; MTX Methotrexate; RT Radiotherapy; T2WI T2 weighted images; VA Visual acuity; WM
White matter
Adapted from Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: Leptomeningeal metastases in solid tumors. Surg Neurol Int.
2013; 4(Suppl 4): S265–S288. Open Access Journal
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Toxicity and Complications of LM-Directed
Treatment

Most published data of patients under evaluation during a
treatment for LM report a iatrogenic morbidity rate of 70%
(all grades of toxicity) with 15–20% severe side effects, and
iatrogenic mortality rate less than 5% [174, 182, 187, 192,
198]. Neurologic side effects are classified according to their
time of occurrence (acute, subacute, and delayed) and
ascribed to the type of treatment (intra-CSF or systemic
chemotherapy) as illustrated in Table 5.9 [187, 298–309]. It
remains challenging to differentiate neurologic side effects
secondary to LM-directed treatment from underlying disease
progression and from other associated comorbidities. Pre-
vious or concomitant treatments (whole brain radiotherapy,
intra-CSF chemotherapy, HD-MTX, or HD ara-C) appear to
increase intra-CSF drug (MTX and liposomal ara-C) toxic-
ities, independently of the route (lumbar or ventricular) of
administration [187].

Conclusion

• The incidence of LM is increasing mostly due to
increased overall survival in patients with cancer—a
reflection of improved control of systemic disease with
newly approved systemic targeted therapies that are
characterized by their poor CNS penetration rate.

• The prognosis of LM remains poor as a consequence of
late diagnosis and current suboptimal therapies.

• To address the challenge in diagnosis, new techniques
such as flow cytometry immunophenotyping and tech-
niques used for the detection of circulating tumor cells
are currently in development and remain investigational.

• Improvement in the treatment of breast cancer, NSCLC,
and melanoma in part reflects the introduction of new tar-
geted therapies which may prove beneficial in the treatment
of LM as well. Of urgent need are new clinical trials in LM
driven in part by tumor specific therapies as well as
molecular biomarkers that define druggable targets.

• There is an additional need for improved standardization of
response assessment in LM both within and outside of
clinical trials. It is hoped that the development of such
guidelineswill lead to standardization of clinical trials in LM.
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6Spinal Metastasis as Complication of Systemic
Cancers

Gregory Davis, Michaela Lee, Dawit Aregawi, Mark E. Shaffrey,
David Schiff, and Jonathan H. Sherman

Introduction

Metastatic spinal cord disease represents a common com-
plication of systemic cancer and is a major cause of mor-
bidity in cancer patients [1, 2]. Since the first report of spine
metastasis by Dr. William Spiller in 1925 [3], this disease
entity has proven to be a challenge to physicians both with
regard to diagnosis and management. Symptomatic spine
metastasis is seen in 5–10% of patients with cancer and such
lesions must be caught early and treated in an effective
manner in order to preserve residual neurologic function and
to prevent new neurologic deficits [4, 5]. These patients
present with signs and symptoms such as pain, weakness,

autonomic dysfunction, sensory loss, and ataxia [6]. A vari-
ety of prognostic factors have been evaluated in order to
adequately assess the appropriate treatment options for these
patients. Such factors include extent of metastatic disease,
aggressiveness of the cancer, and preoperative function. By
assessing the patient’s prognosis, the appropriate treatment
options that minimize additional morbidity and maximize
the patient’s quality of life can be selected. These treatment
options range from palliative measures, such as radiation
therapy, to curative resection; the type of treatment must be
individualized for each patient [7, 8].

Epidemiology

1.7 million new cases of cancer are expected to be diagnosed
in the U.S. in 2015 [9]. Systemic neoplasia is seen in 60–
70% of these patients at the time of their death with bone as
the most common site for metastatic disease [10].
Post-mortem studies report the prevalence of skeletal
metastasis in cancer patients to range from 7 to 27%. The
prevalence is similar for both men and women [11]. Of those
with skeletal metastasis, 36–70% have lesions to the spine
[12–14]. Metastatic disease to the spine can present in a
variety of ways and causes significant morbidity in these
patients.

Metastatic lesions can be intradural intramedullary,
intradural extramedullary, or extradural in location.
Extradural disease can be isolated to the bony spine, or an
epidural component can be present with or without com-
pression of the spinal cord or thecal sac. Approximately 94–
98% of patients with metastasis to the spine have either
vertebral or epidural involvement [11]. On the other hand,
intradural extramedullary and intradural intramedullary
seeding are only seen in 5–6% and 0.9–2.1% of patients,
respectively [15]. Intradural extramedullary lesions of
metastatic origin typically arise via seeding of the spinal
subarachnoid space (e.g., lymphoma). This topic will
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primarily be discussed in another chapter. Epidural spinal
metastases (ESM) are most commonly seen in the thoracic
spine (70% of cases). Disease is also seen in the lumbar
spine (20% of cases) and less commonly the cervical spine
(10% of cases) [12, 16]. Despite the incidence of metastasis,
ESM are symptomatic in only 5–10% of patients with cancer
[17–19].

The incidence of metastatic spine disease varies among
different tumor types. A higher index of suspicion must be
maintained with particular cancer patients in an attempt to
retain and possibly restore neurologic function. The most
common malignancies to result in symptomatic ESM include
breast cancer, lung cancer, and prostate cancer. Lymphoma,
sarcoma, and renal cancers display a high prevalence as the
primary source for ESM, and less frequently melanoma,
myeloma, and gastrointestinal tract tumors will metastasize
to the epidural spine. However, it is not infrequent that the
primary site for ESM remains unknown [19–21]. Table 6.1
displays the incidence of each of these primary sites as a
source of metastasis. Loblaw and colleagues analyzed the
cumulative incidence of ESM in the 5 years preceding death
among different cancer types and found an overall incidence
of 2.5% for all cancer types with a range of 0.2% in pan-
creatic carcinoma to 7.9% in myeloma [22].

Pathogenesis and Pathophysiology

Batson, through his cadaveric experiments, identified the
low-pressure valveless vertebral-venous plexus, which
extends from epidural and perivertebral veins to veins of the
thoraco-abdominal wall and veins of the head and neck.
Venous blood can bypass the portal, caval, and pulmonary
veins via Valsalva, venous obstruction, or increased
intra-thoracic and intra-abdominal pressure resulting in flow
inversion to the vertebral-venous plexus. This provides a
pathway for distant organs to spread disease to the spine [23,
24].

An alternative route for metastasis to the bony spine and
epidural space is via arterial emboli through the rich vascular
network that supplies the bony spine. The vertebral body has
a large blood supply, while the posterior elements are less
highly vascular. Spinal lesions arise more often from the
vertebral body; [5] however, isolated involvement of the
vertebral body is rarely observed—only in 3.8% of cases—
while 75% of ESM involve the vertebral body, pedicle and
posterior elements [25]. These tumors can grow within the
anterior or posterior bony elements or spread to the epidural
space via venous drainage [26]. In addition, invasion into the
spine can occur via direct extension from the paraspinal
region to the nerve roots through the neural foramina [1].

The pathophysiology by which spine metastasis causes
neurologic injury is a matter of some debate. Spinal cord
compression is associated with endogenous neurochemical
changes that lead to neuronal injury. This compression was
initially thought to result in arterial ischemia. Subsequent
animal and human studies have demonstrated that com-
pression and obstruction of the vertebral-venous plexus
result in vasogenic spinal cord edema, venous hemorrhage,
and ischemia [20, 27]. In addition to venous obstruction,
spinal auto-regulatory mechanisms induce arteriolar dilata-
tion and increased edema via induction of such enzymes as
nitric oxide synthase. Cytokine production, e.g., PGF2, IL-1,
IL-6, locally promotes an inflammatory response with
vasodilatation and increased edema formation. In addition,
animal studies display myelin loss secondary to ischemia
and compression [28–31].

Presentation

Patients harboring spinal metastases can present in a variety
of ways. Symptoms secondary to metastasis are the same
symptoms by which a primary spinal malignancy is dis-
covered. Also, 20% of patients with metastatic cancer have
signs and symptoms of ESM as the initial manifestation of
their disease [32]. Patients with bony spine metastasis with
or without an epidural component commonly present with a
prolonged period of persistent back pain with a median time
course of 8 weeks. Unfortunately, although back pain is a
frequent complaint among the general populace, the physi-
cian must consider spine metastasis in the differential diag-
nosis. This is especially true in older patients and patients
with pain at the level of the thoracic spine, as pain at this
level is uncommon in degenerative disc disease. Even with
the diagnostic modalities available to the modern physician,
patients are diagnosed very late in the course of their disease.
Levack and colleagues performed a prospective observa-
tional study of 319 patients and found that 82% of patients at
diagnosis of ESM were either unable to walk or only able to
do so with help. 94% of these patients reported

Table 6.1 Site of primary tumor with epidural spinal metastasis

Primary Incidence (%)

Breast 13–22

Lung 15–19

Prostate 10–18

Lymphoma 8–10

Sarcoma 7.5–9

Kidney 6–7

Gastrointestinal 4–5

Melanoma 2–4

Myeloma 4.5–5

Unknown 4–11
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approximately a 3-month history of axial spine pain [33]. It
is important to note that patients with compression sec-
ondary to epidural disease can still present with isolated
axial spine pain without neurologic deficit or radicular
symptoms. Epidural spinal compression cannot be excluded
because a patient with back pain does not manifest
myelopathy or radiculopathy.

Pain may occur for a variety of reasons including
pathologic fracture, local compression resulting in axial
spine pain, or via nerve root impingement resulting in
radicular pain. Radicular pain affecting the upper or lower
extremities is seen in cervical and lumbar disease, whereas
thoracic cord lesions present with bilateral pain radiating
around the chest or upper abdomen [34].

The location of pain can help guide the physician; how-
ever, pain can be a false localizing sign and may not always
correlate directly with the level of the metastasis. The dif-
ferential diagnosis must also include more common entities
such as herniated disc disease, which can be distinguished
by a history of trauma or other inciting event as a well an
acute onset of pain, rather than the more common insidious
onset of pain symptoms seen in spine metastasis [35, 36].

Weakness is the second or third most common complaint
of patients with spine metastasis and is both a symptom and
sign of disease. Subjective weakness may be a manifestation
of axial or radicular pain without true weakness evident on
examination and is present in a high percentage of patients
with ESM. Objective weakness is seen in 84% of patients
with compressive ESM. At the time of diagnosis, approxi-
mately 50% are ambulatory, 35% are paraparetic, and 15%
are paraplegic. Rapid diagnosis and treatment are critical in
these patients as 30% of those individuals presenting with
weakness become paraplegic within one week [21].

Patients with spinal metastasis commonly present with
numbness and paresthesias such that 51% have subjective
sensory symptoms on presentation, and 78% of patients have
sensory deficits found on examination [21]. These deficits
can assist in localizing the metastatic lesion. Dermatomal
sensory loss or reflex loss is more predictive than a sensory
level, as the sensory level may be apparent between one and
four levels below the level of disease. Patients with cervical
and thoracic disease can also present with Lhermitte’s sign
[37].

Bowel or bladder dysfunction is seen in as many as 57%
of patients. Urinary retention is the most common form of
dysfunction, more common than both urinary and fecal
incontinence. The degree of autonomic abnormality often
correlates with the severity of motor and sensory deficits and
is considered a late finding. In addition to the aforemen-
tioned presenting signs and symptoms, patients may also
present with other forms of autonomic dysfunction such as

the absence of sweating below the lesion level and Horner’s
syndrome as well as ataxia, spasticity, and syringomyelia
[20, 21].

In assessing patients with ESM, it is important to differ-
entiate between lesions causing myelopathy from spinal cord
compression and those causing deficits from cauda equina
syndrome (CES) . Patients with either lesion can present
with back pain, weakness, sensory deficits, or bowel and
bladder dysfunction. However, the former results in upper
motor neuron signs such as clonus, Babinski sign, and
hyperactive reflexes. On the other hand, the latter displays
unique sensory deficits such as saddle anesthesia as well as
lower motor neuron signs such as hypoactive reflexes and
muscle wasting [38, 39].

Diagnostic Work-up

The diagnosis of spine metastasis is continually evolving as
the diagnostic tools available to the physician continue to
improve. Plain X-rays are a valuable tool in analyzing the
bony spine. Plain radiographs detect bony erosion better in
cortical bone than in cancellous bone. The pedicle is pri-
marily composed of cortical bone as compared to the ver-
tebral body, so metastasis to the pedicle is identified first on
plain radiographs despite the higher degree of involvement
in the vertebral body [16]. Metastatic tumors are commonly
lytic lesions that present with vertebral body compression.
Plain radiographs also show paraspinal soft-tissue shadows
and pathological fracture-dislocation [40, 41]. Despite these
advantages, false-negative plain radiographs occur in 10–
17% of patients with ESM [18]. The osteoblastic tumors
seen in prostate and breast metastases as well as paraspinal
tumors that invade the neural foramen are difficult to identify
on plain radiographs.

Bone scans are more sensitive in assessing metastatic
disease than plain radiographs. Bone scans use technetium
diphosphonate to identify diseased bone which present as
“hot spots.” This diagnostic method has the advantage of
providing a survey of the entire skeleton. Degenerative
changes seen in elderly patients can show up as “hot spots”
and complicate the diagnosis [42, 43]. As an alternative to a
conventional bone scan, whole body positron emission
tomography (PET) can be used to assess bony metastases.
This imaging modality has been shown to have equal sen-
sitivity and improved accuracy in detecting metastatic bone
lesions when compared to a bone scan [44]. The improved
accuracy is related to the mechanism by which the modali-
ties detect tumor involvement—technetium scanning relies
upon osteoblastic bone response to tumor, while PET mea-
sures glucose uptake in the tumor itself by the use of a
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radiotracer [45–48]. Consequently, PET scans are more
likely to detect tumors that are at an earlier stage of growth,
while bone scans are less likely to detect osteolytic and slow
growing metastases [48, 49].

Myelography, as first brought forward by Jean Athanase
Sicard, has been an important diagnostic technique in the
evaluation of spinal metastasis [50]. Prior to the advent of
MRI, myelography was the gold standard for evaluation of
these tumors [51]. Myelography can still be used to identify
the site and extent of metastasis when MRI is not readily
available, a patient is unable to tolerate MRI, or MRI is
contraindicated as in patients with ferromagnetic implants
[41, 52]. The relationship of the metastasis to the spinal cord,
dura, and nerve roots can also be discerned. Myelography is
primarily performed via lumbar injection of radio-opaque
dye. However, some metastases can present in multiple
locations; a tumor causing complete obliteration of the spinal
canal results in failure to identify additional rostral metas-
tases, in which case a cisternal injection is required to
complete the evaluation [41].

Computed tomography (CT) can be used either as a
separate modality or in combination with myelography. CT
imaging is primarily useful in assessing the bony elements
surrounding the spinal cord. CT in combination with myel-
ography can greatly improve the data available from each
study alone and can provide better anatomical detail of the
spinal axis and extent of the tumor both inside and outside
the spinal canal [41, 53].

While the aforementioned modalities can be of value in
assessing spinal metastasis, magnetic resonance imaging
(MRI) is considered the modality of choice. MRI provides
multi-planar imaging of the spine that is noninvasive. In
addition, paravertebral soft-tissue masses and bone marrow
involvement can also be detected [51]. MRI has been shown
to be equivalent if not superior to CT myelography in
detecting cord compression in ESM as well as cord atrophy
[54]. MRI has been shown to be the most accurate and
noninvasive method to assess the entire spinal axis so that
the appropriate treatment modality can be initiated [55].

Laboratory and radiographic assessment are important in
assessing systemic disease. Metabolic panels, blood counts,
and prealbumin should be obtained to assess the nutritional
status and immunological status of the patient. Renal dys-
function and liver dysfunction via metastasis or primary
disease can be assessed via blood urea nitrogen and crea-
tinine and liver function tests [41]. Tumor markers such as
prostate specific antigen, serum and urine protein elec-
trophoresis for myeloma, CA-125 for ovarian cancer, and
CEA for colorectal cancer can assist with diagnosis [56].
Urinalysis, chest radiography, abdominal ultrasound, and CT
imaging of the chest, abdomen, and pelvis are useful
screening methods for systemic malignancy [41].

Prognosis

In discussing the various treatment options of spinal
metastasis, multiple factors must be considered in order to
determine the patient’s prognosis. Prognosis can be a key
item in patient assessment that can influence how aggressive
the treatment is for a particular patient. Tokuhashi generated
such a system for assessing prognosis that is useful in based
on length of survival (Table 6.2). This system includes such
items as general condition, number of extraspinal metastasis,
the number of spinal metastasis, the extent of metastasis to
internal organs, the primary site of the tumor, and the degree
of spinal cord injury. This scoring system has been corre-
lated with prognosis such that patients with a score between
9 and 12 are predicted to survive greater than 12 months,
while patients with a score from 0 to 5 are predicted to
survive less than 3 months [57].

In general, the median time of survival after diagnosis of
ESM is approximately 6 months. Patients who are ambula-
tory at the time of diagnosis display a median survival of 8–
10 months as compared to 2–4 months for non-ambulatory
patients. In addition, patients with slow growing cancers
such as breast and prostate cancer tend to liver longer than
faster growing cancers such as lung cancer. The former has a

Table 6.2 Tokuhashi’s
evaluation for prognosis

Score

Symptoms 0 1 2

Karnofsky score 10–40 50–70 80–100

Extraspinal metastasis >3 1–2 0

Internal organ metastasis Unresectable Resectable No metastasis

Primary site of tumor Lung, stomach Kidney, liver, uterus Thyroid, prostate, breast, rectum

Spinal metastasis >3 2 1

Spinal cord injury Complete Incomplete None
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median survival of 9–10 months, while the latter has a
median survival of 3 months [58, 59].

Pharmacotherapy

The treatment options for spinal metastasis are divided into
three categories. These options include pharmacologic ther-
apy, radiation therapy, and surgical resection with or without
fusion. Treatment of the patient’s symptoms and adjuvant
therapy, e.g., corticosteroids or chemotherapy, are two roles
of pharmacologic therapy. The physician combines medica-
tions for analgesia as well as for the control of neuropathic
pain with radiation therapy and/or surgical intervention.
Opiates are the primary treatment for analgesia, while
amytriptiline and gabapentin or pregabalin are effective
treatment options for neuropathic pain. These medications
are a key component to palliative therapy [34].

Pain develops not only from bony infiltration but also
from pathologic fractures. In addition to pain, fractures can
lead to spinal instability requiring surgical intervention.
Pharmacotherapy directed at bone turnover can provide a
method in preventing pathologic compression fractures.
Bisphosphonates inhibit osteoclast activity and bony
resorption, decreasing the risk of pathologic fracture. Such
therapy has shown a benefit in patients with bony metastasis
from multiple myeloma and breast cancer [60, 61].

Corticosteroids have been shown in experimental models
to reduce peritmoral vasogenic spinal cord edema and
transiently improve neurologic function. After initiation of
steroid therapy, patients have significant improvement in
pain symptoms [34, 41, 62]. A randomized trial by Sorensen
and colleagues compared outcome in patients receiving
high-dose radiation therapy with or without dexamethasone.
In the former group, 81% of patients were ambulatory after
treatment and 59% of patients remained ambulatory after
6 months. In contrast, only 63% of patients in the latter
group were ambulatory after treatment and 33% of patients
remained ambulatory after 6 months. These differences
displayed statistical significance identifying the importance
of corticosteroids as adjuvant treatment in patients with ESM
[63].

Studies have also focused on the effect of high-dose bolus
dexamethasone (100 mg) versus moderate-dose bolus dex-
amethasone (10 mg) versus no corticosteroid treatment.
These studies displayed equivalent efficacy between doses
with regard to improvement in pain, ambulatory status, and
bladder function. The physician must consider the side effect
profile of corticosteroids, especially at higher dosages. Sig-
nificant adverse side effects include severe psychoses, gastric
ulcers, rectal bleeding, and gastrointestinal perforations [63–
66]. Heimdal and colleagues performed a retrospective study
of patients who received radiation therapy in combination

with corticosteroids. All patients received pretreatment with
antacids or H2 blockers prior to high-dose corticosteroid
therapy. Despite preventive measures, two patients devel-
oped gastric perforations and two patients developed gas-
trointestinal bleeding, one of which proved fatal.
A subsequent cohort of patients received a lower dose cor-
ticosteroid regimen of 16 mg tapered over 2 weeks. These
patients did not experience serious side effects and the
ambulatory outcome was similar to those patients receiving
the high-dose corticosteroid regimen [66]. In addition, the
use of corticosteroids has been analyzed in patients with less
severe metastatic disease. Maranzano and colleagues ana-
lyzed 20 consecutive patients with ESM causing less than
50% narrowing of the spinal canal and no neurologic deficit
in a phase II trial. Patients treated with corticosteroids and
radiation therapy showed no additional survival benefit and
equivalent return of neurologic function in comparison to
patients treated with radiation therapy alone [67].

Chemotherapeutic agents can be a valuable treatment
option in ESM. The primary use of these agents is dependent
on the chemosensitivity or chemoresistance of the particular
tumor. Treatment must be designed to maintain neurologic
function and maximize quality of life. Consequently,
chemotherapy is typically used as adjuvant therapy along
with radiation therapy and/or surgical resection in tumors
with uncertain or limited chemosensitivity. On the other
hand, the role of chemotherapy in chemosensitive tumors
has been a matter of debate. Patients with symptomatic
chemosensitive metastases have most often been given
chemotherapy in combination with other therapeutic
modalities. However, patients with chemosensitive tumors
have shown good neurologic improvement with
chemotherapy alone. Especially early in the course of the
disease, chemosensitive tumors are likely to respond to
chemotherapy. These tumors include germ cell tumors and
hematological malignancies, such as lymphoma [68, 69]. In
addition, chemotherapy can be considered as a single mode
of treatment for patients who have previously received
radiation or surgery and are not candidates for further
treatment [34].

Radiation Therapy

Historically, decompression via laminectomy was consid-
ered the primary treatment for spinal metastasis. Studies
were conducted in the 1970s and 1980s comparing radiation
therapy alone to laminectomy followed by adjuvant radiation
therapy. These studies displayed similar rates of neurologic
improvement. Consequently, radiation therapy became the
standard as primary treatment, while surgery was reserved
for patients who deteriorated during or failed to improve
after radiation therapy [70–72]. As more advanced surgical
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techniques for resection and stabilization have been devel-
oped, the role of radiotherapy has also been modified.

Prognosis for patients with spinal metastasis receiving
radiotherapy is highly dependent upon the radiosensitivity of
the primary tumor. The most radiosensitive tumors that
commonly metastasize to the spine include breast cancer,
small cell lung cancer, prostate cancer, myeloma, and lym-
phoma. Patients with these tumors tend to show improved
functional recovery and better tumor control rates as com-
pared to patients with radioresistent tumors such as mela-
noma and renal cell carcinoma. Patients with radioresistent
tumors can, however, still obtain significant pain control and
quality of life improvement from radiotherapy [73–75].

A variety of techniques are available for the effective
delivery of radiotherapy. Such techniques include but are not
limited to conventional radiotherapy and stereotactic ablative
radiation therapy. In general, the use of radiotherapy is
limited by the level of radiation tolerance of the spinal cord.
Hypertension, advanced age, prior spinal cord pathology,
combination chemotherapy, and immunosuppression are
factors which lower the spinal cord’s tolerance to radiation
[76]. This tolerance level is not fully understood, which
makes it necessary to limit the radiation dose provided to the
spinal cord in order to prevent such serious complications as
radiation myelitis or myelopathy. When radiation myelopa-
thy occurs, patients have progressive rostral spread of sen-
sorimotor symptoms within months of radiation therapy.
Within 1 year of symptomatic onset, MRI displays cord
swelling as high T2 signal within the cord with gadolinium
enhancement. The combination of clinical and imaging
characteristics is used to differentiate between radiation
toxicity and tumor recurrence [77–80].

Although utilized with decreasing frequency now, con-
ventional external beam radiation therapy (EBRT) has been
historically considered an excellent treatment option for pain
associated with bony spinal metastases commonly seen in
lung, breast, and prostate cancer. This pain can be treated
with various dose schedules with equal efficacy [81–83].
Notably, a retrospective analysis of 1300 patients compared
five different treatment regimens between 8 Gy in 1 fraction
and 40 Gy in 20 fractions. Functional outcome was similar
between all groups; however, the more protracted regimens
were associated with a lower rate of local recurrence [84].
A protracted regimen is subsequently advantageous in
patients with a longer life expectancy, versus a short course
of radiation for palliation for short life expectances [85].

Stereotactic ablative body radiation therapy (SABR)
provides an alternate modality for focused high-dose radia-
tion to the tumor while minimizing radiation to the adjacent
spinal cord, and has become the dominant modality of
radiation delivery to spinal metastases. Accurate targeting
requires localization of multiple radiation beams to converge

on the lesion of interest at a high dose. The typical dose
ranges from 8 to 18 Gy. This treatment can be administered
over multiple sessions, which makes outpatient treatment
convenient. Gerstzen and colleagues presented 500 consec-
utive lesions treated with high-dose (15–22.5 Gy)
single-fraction SABR with a median follow-up of
21 months. They reported long-term tumor control of 88%
overall with 100% for breast, lung, and renal metastases
[86]. A series by Bate and colleagues followed 57 patients
treated with SABR with or without surgery, the SABR-only
group achieved local tumor control of 96% overall [87]. In
another study, the tumor control rate was 100% in lesions
without previous irradiation [88]. SABR following surgery
should be considered when mechanical stability and local
tumor control both are required. Laufer and colleagues
reported 186 patients with ESM treated with local debulking
and spinal stabilization plus SABR, and compared radio-
therapy groups. Both groups of high-dose therapy following
decompression surgery achieved local recurrence rates
below 10% [89]. Radiosurgery is considered safer for
recurrent tumors than traditional methods as repeat tradi-
tional radiotherapy poses a significant risk at surpassing the
radiation tolerance of the spinal cord. Moreover, recent
review of the literature advocates SABR as the first-line
treatment for palliative symptom control for those with
symptomatic radioresistant tumors with no neurologic deficit
(Fig. 6.1a–c) [90]. Overall, SABR is becoming a common
method for delivering safe doses of radiation to spinal
tumors. Radiosurgery, like other forms of radiotherapy, does
not address the issue of spinal instability.

Surgical Management

The role of surgery in the treatment of spine metastasis has
changed as the techniques available for spinal reconstruction
have improved. Despite the variety of options in a surgeon’s
armamentarium, the ability to maintain a patient’s quality of
life remains of utmost importance and extensive spinal
instrumentation correlates with a longer and more painful
recovery period, in addition to the recovery required for
treatment of the primary disease. Consequently, prognosis is
a key factor in deciding the aggressiveness of treatment for a
particular patient.

Various scoring systems have been proposed to help
guide treatment strategies and the role of surgical interven-
tion. Tomita and colleagues clarified the correlation between
length of survival and surgical treatment goals. In this study,
they analyzed the growth rate of primary tumor, the presence
of visceral metastasis, and the presence and number of bone
metastasis. Slow growth tumors such as breast and thyroid
cancer equated to 1 point; moderate growth tumors such as
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renal cell carcinoma equated to 2 points; rapid growth
tumors such as lung and gastrointestinal cancer equated to 4
points. Visceral metastases equated to 2 points if they were
treatable, while untreatable lesions equated to 4 points.
Finally, solitary or isolated bony metastasis equated to 1
point, while multiple metastases equated to 2 points. The
group then separated patients into prognostic scores from 2
to 10. Patients with a prognostic score of 2–3 had a treatment
goal of long-term local control via wide or marginal exci-
sion, e.g., en bloc spondylectomy, with a mean survival time
of 38.2 months. Patients with a prognostic score of 4–5 had
a treatment goal of middle term local control via intralesional
excision with a mean survival time of 21.5 months. Patients

with a prognostic score of 6–7 had a treatment goal of
short-term palliation via simple decompression and stabi-
lization with a mean survival time of 10.1 months. Finally,
patients with a prognostic score of 8–10 had supportive care
only with a mean survival time of 5.3 months [7].

Bilsky and coworkers developed a scoring system that
integrates neurologic assessment, oncologic assessment,
assessment of mechanical instability, and an assessment of
systemic disease burden and medical co-morbidity (NOMS).
The neurologic component addresses myelopathy, radicu-
lopathy, and degree of epidural compression. Oncologic
assessment evaluates the radiosensitivity of the tumor.
Radiosensitive tumors include multiple myeloma and

Fig. 6.1 a–c 61-year-old male presenting with a 2-month history of
progressively worsening neck pain. The patient was neurologically
intact on examination. He was recently diagnosed with metastatic
thyroid carcinoma; a relatively radioresistant tumor. Pretreatment

sagittal (a) and axial (b) T1 post-gadolinium MR image displaying a
tumor in the left C2 vertebral body (green arrow). c CTV (red circle)
and PTV (purple circle) for SABR treatment planning

6 Spinal Metastasis as Complication of Systemic Cancers 119



lymphoma while highly radioresistant tumors include renal
cell carcinoma, thyroid carcinoma, melanoma, and sarcoma
[91].

On the other hand, the Spinal Instability Score Neoplastic
Score (aka, SINS) can help the surgeon predict spinal sta-
bility with respect to neoplastic lesions. A composite score
of six different factors will help determine if a spine is stable
(score 0–6), intermediate (score 7–12), or unstable (score
13–18). Those factors are: location of lesion in the spine,
mechanical or postural pain, bone lesion quality, spinal
alignment, vertebral body involvement (i.e., collapse), and
the posterolateral involvement of spinal elements [92].

The simplest therapeutic option—percutaneous vertebro-
plasty or kyphoplasty—is a valuable option for treating pain
from lesions either isolated to the vertebral body or lesions
with a mild epidural component. In this treatment, the sur-
geon injects polymethylmethacrylate (PMMA) either
directly into the vertebral body in vertebroplasty or after
expansion of the collapsed vertebral body with a balloon in
kyphoplasty. The surgeon usually injects bone cement via a
transpedicular route; however, anterolateral, intercostover-
tebral, and posterolateral routes are used in the cervical,
thoracic, and lumbar regions, respectively. Patients can
experience pain relief within 24–48 h following therapy and
have shown to maintain improved pain control upon 2-year
follow-up examination [93, 94].

Compressive lesions in the vertebral body not amenable
to percutaneous vertebroplasty or kyphoplasty require
alternate avenues by which the spinal cord can be accessed.
The surgeon typically performs decompression with a cor-
pectomy via an anterior or anterolateral approach. Anterior
approaches require access through the neck, thorax, or
abdomen or retroperitoneal space, which can present a sur-
gical challenge. For lumbar lesions, the lateral approach is
also used to obtain a retroperitoneal plane to the spinal
column. Following a corpectomy/vertebrectomy, the space
filled by the vertebral body must be reconstructed to the
appropriate height. The typical material in degenerative
spine disease is autologous bone or bone allograft. Patients
with metastatic lesions will or have already received radia-
tion therapy that decreases the rate of bony fusion. PMMA is
used for reconstruction in the cervical or thoracic spine or a
titanium expandable cage in the thoracic or lumbar spine.
The former requires the addition of a plate and screw con-
struct to aid in stability [95]. Sawaya and coworkers studied
72 patients with thoracic spine anterior column disease that
underwent a vertebrectomy and fusion procedure. 76% of
these patients displayed improvement in neurologic func-
tion. In addition, 77% of patients non-ambulatory prior to
surgery regained ambulatory capacity postoperatively [12].

While the anterior approach to metastatic disease can be
effective in treating the majority of patients, the extent of a
patient’s primary disease may not warrant such an extensive

tumor resection. Simple decompressive laminectomy and
fusion with pedicle screw instrumentation provides a pal-
liative surgical option. In a retrospective study by Oda e al.,
32 patients with extensive metastatic disease in the
cervico-thoracic spine underwent posterior decompression
and fusion. 94% of these patients maintained pain relief,
neurologic function, and spinal stability throughout the
survival period [96–98].

Patchell’s seminal paper compared 50 patients treated by
the surgical procedure appropriate to the site of the metas-
tasis followed by radiation therapy with 51 patients treated
with radiation alone. In this randomized, multi-institutional,
non-blinded trial, the treatment group randomly assigned
patients with metastatic spinal cord compression to two
different treatment arms. In comparing the two groups after
treatment, 84% of patients were ambulatory in the
surgery/radiation group while only 57% were ambulatory in
the radiation-only group. 32 patients were non-ambulatory
prior to treatment, 50% in each group. Of these patients,
62% of the combined group were ambulatory after treat-
ment, while only 19% of the latter group were ambulatory
after treatment. Finally, patients in the former group were
able to retain the ability to walk for a mean of 122 days,
while patients in the latter group were only able to retain the
ability to walk for a mean of 13 days. This study showed
that direct surgical decompression, and fusion where
appropriate, followed by radiation therapy was superior to
radiation therapy alone. Only patients with single levels of
metastatic epidural spinal cord compression were included in
this study [99].

Out of Patchell’s study was born the idea of separation
surgery. Separation surgery is a simple concept, but one that
incorporates all the surgical techniques discussed above, as
well as the efficacy of SABR. Separation surgery starts with
the goal of resecting the tumor off the thecal sac and spinal
cord and reconstituting the CSF space. As the majority of
tumors present in the vertebral body, these tumors can
commonly infiltrate the posterior longitudinal ligament
(PLL). Consequently, to adequately decompress the spinal
cord, a bilateral pediculectomy must be performed and the
PLL must be dissected off of the overlying dura. This
approach requires stabilization through the placement of
pedicle screws. A gross total resection of tumor is not
required as at approximately 2 weeks after surgery, SABR
can be delivered to the residual tumor and resection cavity
up to the dural edge. The surgical resection allows the CSF
to provide an appropriate distance between the desired
radiation dose and the spinal cord to minimize risk of radi-
ation myelopathy. A CT myelogram is utilized to best
identify the dural margin used for radiation planning with
minimal artifact generated by the instrumentation (Fig. 6.2a–
f). Studies using this technique demonstrate local progres-
sion rates less than 5% at 1 year [87, 89].
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Intradural Intramedullary Spinal Cord
Metastasis

Intradural intramedullary spinal cord metastasis (ISCM) is
an uncommon event, diagnosed in only 0.9–2.1% of cancer
patients [100–102]. Approximately 50% of ISCM arise from
lung carcinoma and the majority of these cases are small cell
carcinoma. Breast cancer, lymphoma, kidney cancer, mela-
noma, gastrointestinal cancer, ovarian cancer, and tumors of
unknown primary are other causes of ISCM [102–107].
Table 6.3 displays the incidence of each of these primary
sites as a source of metastasis with regard to ISCM.
Most ISCM are thought to spread via emboli through a
secondary capillary network to penetrating arteries of the
spinal cord [23, 105, 107]. Alternatively, ISCM may origi-
nate via direct extension from leptomeningeal disease and
subsequently spread to the cord parenchyma [102, 107].

Pain is a common presenting sign in ISCM. In addition,
patients may present with weakness and display a similar
clinical course to ESM, including rapid progression to
paraplegia [108]. However, true motor weakness typically
follows sensory disturbances in ISCM as they are most
commonly located in the posterior cord [109]. The presence
of a Brown-Sequard syndrome can also be a common initial

finding and help differentiate between ISCM and ESM
[109]. MRI (Fig. 6.3a, b) is the primary imaging modality
for detecting cord enlargement, contrast enhancement, and
surrounding edema in ISCM. As in ESM, opiates for anal-
gesia and gabapentin for neuropathic pain are commonly
used. Patients have shown significant relief of pain symp-
toms as well as transient improvement in neurologic function
with the use of corticosteroids [102].

Treatment of ISCM has primarily been based on anecdotal
experience and case series, as no prospective trials on

Fig. 6.2 a–f 53-year-old male presenting with progressive back pain
and lower extremity weakness. The patient displayed 4+/5 weakness in
the right lower extremities. He was recently diagnosed with renal cell
carcinoma status-post a nephrectomy. a Preoperative sagittal CT
displaying a tumor at T9. b Preoperative axial CT displaying a tumor at
the right T9 pedicle and transverse process encroaching on the spinal

cord. c Postoperative sagittal CT displaying instrumentation placed for
stabilization following a T9/10 laminectomy and right T9 pediculec-
tomy and tumor resection. d Postoperative axial CT myelogram image
displaying reconstitution of the thecal sac. e, f GTV (red circle) for
SABR treatment planning

Table 6.3 Site of primary tumor with intradural intramedullary spinal
metastasis

Primary Incidence (%)

Lung 47–54

Breast 11–14.5

Lymphoma 4–12

Kidney 4–9

Melanoma 3.6–9

Gastrointestinal 3–7.3

Ovarian 0.8–1.1

Unknown 1.8–6
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treatment have been performed. EBRT with or without cor-
ticosteroids has been the most effective treatment of ISCM
[107]. Clinical response primarily depends on the duration of
symptoms, the degree of neurologic deficit, and the
radiosensitivity of the tumor. As pathologic evidence indi-
cates that ISCM are multifocal in as many as 30% of patients,
radiation therapy to the entire spinal cord could be a treatment
option [110, 111]. However, the consequences of bone mar-
row suppression associated with total spinal irradiation has
limited this extensive treatment modality [106, 110].
Stereotactic radiosurgery has a potential role in treating these
lesions; however, this modality has only been shown in the
literature to be effective in primary vascular tumors [112]. The
true issue is discerning the proximity of tumor to functioning
spinal cord and limiting radiation exposure to this tissue.

The role of surgery in ISCM remains a matter of debate.
75% of patients with ISCM develop paraplegia within one
month from the first symptom of disease. However, patients
with rapidly progressive neurologic deficit have shown
improved neurologic outcome with early surgical manage-
ment [102]. In such patients, the objective of surgery is
maximal removal of the lesion via microsurgical resection
with preservation of existing neurologic function [108].
Focal radiation can then be applied to the involved area,
especially in patents with evidence of residual disease [104].

Conclusions
Spinal cord metastases are a common complication of
systemic malignancy. ESM most commonly stem from
lung, breast, and prostate cancer, while greater than 50%
of ISCM stem from lung cancer alone. Patients may
present with a variety of symptoms, most notably pain

and weakness. The ultimate goals in managing these
patients include maximizing both length of survival and
quality of life. These goals can best be reached via early,
accurate diagnosis followed by the appropriate treatment
for a particular patient. As imaging modalities have
improved, delineating the exact location and extent of
disease has become significantly more accurate. Despite
the advantages of MR imaging, other imaging modalities
such as CT and plain radiographs still play a valuable role
in diagnosis.

Pharmacotherapy plays an important role in treatment
for these patients not only for analgesia but also for
treatment of edema with corticosteroids and adjuvant
treatment with chemotherapy. The patient’s prognosis
defines the appropriate treatment for spinal metastasis,
with the goal of maintaining that patient’s quality of life.
Radiation therapy continues to be a primary treatment
option and a variety of new techniques are now available
to maximize the radiation dose to the tumor while mini-
mizing the dose to the spinal cord. Surgical resection and
spinal stabilization also have critical roles in the treatment
armamentarium. The combination of these different
modalities will certainly continue to be a vital component
in the treatment of metastatic spinal cord disease as the
treatment algorithm continues to evolve with advance-
ments from all fields.
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7Peripheral Nervous System Metastases
as Complications of Systemic Cancer

Amanda C. Guidon

Introduction

Clinically apparent involvement of the peripheral nervous
system (PNS) is common in cancer and occurs in approxi-
mately 10% of cases. The interaction between cancer and the
PNS is multifaceted and complex [1]. First, cancer affects the
PNS by different mechanisms. These mechanisms include:
(1) compression or infiltration by the tumor; (2) treatment
effect (radiation or chemotherapy), which may be delayed;
(3) nutritional and metabolic factors; (4) infectious compli-
cations related to immunosuppression; and (5) paraneoplas-
tic disorders. Second, precise anatomic localization is
important. Cancer can affect any portion of the PNS and can
be multifocal. Motor neuron, sensory or autonomic ganglia,
nerve roots, plexus, cranial and peripheral nerve, neuro-
muscular junction and muscle can all be affected. Third,
different cellular structures can be damaged including neu-
ronal cell body, axon, or myelin. Finally, different cancers
have different mechanisms for producing PNS lesions. For
example, hematologic malignancies infiltrate peripheral
nerve more frequently than solid tumors [1]. With this
framework in mind, this chapter will review metastases to
the peripheral nervous system.

Metastases to Nerve Roots

Leptomeningeal metastasis occurs when malignant cells
seed the leptomeninges (the pia, arachnoid and cerebrospinal
fluid (CSF) within the subarachnoid space). Patients with
involvement of plexus or nerve from lymphoma, leukemia
and rarely small cell lung cancer may develop lep-
tomeningeal disease and sometimes even cord compression
when neoplastic cells track into the epidural space or

meninges. In general, leptomeningeal disease is diagnosed in
1–5% of patients with solid tumors (carcinomatous menin-
gitis), 5–15% of patients with leukemia (leukemic menin-
gitis) and lymphoma (lymphomatous meningitis), and 1–2%
of patients with primary brain tumors. Melanoma, breast,
and lung cancer are the most common primary sites to
metastasize to the leptomeninges. Adenocarcinoma is the
most common histological subtype. Leptomeningeal disease
can rarely be the first manifestation of cancer (5–10%) or
present after a period of remission (20%). However, more
typically, it presents in patients with widespread and pro-
gressive systemic cancer (>70%) [2].

Cancer cells can spread to the meninges by several paths:
hematogenous spread, either through Batson’s plexus or
arterial dissemination, direct extension from adjacent tumor
deposits and through centripetal migration from systemic
tumors along perineural or perivascular spaces. Once cancer
cells arrive in the subarachnoid space, CSF flow dissemi-
nates them. This process results in potentially multifocal
seeding of the leptomeninges. Conversely, impairment of
CSF flow may also occur due to tumor-related adhesions [2].

See Figs. 7.1a–d and 7.2.

Presentation

Spinal nerve roots and cranial nerves can be affected by
leptomeningeal disease. The finding of disease at several
points along the neuraxis in a patient with known malignancy
suggests leptomeningeal disease. However, patients may also
present with isolated findings such as a cranial mononeu-
ropathy or cauda equina syndrome. Patients may appear
clinically to have a polyradiculopathy or lower motor neuron
disease. Differential diagnosis at presentation includes other
forms of chronic meningitis such as fungal infection, sarcoid,
and tuberculosis [2]. Inflammatory processes, which can be
related to immunotherapy for the patient’s cancer, can also
present with nerve root or leptomeningeal enhancement [3].
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Imaging and Evaluation

Magnetic resonance imaging with gadolinium enhancement
is the preferred imaging modality to evaluate patients with
suspected leptomeningeal disease. When diffuse lep-
tomeningeal disease is suspected, imaging of the brain and
entire spine is required. A normal MRI does not exclude the
diagnosis, as a 30% false negative rate exists [2]. Addi-
tionally, the diagnostic value of MRI may be less in patients
with hematologic malignancies than with solid tumors [4].
This is likely attributable to the propensity of solid tumors to
adhere to neural structures and form nodules [5]. In a patient
with known malignancy and a typical presentation for

leptomeningeal disease, however, an abnormal MRI alone
can establish the diagnosis [2].

CSF examination with intracranial pressure measurement
is the most useful laboratory test in the diagnosis of lep-
tomeningeal metastasis. Cytology is considered the gold
standard for diagnosis. The presence of malignant cells in
CSF is diagnostic of leptomeningeal disease. However,
cytologic analysis frequently cannot attribute the cells to a
specific primary tumor. Abnormal CSF may be merely
suggestive of but not diagnostic for leptomeningeal disease.
The sensitivity for detecting malignancy when present is
65% on initial LP, which then increases to 80% after a
second LP. Even after three lumbar punctures, false negative

Fig. 7.1 A 56 year old patient with a T1bN0MO melanoma, not on
immunotherapy, presented with bilateral, asymmetric lower extremity
and left upper extremity weakness with associated back pain and
without significant sensory symptoms. EDX demonstrated polyradicu-
lopathy. Three separate lumbar punctures showed normal cell count,

elevated protein and negative cytology. Extensive infectious work-up
was negative. MRI lumbar spine showed smooth linear enhancement of
the cauda equine (a, b). Deficits and MRI abnormalities improved over
1 year with IVIG therapy (c, d). Diagnosis was an immune-mediated
polyradiculopathy (Copyright by Amanda C. Guidon, MD)
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rate can be approximately 10% [2, 5]. Dissociation between
cell count and cytology results may also exist [6]. Further
complicating CSF analysis is the potential variability of CSF
protein, glucose, and malignant cell at different levels of the
neuraxis, even in the absence of CSF obstruction. Obtain-
ing CSF from a site that is not symptomatically or radio-
graphically affected, withdrawing small amounts of CSF
(<10 ml), delayed processing, and analyzing only one
sample are all associated with false negative results. Low
sensitivity poses a challenge to diagnosis of leptomeningeal
disease as well as assessing response to therapies [2]. CSF
flow cytometry is useful in evaluating hematologic tumors
and may be superior to cytology when evaluating for lep-
tomeningeal disease [6]. MR imaging looking for enhance-
ment should preferentially be obtained prior to LP; lumbar
puncture itself can rarely cause a meningeal reaction leading
to dural-arachnoid enhancement. In situations where there is
no systemic manifestation of malignancy, CSF is inconclu-
sive and the suspicion for leptomeningeal disease remains
high, meningeal or nerve root biopsy from an enhancing
region may be diagnostic [2].

Treatment

Early diagnosis of neoplastic leptomeningeal disease can
afford a better prognosis. Treatment is intended primarily to
stabilize neurologic function and prolong survival. Median
survival with treatment still remains poor and for solid
tumors is 2.3 months and for hematopoietic tumors is
4.7 months [5]. Response to treatment is difficult to assess,
as there is a lack of standardized treatments and most studies
treat all subtypes equivalently. Treatment may include a
combination of surgery, radiation, systemic, and intrathecal
chemotherapy, and supportive care. Radiation is often used
for bulky disease or if CSF flow is obstructed [2].

Metastases to Plexus

Approximately one in a hundred patients with cancer will
experience neoplastic plexopathy. Two large retrospective
reviews from cancer hospitals showed a frequency of neo-
plastic brachial plexopathy at 0.43% and lumbosacral plex-
opathy 0.71%. However, the incidence is higher in certain
cancer subtypes. For example, up to 5% of patients with
breast cancer may experience neoplastic plexopathy within
5 years following treatment [7, 8]. Knowledge of plexus
anatomy helps the clinician localize the area of abnormality.
Differential diagnosis of plexopathy in cancer patients
includes: radiation plexopathy (most common alternate
consideration), epidural cord compression, neoplastic
meningitis, primary plexus tumor, chemotoxicity (intraarte-
rial therapy), (paraneoplastic) immune-mediated plexopathy,
and postinfectious plexopathy [9].

Cervical Plexus

Cervical Plexus Anatomy
The cervical plexus is formed by the ventral rami of the first
four spinal nerves (C1–C4), in a series of irregular loops.
The plexus is situated close to the upper four vertebrae,
between the deep anterior and lateral muscles of the neck,
anterior to the middle scalene and deep to the sternoclei-
domastoid. Braches form cutaneous, muscular, and com-
municating nerves. The cutaneous branches (lesser occipital,
great auricular, supraclavicular, and transverse cutaneous
nerves of the neck) contain sensory information from the
skin and soft tissues of the scalp and neck. The cervical
plexus also provides motor innervation to several muscles
including the diaphragm (via the phrenic nerve), stern-
ocleidomastoid and trapezius (via the accessory nerve) and
other deep cervical and hyoid muscles [9, 10]. There are also

Fig. 7.2 A 54 year old patient with metastatic melanoma treated with
nivolumab followed by ipilimumab, presented with diplopia, back pain,
progressive sensory symptoms, weakness and gastroparesis. Lumbar
puncture showed elevated protein, normal glucose, normal cell count
and no evidence of malignancy. MRI brain showed abnormal
enhancement along multiple cranial nerves and coating the dorsal and
ventral brainstem. Leptomeningeal enhancement also involved the
cervical and thoracic spinal cord, conus medularis and cauda equina.
He subsequently developed a CIDP-like peripheral neuropathy. Symp-
toms and enhancement improved after stopping immunotherapy and
treatment with high dose corticosteroids and intravenous immunoglob-
ulin (IVIG) (Copyright by Amanda C. Guidon, MD)
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communicating branches to the accessory, hypoglossal,
vagus, and sympathetic nerves [11].

Presentation of Cervical Plexopathy
Metastatic spread to cervical plexus typically occurs from
neighboring tissue. Cancer may invade the plexus directly or
indirectly via regional lymph nodes or bone (clavicle, first
rib, or cervical vertebral bodies). Squamous cell carcinoma
of the head and neck, lymphoma and adenocarcinoma of
the lung and breast are the most commonly associated
tumors [9].

Patients who develop metastatic disease in this area most
commonly describe pain and stiffness in the neck, shoulder
or throat. The pain is typically unrelenting and may worsen
with coughing, swallowing and neck movement. General
examination may be surprisingly normal or may demonstrate
tender neck musculature unilaterally, palpable tumors or firm
anterior or posterior cervical or supraclavicular lymph nodes.
Patients often describe vague numbness, paresthesias, pres-
sure, or burning; however, objective sensory loss may be
difficult to identify. Additionally prior surgery in the area
which can produce numbness in the skin of the anterior neck
and submandibular area may complicate assessment of new
sensory deficits. Clarifying the temporal relationship of
symptom onset and surgery can help distinguish between
these two etiologies [9].

Additional clinical manifestations depend on the area of
the cervical plexus involved. Abnormality of the spinal
accessory nerve or C3/4 roots may produce weakness of the
trapezius. This typically manifests as shoulder weakness and
scapular depression and winging, most notable with shoulder
abduction. Phrenic involvement can present with an elevated
and/or paralyzed hemi-diaphragm. Patients describe dysp-
nea, which is worse when supine. Unilateral weakness of the
sternocleidomastoid, deep cervical, and hyoid muscles is
typically asymptomatic. A history or exam suggestive of
myelopathy raises the suspicion for epidural spread. Given
the close proximity, manifestations of skull base, or brachial
plexus involvement may also be present [9, 12].

Electrodiagnostic Findings in Cervical Plexopathy
EMG (Electromyography) and NCS (nerve conduction
studies) are more limited in the assessment of involvement
of the cervical plexus than the brachial or lumbosacral
plexus but can add important information. In phrenic neu-
ropathy, the phrenic CMAP (compound muscle action
potential) may be abnormal and neurogenic changes may be
seen on needle EMG of the diaphragm. In spinal accessory
neuropathy, the CMAP of the spinal accessory nerve may be
abnormal when recording from the trapezius and needle
EMG of the trapezius and/or sternocleidomastoid may reveal
neurogenic changes. These abnormalities in the phrenic
nerve/diaphragm and spinal accessory nerve/trapezius can

also be seen in a radiculopathy or segmental myelopathy
affecting the C3/4/5 and C3/4 myotomes, respectively.
Needle EMG of the upper and mid-cervical paraspinals can
also reveal abnormal spontaneous activity suggestive of
neurogenic abnormality. If metastatic disease is confined to
the cervical plexus, routine median, ulnar and radial sensory,
and motor responses should be normal [11].

Brachial Plexus

Brachial Plexus Anatomy
The brachial plexus supplies the motor and sensory inner-
vation of most of the upper limb. It is an arrangement of
nerve fibers that runs from the spine (C5-T1 roots) through
the neck, axilla, and into the arm. As the nerve fibers run
proximally to distally, they are arranged into trunks, divi-
sions, cords and individual nerve branches. The phrenic,
dorsal scapular, and long thoracic nerve exit proximal to the
plexus, off the nerve roots themselves and innervate the
diaphragm, rhomboids and serratus anterior respectively.
The ventral rami of the C5-T1 nerve roots then form three
trunks: upper (C5/6), middle (C7) and lower (C8/T1). They
are named with respect to their orientation to one another.
They occupy a superficial position as they traverse the
posterior cervical triangle. The lower trunk is adjacent to the
lung apex and near the subclavian artery. Each trunk then
divides into two divisions, anterior, and posterior. These
divisions are retroclavicular and run between the middle
third of the clavicle and the first rib. The three posterior
divisions then form the posterior cord. The anterior divisions
of the upper and middle trunk form the lateral cord and the
anterior division of the lower trunk continues as the medial
cord. The cords are named for their orientation to the axillary
artery and are situated proximally in the axilla, next to the
axillary lymph node chain. The posterior cord gives rise to
the thoracodorsal nerve (latissimus dorsi), subscapular nerve
(subscapularis), axillary nerve (deltoid), and radial nerve
(triceps, brachioradialis, wrist, and finger extensors) and
provides sensory supply to the posterior arm and forearm.
The lateral cord divides into two branches: the musculocu-
taneous nerve and a branch, which joins a portion of the
medial cord to form the median nerve. The rest of the medial
cord forms the median and ulnar nerves and gives off the
medial brachial cutaneous nerves of the arm and forearm,
which supply sensation to the medial portion of the arm and
forearm. The five terminal nerves of the upper extremity
(musculocutaneous, axillary, median, ulnar, and radial) are
distally situated in the axilla [11, 13].

Neoplastic Syndromes of the Brachial Plexus
Approximately 70% of tumors involving the brachial plexus
come from either lung or breast. The remaining 30% percent
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arise from a combination of lymphoma, sarcoma, or others
[8]. Most metastases to the brachial plexus involve the lower
trunk or medial cord. Rarely, primary head or neck neo-
plasms grow inferiorly and invade the upper portions of the
plexus. Sometimes plexus involvement is patchy. Neoplastic
invasion of the plexus is rarely the earliest manifestation of
cancer, except in Pancoast syndrome, which is typically
caused by carcinoma at the apex of the lung invading the
lower trunk/medical cord of the brachial plexus [11].

Pain is the most common presenting symptom of neo-
plastic brachial plexopathy. Typically, the pain originates in
the shoulder or axilla and radiates along the medial arm and
forearm and into the fourth and fifth digits and can be severe.
In a large series, pain upon initial presentation was present in
75% of cases [8]. Sensory loss can follow the same distri-
bution. Motor deficits most commonly (75%) affect the
lower plexus. As such, patients will typically have weakness
in intrinsic hand muscles, finger and wrist flexion and
extension. Approximately one in five patients have an
associated Horner’s syndrome due to involvement of the
sympathetic trunk or ganglia near the first thoracic vertebrae.
Given the proximity of this lesion to the spinal cord, a
Horner’s syndrome should prompt a thorough evaluation for
intraspinal disease [8].

Differential diagnosis of neoplastic brachial plexopathy
depends on whether the patient has received radiation therapy
(RT). In patients who have received RT, the principal alter-
nate diagnosis is radiation-induced brachial plexopathy. In
patients who have received prior radiation and have a delayed
brachial plexopathy, a radiation-induced nerve sheath tumor
of the brachial plexus is also a consideration. This is much
less common than radiation-induced brachial plexopathy and
may develop 4–40 years after RT. Often presenting as a
painful enlarging mass, these tumors are usually malignant.
Radiation-induced arteritis may also be seen in patients with
radiation-induced plexopathies. Chronic ischemic symptoms
and signs can present in the arm and hand or they may have
episodic discoloration in the fingers from emboli. This may
appear similar to atherosclerotic disease on arteriography. In
a patient with known malignancy who has not undergone
radiation to the upper chest, the main alternate diagnoses are
perioperative brachial plexus trauma or an unrelated episode
of acute brachial plexus neuropathy. Primary tumors of the
brachial plexus are rare. Most are benign peripheral nerve
sheath tumors, including neurofibromas and benign
schwannomas [11].

Lumbrosacral Plexus

Lumbosacral Plexus Anatomy
The lumbosacral plexus is derived from the ventral rami of the
L1-S4 nerve roots and is made up of two sections. The upper

portion is the lumbar plexus, which arises from the L1–L4
nerves roots with variable contribution from T12. The lower
portion is the lumbosacral plexus, which arises from the
L4-S4 nerve roots. The lumbosacral plexus lies within the
psoas major muscle and exits from the lateral edge of the
muscle. In general, the lumbosacral plexus supplies motor and
sensory functions to the ipsilateral leg and pelvic girdle. The
upper portion of the plexus gives rise to several major nerves:
the iliohypogastric nerve (T12-L1), the ilioinguinal nerve
(L1), the genitofemoral nerve (L1–2), the lateral femoral
cutaneous nerve (L2–4), and the obturator nerve (L2–4).
Major motor functions include hip flexion and adduction, and
knee extension. The upper plexus supplies sensation to the
groin, thigh (anterior, lateral, medial), and the medial portion
of the leg. The lower portion of the plexus also gives rise to
several major nerves: superior gluteal nerve (L4-S1), the
inferior gluteal nerve (L5-S2), the sciatic nerve (L4-S3, con-
sisting of the tibial and peroneal components), the posterior
femoral cutaneous nerve (S1–S3), and the pudendal nerve.
Major motor functions include hip abduction, hip extension,
knee flexion, ankle movements, and control of the urinary and
anal sphincters. It provides sensory function from the lower
extremity distal to the knee (except the medial lower leg),
posterior thigh, buttocks, and perineal region [14].

Neoplastic Syndromes of the Lumbrosacral Plexus
Metastatic lumbosacral plexopathy occurs most commonly
from direct extension of abdominal and pelvic tumors.
Occasionally, however, the plexus is affected by growth
from metastases to regional lymph nodes or bony structures.
Colorectal cancer is the most common primary tumor.
Colorectal cancer along with retroperitoneal sarcoma and
breast cancer account for almost half the cases. Lymphoma,
cervical cancer, and other malignancies account for the
remaining cases. In approximately 15% of patients, plex-
opathy is part of the initial presentation of cancer. Tumor can
either directly invade the plexus or can track along con-
nective tissue or epineurium. When tumor cells track, the
presence of cancer can be difficult to demonstrate on imag-
ing. Metastatic plexopathy is typically unilateral, but is
bilateral in 25% of patients [9].

Metastatic lumbosacral plexopathy begins with leg pain
in nearly all patients, which is followed by numbness and
weakness. In a series of 85 patients, pain was so common
during the course (98%) and at presentation (91%), that the
authors indicated its absence should prompt consideration of
alternate diagnoses [7]. Like with brachial plexopathy, the
pain is typically constant, dull and aching. Sharp, radicular
pain often coexists. Valsalva may exacerbate pain. Patients
describe difficulty finding a comfortable position but lying
supine may be particularly uncomfortable. Lying with hips
flexed can relieve the pain if there is involvement of the
iliopsoas [7].
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Weakness and sensory disturbance develops in the
majority of patients. Leg weakness (86%), sensory loss
(73%), reflex loss (64%), and leg edema (47%) are the most
common presenting features. A rectal mass may also be
present. The distribution of numbness or weakness depends
on which part of the plexus is affected. In this same series of
85 patients, the upper plexus (L1–4) was involved in 31% of
patients, and the lower plexus (L5-S3) in 51%, while 18%
had a pan-plexopathy [7]. In colorectal neoplasms and cer-
vical carcinoma, the sacral plexus is most commonly
involved. Accordingly, these patients typically have pain in
the posterior thigh, leg or calf and weakness of ankle plantar
flexion and knee flexion. Sensory disturbance may involve
the posterior leg and sole of the foot [7]. Approximately 20–
30% of patients describe a unilateral “hot dry foot.” The foot
is objectively warm and has hypohydrosis. This is a mani-
festation of interruption of sympathetic ganglia or postgan-
glionic fibers along the lumbosacral plexus or the peripheral
nerves below the L3 segment. This can be an important
localizing feature. Autonomic disturbances are not present
with lesions of the nerve roots or cauda equina. These
autonomic symptoms may precede the onset of weakness or
numbness by several months or occur simultaneously [15].
When the upper plexus is involved, patients typically
experience pain and sensory changes in the anterior thigh,
groin and into the dorsum of the foot. Sarcoma is the most
common neoplasm to present in this fashion. Loss of
strength affects thigh muscles producing difficulty arising
from a low-seated position or walking down stairs.
Involvement of the lumbosacral trunk can produce foot drop,
which is distinguished from a peroneal neuropathy by
weakness of ankle inversion. Incontinence and impotence
may be present, typically with bilateral plexus involvement.
Pan-plexopathies, most commonly caused by genitourinary
malignancies, can cause a combination of these findings
[7, 9].

Imaging Evaluation of Brachial and Lumbosacral
Plexus

CT, MR, and FDG-PET imaging are primary imaging
modalities used to distinguish between malignant plexopa-
thy, radiation-induced plexopathy, and radiation-induced
tumor. MRI with and without contrast is generally the pre-
ferred method to confirm the diagnosis of suspected malig-
nant plexopathy. The sensitivity of MRI for detecting
malignant plexopathy is approximately 80% [9, 16]. Addi-
tionally, the presence of tumor recurrence either on imaging
or clinical exam in the region of the plexus further supports
the diagnosis of plexopathy. Therefore, for example, MRI of
the lumbar spine and the pelvis complement plexus imaging
in the case of suspected malignant lumbosacral plexopathy.

Typically, a mass is seen in direct contact with the plexus or
the expected course of a nerve that is clinically affected. Less
commonly, thickening of the components of the plexus or
abnormal signal in a nerve may be seen [17]. MR evidence
of epidural lesions strongly suggests metastatic disease.
However, malignant tissue may also infiltrate the plexus
without distorting tissue planes and CT/MRI may not detect
it. If MRI is normal or inconclusive, FDG-PET/CT is a
reasonable next step. It may show increased uptake in the
region of the plexus involved by the metastasis [18]. Addi-
tionally, combining diffusion weighted MR neurography
with conventional MRI may improve detection of brachial
plexopathy in symptomatic patients with known malignancy
[19]. Plain radiographs or bone scan may support the diag-
nosis of malignant plexopathy if there is tumor in adjacent
bones or lung. Finally, if there is a high suspicion for
malignant plexopathy and the initial imaging is negative,
repeating the MRI 4–6 weeks later may reveal a tumor that
was not apparent on initial scans.

Radiation-induced plexopathy also produces variable
appearance on MRI. Radiation fibrosis may appear as
(1) diffuse thickening and enhancement of the brachial
plexus without a focal mass or (2) soft tissue changes with
low signal intensity (similar to muscle) on both T1- and
T2-weighted images. T2-weighted images sometimes help
distinguish radiation-induced fibrosis from tumor infiltration,
as the former more frequently demonstrates low signal
intensity and the later more frequently demonstrates a higher
signal intensity. Routine administration of gadolinium is less
helpful as both radiation-induced fibrosis and metastatic
disease can show some degree of post-contrast enhancement
[20]. Surgical exploration to obtain a biopsy should be
considered in the event of persistent diagnostic uncertainty,
however, even biopsy can be inconclusive [11].

Electrodiagnosis of Plexopathy

Electrodiagnostic studies (EDX) serve as an extension of the
physical examination to help localize the lesion to plexus
and exclude disorders of the nerve roots or peripheral nerve.
In general, the sensory responses are spared in root lesions
and affected in plexus lesions. EDX can also further delin-
eate which root(s) and/or which part(s) of the plexus are
affected. EDX also help delineate severity and chronicity of
the process and exclude alternate peripheral neuropathic
etiologies for symptoms.

The hallmark EDX abnormality which supports lower
trunk/medial cord plexopathy is the combination of an
abnormal or absent ulnar SNAP (sensory nerve action
potential), ulnar CMAP, and median CMAP, with a normal
median SNAP. Additionally, the radial SNAP and lateral
antebrachial cutaneous responses are normal and the medial
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antebrachial cutaneous response is abnormal. EMG shows
neurogenic changes in muscles with a C8/T1, medial cord,
and lower trunk distribution.

In a lumbar plexopathy, nerve conduction study abnor-
malities may be limited to an abnormal femoral motor and
saphenous sensory response. Needle EMG reveals abnor-
malities in the quadriceps, hip flexors, and adductors. In a
low lumbosacral plexopathy, additional sensory and motor
responses are abnormal and needle EMG of muscles with an
L5/S1 innervation are abnormal [21]. In both cases, lumbar
paraspinal muscles are expected to be spared; however, in
reality, this can be variable. EDX for assessment of meta-
static lumbosacral plexopathy can be limited or inconclusive
for several reasons. First routine studies do not assess the
inferior portion of the sacral plexus with contribution from
the S2–S4 roots. Additionally, in this patient population,
prior treatment with chemotherapy or age alone can affect
the sensory responses in the lower extremities. Structural
lumbar spine disease may coexist with cancer. All these
factors can complicate interpretation of EDX for plexopathy.
As such, EDX are used as one piece of the evaluation in
combination with imaging [22].

Radiation-Induced Plexopathy

In patients previously treated with radiation, clinicians often
must distinguish between radiation-induced brachial or
lumbosacral plexopathy and recurrent tumor. At times, these
conditions coexist. Radiation-induced plexopathy sometimes
occurs as a mild reversible syndrome. Much more com-
monly it presents after a latent period ranging from several
months to many years, with onset of neurologic symptoms
most commonly 2–4 years after radiation. The precise
pathophysiology of delayed radiation-induced plexopathy
remains unclear. RT can injure the plexus both by direct
toxic effects on axons and the vasa nervorum and also sec-
ondary microinfarction. Widespread fibrosis within and
surrounding nerve, with demyelination and axonal loss, are
consistently found at surgery and/or autopsy [23].

Presentation
Radiation plexopathy is more common than neoplastic
plexopathy. However, reliably estimating the incidence is
challenging for several reasons. (1) Reviews may have
limited follow-up periods. Studies with longer follow-up
report a higher incidence due to delayed onset, (2) The
possible connection of presenting symptoms with prior RT
may be overlooked and (3) Many different RT protocols
have been used. As an example, in breast cancer, the inci-
dence of radiation-induced brachial plexopathy varies in
accordance to radiation technique. Incidence ranges from
approximately 66% with 60 Gy in 5 Gy fractions as was

used in the 1960s to approximately 1% with the regimen of
50 Gy in 2 Gy fractions used in contemporary treatment
[24]. The risk of radiation-induced brachial plexopathy may
be increased with the use of large RT fields, two separate
courses of “subthreshold” RT and possibly when patients
receive concurrent chemotherapy with RT [9, 23]. The
majority of patients with radiation-induced brachial plex-
opathy will worsen gradually over the course of several
years to severe neurologic disability whereas others will
stabilize after 1–3 years. Recovery of function is unusual.

Radiation-induced injury of the lumbosacral plexus most
frequently occurs after treatment of pelvic or testicular
tumors and tumors involving para-aortic lymph nodes.
Patients may present after external bean photon therapy,
interstitial or intracavitary radiation implants, or combined
photon and proton beam RT. Bowel or bladder symptoms
are unusual and more often attributed to RT induced proctitis
or bladder fibrosis. RT lumbosacral plexopathy also tends to
progress slowly over months to years, though a few patients
may progress more rapidly or demonstrate spontaneous
stabilization or improvement [23].

Electrodiagnostic Evaluation
Electrodiagnostic studies can lend support for a diagnosis of
radiation-induced brachial plexopathy or lumbosacral plex-
opathy. Most characteristics of radiation-induced brachial
plexopathy look identical to neoplastic plexopathy. Nerve
conduction studies are abnormal in the vast majority (90%)
of both neoplastic brachial plexopathy and radiation-induced
brachial plexopathy. On needle EMG, abnormal sponta-
neous activity (fibrillations/positive sharp waves and fasci-
culations) are seen in both entities, as are reinnervation
changes in motor unit potential morphology. Myokymic
discharges are the only electrodiagnostic feature, which can
be useful in distinguishing radiation-induced brachial or
lumbosacral plexopathy. In one series, this finding was
present in approximately 60% of patients, compared to <5%
of patients with neoplastic brachial plexopathy [25]. Myo-
kymic discharges are spontaneous, grouped repetitive dis-
charges of the same motor unit seen on needle EMG.
Clinically, these discharges can sometimes be seen as
involuntary rippling or quivering of muscle on physical
examination. Additionally, these myokymic discharges are
present in a larger percentage of muscles (approximately
25%) in the radiation plexopathy group, most commonly in
the pronator teres and abductor pollicis brevis. Interestingly,
in this cohort, the patients with neoplastic plexopathy who
had myokymic discharges had received prior radiation
therapy. Fibrillation potentials can also be seen in paraspinal
muscles in a larger percentage of patients (approximately
20%) in the radiation plexopathy group, possibly due to
inclusion of the posterior rami, nerve roots or the paraspinal
muscles themselves in the field of radiation. Conduction
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block with proximal stimulation for CMAPs may sometimes
be observed; however, these proximal responses can be
technically challenging [25].

Treatment for Malignant and Radiation-Induced
Plexopathies

Treatment for malignant plexopathy due to metastatic cancer
is mainly symptom-based and aimed at eliminating or
shrinking the tumor, if possible, with chemotherapy and/or
radiation. Typically, pain remains prominent and pharma-
cologic and interventional strategies for pain management
are required. Patients may benefit from being seen in a pain
clinic. Treatment for radiation-induced brachial and lum-
bosacral plexopathy has generally been studied only in case
reports or case series. Treatments have included surgical
intervention and hyperbaric oxygen therapy, both of which
showed no improvement and patients may actually worsen
with surgery [23]. Anticoagulation has provided anecdotal
improvement in symptoms and conduction block on EDX
but is not standard of care [26]. Physical therapy can be
important to help prevent secondary musculoskeletal com-
plications in brachial plexopathy and aide in mobility with
lumbosacral plexopathy. Primary prevention using the low-
est dose and most targeted radiotherapy is paramount [9].

Metastases to Peripheral Nerve

As secondary malignant tumors, metastases must be distin-
guished from other mass lesions arising from peripheral
nerve, including primary malignant peripheral nerve tumors.
In general, these lesions fall into several categories: benign
non-neoplastic nerve tumors (e.g., neuroma, lipoma), benign
neoplasms of non-neural sheath origin (e.g., hemangioma),
benign nerve sheath neoplasms (e.g., neurofibroma,
schwannoma), and malignant peripheral nerve sheath tumors
(e.g., MPNSTs).

Presentation

In general, benign lesions tend to be slowly progressive
whereas malignant tumors tend to grow rapidly with pro-
gressive pain and/or neurologic deficit. Taking a careful
family history to assess for the possibility of an underlying
neurogenic disorder such as neurofibromatosis or schwan-
nomatosis is important, particularly in patients without a
known primary malignancy [27].

Cancer infrequently affects peripheral nerve; however, it
can do so in several ways. The first is through direct com-
pression of the nerve from nearby metastasis. Metastases to

the skull base, which occur most commonly in prostate,
breast, and lung cancer as well as lymphoma, can cause
compression of surrounding nerves [28]. This is most
commonly a late stage of cancer where patients already have
widespread bone metastases. Craniofacial pain with
accompanying cranial nerve palsies alerts the clinician to
this complication. The symptoms correlate with the location
of the metastasis and which adjacent nerve is compressed.
Syndromes include orbital syndrome (frontal headache,
proptosis, ophthamoplegia, decreased vision), cavernous
sinus syndrome (ophthalmoplegia, facial numbness, and
periorbital swelling), middle fossa syndrome/gasserian gan-
glion syndrome (atypical facial pain and paresthesias),
jugular foramen syndrome (occipital pain, hoarseness, dys-
phagia), and occipital condyle syndrome (occipital pain,
dysarthria due to CN XII palsy). Metastases to the mandible
or skull base can cause compression of the inferior alveolar
nerve. This causes “numb chin” syndrome characterized by
oral and facial numbness in the distribution of the mental
nerve over the chin and lower lip [28].

In addition to compression of nearby nerves, metastases
can also spread via local extension to cranial or peripheral
nerves with resulting neurologic dysfunction. One example
of this is a vocal cord paralysis from lung cancer through
invasion of the recurrent laryngeal nerve from invasion of
mediastinal lymph nodes [29]. Other intraneural metastases
are rare, presumably due to a protective blood-nerve barrier;
however, case reports exist [30–32].

Presentation of Neurolymphomatosis

Neurolymphomatosis (NL) is infiltration of the peripheral
nervous system by lymphoma. Malignant lymphocytic
infiltrates can occur in root, plexus, or peripheral nerve. NL
is distinct from other disorders affecting peripheral nerve
associated with lymphoma such as irradiation, chemotherapy
or paraneoplastic phenomenon [33]. The vast majority of
cases are diffuse large B cell lymphoma. T cell lymphomas
and acute leukemias have been reported rarely [34]. NL is
rare but precise incidence is unknown. One series estimated
an annual incidence of 3 cases per 100 new cases of
intermediate/high-grade B cell NHL [35]. Clinical presen-
tation is variable but generally follows 4 typical patterns:
(1) Painful involvement of multiple peripheral nerves or
nerve roots; (2) cranial neuropathy with or without pain;
(3) painless involvement of multiple peripheral nerves;
(4) painful or painless involvement of a single peripheral
nerve [33]. Additionally, NL affects more than one anatomic
structure in approximately 60% of patients and involvement
of plexus may also occur. In approximately 25% of patients,
NL is the initial manifestation of malignancy. Alternatively,
NL can present as a relapse or progression of previously
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treated disease. When neuropathy is present, a mixed sen-
sory and motor neuropathy is most common. Pure motor
neuropathies have been reported and a pure sensory neu-
ropathy has been described in one patient [34]. Some
patients may have demyelinating features on EDX, which, at
times, can fulfill criteria for diagnosis of chronic inflamma-
tory demyelinating polyradiculoneuropathy (CIDP). As
such, diagnosis can be challenging. Some patients even
respond temporarily to treatment for CIDP [steroids and/or
intravenous immunoglobulin (IVIG)], further clouding
diagnosis [36]. In older series, diagnosis was established
only at autopsy in almost half of patients [33]. This rate of
postmortem diagnosis has reduced substantially to less than
10% in more recent series likely due to increased awareness
of NL and advances in imaging. Despite these advances,
diagnosis is often delayed and remains challenging [34].

Diagnosis of Neurolymphomatosis

Diagnostic evaluation includes electrodiagnostic studies for
localization and characterization, imaging (MRI and some-
times FDG-PET-CT scan), CSF analysis typically including
cytology and flow cytometry and nerve biopsy if the rest of the
evaluation is inconclusive. Diagnostic yield of MRI and
PET-CT is high, with abnormal findings observed in 77 and
84%, respectively, in one series [34]. MRI abnormalities
include abnormal enhancement of the affected neural structure.
Nerve thickening is observed in approximately 50%of patients
and can be diffuse (17%) or nodular (30%). These MRI find-
ings, however, are non-specific and can sometimes be seen in
acute or chronic polyradiculoneuropathies, neurofibromatosis,
and malignant peripheral nerve sheath tumors [34].

CSF findings in NL have also been reported in detail. In
one series, protein was elevated in 61%, glucose low in 11%,
elevated cell count (>5 cells/mm3) in 44%. Cytology was
malignant in 40% or suspicious in 13%. Some patients have
abnormal or suspicious cytology in the face of a normal cell
count. Additionally, CSF cell count may be elevated in
patients who have no abnormality on imaging studies [34].
In this series, nerve biopsy was performed in just over 50%
of patients and was abnormal, demonstrating NL, in 88% of
patients. Nerve biopsy must be performed of a clinically
affected structure, which can be challenging based on which
areas are commonly affected; common and less invasive
biopsy sites, including the sural nerve, may be unaffected
[34]. These insights highlight the importance of multi-modal
evaluation to arrive at the correct diagnosis of NL, particu-
larly in patients who do not have an established diagnosis of
hematologic malignancy.

See Figs. 7.3a–c, 7.4a, b, and 7.5a, b [37].

Treatment of Neurolymphomatosis

Treatment of NL consists of chemotherapy or chemotherapy
combined with radiation. Defined standards are lacking and
optimal management is unknown. Intra-CSF chemotherapy
and standard craniospinal radiation fields will not treat all
involved areas as NL often involves nerve roots within and
beyond the subarachnoid space, and multiple sites are often
involved. Chemotherapy protocols are often based on those
to treat CNS involvement by lymphoma. Limited field
radiotherapy can be effective in treating refractory pain from
a particular area of nerve, plexus, or root involvement.
Clinical improvement (reduction of pain and/or functional
recovery) and radiographic resolution (improvement of
nerve root enlargement/enhancement or normalization of
FDG-PET uptake) has been observed in 50–70% of treated
patients. Limited data exist about overall survival in this
group and this may depend on whether the NL was part of
the primary presentation or secondary. In general, in one
series, median survival from diagnosis of NL was 10 months
with 24% surviving at least 36 months [34]. Some patients
may relapse solely with NL despite ongoing complete
remission in sites outside the nervous system [35].

Metastases to Muscle

Overall, the prevalence of skeletal muscle metastasis is low
and depending on the series of patients and modality used to
detect them, ranges from 0.03 to 17.5%. Because they are
rare, trauma, hematoma and abscess should be considered on
the differential. Several benign and malignant entities
including muscle hemangioma, intramuscular ganglion,
myxoma and ischiogluteal bursitis, and sarcoma can mimic
intramuscular metastases [38].

Several mechanisms for intramuscular metastatic spread
have been proposed. Arterial hematologic spread, including
through arterial emboli of tumor cells, is the most likely
primary method. Malignant tumors can also metastasize
through venous circulation, especially through paravertebral
venous plexus. Spread from intramuscular lymph nodes and
perineural spread are also possible though less likely.
Although muscle can accounts for approximately 50% of
total body mass and has an abundant blood supply, skeletal
muscle metastases are rare, occurring in less than 5% of
patients with any malignancy subtype. As such, muscle may
be resistant both to primary and to metastatic cancer. Several
mechanisms of resistance have been hypothesized. These
mechanisms include secretion of factors, which inhibit pro-
liferation of tumor cells, variable blood flow, and involve-
ment in lactic acid metabolism [38, 39].
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Presentation

Metastatic disease to muscle should be considered in patients
with cancer who develop a soft tissue mass within muscle.
These masses are frequently asymptomatic and discovered
incidentally on staging imaging. Conversely, they can be
painful and associated with swelling, erythema of the over-
lying skin, and restricted movement. Those that are painful
typically may be larger and associated with massive muscle
infiltration or destruction. Skeletal muscle metastases can

occur in upper extremity, lower extremity, abdominal or
thoracic wall and paravertebral muscles. Certain locations
are more common. In one large series, the most common
location was the iliopsoas, followed by paravertebral and
then gluteal muscles, together accounting for over 60% of
the metastases. The most common tumor types were genital,
gastrointestinal, urological, and melanoma. Most commonly,
skeletal muscle metastasis exist in the context of other
metastatic lesions; however, rarely they can be the only
manifestation of metastatic disease. Muscle metastases tend

Fig. 7.3 A previously healthy 57 year old patient with progressive left
leg weakness, numbness and pain over 3 months. The pelvis MRI
showed abnormal thickening and enhancement at left lumbosacral

nerve roots, plexus and sciatic nerve (a, b) with resolution after
treatment (c) (images reprinted with permission of BMJ Publishing
Group from Tsai et al. [37], August 2015)

Fig. 7.4 The brain MRI study revealed abnormal enhancement at left trigeminal nerve (a) which resolved after chemotherapy (b) (images
reprinted with permission of BMJ Publishing Group from Tsai et al. [37], August 2015)
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to present in five different patterns: solitary or multiple
round/oval masses, multiple intramuscular calcifications,
abscess-like lesions, diffuse infiltration with muscle swelling
and intramuscular hemorrhage. The first two types tend to be
painless and found incidentally on imaging and the later
three clinically symptomatic and painful. Secondary
abscesses can develop [38].

Diagnosis

MRI is thought to be superior to CT in detection of muscle
metastases. Imaging findings, however, are non-specific and
most often a complete histological examination is needed.
CT guidance can be useful in obtaining biopsy tissue for
analysis [40].

Treatment

Therapy includes surgical resection if metastases are iso-
lated. Extensive disease or residual tumor after incomplete

resection warrants radiation or chemotherapy. Prognosis in
patients with clinically evident metastases to muscle is poor
despite treatment, with a median survival of less than
12 months [40].

Radiation-Induced Myopathy

Radiation itself can also adversely affect muscle. Radiation
exposure can cause a delayed onset radiation-induced
myopathy manifesting 2 to over 40 years after therapy.
This typically occurs after neck and/or upper torso radiation
and presents with head drop and periscapular muscle weak-
ness. Neuromuscular respiratory failure rarely occurs. CKs
are typically normal to only mildly elevated. The presentation
is quite distinct from metastatic disease to muscle [41].

Conclusion
Peripheral nervous system metastatic disease is diverse
and complex. Two major challenges face the clinician [1].
The first is suspecting an underlying malignancy in a

Fig. 7.5 The whole body positron emission tomography (PET)
showed increased metabolism at bilateral brachial plexuses, left
lumbosacral nerve roots and left sciatic nerve (a) which resolved after
chemotherapy (b). The cytology of repeated cerebrospinal fluid studies

proved large B cell lymphoma. The bone marrow study did not show
evidence of hematologic malignancy (images reprinted with permis-
sion of BMJ Publishing Group from Tsai et al. [37], August 2015)
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patient with a PNS disorder without an established diag-
nosis of cancer. The patient’s presentation depends on the
anatomic location of involvement. However, in general,
severe pain and/or relentless progression of deficits typi-
cally are hallmarks of underlying PNS metastatic disease.
The second is identifying a PNS disorder in patients with
malignancy and determining whether symptoms are due
to the malignancy itself or to treatment associated factors.
This diagnostic process can be challenging since investi-
gations for tumor involvement can be initially negative,
even with tumor is present. Clinicians must implement a
multi-modal evaluation including several complementary
imaging exams, lab studies and repeated evaluation as
needed. Early diagnosis and treatment of the cancer hold
the most promise for alleviating pain, eliminating the
cancer, when possible, improving symptoms and pre-
venting further neurologic deficit.
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List of Abbreviations
MRI Magnetic resonance imaging
ICHD International classification of headache disorders
CSF Cerebrospinal fluid
ICP Intracranial pressure
CNS Central nervous system
ATAC trial Arimidex, Tamoxifen, Alone or in combination trial
SMART syndrome Stroke-like migraine attacks after radiation therapy syndrome
PRES Posterior reversible encephalopathy syndrome
AZT Azidothymidine
DDI Didanosine
PCNU 1-(2-chloroethyl)-3-(2,6-dioxo-1-piperidyl)-1-nitrosourea
OKT3 Murine monoclonal anti-CD3 antibody
GM-CSF Granulocyte-macrophage colony-stimulating factor

Introduction

Patients with headaches constitute a sizeable fraction of the
patient population encountered by neurologists, who are well
versed in the red flags associated with headaches. For a
physician, the implications of missing a brain tumor head-
ache can be profound. The physician has the challenging
task of reassuring the patient with primary headache and
adequately investigating the patient with a suspected brain
tumor headache.

While only a small subset of patients presenting with
headaches are found to have an underlying brain tumor,

headaches are a frequent accompaniment of both primary
and metastatic brain tumors. Knowledge of the epidemiol-
ogy, pathophysiology, and characteristics of brain tumor
headaches helps the clinician to decide how to approach and
investigate the patient presenting with an undiagnosed
headache. In the management of patients with central ner-
vous system tumors, a key issue is preservation of quality of
life. As headaches are a significant symptom in patients with
brain tumors, their management can help improve the quality
of life. The understanding of the pathophysiology of the
brain tumor headache and identification of the specific eti-
ology of headache may allow for more precise interventions.

Epidemiology and Clinical Presentation
of Brain Tumor Headaches (Table 8.1)

Headaches are frequently assumed to be the first sign of an
underlying brain tumor. Yet in reality, only a small subset
of patients with brain tumor present with headaches as the
only complaint. In patients presenting with headache as an
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initial symptom, posterior fossa tumor and hydrocephalus
are frequently present. The prevalence of headaches is
similar in primary and metastatic brain tumors [1]. Three
studies have demonstrated the prevalence of headaches in
patients with brain tumors as 71, 48, and 58% [2–4].
Various studies have suggested that the “classic” brain
tumor headache, which is usually progressive, worse in the
morning and aggravated by Valsalva-like maneuvers, was
an uncommon occurrence in clinical practice. This unfor-
tunately implies that there is no exclusive signature of the
brain tumor headache.

Although brain tumor headaches are usually nonspecific
in character, they are usually accompanied by other
symptoms suggesting either a focal lesion or increased
intracranial pressure. Typically, either tension-type or
migraine-like headaches are predominant, though a smaller
subset of patient will have a mix of headache types. In a
prospective study of 111 patients with brain tumors, the
“classic” brain tumor type headache occurred in a meager
17% of patients. 67% patients of this subtype of “classic”
brain tumor headaches had evidence of increased intracra-
nial pressure. Headaches were worse in the morning in
36%, worse with bending over in 32%, worse with Val-
salva in 23% and woke patients from sleep or interfered

with falling sleep in 32% of the patients with headache.
Nausea and vomiting associated with headaches were pre-
sent in 48% patients. The headache was the worst symptom
in only 45% patients [3]. In patients with a known history
of brain tumor, the development of a headache late in the
clinical course may signify the possibility of a change in
the tumor structure or tumor recurrence.

Headache location may have a localizing value. Patients
with unilateral headache without increased intracranial
pressure is likely to have an ipsilateral location of the brain
tumor. A frontal headache is the least valuable in localizing
a brain tumor. Occipital headaches are associated with
posterior fossa and infratentorial tumors. Patients with
supratentorial tumors have headaches that more often cor-
respond to the side of tumor than patients with infratentorial
tumors. It has also been reported that headaches are more
common with infratentorial tumors than supratentorial ones
[1–3, 5].

The third edition of the International Classification of
Headache Disorders (ICHD-3) has extensively described the
diagnostic criteria of classification of headaches due to
intracranial neoplasms [6]. While it is useful to have a
description and classification of the brain tumor headache, a
strict use of this guideline is not recommended as it places

Table 8.1 Clinical
characteristics of brain tumor
headaches

Clinical history suggesting a
brain tumor headache

Cancer patient with a new headache or a change in
headache pattern
Unrelenting crescendo headache
Headache resistant to all medical interventions
Pain location invariant

Characteristics of brain tumor headaches

Frequent symptoms Intermittent headaches
Headache building up and resolving in hours
Pain of pressure-like/ tightening/ dull aching quality
Moderate to severe intensity
Bilateral pain
Ipsilateral headaches in hemispheric tumors, with laterality usually being
predictive for ipsilateral tumor location

Less frequent symptoms Morning headaches
Daily headaches
Progressive headaches
Constant pain
Headaches worsening with bending over or with Valsalva’s maneuver
Headaches waking patients from sleep or interfering with falling asleep
Association with nausea and vomiting

Accompanying sign and
symptoms

Diffuse weakness
Anorexia
Malaise
Hyperreflexia
Positive Babinski
Papilledema
Cognitive changes
Depression
Fatigue
Personality changes
Seizures
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emphasis on the “classic” brain tumor headache. According
to ICHD-3, the characteristic headache attributed to
intracranial neoplasm is a headache that is usually progres-
sive, worse in the morning and aggravated by Valsalva
maneuvers, caused by one or more space-occupying
intracranial tumors. Evidence of causation should be
demonstrated by at least two of the following three criteria:
headache has developed in a temporal relationship to the
tumor or had led to its discovery; headache has significantly
worsened in parallel with the worsening of tumor or head-
ache has improved in parallel with the successful treatment
of the tumor; and headache has at least one of the following
characteristics-progressive, worse in the morning or after
daytime napping, aggravated by Valsalva maneuver. When a
patient develops headache for the first time or has a new
headache type, and develops a brain tumor in unison, the
headache should be attributed to the intracranial tumor, even
when the headache character is a migraine, tension-type
headache, or a cluster headache. On the other hand, when the
patient has a history of a primary headache, which becomes
worse in a close temporal relationship to the occurrence of
an intracranial neoplasm, it is challenging to say if the
intracranial neoplasm is the etiology of the worsened head-
ache. There may be three possible explanations: the finding
is coincidental, this is an aggravation of primary headache,
or it represents a new headache, causally related to the
intracranial neoplasm.

Pathophysiology of the Brain Tumor
Headaches (Table 8.2)

In people with a predisposition to headaches, brain tumor
headaches may present similarly to primary headaches. This
can lead to delay in tumor diagnosis, particularly when
headache is the presenting or an isolated symptom. It also
suggests that the primary and tumor-associated headaches
may have a mutually shared biology. Progressive headache
is more common in high grade tumor and secreting pituitary
adenomas. Slow growing tumors are less likely to cause
headaches [5, 7].

It is important to understand that increased intracranial
pressure is not essential to the development of the brain
tumor headache. Headaches in brain tumors may be caused
by traction or compression of the pain-sensitive structures,
release of potential signal substances, or neuroendocrine
abnormalities. A direct mass effect or inflammation of
intracranial and extracranial structures such as cranial nerves,
vasculature, dura, periosteum, etc., can contribute to the
headache. The pain-sensitive extracranial tissues include the
galea, fascia, arteries, and the scalp muscles and the perios-
teum along the inferior, frontal, temporal, and occipital skull
base. Intracranially, the pain-sensitive structures are the dura

at the skull base and near the major venous sinuses, the
tentorium cerebelli, cranial nerves V, IX, X, XI, and the
proximal trunks of the main dural arteries. Pain-insensitive
structures include the cranial bones, extracranial diploic and
emissary veins, cerebral and cerebellar parenchyma, choroid
plexus, the ependymal lining of the ventricles, pia-arachnoid,
arachnoid granulation, and most of the dura covering the
cerebral convexities [8]. Experimental observations suggest
that stimulation of pain-sensitive structures on or above
the superior surface of the tentorium resulted in pain trans-
mitted by CN V located in the anterior half of the head.
Stimulation of the pain-sensitive intracranial structures
on or below the inferior surface of the tentorium resulted in
pain over the posterior half of the head via CN IX and X and
the upper three cervical nerves. Since lesions of remotely
separated structures can cause headache in identical areas,
the use of tumor location as a localizing tool can be chal-
lenging [9].

Cerebrospinal fluid (CSF) obstruction due to a mass
lesion may cause increased intracranial pressure (ICP) and
can stretch the pain-sensitive structures. Rapid distention or
drainage of the ventricular system can produce diffuse
headache due to traction on the cortical veins entering the
dural sinuses. Third ventricular distention can cause a
headache due to stretch of the arteries of the circle of Willis.
Tumors may also produce signal substances like nitric oxide
synthase, calcitonin gene-related peptide, tumor necrosis
factor alpha, vasoactive intestinal peptide, tachykinin (sub-
stance P), and prostaglandin endoperoxide synthase, which
may cause headaches [1]; however, this finding has not been
well substantiated. Neuroendocrine abnormalities have been
postulated as a cause of headache in patients with pituitary
tumors. Patients with prolactinomas have a higher incidence
of headache than those with growth hormone-related pitu-
itary tumor, implicating a potentially greater role for the
dopamine-prolactin axis in pain.

Brain Tumor Headache Associated
with Increased Intracranial Pressure
(Table 8.2)

Approximately 86–95% of patients with increased intracra-
nial pressure have headaches [5]. These headaches can be
distinguished from other types of brain tumor headaches due
to their severity, association with nausea or vomiting and
resistance to common analgesics, rather than their quality or
location. Etiologies for the development of increased
intracranial pressure include intracranial mass effect due to
tumor, cerebral edema, intratumoral hemorrhage, obstructive
hydrocephalus, communicating hydrocephalus, and lep-
tomeningeal spread of the tumor. The presence of increased
intracranial pressure may slightly decrease the localizing
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value of ipsilateral headaches. Traction and displacement of
periventricular pain-sensitive structures in obstructive
hydrocephalus may be the mechanism of the headache pain.
The common signs and symptoms associated with increased
intracranial pressure are headache, nausea, vomiting,
lethargy, papilledema, visual obscuration, diplopia, tinnitus,
and somnolence.

The description of headaches associated with plateau
waves is worth mentioning. Plateau waves, first described by
Lundberg in 1960, are episodic increase in ICP that arise
from rapid cerebrovascular vasodilatation that can cause
stereotypical paroxysmal neurological symptoms like head-
ache, blurred vision, diplopia, imbalance, and fainting spells.
Impaired intracranial compliance is a prerequisite in the
development of plateau waves. In the patient with a brain
tumor, the intracranial compliance may be decreased due to
the mass effect of the tumor or development of hydro-
cephalus [10, 11].

Plateau wave headache is also known as pressure wave
headache or paroxysmal headache. This headache is usually
severe in intensity and builds to peak intensity in seconds.

The duration of the symptoms may be minutes or a few
hours and the episode terminates quickly. Headache is fre-
quently associated with plateau waves, but this phenomenon
may be challenging to diagnose due to the patient’s impaired
mental status and inability to describe their symptoms during
this paroxysmal spell. These episodes may frequently be
misdiagnosed as seizures. Awareness of this phenomenon of
plateau waves is important as it may herald impending
herniation [8].

Headaches in Pituitary Tumors

With the recent widespread use of sensitive imaging for head
trauma, chronic sinusitis and headache, it is quite common
for the clinician to find an unexpected sellar lesion. If the
patient has a headache, then the question becomes whether
the headache is related to the sellar lesion. Intrasellar tumors
commonly manifest with headaches, which are often dis-
abling. The reported incidence of headache associated with
pituitary adenomas varies from 33 to 72% [2, 12].

Table 8.2 Causes of headache in cancer patients

Tumor-related causes

Acute Intratumoral hemorrhage
Acute venous sinus thrombosis
CSF obstruction with resulting increase in intracranial pressure
Pressure wave headache

Chronic Persistent or new tumor growth
New metastatic lesion involving skull, meninges, brain, skull base, sinuses, orbits, etc.
Invasion of tumor into calvarium, skull base, meninges, leptomeninges.
Increased intracranial pressure with midline shift causing traction on veins, arteries, nerves, etc.

Nontumor-related causes

Treatment-related
causes

Hormones (e.g., tamoxifen)
Differentiation agents (retinoic acids)
Antibiotics
Reverse transcriptase inhibitors (e.g., AZT, DDI)
Conventional agents (e.g., L-asparaginase, procarbazine, nitrosoureas, fludarabine, fazarabine, gallium nitrate)
Cytokines (e.g., tumor necrosis factor, OKT3, interferons, interleukins, levamisole, GM-CSF)
Intrathecal therapy (e.g., methotrexate, Ara-C)

Radiotherapy Acute radiation encephalopathy
Subacute demyelinating encephalopathy
Cerebral radiation necrosis
SMART syndrome

Supportive therapies Corticosteroids, cimetidine, ondansetron, narcotics (withdrawal), metoclopramide, anticoagulants (intratumoral
hemorrhage), dipyridamole, ibuprofen (aseptic meningitis)

Surgery Hemorrhage, vascular injury, perioperative stroke, cerebrospinal fluid leak

Other causes of headache

Acute Cerebral infarcts
Fever
Infection (abscess, meningitis)
Metabolic (hypoxemia, hypercarbia, and hypoglycemia)

Chronic Referred pain from extracranial structures (cervical metastases, lung tumors, etc.)
Post lumbar-puncture headache

Courtesy of Robert Cavaliere, MD, author of a chapter on this subject in the previous edition of this book, in which this table appeared [49]
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A prospective study on 84 patients presenting with pitu-
itary tumors classified patients’ headaches using the Inter-
national Headache Society diagnostic criteria [13].
Headaches were found to be chronic migraines (46%), epi-
sodic migraines (30%), primary stabbing headache (27%),
short-lasting unilateral neuralgiform headache attacks with
conjunctival injection and tearing (SUNCT; 5%), cluster
headache (4%), hemicrania continua (1%), and non-specific
in 7% of patients. Half of the patients had a family history of
headaches. It was posited that migraine patients have an
increased sensitivity to changes in the internal or external
milieu and that the development of pituitary tumors may
have lowered the threshold for migraine attacks in this pre-
disposed population. Migraines were found in a higher fre-
quency in prolactinomas and growth hormone-secreting
tumors, suggesting that functional activity may be an
important trigger. Cluster headaches and SUNCT were
overrepresented in pituitary disease.

Of the patients who underwent surgical treatment, 49%
reported an improvement in headaches. Treatment with
radiotherapy had a poor response in terms of headache
alleviation. 64% of acromegalics who were treated with
somatostatin analogues had improvement in their headaches.
This suggests a shared biology between tumor activity and
headache. Somatostatin analogues are known to interfere
with the opioidergic system, which may explain an
improvement in headache [14, 15]. Octretotide may be
useful in the acute treatment of cluster headache [16].
Patients responded unpredictably to treatment with dopa-
mine agonists; some had an improvement in their headaches
while others had an exacerbation. It was hypothesized that
an improvement in headache could be due to reduction in
tumor size in large prolactinomas. The dopamine-prolactin
axis plays an important role in several primary headaches
like migraines and cluster headaches. Conversely, dopamine
agonists may act on the trigeminovascular system, causing
headache exacerbation [13, 17–19].

It has been suggested that the headache in pituitary
tumors is related to dural traction on pain-sensitive struc-
tures, tumor size and cavernous sinus invasion. The expan-
sion of pituitary tumor within the sella turcica stimulates the
afferent fibers innervating the dura, causing pain. Invasion of
the cavernous sinus by the pituitary tumor causes pain as the
cavernous sinus contains the ophthalmic branch of the
trigeminal nerve and the internal carotid artery, both of
which are pain-sensitive structures. Another cause of head-
ache in pituitary tumor may be the presence of tumor activity
and neuroendocrinological signaling alteration. This is sup-
ported by the fact that headache can be present in small
tumors and can be improved or worsened by endocrine
treatment. Regarding the role of cavernous sinus invasion
and tumor size in the causation of headaches, studies have
reported conflicting results. While two studies found no

association between cavernous sinus invasion, pituitary
volume and headache, another prospective study in pituitary
adenoma showed a positive association between the pres-
ence of headache with tumor size and cavernous sinus
invasion [20–22]. Given the contradictory findings, further
studies are needed to explain the mechanism of headache in
pituitary tumors.

Headache in Systemic Cancer (Table 8.2)

In the patient with a systemic cancer, headache is a common
complaint. It is usually not a harbinger of an ominous
intracranial pathology but nonetheless warrants careful
clinical assessment. Patients with systemic cancer, like the
general population, commonly suffer from migraine, tension
headaches, and other primary headaches. Any change in the
patient’s preexisting headache, crescendo headaches, head-
aches unresponsive to treatment, vomiting, lethargy, or
abnormal neurological exam should raise suspicion of a
secondary cause of headache due to intracranial pathology.
A study examining 97 patients with an undiagnosed head-
ache in the setting of systemic cancer found that 61% did not
have a structural cause of headache. The majority of these
patients with a non-structural cause of headache had
migraine, tension headache, or headache due to systemic
illness like fever or sepsis. 39% of patients had a structural
cause of headache. The common structural causes of head-
ache were cerebral metastases, skull base metastasis, or
intracranial hemorrhage. Rare structural causes of headaches
included leptomeningeal metastases, upper cervical spine
metastasis, and primary brain tumor [23].

Patients with systemic cancers, especially breast cancer,
lung cancer, and melanoma, may develop leptomeningeal
spread of the tumor. Leptomeningeal disease frequently
presents with headache. Usually, other multifocal neuro-
logical signs like cranial nerve palsy, evidence of spinal
dysfunction, radiculopathies, or acute mental status change
accompany the headache. The spread of tumor to the base of
brain, arachnoid villi and reactive fibrosis may impede or
block the CSF flow pathways leading to the development of
hydrocephalus and increased intracranial pressure. The eti-
ology of headache in leptomeningeal carcinomatosis may
include hydrocephalus, increased ICP or cranial nerve
infiltration.

A rare cause of headache in cancer patients is headache
associated with dural venous sinus thrombosis. Venous
thrombosis is a well-known complication of cancer. Though
thrombotic events usually present as deep venous thrombo-
sis or pulmonary embolism, cerebral venous thrombosis and
dural sinus thrombosis may be an uncommon manifestation.
A prospective study on 624 patients with cerebral venous
thrombosis reported that 7.4% patients with cerebral vein
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and dural sinus thrombosis had malignancy as a risk factor.
Of these, 2.2% patients had central nervous system
(CNS) tumors, 3.2% patients had solid tumors outside the
CNS and 2.9% had hematological malignancies. The pres-
ence of malignancy was noted to be an important prognostic
factor for death or dependence [24, 25]. Cerebral venous
thrombosis may present as headache, projectile vomiting,
focal onset seizures, focal neurological deficits, and papil-
ledema. Headache is the most common symptom. The
superior sagittal sinus is quite frequently involved [26, 27],
representing a neurological emergency that requires expe-
ditious diagnosis and treatment. Unfortunately, most patients
present to the emergency room after focal deficits have
already occurred. Therefore, for a favorable outcome, it is
necessary to identify this cohort of patients early with the use
of vessel imaging like MRA, MRV or CTA, in addition to
standard MRI or CT and promptly treat them with
anticoagulation.

Headaches secondary to metastatic cancer may occur in
relation to metastasis to the base of the skull (Table 8.3),
particularly in breast and prostate cancer. Five different
syndromes have been described according to the site of
metastasis. These are the orbital, parasellar, middle-fossa,
jugular foramen. and occipital condyle syndromes [28, 29].

Headache Related to Cancer Treatment
(Table 8.2)

Headache may be a side effect of drugs used in cancer
treatment. Commonly used drugs like ondansetron, steroids,
and metoclopramide may cause headaches. Headache can
also be a symptom of opioid withdrawal. Tamoxifen is a

selective estrogen-receptor modifier used in the treatment of
breast cancer. Headache is an infrequent side effect of
tamoxifen. In the ATAC trial in postmenopausal women
with operable breast cancer who received adjuvant tamox-
ifen therapy, headache occurred in 8% [30]. Retinoids used
in the treatment of leukemia and cutaneous T cell lymphoma
may cause headache, with or without the development of
pseudotumor cerebri [31–34].

Craniotomy for surgical resection of tumor may cause
postsurgical headache. Craniofacial pain may occasionally
last for many months after the surgery. Radiation therapy,
which is commonly used for the treatment of primary and
metastatic brain tumor, can cause headache as an immediate
or a delayed side effect. Acute radiation encephalopathy may
be seen at initiation of radiotherapy and may present with
headaches and other neurological symptoms. Headache can
also be a manifestation of a subacute demyelinating
encephalopathy, presenting 1–6 months after radiation. Late
complications of radiation therapy, occurring months to
years after treatment, include cerebral radiation necrosis,
which may present with headache and focal neurologic
symptoms. Another rare late complication of radiation
therapy is stroke-like migraine attacks after radiation therapy
(SMART) syndrome, described below [35].

SMART Syndrome

The syndrome of stroke-like migraine attacks after radiation
therapy (SMART) is a rare late complication of cerebral
radiation. This syndrome, a constellation of reversible episo-
dic neurological dysfunction, headaches and seizures, was
first described in a retrospective series of 4 children with brain

Table 8.3 Headache accompanying metastasis to the base of the skull

Base of the skull metastasis
syndrome

Clinical features

1. Orbital syndrome Continuous and progressive pain around the supraorbital area of the affected eye
Occasionally dull aching frontal headache
Periorbital swelling, exophthalmos, ptosis, ophthalmoplegia, diplopia and rarely blurred vision

2. Parasellar syndrome Metastasis to parasellar region or cavernous sinus
Unilateral dull aching frontal headache associated with diplopia, ophthalmoparesis, usually without
proptosis

3. Middle cranial fossa syndrome Metastasis to gasserian ganglion
Usually dull aching pain to cheek or jaw
Rarely pain typical of trigeminal neuralgia
Pain and numbness in the maxillary and mandibular division of trigeminal nerve

4. Jugular foramen syndrome Chronic unilateral pain, often located behind the ear, occasionally glossopharyngeal neuralgia
Dysphagia, hoarseness, unilateral palate weakness, ipsilateral weakness of sternocleidomastoid and
upper trapezius

5. Occipital condyle syndrome Severe pain in the unilateral occipital region, worse with neck flexion
Neck stiffness, ipsilateral tongue weakness
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tumors who had undergone craniospinal irradiation [36].
SMART syndrome has a phenotypic similarity to posterior
reversible encephalopathy syndrome (PRES), though seizures
are more common in PRES. The attacks are usually subacute
and involve stroke-like neurological deficits like hemiparesis,
aphasia, homonymous hemianopsia, hemisensory deficits,
and transient visual loss, with or without seizures. Most
patients have headaches, which are typically described as
migraines and may be accompanied by aura. Recovery is
usually complete in most cases, although some cases with
incomplete clinical recovery have been reported [37].

The pathophysiology of SMART syndrome is poorly
understood. The typical MRI findings are focal gyral
thickening of the affected cortex and gyriform contrast
enhancement. Reported cases have frequently shown a
predilection for the involvement of parietooccipital cortex. It
has been hypothesized that the parietooccipital cortex is
more vulnerable to the effects of radiation or chemotherapy.
The underlying mechanism may be postradiation neuronal
dysfunction that may cause impairment of the trigemino-
vascular system or a lowered threshold for cortical spreading
depression. Another hypothesis is a reversible radiation
vasculopathy, similar to the mechanism of the development
of PRES [38, 39].

Headache in Childhood Brain Tumors

Brain tumors have a long symptom interval to diagnosis in
comparison with other childhood malignancies. The pre-
sentation of headaches associated with childhood brain
tumors is unique due to the small brain size, an open
fontanel, open cranial sutures, and the age-dependent
capability of the patients to express their symptoms. The
data on the epidemiology of headache in childhood brain
tumor are largely derived from the Childhood Brain Tumor
Consortium databank, which has a registry of 3291
patients. 62% of the children with brain tumor experienced
significant headaches prior to their first hospitalization.
Headache was present in 58% of children with supraten-
torial tumors and 70% of children with infratentorial
tumors. Less than 1% of children with headache and brain

tumor had no other symptom. Less than 3% of children
with headache and a brain tumor had no abnormality on
neurological examination. Children with headaches were
found to have a greater number of neurological signs and
symptoms than children without headaches. Infants and
very young children had a lower rate of headache. This
may be due the capacity of the infant skull to expand or
due to the inability to express the headache pain. There
were more neurological signs when the headache was
associated with infratentorial tumors as compared to the
supratentorial tumors. Headache was found more fre-
quently in supratentorial craniopharyngioma, ependymo-
mas and protoplasmic astrocytomas than astrocytomas and
pilocytic astrocytomas. Headaches occurred more fre-
quently with infratentorial pilocytic astrocytomas as com-
pared to infratentorial anaplastic astrocytomas,
astrocytomas, ependymomas, and other unclassifiable
tumors [40]. See Table 8.4.

The key challenge is to determine when the child with a
headache should undergo neuroimaging. Often headache is
perceived as a symptom too common and non-specific to
warrant imaging of the brain, leading to a delayed diagnosis
of childhood brain tumors. Serious intracranial pathology is
rarely the cause of chronic headaches in children [41, 42].
On examination, a significant fraction of children may have
cranial nerve signs or papilledema without other accompa-
nying signs. A study documented that a third of children had
an abnormality of visual field or acuity, and in the majority
this was the only cranial nerve abnormality [43]. This
emphasizes the importance of cranial nerve examination,
fundoscopy, and assessment of vision in a child with sus-
pected brain tumor.

Treatment of the Brain Tumor Headache

It can be gathered from the preceding discussion that brain
tumor headache is a clinically and biologically heteroge-
neous entity. Therefore, the treatment should be tailored
according to the etiology of headache, the type of brain
tumor, the stage of the disease and the functional status of
the patient.

Table 8.4 Childhood headache epidemiology

Study Number of Patients Headaches prevalence (%) Headache as initial symptom

Gilles [40] 3291 62 –

Wilne et al. [43] 200 56 41%

Reulecke et al. [42] 245 59.6 –

Hayashi et al. [47] 60 26.7 16.6%

Molineus et al. [48] 79 66.7 –
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When the headache is secondary to edema, corticos-
teroids are the standard treatment. Steroids control the per-
itumoral edema, which also helps mitigate the associated
signs and symptoms. Dexamethasone is usually the preferred
treatment due to its lack of mineralocorticoid activity.
Dexamethasone has a long half-life of 36–54 h. While it is
common to see dexamethasone dosed every 6 h, due to the
long half-life, it can be given more conveniently twice daily.
Although the conventional starting dose of dexamethasone is
16 mg/day, a systemic review and evidence-based clinical
practice guideline suggested that in patients with mild
symptoms related to mass effect, a starting dose of 4–
8 mg/day should be considered. A higher dose of dexam-
ethasone such as 16 mg/day or more is appropriate when
patients have severe symptoms consistent with increased
intracranial pressure [44, 45].

The treatment of headaches in brain tumor has not been
formally studied. Despite the shared biology of the primary
headaches with the brain tumor headaches, there are no
formal studies investigating the use of non-steroidal
anti-inflammatory medications, ergots, or triptans in the
patient population with brain tumors. Opioid medications are
typically the standard treatment for symptomatic relief of
headache. Headaches associated with brain tumor progres-
sion should be managed as per the general principles of pain
management. Initial treatment may be started with acet-
aminophen. If the headache is unresponsive to acet-
aminophen, then codeine or oxycodone should be added.
The starting dose of opioid should be done in consideration
of safety rather than the patient’s expression of pain.

After establishing a safety profile, the dose of opioid
medication can be adjusted as appropriate. Patients who
have a chronic headache may need to have regularly dosed
opioids, with an extended release formulation. For break-
through pain, they should be given immediate release opi-
oids (10% of the daily regular opioid dose). Constipation
and nausea are common side effects of treatment with opi-
oids, which should be treated with the use of laxatives and
anti-emetics. The nausea associated with opioids usually
improves after a few days [8, 46].

When headache is due to brain metastasis, treatment is
usually palliative due to the patient’s limited life expectancy.
Such patients frequently require multidisciplinary care that
includes surgical resection, radiosurgery, radiation therapy,
and chemotherapy. Surgical resection of a brain metastatic
lesion can decrease the risk of immediate life-threatening
mass effect and the source of peritumoral edema. Whole
brain radiation can be used either alone or in conjunction
with surgery. For oligometastatic disease, stereotactic
radiosurgery may be used. For the treatment of headaches
due to hydrocephalus, intracranial pressure monitoring and

ventriculoperitoneal shunting may be required. Patients with
leptomeningeal metastasis usually have a poor prognosis and
the headache treatment should be aimed at palliation.

Conclusion
Review of the clinical presentations of the brain tumor
headache suggests that the classic brain tumor headache,
which is severe, progressive, worse in the morning and
associated with nausea or vomiting, is in fact an
uncommon clinical entity. Therefore, it is very important
to realize that the brain tumor headache does not have
an exclusive signature. It is best to maintain a high
index of suspicion and not rely on a classic presentation
to decide to pursue imaging. Patients with a history of
headaches should undergo neuroimaging if the headache
is accompanied by new symptoms, abnormal neurolog-
ical exam, or different features from their usual head-
ache. New onset headache patients should be imaged if
the headache is progressive, severe, associated with
nausea or vomiting or an abnormal neurological exam
[3]. Imaging should invariably be obtained in patient
with a known history of brain tumors who develop a
headache as this may suggest a structural change in the
underlying tumor due to bleed, expansion or a tumor
recurrence. Treatment of the brain tumor headache
should be individually tailored, according to the etiology
and pathophysiology of the headache. Headache can
compromise the quality of life in patients with brain
tumor; therefore, aggressive management of this symp-
tom may have a positive impact.
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9Seizures as Complications in Cancer

Christa P. Benit, Melissa Kerkhof, Alberto Duran-Peña,
and Charles J. Vecht

Introduction

Epilepsy is common in cancer. In fact, epilepsy can be the
consequence of any structural or functional brain lesion. As
such, seizures represent a large number of cancer compli-
cations, resulting directly or indirectly from disease or its
treatment. Primary brain tumors are associated with a higher
incidence of epilepsy compared to metastatic disease of the
brain. The main focus of this chapter is seizures in gliomas,
including epidemiology and underlying mechanism, but we
will also discuss seizures related to brain metastases and
cancer therapies. Both antitumor therapy and symptomatic
management with antiepileptic drugs (AEDs) contribute to
seizure control. Management of brain tumor-related epilepsy
(BTE) is often complicated by adverse effects of AEDs, drug
resistance, and drug–drug interactions with chemotherapy.
For practical use, a guideline on the medical management of
seizure control including dosing regimens is provided.

Seizures as Complication of Cancer

Seizures can be the manifestation of primary brain tumors,
metastatic disease, vascular complications, opportunistic
infections, surgical complications, or secondary to a host of

medical treatments, including surgery, chemotherapy, and
rarely radiation [1]. During the course of disease, many
circumstances may cause seizures. Most commonly, these
are due to metabolic or toxic encephalopathies secondary to
organ dysfunction. Additionally, drugs used to treat cancer
or its complications, including chemotherapeutic drugs,
antibiotic therapy and opioids, can precipitate seizure
activity. Chemotherapeutic drugs associated with seizures
are listed in Table 9.1 [2, 3]. For semiology and causes of
seizures in cancer, see Table 9.2 [2].

Brain Tumors

Epilepsy occurs in 13% of all cancer patients and accounts
for 5% of neurological manifestations. Half of all seizures in
systemic cancer are associated with brain or leptomeningeal
metastasis [1, 2]. Epilepsy may be the first sign of cancer
either as manifestation of a primary brain tumor or from
systemic cancer that presents with brain metastasis. Seizures
are also an early sign of paraneoplastic encephalomyelitis, an
intriguing albeit rare manifestation of cancer.

Brain Metastasis

Seizures occur as the presenting symptom in 18% of patients
with brain metastases; another 15% develop seizures later in
the course of the disease [1, 4, 5]. The incidence varies from
16% with breast cancer, 21% with gastrointestinal metas-
tases, 29% in lung cancer patients and up to 70% with mel-
anoma, possibly due to its predisposition for intratumoral
hemorrhage. In a retrospective study of 470 patients with
brain metastases of any type, 24% of patients had one or more
seizures at any point in their disease course [6]. The incidence
can be higher for patients with metastases involving or
adjacent to brain regions of high epileptogenicity, such as
motor cortex, and in patients with multiple brain metastases.
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Meningiomas

About one-third of patients with meningioma present with
epilepsy, of whom 70% have secondary generalized and 30%
partial seizures. Seizures are more frequently seen with
convexity-based lesions than with tumors in other regions,
and are more common in the presence of manifest peritu-
moral edema [7–9]. Epileptic seizures occur in 30% of
patients before surgery and in 26.6% patients after surgery.
Of patients with preoperative epilepsy, 59.0% become
seizure-free after surgery, and 20% of those without preop-
erative seizures will develop epilepsy after surgery. Risk
factors for postoperative epilepsy are preoperative epilepsy,
surgical complications including CNS infections, repeat

craniotomy, intracranial hemorrhage, and tumor progression.
Postoperative improvement or recovery from preoperative
neurologic deficits is associated with improved seizure con-
trol [8, 9].

Neuroepithelial Tumors

DNETs
In dysembryoblastic neuroepithelial tumors (DNETs), sei-
zures affect essentially 100% of patients with an average age
of 15 years at presentation, and 50% of patients have com-
plex partial seizures with or without secondary generaliza-
tion. On MRI, 80% of the tumors are located in the temporal

Table 9.1 Chemotherapeutic
drugs associated with seizures

l-Asparaginase Chlorambucil Interferon-a

Bevacuzimab Cyclosporin A Lomustine

Carmustine Etoposide Methotrexate

Cisplatin 5-Fluorouracil Procarbazine

Busulphan Ifosfamide Vincristine

Table 9.2 Semiology and
aetiology of new-onset seizures in
cancer

Semiology Aetiological condition

Isolated generalized tonic–clonic seizures/seizure
clusters

Most drug-induced seizures
Metabolic encephalopathy
Endocrine tumors
Intracranial metastasis
CNS infections
Viral encephalitis
Parenchymal space-occupying infections
Cerebral venous sinus thrombosis

Myoclonic seizures Busulfan

Photosensitive seizures Interferon-alpha

Multiple focal seizures/varying semiology Intracranial metastasis
Multifocal parenchymal infections
Paraneoplastic encephalomyelitis

Status epilepticus Cyclosporine
Toxic drug overdose
Drug-induced seizures in the setting of
impaired clearance

Non-convulsive status epilepticus
(a) Generalized
(b) Complex partial

Ifosfamide
Paraneoplastic limbic encephalitis
Limbic encephalitis due to herpes virus
Cyclosporine

Epilepsia partialis continua Paraneoplastic encephalomyelitis
Venous sinus thrombosis with
venous infarct

Unprovoked recurrent seizures, easily controlled with
epilepsy drugs
Unprovoked seizures

Methotrexate-radiation
Leukoencephalopathy
Following cerebral ischemia or hemorrhage
CNS infections

Intractable complex partial seizures/epilepsy Paraneoplastic limbic encephalitis
Delayed radiation necrosis
Herpes virus-induced encephalitis

Used with permission of BMJ Publishing Group from Singh et al. [2]
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lobe, 16% in the frontal lobe, and the remainder in other
cortical regions [10, 11].

Gangliogliomas
Among patients with gangliogliomas, 80–90% have sei-
zures, usually as the first and only clinical symptom, at an
average age of onset of 17–21 years. Of these, 74% are
complex partial, 43% generalized tonic-clonic/mixed, 12%
simple partial, and 6% absence seizures. The majority of
gangliogliomas are located in the temporal lobe and display
staining for the CD34 glycoprotein, in contrast to gangli-
ogliomas located elsewhere [11–13].

Gliomas
Astrocytomas are frequently located in temporal or insular
locations, while oligodendrogliomas have a predilection for
the frontal lobe [14, 15]. Oligodendroglial tumors more often
involve the cortex and result in a higher risk of seizures as
compared to astrocytomas, which tend to occur in the white
matter. Frontal, temporal, insular, and parietal lobe tumors
are more commonly associated with seizures as opposed to
occipital and midline tumors. Localization to functional
cortex renders tumors particularly epileptogenic.

Anaplastic astrocytomas and high-grade gliomas with
temporal lobe or cortical involvement can be associated with
preoperative seizures. In contrast, older age and larger tumor
size are less commonly associated with preoperative sei-
zures. Seizure-free outcome at 12 months following surgery
is 77% [16]. A lower incidence of seizures is seen in de novo
GBMs compared to secondary GBMs (e.g., those that
developed from prior low-grade gliomas) [17, 18].

Tumor Location

In addition to tumor type and grade, tumor location influ-
ences the incidence of epilepsy. Tumors located in superfi-
cial cortical areas are more likely to be associated with
seizures as are as lesions centered in the temporal lobe,
frontal lobe, or insula [5, 19–21]. Inherent epileptogenicity
of structures in the mesial temporal lobe contributes to sei-
zure generation in this region [22, 23]. Additionally, local-
ization of tumor to eloquent or near-eloquent brain increases
risk for seizures [24–26].

Molecular Biological Factors of Seizure
Development

Low-grade brain tumors have a stronger predilection for
epileptogenesis than more malignant brain cancers. In
comparison to higher grade tumors such as glioblastoma,

low-grade brain malignancies including gliomas more fre-
quently present with seizures despite being larger in size at
the time of discovery [21, 27]. This may be explained by the
slow growth rate associated with low-grade lesions which
favors development of seizure-prone changes like
de-afferentation and disconnection of cortical areas leading
to denervation hypersensitivity [28]. This slower rate of
growth may also permit adaptive changes of the surrounding
brain tissue to occur, thereby diminishing the development
of focal neurological deficits.

Brain tumors can also affect the brain network distant to
the original site, leading to disruptions in functional con-
nectivity in remote areas [29]. Alterations in microenviron-
ment including hypoxia and acidosis induce swelling and
cell damage together with deregulation of sodium and cal-
cium influx with generation of electrical impulses. Overex-
pression of voltage-gated sodium channels as well as
changes in the SV2A synaptic vesicle protein associated
with calcium accumulation may facilitate recurring genera-
tion of action potentials around tumor cells [30].

Molecular genotypes also contribute to seizures. Solitary
19q loss associated with anaplastic tumors and temporal lobe
location [14] has been associated with secondary generalized
seizures [31]. The presence of mutations in the mTOR
pathway and BRAF V600E mutations as seen in 50% of
gangliogliomas increases the risk for seizures [32]. Likewise
mutations of codon 132 isocitrate-dehydrogenase 1 (IDH1),
which are present in 71–88% of grade II astrocytomas and
oligodendrogliomas are associated with seizures [33–36].
The IDH1 enzyme belongs to the Krebs citric acid cycle,
catalyzing the conversion of isocitrate into alpha-
ketoglutarate. Instead, the enzymatic product of the muta-
ted gene produces 2-hydroxyglutarate. The latter structurally
resembles glutamate, which may activate NMDA receptors
with ensuing seizure activity. Altered expression of gluta-
mate transporters, including the cysteine-glutamate trans-
porter (xCT) system, increases the concentration of
extracellular glutamate, which contributes to epileptic dis-
charge, tumor proliferation, and peripheral excitotoxicity
[37, 38]. Furthermore, dysregulation of intracellular chloride
promotes glioma cell mitosis and migration, and
c-aminobutyric acid (GABA) signaling suppresses prolifer-
ation. In neurons, however, chloride accumulation leads to
aberrant depolarization on GABA receptor activation,
thereby promoting epileptic activity [26, 38]. Disturbances
of chloride balance in gliomas are secondary to changes in
chloride cotransporters by reduced KCC2 and increased
NKCC1 expression with accompanying changes in GABA
metabolism [39]. Glutamergic stimulation of NMDA- and
AMPA-receptors activates intracellular mTOR, AKT, and
MAPK signaling pathways leading both to cell growth and
to epileptogenesis [40, 41].
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Seizure Semiology

In about half of cases, the first epileptic event presents as a
generalized seizure, while partial seizures predominate
thereafter [42]. In low-grade gliomas, seizures most fre-
quently present as secondarily generalized seizures (70%),
followed by simple partial seizures (24%), and complex
partial (7%) [24]. In glioblastoma, the most frequent pre-
senting seizure semiology is that of secondary generalization
in 40% of cases, followed by partial seizures in 37% and
both partial and generalized seizures in 14.4% [16, 43].
Status epilepticus is observed in 12% of cases [43].

Factors in Seizure Control

In patients presenting with epilepsy, the number of seizures
and their duration prior to surgery are predictive of postop-
erative seizure behavior [24, 44]. Furthermore, the underly-
ing tumor histology can influence seizure control. DNETs
show a postoperative seizure control of 83% compared to
78% in patients with gangliogliomas (Table 9.3) [13, 45].

Surgery plays an important role in seizure control. Rates
of complete seizure freedom postoperatively range from
45 to 100%. In a systematic review on DNETs and

gangliogliomas, 80% of patients with tumor-related epilepsy
preoperatively became seizure free after surgery [13, 45–47].
The presence of preoperative partial seizures was associated
with 87% seizure freedom after resection, as compared to
73% for generalized seizures. Duration of seizures shorter
than one year and extensive tumor resection are both
favorable prognostic factors for postoperative seizure con-
trol. This suggests that earlier intervention may lead to better
control and that residual tumor increases the risk of post-
operative seizures [45].

In low-grade gliomas, prognostic factors for good post-
operative seizure control include generalized seizures, pre-
operative seizure control, extra-temporal location, and a
gross tumor resection within <1 year after presentation [24,
48, 49]. Overall, seizure freedom is achieved in 74% of
patients with generalized or mixed type epilepsy, in 63%
with complex partial, and 53% with simple partial epilepsy
(Table 9.3) [24]. In oligodendrogliomas, seizure control is
linked to tumor control, independent of the presence of
seizures as the first clinical sign [50]. AED-resistant seizures
are not rare, occurring in 40% of patients.

In GBM, preoperative uncontrolled seizures and parietal
lobe involvement are negative prognostic factors. Prolonged
seizure control is associated with a better Karnofsky per-
formance score [16].

Table 9.3 Seizure
characteristics in patients with
neuroepithelial tumors

Glioneuronal LGGc GBMd

DNETa Gangliogliomab

Age at presentation (median) 15 years 17–21 years 38 years 60 years

Seizures

At presentation (%) 100 60–95 65–85 42.1

Incidence (%) 80–90 70–90 30–60

Type of epilepsy

Partial (%) 50.7 86

Simple partial na 12% 23.7% 20.3–27%

Complex partial (%) 52 74 6.6 3.1–10

Generalized or mixed (%) 49.3 43 69.7 35

Location of tumor

Temporal (%) 79.4 35–76 37 24–27

Extra-temporal (%) 20.6 24 63 73–76

Frontal (%) 13.8 7–13 71 28–43

Parietal (%) 3.4 6–10 9 19–27

Insular (%) na na 21 na

Occipital (%) 3.4 2.0–3.2 0 5–9

Used with permission of John Wiley and Sons from Kerkhof and Vecht [188]
LGG low-grade glioma, HGG high-grade glioma, na not available
aGrewal et al. [1], Lynam et al. [5]
bSingh et al. [2], Verstappen et al. [3], Zaatreh et al. [20]
cLieu and Howng [189], Oberndorfer et al. [6]
dKerkhof et al. [43]
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Seizures in Relation to Survival

Seizure as the presenting symptom of brain tumors is a
favorable prognostic factor for survival, as are the number of
seizures and duration of preoperative seizures [24, 44].

In low-grade gliomas, seizures without other neurological
symptoms at presentation are associated with longer overall
survival time (HR: 0.27) [50, 51]. Conversely, neurological
deficits or a poor performance status at presentation are
associated with worse longevity [49]. Overall, the presence
of seizures, smaller tumor volume and extent of surgical
resection are all associated with longer survival in low-grade
gliomas [11].

In oligodendroglial tumors, uni- and multivariate analysis
reveal that the presence of IDH1 mutation, co-deletion of 1p
and 19q and frontal tumor location are positive prognostic
factors regardless of presence of seizures [14, 52, 53].
Nonetheless, the relation between seizures and survival is
remarkable. Patients with a single seizure prior to surgery
(14% of all patients) do extraordinarily well, showing a 90%
10 year survival. In contrast, one-third of the small subgroup
presenting with other neurological deficits (10% of all
patients) die within 1 or 2 years. The remaining patients
have either occasional or clearly relapsing seizures, and both
groups show a steadily decreasing survival slope with a
median survival of 10 years. However, patients with
refractory seizures tend to do worse than those with con-
trolled seizures [50].

Nevertheless, seizures as a good prognostic feature seem
mainly a secondary phenomenon [38]. In low-grade gliomas,
initial epilepsy as favorable prognostic factor could be
explained by the association of the IDH1 mutation with
formation of D-2HG, which may generate epileptic activity
[36, 54]. In glioblastomas, new-onset epilepsy is associated
with presentation at younger age, better overall health status
and substantially smaller tumor size, which are all inde-
pendent favorable factors for survival [55, 56].

Seizure Recurrence

Reappearance or worsening of seizures following a rela-
tively long period of seizure control may signal progression
or recurrence of glioma. In low-grade gliomas, relapse of
seizures after a period of 6 months or more of seizure
freedom is an indicator of tumor progression in about 50%
of patients [24, 57]. Approximately 15% of glioblastoma
patients have ongoing seizure activity despite multiple
antitumor regimens [43]. Recurrence or worsening of sei-
zures following a stable period in GBM heralds progression
in approximately two-third of patients following first-line
antitumor therapy [16, 24, 58]. This necessitates adjustment
of seizure treatment and reevaluation of the tumor status of

the patient. Thus, while early seizures in gliomas represent a
favorable prognostic indicator with respect to survival, late
recurring seizures are more likely to indicate progressive
disease, often accompanied by adverse effects on cognition
and quality of life.

Effects of Antitumor Therapy on Seizure
Control

Surgery

Surgical resection is a crucial part of tumor therapy as well
as being effective for seizure control. Large series of
low-grade gliomas indicate an overall seizure-free rate of
67–87% following surgery [10, 20, 24, 49]. Refractory sei-
zures benefit most from gross tumor surgery. In high-grade
gliomas, tumor resection renders 77% of patients
seizure-free [16]. For temporal lobe tumors, higher rates of
seizure freedom (90–95%) are achieved by using electro-
corticography (ECoG) for performing additional hippocam-
pectomy, corticectomy or both as compared to the lower
rates (79%) with gross total lesionectomy alone [59]. The
most consistent finding in surgical studies of brain
tumor-related epilepsy is that gross total resection is asso-
ciated with greatly improved seizure outcome compared to
subtotal resection.

Radiotherapy

Radiation therapy contributes to improved seizure control in
low- and high-grade gliomas. A randomized EORTC trial of
early versus delayed radiation in low-grade glioma found
that 75% of patients became seizure-free following early
radiation compared to 59% in the control arm [60]. Retro-
spective studies in low-grade glioma reveal that 56–77% of
patients experience a 50% reduction in seizure frequency
with 38–80% becoming seizure-free [61–64]. In a series of
combined low- and high-grade gliomas, 77% of patients
showed 50% seizure reduction and 38% seizure freedom at
12 months following radiation therapy, although patients
were unable to discontinue AEDs [60].

Chemotherapy

The efficacy of chemotherapeutic drugs for treating
low-grade gliomas, either as initial treatment or following
surgery and radiotherapy, is well established. These agents
also contribute to seizure control [44, 65, 66]. Upfront
temozolomide chemotherapy in low-grade gliomas is asso-
ciated with 50% seizure reduction in 50–60% of patients,
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with 13–55% becoming seizure-free [65, 67, 68]. In recur-
rent low-grade gliomas, 78% of patients achieve 50% sei-
zure reduction with either temozolomide, PCV
chemotherapy or bevacuzimab (in some cases in conjunction
with preceding surgery) [65–70].

Symptomatic Treatment with Anticonvulsant
Drugs

Symptomatic management of seizures in cancer patient is in
principle not different from other causes for focal epilepsy.
Antiepileptic drugs can be initiated after the occurrence of a
single seizure attributable to a brain tumor [71, 72]. In
general, the choice of a specific AED is primarily based on
the type of the epilepsy. Epilepsy in patients with brain
tumors belongs to the type of partial epilepsy in adults, either
with or without secondary generalized seizures, and is
essentially based on focal lesion or brain damage. For this
type of seizures, the International League against Epilepsy
(ILAE) has updated the most appropriate AEDs based on a
meta-analysis of large number of randomized controlled
trials [73]. As such, levetiracetam (LEV), carbamazepine,
phenytoin, and zonisamide are considered class A anticon-
vulsants, based on trial quality for efficacy. Valproic acid
(VPA) represents the only class B anticonvulsant. Gaba-
pentin, lamotrigine, oxcarbazepine, phenobarbital, topira-
mate, and vigabatrin are class C agents [73]. Subsequently,
the choice of the most fitting AED among the approved
agents depends on individual patient factors, most impor-
tantly age, sex, weight, comorbidities, and concomitant
therapy including drug interactions [74]. Regarding con-
current treatment, in neuro-oncology a consensus exists to
avoid enzyme-inducing anti-epileptic drugs (EIAEDs)—
phenobarbital, carbamazepine and phenytoin—as these
accelerate the metabolism of many chemotherapeutic agents
[71, 75]. For zonisamide, there is still limited experience
with brain tumors [76]. Table 9.4 provides pharmacological
details on anticonvulsant drugs.

Monotherapy

Levetiracetam as monotherapy demonstrates a high seizure
control rate of 70–100% in low- and high-grade gliomas,
although preceding surgery and associated antitumor treat-
ment contribute to these excellent results [43, 77]. Leve-
tiracetam may also be effective with brain metastasis [78].

There are several advantages of levetiracetam over other
AEDs, including good tolerability and lack of drug–drug
interactions. A comparative trial in the early postoperative
period showed a better efficacy and tolerability than
phenytoin [79]. However, approximately 5% of patients

develop irritability, aggression or psychosis, for which dose
adjustment or withdrawal of levetiracetam is usually indi-
cated [80]. Intriguingly, cognition improves in around 25%
of patients taking levetiracetam in both general epilepsy and
BTE [81–83].

Valproic acid monotherapy in BTE is extensively utilized
for low- and high-grade gliomas and provides improved or
complete seizure control in 55–78% [16, 43, 58]. Valproic
acid is a broad-spectrum, well-tolerated AED although it
may cause increased appetite, hand tremor, and thrombo-
cytopenia as side effects. It is contraindicated in pregnant
women.

With regard to class C agents, there is little information
on gabapentin and lamotrigine in BTE, although both AEDs
are generally well-tolerated. Topiramate is a broad-spectrum
AED that often causes substantial cognitive side effects.
Oxcarbazepine monotherapy in BTE produces complete
seizure control in 40–63%, though with a relatively high rate
of cognitive adverse effects [84, 85]. Lacosamide is a
well-tolerated AED that has recently been approved as
monotherapy in the US. With add-on lacosamide in BTE,
43% of patients became seizure-free, and 40–50% of
patients showed a 50+% seizure reduction [86, 87].
Adjunctive perampanel in drug-resistant partial seizures
produces about a 40% response rate and sustained seizure
frequency improvement with a generally favorable safety
profile [88, 89].

Polytherapy

When the initial anticonvulsant provides insufficient seizure
control, one can switch to a second agent as monotherapy,
though there is a trend to rather apply polytherapy as the
next step by adding a second AED to the first one [90, 91].
Meta-analysis in drug-resistant epilepsy has indicated that
add-on levetiracetam is remarkably effective both in general
epilepsy as in BTE, producing 50+% seizure reduction in
65% of patients [43, 77]. This might suggest synergistic
qualities of levetiracetam, particularly in combination with
AEDs that have GABAergic or antiglutaminergic activity
[92]. In neuro-oncology, a crucial advantage of synergistic
therapy is that effective lower doses of AEDs carry smaller
risks of toxicity, although this requires confirmation in
prospective studies.

In BTE, we favor levetiracetam as the anticonvulsant of
choice, if necessary to be combined with valproic acid, as
both agents are well tolerated in the partial epilepsies [93,
94]. A good alternative anticonvulsant is lacosamide based
on efficacy, good tolerability, and absence of drug interac-
tions [87, 95, 96]. In glioblastoma, VPA may be given as
first line AED in based on the evidence as class B agent for
focal epilepsy together with emerging activity of antitumor
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Table 9.4 Main characteristics of AEDs (in alphabetical order) including dose range

AED Usual
dosage
(mg/day)

Therapeutic
range (mg/l)

Common/ important
side effects

Main mechanism of
action

Oral
bioavailability
(%)

T 1/2 (h) Metabolism and
excretion

Protein
binding
(%)

CBZ 400–
1600

4–12 Leukopenia, aplastic
anemia, hepatotoxicity,
hyponatremia,
SJS/TEN

Blocks
voltage-dependent
Na+-channels

75–85 5–26 Hepatic
epoxidation,
conjugation

75

CLB 5–40 0.1–0.3 Sedation, cognitive
effects, drowsiness

GABA receptor
agonist

80–90 12–60 Hepatic
N-demethylation

85

CZP 0.5–4 0.02–0.08 Sedation, cognitive
effects, drowsiness

GABA receptor
agonist

90 20–80 Hepatic
reduction and
acetylation

86

FBM 1200–
3600

30–100 Hepatic disturbance,
SJS, aplastic anemia,
insomnia, weight loss

NMDA and Na+-
channel conductance

>90 13–30 Hepatic
hydroxylation
and conjugation
(60%), renal
excretion (40%)

20–25

GBP 900–
3600

2–20 Weight gain,
worsening of seizures

Blocks Ca+ channels <65 5–7 Renal excretion
without
metabolism

None

LCM 200–400 10–20 Dizziness, headache,
nausea, diplopia,
blurred vision

Slow inactivation of
voltage-dependent
Na+-channels

>95 13 Hepatic
demethylation,
unchanged renal
excretion (40%)

<15

LTG 200–600 1–15 Rash, SJS, TEN,
DRESS, headache,
blood dyscrasia, ataxia

Blocks
voltage-dependent
Na+-channels

>95 12–60 Hepatic
glucuronidation
(without phase 1
reaction), renal
excretion (10%)

55

LEV 1000–
3000

3–30 Somnolence, asthenia,
irritability, psychosis

binding to synaptic
vesicle protein 2
(SV2A)

>95 6–8 Partially
hydrolyzed in
the blood, renal
excretion (66%)

None

OXC 900–
2400

10–35 Somnolence,
headache, diplopia,
SJS, hyponatremia

Blocks
voltage-dependent
Na+-channels

>95 8–10 Hydroxylation,
conjugation

38

PB 30–180 15–40 Rash, hepatotoxicity,
impaired cognition,
ataxia, mood change

GABA receptor
agonist, glutamate
antagonist, blocks
voltage-dependent
Na+-Ca+ channels

80–100 46–136 Hepatic
oxidation,
glucosidation,
hydroxylation,
conjugation

45–60

PHT 5 mg/kg 10–20 Blood dyscrasia,
hepatitis, SJS, gum
hyperplasia, lupuslike
reactions, hirsutism

Blocks
voltage-dependent
Na+-channels

95 7–42 Hepatic
oxidation,
hydroxylation,
conjugation

85–95

PGB 150–600 2–8 Somnolence, dizziness,
ataxia

Binds to Ca+-
channels

90 6 No metabolism,
renal excretion

None

PMP 4–12 0.2–1.0 Dizziness,
somnolence, fatigue,
irritability

AMPA-receptor
blocker

100 24–500 Hepatic
oxidation,
glucuronidation

95

TPM 100–500 2–20 Impaired cognition,
hepatotoxicity, weight
loss, renal stones

Blocks Na+-channels,
GABA receptor
agonist, blocks
NMDA receptors

81–95 19–25 Mainly renal
excretion
without
metabolism

13–17

(continued)
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efficacy if combined with temozolomide [43, 97–99]. If
either levetiracetam or combinations with VPA or lacosa-
mide are insufficiently effective, one can choose lamotrigine
for its good tolerability and its potential of synergistic
activity with VPA, perampanel for its efficacy and tolera-
bility in refractory partial epilepsy, or zonisamide consider-
ing its recent designation as class A agent for the partial
epilepsies [73, 88, 89, 100]. For the application of anticon-
vulsant therapy in daily clinical practice of BTE, see
Table 9.4.

Duration of AED therapy depends on the underlying
cause of seizures. For seizures associated with metabolic or
toxic encephalopathies, we recommend continuing AEDs
therapy as long as the underlying cause remains present or
can easily recur. In the case of a structural lesion as cause of
the epilepsy as with gliomas, we advocate continuing
antiepileptic treatment for at least 2 years following seizure
control [101, 102]. In patients with long-term good seizure
control on polytherapy, it is reasonable to try to gradually
taper the patient down to monotherapy.

For treatment recommendations in children, we refer to
other reviews [103].

Prophylactic AED Use

It is uncertain whether there is any role for AED prophy-
laxis in brain tumor patients without a history of seizures.
Consensus statements by the American Academy of Neu-
rology and the European Association of Neuro-Oncology
(EANO) have advised against long-term AED prophylaxis
in newly diagnosed brain tumor patients [71, 75].
Meta-analysis of available studies has not provided

evidence in support of AED prophylaxis [104]. A notable
exception is that prophylactic AEDs may be considered for
the first weeks after surgical resection, given the frequency
of immediate postoperative seizures [105–107]. In a study
on 121 patients undergoing glioma surgery, despite
receiving prophylaxis, 9.1% of patients experienced a sei-
zure within the first postoperative week, and problems with
AED tolerability were not uncommon [108]. There is bor-
derline evidence for AED prophylaxis in the peri-operative
period [107].

Toxicity

Cognitive Function and AEDs

Overall, AED therapy—and particularly polytherapy—lead
to a deterioration of cognitive functioning [109–111]. In a
prospective cross-sectional survey in 147 patients with BTE,
54.4% showed cognitive impairment. On multivariate anal-
ysis, these impairments were associated with advancing age,
lesion laterality, and chemotherapy use [112]. In a group of
156 long-time survivors of low-grade glioma, both the
presence of seizures as well as therapy with conventional
AEDs correlated with cognitive deterioration on several
domains [113, 114]. In another prospective study, the pres-
ence of low-grade gliomas, prior radiation therapy (partic-
ularly >2 Gy per fraction), and anticonvulsant use were
associated with slower psychomotor speed, memory deficits,
and attention or executive deficits [115].

In high-grade glioma, data are less convincing that AED
use leads to impaired memory [116, 117]. Chemoradiation
leads to a diminished brain volume, and in that way patients

Table 9.4 (continued)

AED Usual
dosage
(mg/day)

Therapeutic
range (mg/l)

Common/ important
side effects

Main mechanism of
action

Oral
bioavailability
(%)

T 1/2 (h) Metabolism and
excretion

Protein
binding
(%)

VGB 200–300 0.8–36 Visual field defects
(33%; often
irreversible), fatigue,
drowsiness

GABA-transaminase
inhibitor

80–90 6–8 No metabolism,
renal excretion
(70%,
unchanged)

None

VPA 500–
2500

50–100 Hepatotoxicity,
thrombo- and
neutropenia, aplastic
anemia, tremor, weight
gain, hair loss, ovarian
cystic syndrome

GABA receptor
agonist

>95 12–15 Hepatic
glucuronidation,
oxidation,
conjugation

85–95

ZON 200–600 20–30 Somnolence, ataxia,
dizziness, renal calculi

Blocks Na+- and
Ca+-channels

>95 60–70 Hepatic
acetylation,
glucuronidation
(20%), renal
excretion (30%)

40–50

Used with permission of Oxford University Press from Bénit and Vecht [159]
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are probably more prone to factors that lead to cognitive
dysfunction [118].

AED polytherapy strongly contributes to cognitive dys-
function. Each added anticonvulsant leads to a further
deterioration of cognitive functioning [111]. These effects
are enhanced in patients who already have deficits from
primary or metastatic brain tumors, brain surgery, and brain
tumor therapy [119, 120].

These observations illustrate that in patients with brain
tumors, neuropsychological deficits depend on the cumula-
tive effects of previous neurosurgery, radiation therapy,
chemotherapy, presence of epilepsy, and AED use [121].
Although the cognitive adverse effects of AEDs are usually
mild or moderate, their impact in BTE can be substantial.

In the setting of AED side effects, options include low-
ering the AED dose or switching to another agent. Impor-
tantly, many patients with epilepsy, if forced to choose,
would prefer to be free of AED side effects over having
complete seizure control [122]. Consequently, a prudent
dose reduction is often justified, particularly with partial
seizures without loss of consciousness where complete sei-
zure control is not mandatory [123].

Bone Marrow and AEDs

Bone marrow abnormalities may occur as a side effect of
several AEDs, and are relatively more common in brain
tumors than other epilepsy etiologies [75].

Although hematotoxicity can arise from phenobarbital,
phenytoin, carbamazepine, or VPA, it is more common and
severe with concurrent use of temozolomide or PCV [42,
124–126].

Aplastic anemia is a rare, though severe complication of
AEDs. Its overall incidence is two to six cases in one mil-
lion, of which about 20% drug-induced [127, 128]. Among
AEDs, felbamate is the most frequently implicated with an
incidence of 1 in 5000–10,000; for that reason it is rarely
utilized. Rare cases have been associated with carba-
mazepine, lamotrigine, and phenytoin [129]. The odds ratio
of inducing aplastic anemia compared to no AED at all is
10.3 for carbamazepine, 3.5 for phenytoin, and 18.2 for VPA
[130].

Agranulocytosis occurs rarely, and if present is
drug-induced in about 70% of cases. In Europe, the annual
incidence of idiosyncratic drug-induced agranulocytosis is
between 1.6 and 9.2 cases per 106 and in the USA between
2.4 and 15.4 per 106, and increases with age [131, 132]. The
fatality rate is 7.0%. Carbamazepine is the antiepileptic drug
with the highest odds ratio (10.9) and rare cases have been
reported with phenytoin and VPA [132].

Thrombocytopenia is seen with VPA and depends on
dose-dependent suppression of platelet production in the

bone marrow [133]. Nevertheless, it is usually asymp-
tomatic, occurring in 7% of women and 2% of men within
the upper therapeutic range of 80–100 ng/ml [133]. At
supra-therapeutic levels, thrombocytopenia develops in
14.3% of women at 100–120 ng/ml, and in 16.5% of men at
plasma levels of VPA >130 ng/ml. Children are more sus-
ceptible, however; platelet levels lower than 100,000 are
only seen in 10% of children receiving doses of >70 mg/kg
VPA or plasma levels of 160 mg/ml or higher. In two
prospective studies in children, lower platelet counts were
associated with VPA, though still remaining within the
normal range of >100,000 [134–136].

Likewise, VPA may compromise concurrent chemother-
apy with temozolomide, PCV and other chemotherapeutic
agents [124, 126]. Nevertheless, on multivariate analysis
only the use of temozolomide was associated with throm-
bocytopenia, and in a retrospective study, there was no
difference in hematological toxicity in patients taking VPA,
levetiracetam or no AED together with temozolomide [126,
137]. If thrombocytopenia develops, discontinuation or
reduction of VPA usually promptly rectifies this. In neuro-
surgical patients, postoperative bleeding or need for trans-
fusions did not differ between patients taking VPA or other
anticonvulsants [138, 139].

Skin Reactions and AEDs

Skin reactions associated with AEDs range from mild
maculopapular rash or exanthema to potentially
life-threatening severe cutaneous adverse reactions (SCAR),
including drug reaction with eosinophilia and systemic
symptoms (DRESS), Stevens–Johnson syndrome (SJS), and
toxic epidermal necrolysis (TEN) [140–142]. One explana-
tion for idiosyncratic hypersensitivity reactions is the pres-
ence of an aromatic ring in the chemical structure of a drug
leading to arene-oxide intermediates, which are immuno-
genic through interactions with proteins or cellular
macromolecules.

Carbamazepine, phenytoin, phenobarbital, and lamotrig-
ine have an odds ratio of 5.8 for cutaneous hypersensitivity
reactions [141, 143]. SJS/TEN has been reported with the
use of phenobarbital, phenytoin, carbamazepine, oxcar-
bazepine, lamotrigine, and zonisamide [144, 145]. Signs
include necrosis and blistering of skin and mucosal mem-
branes with a potential mortality varying between 10 and
50% [146].

In BTE, appearance of SJS/TEN has been particularly
observed during cranial irradiation with concurrent pheno-
barbital, phenytoin, carbamazepine, or glucocorticoids [147,
148]. Nevertheless, SCAR is rare in BTE. In a retrospective
review of 289 patients receiving radiotherapy and AEDs,
only one patient developed SJS [140]. In general epilepsy,
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use of phenytoin, carbamazepine, or oxcarbazepine strongly
increases the risk on SCAR dependent on the expression of
certain pharmacogenetic traits, mainly HLA-B 1502 and
HLA-A 31:01 alleles [149, 150]. Remarkably, HLA-B 1502
allele carriers taking carbamazepine show a high odds ratio
of 58.1 for developing SJS/TEN among Asian populations.
HLA-A 31:01 carriers taking carbamazepine have an odds
ratio of 13.2 for developing DRESS, independent of popu-
lations though with a weaker association of 3.94 for
SJS/TEN in Europeans [151]. CYP2C9*3 carriers taking
phenytoin show an odds ratio of 11 for developing SCAR
[152]. One may consider screening for these alleles in both
non-BTE and BTE before prescribing carbamazepine,
oxcarbazepine, or phenytoin to prevent severe skin reactions
[149, 153].

Drug Interactions with AEDs

Cancer patients commonly undergo intensive treatment
including surgery, radiation therapy, and one or more lines
of chemotherapy. In addition, patients with gliomas,
meningiomas, or brain metastasis often need antiepileptic
therapy and almost all require corticosteroids at some point.
Almost inevitably, this implies risks of drug–drug interac-
tions (DDIs), with an increased risk in patients with brain
tumors in comparison to patients with systemic malignancies
(OR > 6) [154]. As antineoplastic drugs often have a narrow
therapeutic window close to the maximum tolerated dose
(MTD), these interactions can easily result in insufficient
antitumor therapy or in drug toxicity. This may have major
clinical impact as illustrated by observations of a shorter
survival in children with acute lymphoblastic leukemia
receiving concurrent EIAEDs [155].

Both pharmacokinetic and pharmacodynamic DDIs occur,
though in daily practice existing insights mainly relate to
pharmacokinetic effects secondary to up- or downregulation
of co-enzymes belonging to the CYP 450 or UGT glu-
curonidation liver systems. Of a total of 20 CYP isoenzymes,
2C9 and 3A4 cover approximately 60% of all metabolic
reactions [156]. Phenytoin, phenobarbital, and carba-
mazepine, oxcarbazepine and eslicarbazepine represent
enzyme inducers, mainly of 2C9, 2C19, and 3A4 together
with a number of long-term metabolic effects [157]. Enzyme
induction results in faster catabolism of concurrently
administered drugs metabolized along the same pathway,
including CTDs, TKIs, and glucocorticoids. Eslicarbazepine,
oxcarbazepine, perampanel, topiramate, and VPA occasion-
ally produce enzyme inhibition depending on CYP or UGT
enzymes involved, leading to toxicity of concomitant drugs
unless dose adjustment is applied. Vice versa, therapy with
cytotoxic agents and tyrosine kinase inhibitors (TKIs) may
similarly affect the pharmacokinetics of concurrent therapy.

More than 50% of glioma patients require more than one
AED for seizure control, carrying risks for drug interactions
[43, 158, 159]. Although newer generation AEDS have
much less enzyme inducing effects compared to the classical
AEDs (phenobarbital, phenytoin, carbamazepine), one does
not always realize that as drug substrates they are often
susceptible to the metabolic effects of other agents including
AEDs. With concurrent phenytoin and carbamazepine (act-
ing on 2C9, 2C19, 3A4), the clearance of lamotrigine,
oxcarbazepine, pregabalin, tiagabine, and zonisamide
increases 1.25–2.0-fold, and that of clobazam 2–3-fold.
[160, 161]. Weak inducing effects can occur with the use of
eslicarbazepine (3A4, UGT1A1) and lamotrigine (UGT1A4)
if combined with drugs metabolized by corresponding
co-enzymes. Weak inhibiting effects are seen with eslicar-
bazepine (2C9, 2C19), oxcarbazepine (2C19), perampanel
(2C8, UGT1A9), and topiramate (2C19), often without
much clinical impact [162]. VPA is mainly an enzyme
inhibitor of UGT1A4, causing a doubling of the AUC of
lamotrigine [163]. All these agents principally undergo
hepatic metabolism. Highly protein-bound drugs such as
phenytoin, VPA, and benzodiazepines including clobazam,
clonazepam, and midazolam may cause DDIs because of
competition for binding with other strongly protein-bound
agents. Gabapentin, levetiracetam, lacosamide, pregabaline,
and vigabatrin chiefly undergo renal elimination and thus are
much less prone to DDIs.

Drug Interactions of AEDs
with Chemotherapeutic Drugs

Temozolomide and bevacizumab, two drugs frequently used
in neuro-oncology, neither cause nor are subject to DDIs
[164, 165]. However, hematological toxicity of chemother-
apeutic drugs (CTDs) may be aggravated by direct toxic
effects of VPA on the bone marrow [124–126]. The
enzyme-inducing agents carbamazepine, phenytoin, and
phenobarbital cause a two- to threefold higher clearance of
cyclophosphamide, camptothecin derivatives, taxanes, and
topoisomerase II inhibitors with a doubling of their maxi-
mum tolerated dose (MTD) [159]. VPA may aggravate
thrombocytopenia caused by CTDs via a direct effect on the
bone marrow, while its enzyme-inhibiting activity in cancer
is mainly limited to temsirolimus. Lomustine combined with
VPA may cause hematological toxicity, due to independent
though additive effects of both agents on the bone marrow
[124, 129]. Cisplatin and high-dose methotrexate lead to
lower plasma levels of phenytoin, VPA, tiagabine, and
clobazam and other benzodiazepines by competition
for protein binding. The enzyme-inhibiting effect of
5-fluorouracil causes a two- to fourfold higher organ expo-
sure to phenytoin and phenobarbital.
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Methotrexate, particularly high-dose (HD-MTX), is an
essential part of chemotherapy for some leukemias and
non-Hodgkin lymphomas including CNS lymphoma. In
children with acute leukemia, concomitant use of EIAEDs
was associated with worse survival (HR 2.7) and faster
clearance of methotrexate and teniposide [155]. Pharma-
cokinetic studies in primary CNS lymphoma and concurrent
EIAEDs result in half the AUC of MTX, possibly depending
on altered aldehyde oxidase activity [166].

For clinical practice, it is important to realize that in case
of co- or CYP-enzyme dependent conversion/metabolism of
a parent drug into its active metabolite, a concurrently given
enzyme-inducer not only causes accelerated metabolism of
the parent drug, though also enhanced formation of the
active metabolite. In this way, the net effect can be enhanced
drug activity. Examples are combined use of an EIAED with
cyclophosphamide, ifosfamide, and thiotepa [167].

Drug Interactions of AEDs with Tyrosine Kinase
Inhibitors and Other Targeted Agents

A number of TKIs have been examined in phase I/II trials on
gliomas including pharmacokinetics with concurrent
EIAEDs and non-EIAEDs. Together with CYP3A4 inducing
AEDs, a twofold higher clearance and corresponding
reduction of AUC of TKIs is usually seen. Notably, crizo-
tinib, dasatinib, imatinib, and lapatinib show a substantially
faster metabolism with concurrent enzyme inducers [168–
170]. For the latter two, organ exposure is about four times
lower without dose adjustment, representing a moderate
drug interaction. Some TKIs are 3A4 inhibitors with inher-
ent risks of toxicity when combined with other 3A4 substrate
drugs such as imatinib and crizotinib, requiring lower dosing
of concurrent therapy. Combined use of mTOR inhibitors
with EIAEDs reduces systemic exposure to temsirolimus,
everolimus, and sirolimus [171, 172].

Drug Interactions of AEDs with Glucocorticoids

Glucocorticoids are frequently employed in cancer. As cor-
ticosteroids are CYP3A4 enzyme inducers, they influence
the pharmacokinetics of concurrent drugs [173–178]. This
explains the observations of more rapid clearance and
sub-therapeutic levels of phenytoin with concurrent dex-
amethasone, with a 1.5–2-fold dose increase of phenytoin
necessary to maintain therapeutic plasma levels [176].
Inversely, when steroids are tapered in the setting of a
therapeutic phenytoin level, phenytoin concentrations can
easily rise to toxic levels if the AED is not lowered corre-
spondingly [178]. Increased phenytoin levels occur occa-
sionally in combination with dexamethasone and have been

attributed to competition for protein binding, underscoring
the possibility of unexpected DDIs [179, 180]. Vice versa,
the inducing effects of phenytoin on the clearance of dex-
amethasone vary by a factor 3 up to 12 [181]. Overall, the
plasma half-life of steroids is approximately halved in the
setting of concurrent EIAEDs. The supra-therapeutic corti-
costeroid doses prescribed in cancer likely explain the rarity
of signs of insufficient dosing.

A separate issue is the wide interindividual variability in
drug metabolism, which is of multifactorial nature. The
activity of CYP enzymes shows high individual variability,
including their susceptibility to the effects of drug inducers
or inhibitors. Besides, CYP activity depends upon age, sex,
and ethnicity as well as on diet and organ factors like hepatic
dysfunction [182, 183].

Metabolic Variability

The observations on variability in drug metabolism underscore
the need for therapeutic drug monitoring (TDM) by plasma
measurement of drug concentrations for the detection of DDIs
[162, 182–185].A position paper of the ILAEhas definedwhen
to apply TDM in the daily practice of seizure management
[186]. Recommendations include performing plasma drug
measurements once a desired clinical response has been
achieved based on the variable therapeutic range of anAED, the
persistence of seizures, and factors as age, comorbidity, or
concomitant therapy. Similar calls for TDM of CTDs and TKIs
have beenmade in systemic cancer [184, 187]. Althoughmany
of the TKIs are 3A4 inhibitors, it remains unknown how
strongly they affect concurrent therapy. Given the common
presence of multidrug regimens in patients with seizures and
cancer, routine monitoring of plasma levels of AEDs and of
CTDs/TKIs is likely of great value.

Conclusions
Recent years have witnessed a considerable increase in our
knowledge of tumor-related epilepsy. In cancer, epilepsy
can be the manifestation of a primary brain tumor, meta-
static disease, vascular complications, opportunistic
infection, surgical complications, or secondary to a variety
of antitumor or associated therapies. Often, a single seizure
is the presenting symptom of a primary brain tumor and is
associated with a better prognosis for survival as opposed
to presentation with other neurological symptoms.

Drug-resistant seizures may develop, particularly
associated with oligodendrogliomas, occurring in about
40%. Recurrence of seizures following a relatively long
period of seizure freedom may herald tumor progression.
Surgery, radiotherapy, and chemotherapy all contribute to
seizure control.
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As regards choice of an AED for symptomatic seizure
control, there is no essential difference among the many
approved agents for new-onset focal epilepsy to which
BTE belongs. The choice mainly depends on the indi-
vidual characteristics of the patient including age, sex and
weight. In neuro-oncology, other important considera-
tions are comorbidities and concomitant therapy includ-
ing the risk of drug interactions.

Overall, levetiracetam monotherapy is a good first-line
AED in BTE. If insufficient, valproic acid or lacosamide
can be added. When these combinations are inactive or
are associated with side effects, lamotrigine, perampanel,
or zonisamide are good alternatives. For a detailed
guideline on dose regimens of these AEDs, see Table 9.4.

Neurologic toxicity is a potential side effect of all
anticonvulsants, and in neuro-oncology cognitive effects,
bone marrow toxicity and skin hypersensitivity reactions
are the most prevalent. Unfortunately, as more than 50%
of glioma patients require AED polytherapy, these risks
are not easily avoidable.

The greatest risk of drug interactions in neuro-oncology
arises from the use of the enzyme-inducing AEDs carba-
mazepine, phenytoin, and phenobarbital. Without appro-
priate adjustments, this can compromise efficacy of
multiple chemotherapeutic drugs including cyclophos-
phamide, camptothecin derivatives, taxanes, and topoiso-
merase inhibitors. Likewise, several tyrosine kinase
inhibitors including crizotinib, dasatinib, imatinib, and
lapatinib are metabolized substantially more rapidly when
EIAEDs are administered. Some TKIs are 3A4 inhibitors
and thus potentially can produce toxicity if coadministered
with other CYP3A4 substrate TKIs, particularly imatinib
and crizotinib. The CYP3A4 enzyme-inducing activity of
corticosteroids also can influence the pharmacokinetics of
concurrent drugs including AEDs. For all these reasons,
consensus exists that if possible enzyme-inducing anti-
convulsant drugs are rather to be avoided. The large
interindividual variability in drug metabolism underscores
the need for therapeutic drug monitoring of anticonvul-
sants, chemotherapeutic and targeted agents for detecting
drug interactions and optimally dosing these agents.
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10Cerebrovascular Complications of Cancer

Lisa R. Rogers

Introduction

In a large retrospective autopsy study of 3426 systemic
cancer patients, stroke was identified in 14.6% of patients,
second only to metastasis as the most common CNS
pathology. Hemorrhages and ischemic lesions were present
in equal numbers. Overall, more than half the patients had
significant clinical symptomatology associated with the
cerebrovascular disorder, more often in hemorrhages than
infarctions [1]. More recent clinical prospective and retro-
spective studies describe the CNS vascular complications of
new antineoplastic treatments and also provide additional
information on the risk of stroke in cancer patients, the most
sensitive methods for determining the etiology, and the
results for stroke and stroke prevention.

The largest prospective study of stroke in cancer patients
is a Swedish cohort of 820,491 cancer patients followed for
first hospitalization for hemorrhagic or ischemic stroke, as
compared to patients without cancer. The overall risk of
hemorrhagic and ischemic stroke during the first six months
after cancer diagnosis was 2.2 and 1.6, respectively. The risk
decreased rapidly, but remained elevated even ten years after
cancer diagnosis [2].

A recent clinical retrospective study of intracranial hem-
orrhages in cancer patients identified 208 intracerebral and
46 subarachnoid hemorrhages. The majority of patients
(68%) had systemic solid tumors, and equal numbers were
hematopoietic and primary brain tumors. Intratumoral
hemorrhage and coagulopathy accounted for the majority of
hemorrhages. Hypertension was a rare cause. The prognosis
was similar to intracranial hemorrhage in the general popu-
lation [3]. In a clinical retrospective review of ischemic
strokes in 96 cancer patients, the cancers were most com-
monly lung, brain, and prostate. The most common cause

was embolism, due partially to hypercoagulability.
Atherosclerosis was the cause in less than 25% [4]. In
children with cancer, the prevalence of stroke is approxi-
mately 1%, with an equal distribution of hemorrhagic and
ischemic strokes [5]. The most common underlying cancers
are leukemia and primary brain tumors.

Stroke can also rarely be the presenting sign of cancer. In
a retrospective review of 5106 patients admitted for ischemic
stroke, Taccone et al. [6] identified less than 1% to have a
previously undiagnosed malignancy. The principal mecha-
nisms of stroke in the cancer patients were nonbacterial
thrombotic endocarditis (NBTE), diffuse intravascular
coagulation, and atherosclerosis. The most frequent neo-
plasms were lung and breast cancer.

The prognosis of cancer-related CNS hemorrhage varies
widely, depending upon the etiology. No detailed retro-
spective or prospective studies of prognosis are available.
The prognosis of patients with ischemic stroke varies
depending on the activity of cancer. In a retrospective review
of ischemic stroke patients (4918) admitted to a university
hospital, 300 were identified to have cancer that was inactive
in 227 patients and active in 73 patients. Stroke patients with
active cancer were significantly younger than those without
active cancer, had more severe strokes, more frequently had
cryptogenic strokes, and more often had infarcts in multiple
vascular territories of the brain. In-hospital mortality was
significantly higher in patients with active cancer (21.9% vs.
5.2%) [7].

In determining the etiology of stroke in the cancer patient,
various factors must be considered. Traditional cerebrovas-
cular risk factors seen in the general population such as age,
hypertension, coronary artery disease, hypercholesterolemia,
tobacco use, diabetes, and family history of stroke should be
assessed, but cancer patients more often have stroke as a
cancer-related event, in which the malignancy directly or
indirectly contributes to the cerebrovascular insult. Thus,
additional consideration must be given to the causes of stroke
that are unique to the cancer patient. A detailed investigation
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and precise diagnosis of cerebrovascular disorders in cancer
patients are critical because early recognition of stroke may
allow the cancer patient access to surgical or medical inter-
ventions to improve the clinical outcome. In addition, sec-
ondary stroke prevention therapies are guided by the etiology
of the cerebrovascular event. Lastly, the diagnostic evalua-
tion in young or cryptogenic stroke patients may lead to the
first recognition of an underlying malignancy.

This chapter will explore the etiologies of stroke within
the oncologic population and discuss their diagnosis and
management.

Stroke Due to Central Nervous System Tumor

Intratumoral Parenchymal Hemorrhage

Hemorrhage into brain tumors, both metastatic and primary,
is reported to account for 1–10% of all intracranial hemor-
rhages [8–10]. The variation in reported frequency is due, in
part, to the method of diagnosis; some hemorrhages are
clinically silent and identified only on imaging or at autopsy.
Metastatic tumors are more often associated with hemor-
rhage than are primary tumors, including hemorrhage as the
initial manifestation of CNS tumor.

The most common metastatic brain tumors associated with
bleeding are melanoma, lung, renal cell, breast, thyroid, hep-
atocellular cancer and choriocarcinoma [3, 10, 11]. Hemor-
rhage associated with metastatic tumors can occur in any
location in the cerebral hemispheres, brain stem, or cerebellum
and may be single or multiple. In some instances, notably
malignant melanoma and other angioinvasive tumors, the
diagnosis of brain metastasis is established only at hematoma
resection demonstrating microscopic malignant cells.

The most common primary CNS tumors associated with
intratumoral hemorrhage are glial tumors, especially
glioblastoma, and germ cell tumors. Figure 10.1a, b shows

the macroscopic and microscopic features of a fatal intra-
tumoral hemorrhage into a GBM. Oligodendrogliomas are
particularly prone to hemorrhage because of the delicate
retiform capillaries associated with them [12]. Hemorrhage
into meningioma is relatively uncommon and occurs most
often in patients who are less than 30 or more than 70 years
of age, located in the convexity or ventricle, and of fibrous
histology [13]. Intratumoral hemorrhages are also reported
infrequently in association with a wide variety of other pri-
mary brain tumors, including medulloblastoma, choroid
plexus papilloma, schwannoma, ependymoma, pineal region
tumors, and lymphoma.

The most common clinical symptoms in patients with
intratumoral hemorrhage are headache, nausea, vomiting,
obtundation, seizures, and focal neurologic deficits, similar
to hemorrhages of other etiology. The symptoms may be
acute or subacute. Bleeding may be spontaneous or associ-
ated with predisposing factors such as head trauma, hyper-
tension, coagulopathy, shunting procedures, surgery, and
anticoagulation [3]. Various pathophysiologic processes
unique to the tumor also contribute to intratumoral hemor-
rhage, including overexpression of vascular endothelial
growth factor and matrix metalloproteinases, endothelial
proliferation, rapid tumor growth, vessel necrosis, and
compression or invasion of adjacent parenchymal vessel
walls by tumor [14, 15].

Imaging findings on brain CT or MR scan that suggest
neoplastic hemorrhage include early edema, an indentation
appearing on the hematoma surface that enhances with
administration of contrast, delayed hemorrhage evolution
and early perihemorrhage enhancement [16, 17].

Treatment is directed to the underlying tumor and may
include surgical resection followed by radiation therapy and
medical therapies appropriate to the histology. Patient out-
come after intratumoral hemorrhage is related to the specific
histological malignancy of the tumor and extent of the
systemic cancer. There appears to be a higher risk of

Fig. 10.1 a Brain coronal section demonstrating a glioblastoma with
necrosis and intratumoral hemorrhage, centered within the right anterior
frontal white matter. There is prominent mass effect. b Microscopic

image in this patient at autopsy reveals fibrillary and giant cells, with
intervening areas of hemorrhage (H&E ×200)
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recurrent hemorrhage if the tumor is incompletely excised or
if metastases recur.

Hemorrhage into pituitary adenomas (pituitary apoplexy)
is a unique and rare disorder, often accompanied by infarction
of the pituitary gland. It can be life-threatening because of
corticotropin and thyroid hormone deficiency. The most
common presenting symptom is headache, followed by visual
field abnormalities and cranial nerve palsies. MRI is superior
to CT in establishing the diagnosis. MRI typically shows an
intra-and suprasellar expanding mass with T1 and T2 signal
intensities consistent with the evolution of blood products.
Enhancement is usually faint. Thickening of the sphenoid
sinus mucosa is highly indicative of pituitary apoplexy [18].

A recent retrospective review from the Mayo Clinic
identified 87 cases of pituitary apoplexy, mostly male, with a
mean age of 51 years. Only 25% had a known pituitary
adenoma. The most common associated factor was hyper-
tension (39%). Long-term outcome was good, although most
patients required long-term hormonal placement [19]. There
are no controlled studies to prove a benefit of surgical
decompression; observation, with replacement of hormones
as clinically indicated, is appropriate in many patients.

Neoplastic Subdural Hemorrhage

Subdural hematomas and hygromas are common etiologies
for cerebrovascular disease in cancer patients, comprising
12.6% of all strokes and 25.8% of hemorrhagic lesions
identified at autopsy within this population [1]. Overall,
subdural hemorrhages related to dural metastasis are less

common than those related to coagulopathy or trauma in
cancer patients [20]. Neoplastic subdural hemorrhages occur
more commonly in patients with solid, rather than hemato-
logical tumors, and in particular with tumors metastatic from
prostate, lung, or breast cancer primaries [20, 21].

Neoplastic infiltration of the dura results from
hematogenous spread of tumor into the dural vessels or from
direct extension of skull metastasis. Proposed mechanisms
for the occurrence of subdural hematoma with dural metas-
tasis include hemorrhage directly into the dural tumor,
hemorrhage secondary to dilatation and rupture of the inner
dural capillaries/venules/veins due to outer vessel layer
obstruction by tumor, and in rare cases, dural tumor pro-
duction of a hemorrhagic effusion.

Acute and subacute subdural hemorrhages are more
common than are chronic. Graus et al. [1] reported that
one-quarter of their 53 autopsied subdural hematoma
patients with cancer were symptomatic. Clinical manifesta-
tions in the oncologic population differ little from the general
population. The most common clinical symptoms are altered
mental status, headache, and lethargy. Focal neurological
deficits and seizures may also be present.

Acute or chronic subdural hematomas and skull metas-
tases are generally easily visualized with both CT and MRI.
Contrast studies are helpful in revealing skull or dural
enhancement. Histologic examination of the dura with
biopsy or cytologic studies of the subdural fluid may be
necessary to confirm the tumoral origin of the subdural
hematoma. Figure 10.2a–c shows the imaging and subdural
fluid cytology findings in a patient with dural metastasis
from lung cancer [22].

Fig. 10.2 a Brain magnetic resonance image taken on admission
shows bilateral masses in the brain. b Brain magnetic resonance image
taken on deterioration of symptoms shows bilateral crescent-shaped

isointensity lesions and a shrunken brain mass. c Adenocarcinoma cells
detected in hematoma fluid (All Used with permission of Elsevier from
Hata et al. [22])
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Treatment of dural metastasis-associated hemorrhage is
palliative and includes drainage of subdural fluid and radi-
ation therapy.

Neoplastic Infiltration of Cerebral Vessels

Venous Infiltration
Thrombosis of cerebral veins or dural sinuses is a rare event
in any patient population, including those with cancer.
Cerebral venous thrombosis accounted was diagnosed in
only 0.3% of neurological consultations in cancer patients
over a four year period at Memorial Sloan-Kettering Cancer
Center [23].

The most common cause of cerebral venous thrombosis
in cancer patients is a coagulopathy associated with hema-
tologic tumors. Invasion or compression of dural sinuses or
cortical veins by tumor occurs most commonly in solid
tumors that are metastatic to the dura, skull, or rarely, the
leptomeninges [23, 24].

The most common vein affected by metastasis is the
superior sagittal sinus. Headache is the most frequent pre-
senting symptom of venous thrombosis. This may be
accompanied by focal neurological deficits, encephalopathy,
or seizures when there is adjacent venous infarction. Occa-
sionally patients present with an isolated intracranial
hypertension syndrome, with headache that may be accom-
panied by visual disturbances associated with papilledema or
abducens palsy. When due to neoplastic vessel compression
or invasion, neurologic symptoms from venous thrombosis
often develop subacutely, in contrast to the thrombosis
associated with coagulopathy, in which symptom onset is
typically acute [23].

Brain CT or MRI scanning with contrast may reveal a
lack of contrast within the sagittal sinus because of the
thrombosis, a finding known as the “empty delta sign” but
this is uncommon. Overall MRI is superior to CT in
detecting venous thrombosis. The sensitivity increases with
the concomitant use of MRA and MRV. MRI can also
demonstrate parenchymal abnormalities of venous infarction
or hemorrhage, and identify adjacent tumor.

When venous occlusion is due to tumor compression or
infiltration, the clinical course is generally progressive and
antineoplastic therapy to treat the tumor may be indicated.
Therapeutic options include tumor resection, radiation, or
systemic therapy. The use of anticoagulation or thrombolysis
has not been studied in this setting.

Arterial Infiltration
Neoplastic infiltration of arterial vessels has been reported to
cause both hemorrhagic and ischemic strokes. Cerebral
tumor embolization can result in aneurysm or pseudoa-
neurysm formation and subsequent aneurysm rupture

produces intracerebral and/or subarachnoid hemorrhage.
A recent literature review of neoplastic cerebral aneurysms
identified 96 published cases. Cardiac myxoma was the most
common underlying tumor (60%), choriocarcinoma was
next most common (26%) and other malignant tumors
accounted for 13.5%. Hemorrhage was universal in chorio-
carcinoma, less common in other malignant tumors (84.6%)
and uncommon in myxoma (19.6%) [25]. Figure 10.3a–c
shows multiple brain hemorrhages in a patient with ruptured
neoplastic pseudoaneurysms associated with metastatic
choriocarcinoma. The diagnosis of neoplastic aneurysm can
be made by cerebral arteriography. Neoplastic aneurysms are
typically small in size and are often located in distal cerebral
arterial branches, in contrast to saccular aneurysms which
arise in proximal cerebral arteries. Those from cardiac
myxoma are usually multiple, whereas those from malignant
tumors are usually single. The prognosis is poor in tumors
other than cardiac myxoma. A second, less common,
mechanism of aneurysm formation is secondary invasion of
nearby vessels by parenchymal brain metastases [26].

Ischemic stroke has also been associated with infiltration
of arteries by tumor in the leptomeninges [27, 28]. Patients
experiencing ischemia secondary to leptomeningeal metas-
tasis present with abrupt, focal neurological deficits alone or
in addition to the typical clinical features of leptomeningeal
tumor. Angiography may reveal focal arteriolar narrowing at
the base of the brain, over the cerebral convexities, or both.
Figure 10.4 demonstrates the angiographic findings in a
patient with diffuse leptomeningeal dissemination of
glioblastoma. Biopsy showed that leptomeningeal tumor
caused vascular narrowing by vessel encasement, vascular
wall invasion, and thrombosis [28].

Hematologic Malignancies
Myeloproliferative disorders are acquired clonal disorders
characterized by the proliferation of bone marrow myeloid
cells. Among these, polycythemia vera and essential
thrombocythemia are the most common to be associated
with systemic and neurologic thrombotic complications,
including cerebral infarction, TIA and venous thrombosis.
Risk factors for thrombosis include those associated with the
underlying disease, including increased white blood cell
counts, vascular cell activation, endothelial dysfunction, and
plasmatic risk factors, such as increased plasma viscosity,
reduced levels of protein S, increased thrombin generation
and standard stroke risk factors such as increased age, pre-
vious thrombotic events, smoking, hypertension, diabetes,
dyslipidemia and obesity for arterial events. Oral contra-
ceptives and pregnancy/puerperium) may contribute to
venous thrombosis. Primary prevention includes antiplatelet
therapy for arterial thrombosis and anticoagulation for
venous thrombosis [29]. Of interest, cerebral thromboem-
bolic complications frequently occur during the two years
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preceding the diagnosis of a myeloproliferative disorder
[30]. Cytoreductive treatment of blood hyperviscosity by
phlebotomy or chemotherapy substantially reduces throm-
botic events and improves survival.

Hyperleukocytosis (>100,000 WBC/mm3) is a rare pre-
sentation of acute lymphoblastic leukemia (ALL). It can also
occur in patients with acute and chronic myelogenous leu-
kemias. It typically occurs during blast crisis and results in
leukostasis, the plugging of blood vessels by blasts, most
commonly in the lung and brain. Coalescence of cells forms
leukemic nodules and can be complicated by brain hemor-
rhage, typically located in the white matter. Clinical signs

include focal neurologic deficits and encephalopathy.
Brain MRI findings in hyperleukocytosis are rarely reported;
one well-characterized case demonstrated multiple hemor-
rhages and nonhemorrhagic changes on T1- and
T2-weighted images with delayed enhancement and
restricted diffusion [31]. It is rapidly fatal if not treated.
Emergency treatments include hydration, cytoreduction,
prevention of tumor lysis, leukapheresis and brain radiation
therapy [32, 33].

Intravascular lymphomatosis (IVL) is a rare variant of
non-Hodgkin’s lymphoma characterized by a proliferation of
lymphoma cells within small caliber blood vessels, with a
predilection for the skin and CNS. Figure 10.5 is a brain
biopsy depiction of IVL pathology. IVL patients with neu-
rologic involvement most commonly present with subacute

Fig. 10.3 Intracerebral hemorrhages due to metastatic choriocarci-
noma with pseudoaneurysm formation. a Computed tomography on
day 20 shows right frontal (large arrow) and right parietal hemorrhages
with extension to the lateral ventricle (small arrows). b Magnetic
resonance imaging on day 25 shows a new left posterior frontal
hemorrhage (large black arrow) and left parieto-occipito-temporal

subdural hematoma (large white arrow) and old right frontal and
parietal hemorrhages (small arrows). c Computed tomography on day
29 shows increase in the left frontal hemorrhage and new occipital
hemorrhages (large arrows) and old right temporal and parietal
hemorrhages (small arrows) (All Used with permission of John Wiley
and Sons from Kalafut et al. [131])

Fig. 10.4 Digital subtraction angiography of vertebral artery injection
performed in the anteroposterior projection shows multiple zones of
irregularity and narrowing involving the basilar artery, bilateral
posterior cerebral arteries, bilateral superior cerebellar arteries and
bilateral anterior inferior cerebellar arteries (Used with permission from
Herman et al. [28])

Fig. 10.5 Brain biopsy in a patient with confusion and multiple
enhancing parenchymal lesions on brain MRI reveals intravascular
lymphoma (H&E ×400)
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progressive multifocal cerebral infarcts and/or a rapidly
progressive encephalopathy accompanied by fever. Other
sites, such as lung, spleen, and bone marrow may also be
involved. In a meta-analysis of the literature between 1962
and 2011, Fonkem et al. [34] identified 740 published cases.
The median age was 64 years. The majority (88%) were of B
cell origin.

Brain MRI typically demonstrates multiple lesions, most
commonly in the cerebral hemispheres. Early diffusion
changes that follow the typical time course noted in ischemic
events can be observed. Noninvasive and catheter angiog-
raphy may demonstrate a vasculitis-like appearance [35].
Because the diagnosis is difficult to establish from clinical
symptoms, there is often a delay in diagnosis or lack of
diagnosis during life. Historically, the majority of cases have
been diagnosed postmortem. The most effective therapy is
not known, but reports indicate that chemotherapy and
rituximab or radiotherapy can stabilize the clinical course.

Tumor Embolus

Ischemic stroke secondary to tumor embolism is rare. In the
series by Graus et al. [1] only two patients had tumor emboli
identified as the etiology of infarction. Most reported cases
of tumor embolic stroke result from intracardiac tumors. The
majority of the tumors arise from the left side of the heart.
They are most often benign. In a large recent series of
resected primary cardiac tumors, myxoma was the most
common histology (72.6%). Fibromas and sarcomas were
rare, 6.9 and 6.4% respectively. Ten percent of patients with
intracardiac tumor experienced a stroke [36].

Cerebral TIA or infarction may also occur from tumor
emboli arising from tumors metastatic to the heart. Cardiac
metastasis usually occurs in the presence of widely meta-
static disease. In an autopsy study of 95 patient with cardiac
metastases, the underlying cancers, in descending order,
were of lung, lymphoma, breast, leukemia, gastric, mela-
noma, liver and colon origin [37, 38]. Figure 10.6a–d shows
the head CT, echocardiography and brain pathology of
cerebral embolism from a cardiac metastatic tumor.

As in other embolic strokes, neurological symptoms are
typically sudden and infarction may be preceded by TIA.
History and physical examination findings of cardiac dys-
function such as limb edema, dyspnea, arrhythmias,
peripheral vascular emboli, and precordial murmurs are
helpful in identifying a cardiac tumor. Echocardiography is a
reliable means of diagnosing cardiac tumors and may sug-
gest the histology. Transesophageal echocardiogram is
superior to transthoracic echocardiography in evaluating
atrial tumors. False negative echocardiograms have been
reported in cardiac neoplasm patients; cardiac MRI and CT
can be useful in this situation. Tissue diagnosis involves

obtaining a pathological specimen through endomyocardial
biopsy or surgical resection of the tumor.

Primary or metastatic lung cancers can also produce TIA
or cerebral infarction from a tumor embolus that accesses the
pulmonary venous system and then passes through the left
heart chambers to the cerebral vasculature. Cerebral infarc-
tion that is identified in the peri-operative period after lung
cancer biopsy or resection should suggest embolization of a
tumor fragment [39]. Patients with tumor embolic ischemia
should be followed with surveillance brain imaging to
observe for tumor growth.

Stroke Due to Remote Effects of Tumor:
Hyper- and Hypocoagulopathies

Hypercoagulability and Thrombosis

Abnormalities of the coagulation system are very common in
the cancer patient, and there is a high propensity for
thrombosis of venous or arterial vessels, especially in widely
disseminated solid tumors and in glioblastoma. Venous
thromboembolism (VTE) and disseminated intravascular
coagulation complicate the course in a significant percentage
of patients, depending on the histology. Increases of coag-
ulation factors V, VIII, IX, and XI are often documented in
malignancy. Markers of coagulation activation are fre-
quently elevated, including prothrombin fragment 1.2,
thrombin antithrombin complex, fibrin degradation products,
and D-dimers. Also consistent with a consumptive coagu-
lopathy is the frequent finding of increased fibrinogen and
platelet turnover.

Schwarzbach et al. [40] documented the presence of
hypercoagulation as a cause of stroke in cancer patients,
especially those with significantly elevated D-dimer levels,
as compared with controls, and in the absence of conven-
tional stroke risk factors. A hypercoagulable state can result
in intravascular thrombosis as well as sterile platelet-fibrin
deposition on cardiac valves termed nonbacterial thrombotic
endocarditis (NBTE). In comparing the sensitivity of
transthoracic and transesophageal echocardiograms, a ret-
rospective review of 654 consecutive cancer patients in
whom infectious or noninfectious endocarditis was sus-
pected confirmed the diagnosis of endocarditis in 45 patients
(75%). TEE was significantly more sensitive in detecting
endocarditis: in 21 of 22 cases, TEE examinations were
diagnostic and 16 (42%) of 38 patients with initially non-
diagnostic TTE studies had the diagnosis confirmed by TEE
study. Vegetations were larger in patients with culture pos-
itive endocarditis than in patients without culture positive
infection [41].

In a study to determine the frequency of cardioembolic
findings in 51 consecutive patients with cancer referred for
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TEE evaluation of cerebrovascular events, 18% had NBTE
and 47 and 55% had definite and definite or probable cardiac
sources of embolism, respectively [42]. Singhal et al. [43]
compared the MRI findings in patients with infectious
endocarditis and NBTE. Patients with NBTE uniformly had
multiple, widely distributed, small (<10 mm) and large
(>30 mm) infarctions (Fig. 10.7a–c), whereas patients with
infectious endocarditis had a variety of stroke patterns
including a single lesion, territorial infarction, and dissemi-
nated punctate lesions, and numerous small, medium or
large lesions in multiple territories.

Venous Occlusions

Cerebral venous thrombosis can occur from direct tumor
invasion or compression of the dural sinuses (reviewed

above), but more commonly occurs from a hypercoagulable
state induced by a neoplasm or chemotherapy. A systemic
coagulopathy is the most common cause of cerebral venous
thrombosis in patients with hematologic malignancies,
especially ALL or lymphoma after treatment with L-aspar-
aginase [23]. Steroids may contribute to the development of
thrombosis.

The clinical presentation is similar to patients without
cancer who develop sinus thrombosis, and includes head-
ache, vomiting, papilledema, and seizures. Focal neurolog-
ical signs or encephalopathy may also occur if there is
associated cerebral infarction or hemorrhage. Imaging
characteristics are reviewed above, but in the instance of
coagulation-related venous thrombosis, no skull or dural
tumor is identified [44]. Spontaneous resolution or recanal-
ization of nonmetastatic sinus thrombosis can occur, espe-
cially early in the course of cancer and its treatment. When

Fig. 10.6 Imaging and histologic findings in a patient with multifocal
stroke from tumor emboli. a Head computed tomography demonstrat-
ing a left frontal lobe hypodensity consistent with middle cerebral
artery territory infarction. b Transthoracic echocardiogram with apical
3-chamber view showing 2 large mobile echodensities attached to the
septum and inferolateral wall of the left ventricle (V). c Frontal lobe
arteriole occluded by moderately differentiated squamous cell
carcinoma. Recent infarction is present surrounding the embolus,

with disintegration, vacuolization, and pyknosis of neurons
(hematoxylin-eosin, original magnification ×20). d Tumor embolus
of squamous cell carcinoma occluding a cerebellar vessel. Small areas
of infarction surround the embolus, with proliferation of capillaries and
macrophages (hematoxylin-eosin, original magnification ×40) (All
Used with permission of American Medical Association from Navi
et al. [38]. All rights reserved)
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the thrombus is symptomatic and persistent, treatment
should be considered. Two randomized clinical trials have
studied the benefits and risks of anticoagulation in patients
without cancer who develop sinus thrombosis. A small trial
of intravenous unfractionated heparin found a benefit; a
larger trial of low molecular weight heparin found only a
nonsignificant trend to benefit [45, 46]. The safety of anti-
coagulation in ALL patients has been reported in small
numbers of patients [47, 48]. Small series also document the
benefit of endovascular thrombectomy and thrombolysis [49,
50]. The safety and efficacy of these latter treatments in the
cancer population has not been established.

Arterial Occlusions

Cerebral arterial occlusions constitute a major source of
morbidity in cancer patients. The most common cause for
thrombotic arterial occlusions in cancer-associated throm-
bophilia is NBTE (see above) Vegetations are most com-
monly located on the aortic and mitral valves. NBTE is
significantly more common in cancer patients than in
patients without malignancy; it occurs most commonly in
adenocarcinoma patients, especially pancreatic cancer [51,
52]. Mucin-producing adenocarcinomas, of which many are
pancreatic, are strongly associated with NBTE [53]. Rarely,
NBTE is the presenting sign of cancer.

The mechanism of cerebral TIA or infarction in NBTE is
small vessel thrombosis as a result of intravascular throm-
bosis or embolization of a sterile vegetation to brain vessels
[54]. Systemic thromboembolism, both venous and arterial,
may be a clue to NBTE in a cancer patient with cerebral
ischemia. However, one-third of patients have only neuro-
logic symptomatology [52]. The diagnosis may be difficult
to suspect on clinical grounds alone, because NBTE can
result in signs of encephalopathy caused by multiple small
vascular thrombosis. In other patients, sudden focal neuro-
logical symptoms of TIA or stroke suggest embolization.
The majority of patients with NBTE have only mildly
abnormal coagulation parameters. The diagnosis of NBTE is
most often rendered in vivo by echocardiographic detection
of valvular vegetations. Transesophageal echocardiography
is more sensitive than transthoracic. Both neuroimaging
and autopsy studies show that cerebral infarcts may be
multiple and sometimes have a hemorrhagic component.
Cerebral angiography typically discloses multiple vessel
branch occlusions, commonly in the middle cerebral artery
territory [52].

Appropriate treatment of NBTE includes treatment
directed to the underlying cause for the coagulation disorder,
such as the neoplasm or sepsis if this coexists. There are no
prospective studies of anticoagulation in NBTE; however,
individual case reports and retrospective cases series suggest
that anticoagulation with heparin appears to reduce ischemic

Fig. 10.7 a Initial DWI in a
patient with infective endocarditis
shows disseminated punctate
ischemic lesions (pattern 3).
Note the incidental ventricular
hyperintensity (arrow),
suggestive of ventriculitis.
b Follow-up DWI after 1 week
shows additional punctate lesions
but no change in the stroke
pattern. c Initial DWI in a patient
with nonbacterial thrombotic
endocarditis shows multiple small
and large lesions (pattern 4)
(All Used with permission from
Singhal et al. [43])
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symptomatology in some patients [52]. The potential bene-
fits of anticoagulation should be weighed cautiously against
the potential risks of hemorrhage in the cancer patient with
NBTE-associated stroke.

Mucin-Positive Adenocarcinoma-Associated
Hypercoaguability

Mucin-producing adenocarcinomas are associated with
arterial ischemic stroke both in association with, and inde-
pendently of, NBTE. A 1989 study examined patients with
mucinous adenocarcinoma and systemic and cerebral
ischemia [55]. Widely disseminated metastases were present
in all cases. Varying sizes of cerebral infarctions were found,
including disseminated microinfarcts in all patients and large
or small/moderate sized infarcts in most. Ischemia affected
widespread areas of the CNS, including the cerebral hemi-
spheres, cerebellum, brainstem, basal ganglia, spinal cord,
and dorsal spinal roots. Petechial and small hemorrhages
were also relatively common. In each of the cases in this
series, intravascular mucin was noted within central nervous
system capillaries and small arteries on pathological
examination.

The mechanism of hypercoagulability in mucin-secreting
adenocarcinoma is still not fully understood. Mucin itself
may be prothrombotic, the mucin-producing tumor cells may
be prothrombotic, or both [56]. There may also be fat emboli
in association with mucin [57]. At present, the diagnosis of
mucin-positivity is only reliably made pathologically, typi-
cally at autopsy. Treatment of the underlying malignancy is
the only known method to reduce further cerebrovascular

events. Cautious anticoagulation has been suggested in the
setting of ischemic stroke and mucin-positive neoplasm, but
this therapy is unproven. Figure 10.8 shows multifocal
bilateral ischemia visualized on MRI in two patients with
breast cancer in whom intravascular mucin was identified
pathologically.

Combined Hypercoaguability/Bleeding Diathesis

Normal physiologic hemostasis involves a balance between
thrombus formation and thrombolysis [58]. Disseminated
intravascular coagulation (DIC) is characterized by wide-
spread activation of coagulation, with resulting production
of fibrin clot formation and thrombotic occlusion of small
and medium size vessels. Formation of thrombi leads to
consumption of endogenous coagulation factors, platelets,
and anticoagulant factors such as Protein S, Protein C, and
antithrombin, increasing a risk for bleeding [59]. Acute DIC
is most commonly observed in acute promyelocytic leuke-
mia (APML) because of a unique constellation of factors
associated with the leukocytes [60]. Other risk factors for
acute DIC are pancreatic and other mucin-producing solid
tumors, age >60 years, male gender, breast cancer, tumor
necrosis, and advanced stage disease [61]. Patients may
present with symptoms and signs of excessive hyperco-
aguability, uncontrolled hemorrhage, or both simultane-
ously. In aPML, brain hemorrhage is often fatal. Acute, or
uncompensated, DIC occurs most frequently with
hematogenous malignancies such as the acute leukemias,
and is less frequent with solid tumors. Acute DIC typically
presents with clinically significant bleeding with

Fig. 10.8 MRI, focal T2
hyperintensities involving all
lobes in Case 1, most prominently
left occipital lobe in Case 2
(All Used with permission of
Springer Science from Bernardo
et al. [56])
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concomitant thrombosis. Bleeding from venipuncture sites
and surgical wounds may be seen, as well as diffuse
mucosal, skin, or retroperitoneal hemorrhage. Central ner-
vous system hemorrhage is a significant and potentially fatal
complication, especially in acute promyelocytic leukemia
(APML) Laboratory findings in acute DIC include throm-
bocytopenia, prolonged PT and aPTT, low fibrinogen, ele-
vated D dimer and microangiopathic changes on the
peripheral blood smear.

Chronic DIC develops when blood is continuously or
intermittently exposed to smaller amounts of procoagulant
substances. The coagulation factors and platelets are con-
sumers, but production is able to compensate. Thrombosis
generally predominates over bleeding. Chronic DIC more
often manifests as thrombosis, rather than bleeding, although
either or both hematologic dyscrasias are possible.
Chronic DIC has been reported in the clinical settings of
NBTE and mucin-positive adenocarcinoma-associated
thrombosis. Patients in chronic DIC typically present with
deep venous thrombosis and pulmonary thromboembolism,
although some may also develop arterial ischemia. Coagu-
lation tests may be normal or show mild thrombocytopenia,
mild prolongation of PT and aPTT, and normal or slightly
elevated fibrinogen. D dimer is often elevated.

No prospective clinical trials address the optimal treat-
ment for chronic or acute DIC associated with symptomatic
cerebral thrombosis or hemorrhage. Treatment of the cancer
is fundamental to successful long-term therapy. Anticoagu-
lants, by interrupting the coagulation cascade, are of theo-
retical benefit. Unfractionated and low molecular weight
heparins have appeared beneficial in small, uncontrolled
cohorts but have not been definitively evaluated in con-
trolled clinical trials [62]. Direct thrombin inhibitors are
promising but unvalidated in controlled trials [59].

Bleeding Diathesis/Hemorrhage

Primary Fibrinolysis
Primary fibrinolysis is characterized by systemic activation
of plasmin or direct fibrinogen degradation. Intracranial
hemorrhage may result from primary fibrinolysis in associ-
ation with acute DIC early in the course of APML. Primary
fibrinolysis, without DIC, has been observed in some leu-
kemias and solid tumors, especially prostate cancer. Cere-
brovascular complications are rare in this setting. Treatment
consists of administering cryoprecipitate or fresh frozen
plasma. Epsilon-aminocaproic acid or tranexamic acid may
also be given [63].

Thrombocytopenia
Thrombocytopenia is not uncommon in the cancer pop-
ulation and poses a risk for intracranial hemorrhage

Thrombocytopenia-associated cerebral hemorrhage in
oncology patients can be secondary to extensive marrow
infiltration by tumor, peripheral destruction of platelets
due to tumor-associated hypersplenism, under-production
of platelets due to radiation- or chemotherapy-induced
toxicity, DIC, autoimmune dysfunction, and/or microan-
giopathic hemolytic anemia. Cancer-associated hemolytic
anemia is a Coombs-negative hemolytic anemia. A re-
view of published cases published in 2012 reported 154
cases associated with solid cancer and 14 cases with
lymphoma. The majority of the cancers were metastatic.
The prognosis is poor. Treatment includes antitumor
treatment and plasma exchange or fresh frozen plasma;
the latter was rarely effective, except in prostate cancer
patients [64].

Immune-mediated peripheral platelet destruction is rarely
seen with solid tumors, but has been reported with lym-
phoproliferative disorders such as Hodgkin’s disease,
chronic lymphocytic leukemia, and low-grade lymphoma
[65]. Diagnosis is difficult but may be supported by the acute
onset of thrombocytopenia, large platelet size, elevated
megakaryocyte count, and increased platelet-associated
immunoglobulin. Treatment may include corticosteroids,
immunoglobulin infusions, plasmapheresis, antineoplastic
therapy directed at the specific underlying malignancy,
vincristine, danazol, and immunoabsorption with staphylo-
coccal protein A.

Thrombotic thrombocytopenic purpura (TTP) is a syn-
drome of target organ dysfunction due to marked platelet
aggregation in the microcirculation that can be induced both
by cancer and by chemotherapeutic treatment [66].
Thrombotic thrombocytopenic purpura is characterized by
severe thrombocytopenia, a microangiopathic hemolytic
anemia, and renal failure (hemolytic-uremic syndrome)
Intracerebral hemorrhage and cerebral infarction are
potentially disastrous events that may complicate the course
of patients with TTP. Platelet aggregates in TTP most
commonly occlude the arterioles and capillaries in the
brain, heart, kidneys, and adrenal glands. Clinically, pur-
puric rash, fever, and neurological and renal symptoms are
common. Laboratory studies demonstrate severe hemolytic
anemia, thrombocytopenia, and schistocytosis. Thrombotic
thrombocytopenic purpura can be differentiated from DIC
by the absence of a coagulopathy. In cancer patients, TTP
is most commonly seen with gastric adenocarcinoma, fol-
lowed by breast, colon, and small cell lung carcinoma.
Treatment options include corticosteroids, plasma
exchange, immunoabsorption with staphylococcal protein
A, platelet inhibitor drugs, vincristine, and splenectomy.
Platelet transfusions are reserved for situations of docu-
mented bleeding. Mortality in TTP without treatment is 90–
100%. With appropriate treatment, mortality decreases to
10%.
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Sequelae of Cancer Treatment

In addition to cancer and its associated coagulopathies as a
cause of stroke, ischemic or hemorrhagic strokes can result
from certain diagnostic procedures, radiation therapy, sur-
gical therapy, endovascular treatments, or chemotherapy.

Cancer Therapy: Radiation

Radiation-Induced Vasculopathy
A variety of delayed vasculopathies can complicate thera-
peutic radiation to the brain or neck. Pathologic studies
demonstrate that radiotherapy produces a sequence of vas-
cular changes characterized by initial damage to endothelial
cells, followed by thickening of the intimal layer, cellular
degeneration, and hyaline transformation. Stenosis and
occlusion of medium and large vessels leading to ischemic
infarction is the most common sequela, but lacunar infarc-
tion, primary intracerebral hemorrhage, moyamoya changes
resulting in ischemia or hemorrhage, and the formation of
cerebral aneurysms and pseudoaneurysms also occur
[67, 68].

Several large scale studies, particularly those from the
Childrens Cancer Study Group (CCSG) describe the risk of
stroke in pediatric cancer survivors (alive > five years),
especially those with brain tumors and those with leukemia
who received cranial radiation therapy. The rate of first
occurrence of late-occurring stroke was determined in leu-
kemia (n = 4828) and brain tumor survivors (n = 1871) as
compared with a group of a random sample of cancer sur-
vivor siblings (n = 3846). The rate for leukemia survivors
was 57.9 per 100,000 person-years and the relative risk for
stroke, as compared with the sibling comparison group, was
6.4. In brain tumor survivors, the rate was 267.6 per 100,000
person-years and the relative risk was 29. Mean cranial
radiation therapy dose >30 Gy was associated with an
increased risk in both leukemia and brain tumor survivors in
a dose-dependent fashion, with the highest risk after doses
of >50 Gy [69].

The CCSG also recently identified that among childhood
cancer survivors with stroke, there is a risk of recurrent
stroke, especially those receiving >50 Gy cranial radiation
therapy. The risk persists for decades after the first stroke:
the ten-year cumulative incidence of late recurrent stroke
was 21% overall and 33% for those treated with high dose
cranial radiation therapy. Hypertension also independently
predicted recurrent stroke in this population [70].

Single institution studies also confirm and characterize
the risk of stroke in survivors of pediatric brain tumors and
that location of tumor influences the risk. Multivariate and
logistic regression analysis in one study showed that chil-
dren treated with cranial radiation therapy and those with

optic pathway gliomas had the highest risk of nonperioper-
ative stroke [71]. Treatment of tumors close to the circle of
Willis, especially optic pathway gliomas and the prepontine
cistern, were associated with the highest risk in another
study [72]. Location of tumor is also important in adult
patients. Aizer and coworkers [73] recently identified that
radiation therapy administered to primary brain tumors near
the circle of Willis was associated with an increased risk of
death secondary to cerebrovascular disease as compared to
radiation to distant sites. Adults irradiated for pituitary
adenomas (especially males) are also at risk for delayed
stroke and TIA [74].

A recent literature review between 1978 and 2013 iden-
tified 46 patients with 69 intracranial aneurysms within the
irradiated field. The mean age at radiation exposure was
34 years and the mean lag time between radiation and
diagnosis was 12 years (range, 4 months to 50 years).
Aneurysms were saccular in 83%, fusiform in 9, and 9%
were considered pseudo-aneurysms. Just over half of the
aneurysms presented with hemorrhage [75]. Aneurysms can
develop after radiosurgical treatment as well as external
beam radiation [76]. There is a high rate of rupture in
radiation-induced aneurysms and they are associated with
significant morbidity and mortality. Treatment includes
surgery or endovascular treatment [77].

Another vascular abnormality that can develop after
cranial radiation therapy is a cavernous malformation,
reported predominantly in pediatric patients radiated for
leukemia, primary brain tumor, and within the setting of
hematopoietic stem cell transplantation. They are more
common after whole brain than reduced-field radiation [78]
and typically develop several years after radiation [79, 80].
Most cavernous malformations are detected incidentally, as
seen in Fig. 10.9. In symptomatic patients, the most com-
mon presenting symptom is seizure. Roughly one third have
hemorrhage and may require surgery [81]. The clinical
behavior can be more aggressive when chemotherapy is
administered, especially methotrexate [82]. Spinal cord
cavernous malformations are also reported within the field of
spine radiation therapy [83].

Telangiectasias are smaller vascular malformations that
can be observed on MRI after brain radiation therapy
administered in childhood. Among 90 children who were
followed for at least six months after brain radiation,
telangiectasias were observed in at least one area in 18
(20%) patients. The frequency was similar following low
dose and high dose radiation. The number of lesions
increased on followup of ten years [84].

A literature review of moyamoya syndrome diagnosed
after brain radiation therapy from 1967 to 2002 identified 54
patients. Patients with neurofibromatosis 1 and those who
received radiation to the parasellar region at a young age
(<5 years) were found to be the most susceptible. The
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incidence increases with time, with half of cases occurring
within four years of radiation and 95% occurring within
12 years [85].

Radiotherapy can produce or accelerate atherosclerosis
and it is a causative factor in transient or permanent cerebral
ischemia in some patients radiated for head and neck cancer.
Because of the radiation treatment portals, extensive areas of
the common carotid artery and its branches in the neck are
radiated. In a report of stroke in patients younger than
60 years of age who received therapeutic neck radiation for
head and neck tumors, Dorresteijn and coworkers reported a
12% 15-year cumulative risk of stroke [86]. In a
well-characterized retrospective study, Dorth and coworkers
[87] found that 14% of head and neck cancer patients treated
with neck radiotherapy had evidence of carotid stenosis at
four years as compared to 4.2% in the general population.

The degree to which conventional stroke risk factors,
such as hypertension, dyslipidemia, smoking history, and
diabetes in head and neck patients also contribute to carotid
stenosis is debated. Among 50 patients radiated for head and
neck cancer, and comparing carotid artery stenosis and
plaque formation between the radiated and non-radiated
side, Gujral and coworkers [88] determined that traditional
vascular risk factors do not play a significant role in
radiation-induced carotid atherosclerosis. A summary of
published studies in which the rate of extracranial carotid
stenosis was compared between neck cancer patients who
received radiation and those who did not (controls) includes
1070 patients. The incidence of severe extracranial carotid

stenosis is significantly higher among those who received
radiation. Like others, the authors recommend that irradiated
patients be closely monitored with periodic carotid ultra-
sound [89].

Survivors of childhood Hodgkin’s disease are also at risk
for stroke if they receive mantle radiation exposure. In these
patients cerebral ischemia may be related to carotid artery
disease or to cardiac valve disease with embolism [90].

Stroke-like migraine attacks after radiation (SMART
syndrome) is a rare syndrome occurring within years of brain
radiation and is characterized by the occurrence of cerebral
symptoms and signs associated with migraine headaches and
cortical enhancement on brain MRI. The mechanism is not
known, but is speculated to be a delayed manifestation of
vascular injury. It typically has a good prognosis, but a
recent report indicates that not all patients recover [91].

For symptomatic or high grade post-radiation carotid
stenosis revascularization procedures may be indicated. The
superiority of endarterectomy versus stenting is controver-
sial. Sano et al. [92] reported that, by comparison, carotid
endartectomy is safer. However, Cam et al. [93] reported that
stenting is safe and durable. A recent multi-institutional
comparison of carotid artery stenting for radiation
therapy-associated carotid artery stenosis (43 patients) with
non-irradiated patients found no difference in morbidity,
revascularization, and restenosis [94].

In head and neck cancer patients, arterial injury due to
surgery and radiation therapy may also present as arterial
rupture (carotid blow-out). Post-radiation rupture of the
carotid artery typically occurs within 2–16 weeks after rad-
ical neck surgery and radiation therapy. Rupture may be
associated with other local treatment-related complications,
such as infection, sloughing of the skin flaps and orocuta-
neous fistulas. Carotid blowout is a life threatening com-
plication that requires surgical intervention. Brinjikji and
Cloft [95] reviewed 2003–2011 data from the Nationwide
Inpatient Sample and among 1218 patients who underwent
endovascular treatment for carotid blowout; 89% underwent
embolization procedures and 11% underwent carotid stent-
ing. Hemiplegia rates were higher in stented patients than
embolization (3.8% vs. 1.4%). The mortality rate was
similar.

Cancer Therapy: Effects of Surgery

Direct Effects of Surgery
A rare complication of biopsy or removal of a primary or
metastatic lung cancer is a peri-or postoperative cerebral
infarction due to the release of tumor emboli [96]. It is
important to monitor such patients with tumor embolic
infarction for the subsequent development of a mass lesion
associated with tumor growth [97]. Stroke is also a potential

Fig. 10.9 Transverse T2-weighted spin-echo MR images (3000/100)
obtained in 20-month-old girl with telangiectasia. Image obtained 4
years after completion of radiation therapy shows two telangiectatic
foci (arrows) in the left frontal lobe and right parietal lobe (Used with
permission of RSNA from Koike et al. [79])
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complication of advanced head and neck cancer resection
because of the necessity to remove tumor in close proximity
to the cervical carotid artery. However, the incidence of this
complication has significantly declined in recent years.
A recent retrospective study of 14,387 patients undergoing
neck dissection found that the 30-day incidence of ischemic
stroke was 0.7%, similar to matched patients undergoing
thoracic surgery and colectomy. Factors independently
associated with a higher risk of stroke within 30 days fol-
lowing neck dissection were standard stroke risk factors: age
above 75 years, diabetes, hypertension, or prior stroke [98].

Resection of brain tumors is also associated with adverse
effects on blood vessels.

The largest study of surgically-related cerebral infarction
and hemorrhage in patients undergoing resection of malig-
nant brain tumors is obtained from the Nationwide Inpatient
Sample. Among 16,530 such patients undergoing tumor
resection, the most common surgical complication was
cerebral infarction, with an estimated incidence of 16.3/1000
cases. The second most common complication was brain
hemorrhage or hematoma, with an incidence of 10.3/1000
cases. Because of the nature of data collection by ICD9
codes, it is not possible to determine if the diagnosis of
infarction or hemorrhage/hematoma was based on incidental
postoperative imaging findings or associated with neuro-
logical deficits. However, infarctions and hemorrhage/
hematoma were associated with an increase of in-hospital
mortality by 9-fold and 3-fold, respectively, suggesting that
many of them were symptomatic [99].

Immediate post-operative diffusion-weighted MRI
sequences often reveal changes of cerebral ischemia in
patients undergoing removal of brain tumors. In recent years,
the clinical significance of these imaging changes, particu-
larly after glioma surgery, has been recognized. Rather than
simply cortical or subcortical structural damage of eloquent
brain tissue from surgery, Gempt et al. [100] demonstrated
that peri- or postoperative ischemic lesions play a crucial
role in the development of surgery-related motor deficits.

A matched case-control study assessing new postopera-
tive deficits as compared to no deficits in patients undergo-
ing resection of WHO grade 2–4 gliomas identified that
postoperative neurological deficits were associated with
peritumoral infarction and that volumes of DWI abnormal-
ities were larger in those with deficits than those without.
Peri-tumoral infarctions were more common and were larger
in patients with acquired deficits after glioma surgery com-
pared to glioma patients without deficits when assessed by
early postoperative DWI [101]. Longitudinal followup of the
post-operative ischemic lesions shows that the
diffusion-weighted abnormality typically resolves and is
replaced by contrast enhancement, ultimately demonstrating
encephalomalacia at long-term follow up [102]. The early
enhancement can be confused with tumor progression and

correlation with the immediate postoperative DWI changes
can assist in the differential. Figure 10.10a–d shows the
evolution of diffusion-weighted MRI abnormalities follow-
ing resection of a low-grade glioma.

Diffusion-weighted changes associated with new post-
operative deficits have also been reported after resection of
brain metastasis. Ischemic lesions were more common in
patients who had been treated with brain radiation as com-
pared with those without. Presence of such lesions was
significantly associated with transient or permanent neuro-
logical deficits [103].

Immediate post-operative areas of brain ischemia can also
be identified outside the area of a resected brain tumor and
the mechanism for this is not known. Tumor biopsy or
resection can also be complicated by hemorrhage. Hemor-
rhage may also be remote from the site of surgery, most
commonly cerebellar hemorrhage following supratentorial
tumor surgery. Potential mechanisms include arterial
hypertension, coagulation disorders, overdrainage of cere-
brospinal fluid, disturbances of venous drainage associated
with head position, and unrelated vascular lesions [104].

Other rare vascular complications of surgery for brain
tumors include cerebral venous thrombosis, cerebral vasos-
pasm especially following resection of base of skull tumors,
and PRES following resection of posterior fossa tumors in
children [105, 106].

Endovascular Treatment: Associated Stroke
Selective intra-arterial infusion of blood–brain barrier dis-
ruption and antineoplastic agents is a treatment approach for
selected cerebral malignancies that can be complicated by
ischemic stroke [107]. Catheter-administered embolization
to occlude the vascular supply to meningiomas is very
effective in obliterating blood supply but carries a small risk
of cerebral infarction and hemorrhage [108, 109].

Cancer Therapy: Chemotherapy and Other
Antineoplastics

Hypercoagulability and Thrombocytopenia
Antineoplastic chemotherapy, including single or multiagent
chemotherapy, hormonal therapy, and hematopoietic growth
factors can produce a hypercoagulable state in cancer
patients and contribute to cerebral arterial and venous
thrombosis [110]. Physiologic investigations in patients
treated with chemotherapeutic agents have documented
activation of the coagulation pathway, suppression of natural
anticoagulants, suppression of natural fibrinolysis, and injury
to vascular endothelium. Thrombocytopenia, TTP, DIC, and
microangiopathic hemolytic anemia have all been linked to
chemotherapeutic agents. Postulated mechanisms for anti-
neoplastic drug-related thrombophilia include release of
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procoagulants and cytokines from injured tumor cells, direct
drug toxicity to vascular endothelium, direct induction of
monocyte or malignant cell tissue factor, and decrease in
physiological anticoagulants.

Among individual chemotherapeutic agents associated
with stroke, L-asparaginase is one of the most well-known.
L-asparaginase is an enzymatic inhibitor of protein synthesis
that is used in combination with other chemotherapeutic
agents in the treatment of acute lymphoblastic leukemia and
some other lymphoid malignancies [111, 112]. The reduc-
tion in protein synthesis produced by L-asparaginase not
only inhibits growth of leukemic neoplasms, but also
decreases liver production of multiple plasma proteins

involved in hemostasis. Strokes associated with L-aspar-
aginase induction therapy may present as dural sinus
thrombosis, cortical or capsular infarction, or intracerebral
hemorrhage. Venous thrombosis is most common.

The incidence of stroke in patients treated with L-aspar-
aginase induction therapy has ranged in different series from
0.9 to 2.9%. Stroke tends to occur shortly after induction
treatment. The clinical presentation varies depending on the
location and type of stroke. The precise mechanism for
L-asparaginase-associated thrombosis stroke is unclear,
although L-asparaginase has been shown to diminish
antithrombin III, protein C, protein S, factor XI, factor IX,
and fibrinogen, and to increase PT/PTT and platelet

Fig. 10.10 Neuroimages obtained in a 27-year-old man with a left
frontal Grade II fibrillary astrocytoma. a Axial T1-weighted MR image
(left) and diffusion-weighted trace image (right) revealing a left frontal
nonenhancing mass with no evidence of reduced diffusion. b Unen-
hanced and contrast-enhanced T1-weighted images (upper) obtained
immediately postoperatively. Diffusion-weighted trace image and an
ADC map (lower) demonstrating a new area of reduced diffusion

(arrows) in the anterior surgical bed. c Two MR images obtained at the
1-month follow-up examination depicting the emergence of new
contrast enhancement (arrow) corresponding to the area of reduced
diffusion seen on the diffusion weighted image obtained immediately
postoperatively. d An MR image obtained at the 3-month follow-up
examination (All Used with permission from Smith et al. [102])
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aggregability. Coagulation factors return to normal within
7–10 days after therapy. Therapies for L-asparaginase-
associated strokes, depending on the clinical situation, vary
widely and may include fresh frozen plasma, heparin, cry-
oprecipitate, platelet transfusion, aspirin, and surgery for
hematoma drainage.

Stroke has also been associated with a variety of other
chemotherapeutic agents. 5-fluorouracil therapy, alone and
in combination with cisplatin, methotrexate, and
cyclophosphamide, has been associated with acquired pro-
tein C deficiency and stroke. Acute stroke and acquired
protein C deficiency has also been reported following cis-
platin therapy without 5-fluorouracil. Stroke has been asso-
ciated with paclitaxel, shortly after administration and in
breast cancer survivors after adjuvant chemotherapy and
radiation [113].

Granulocyte colony-stimulating factor (G-CSF) and
granulocyte-macrophage colony-stimulating factor
(GM-CSF) have been associated with venous and arterial
thrombosis, possibly by enhancing aggregation and binding
of neutrophils to vascular endothelium. A meta-analysis of
52 reported series found an incidence of venous and arterial
thrombosis of 4.2% with GM-CSF and 1.2% with G-CSF.

Bevacizumab, a monoclonal antibody that binds to and
inhibits the biologic activity of vascular endothelial growth
factor (VEGF), is approved for treatment of metastatic colon
carcinoma, nonsmall cell lung carcinoma, and recurrent
glioblastoma. The most significant toxicities of this agent are
systemic thrombosis or hemorrhage, including deep venous
thrombosis, myocardial infarction, and hemoptysis. Imatinib
mesylate administration for leukemia is rarely associated
with subdural hemorrhage [114].

The posterior reversible encephalopathy syndrome
(PRES) is increasingly recognized as a neurological com-
plication of cytotoxic chemotherapies and targeted agents
used to treat cancer, including brain tumors. It is also a
known complication of uncontrolled hypertension,
preeclampsia, sepsis, and adverse effect of immunosup-
pressive drugs used in organ and stem cell transplant. The
mechanism of PRES is controversial; it is primarily thought
to be a result of endothelial injury leading to impaired
autoregulation and vasoconstriction. Characteristic neuro-
logical signs commonly include headache, generalized sei-
zures, encephalopathy, sometimes progressing to coma or
alteredvision (typically cortical blindness or hemianopia).
The onset may be acute or subacute.

The basic PRES pattern resembles the brain watershed
zones, with the cortex and subcortical and deep white matter
involved to varying degrees. Figure 10.11a, b shows
extensive bilateral cerebral hemisphere signal intensity
abnormality and abnormal cerebral angiography in a patient
with PRES [115].

The largest review of PRES in cancer patients includes 31
patients from Memorial Sloan-Kettering Cancer Center.
A retrospective review of the clinical signs of PRES in
cancer patients identified that most patients had active cancer
at the time of diagnosis. The disorder occurred more com-
monly in women. Symptoms included confusion, headache,
and visual disturbance. More than half of the patients
experienced a seizure at onset. 13% had a severely depressed
level of consciousness. The majority of patients experienced
resolution of neurologic symptoms at the median of 7.5 days
[116].

Treatment for PRES includes aggressive supportive care,
and antiepileptic drugs and aggressive antihypertensive
therapy when seizures or hypertension are present. Rechal-
lenge with the suspected antineoplastic drug is safe in some
patients and can be considered if indicated.

Cardiomyopathy
Cardiomyopathy is a well-known complication of anthra-
cycline chemotherapy, occurring in up to 20% or more of
patients. Other chemotherapeutic agents less commonly
associated with cardiotoxicity include cyclophosphamide,
ifosfamide, cisplatin, carmustine, busulfan, and mitomycin.
Cardiac arterial or muscle damage can also occur from chest
radiation, especially in the treatment of breast cancer
[117, 118]. Severe cardiomyopathy with reduced flow in the
cardiac chambers permits thrombus formation and car-
dioembolic stroke. In patients presenting with cerebral car-
dioembolism, long-term anticoagulation may be
recommended for secondary prevention.

Infection and Stroke
Patients with immunosuppression due to cancer, especially
leukemia and lymphoma patients, or to the effects of anti-
neoplastic therapy are at increased risk for infection-related
stroke. Mechanisms include sepsis-induced DIC, bacterial
endocarditis, and angioinvasive microorganisms. Intravas-
cular fungal hyphae can be associated with thrombus for-
mation, contributing to parenchymal ischemia. In the
autopsy series by Graus et al. [1], the majority of patients
with septic infarction were symptomatic with seizures, focal
neurological deficits, and encephalopathy.

The most common fungal infection in cancer patients is
Aspergillus, typically arising from the lungs or paranasal
sinuses. Cerebral aspergillosis typically presents with large
multifocal lesions showing isointense to low signal intensity
on T2-weighted images, often with areas of high signal on
T1-weighted images due to hemorrhage and reduced diffu-
sion. Irregular parenchymal contrast enhancement can be
present in association with infarction [119, 120].
Figure 10.12a–e demonstrates ischemic changes on brain
MRI in a patient with Aspergillosis in whom intravascular
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Fig. 10.11 FLAIR MRI in a patient with PRES associated with bevacizumab treatment shows the typical subcortical white matter
hyperintensities throughout both cerebral hemispheres (a), more prominent posteriorly (b)

Fig. 10.12 a 43-year-old woman (patient 2), aspergillosis manifesta-
tion: basal ganglia. a, b Unenhanced (a) T1-weighted image without
pathological signal changes and (b) ce T1-weighted image with faint
contrast uptake near caudate nuclei on the left-hand side as an
expression of subacute ischemic lesion (arrow). c T2-weighted image:
lesion with high signal intensity (arrow). d DWI: very high signal

intensity on reflecting infarction (arrow). e Histopathology: extended
parenchymal infiltration by the branched hyphal forms of aspergillus
with penetration (arrows) of vascular wall and resulting thrombosis (All
Used with permission of John Wiley and Sons from Gabelmann et al.
[120])
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hyphae contributing to thrombosis were identified.
Mucormycosis is characterized by frontal lobe lesions with
markedly reduced diffusion [121]. Paranasal sinusitis due to
Mucor species can be complicated by mycotic aneurysms in
the adjacent internal carotid artery. Treatment of fungal
infection is often unsuccessful and the prognosis of CNS
fungal infection is poor.

Anticoagulation-Induced Hemorrhage
Systemic venous thromboembolism (VTE) is common
patients with a primary brain tumor as well as patients with
systemic cancer. The potential risk of intracranial hemor-
rhage in patients with a primary or metastatic brain tumor
who are treated with anticoagulation for VTE must be
assessed with the benefit. In a review of the outcome of
anticoagulation for VTE in brain tumor patients, Jo et al.
[122] found that therapeutic anticoagulation, particularly low
molecular weight heparin, followed by secondary prophy-
laxis is generally safe. In glioma patients treated with
bevacizumab who are anticoagulated for VTE, there is a
slight increase in the rate and severity of intracranial hem-
orrhage, as compared to bevacizumab-treated patients not
receiving anticoagulation [123], but this small risk may
compare favorably to the potential lack of benefit and risk of
complications from inferior vena cava filters when deciding
on individual patient management.

Bone Marrow Transplant
A retrospective study of the neurologic complications of 425
patients who underwent bone marrow transplant (BMT)
(310 allogeneic, 115 autologous) for leukemia identified
11% with CNS complications, most commonly hemorrhage,
metabolic encephalopathy and CNS infections. Eleven of 16
hemorrhages were subdural hematomas (69%), which were
more frequent in autologous (8%) than in allogeneic (0.6%)
BMT and in patients with acute myelogenous leukemia
(AML), as opposed to other leukemias. Eight of 11 subdural
hematomas occurred in AML patients receiving autologous
BMT. Platelet refractoriness correlated with an increased
risk of subdural hematoma [124]. Subdural hematomas can
often be managed conservatively [125, 126]. Intra-
parenchymal hemorrhage has also been identified at autopsy
following BMT and is associated with a high mortality rate
[127].

PRES is most common during the early post-transplant
period of hematopoietic cell transplant (HCT) but the risk
continues because of the use of cyclosporine, tacrolimus, or
other immune suppressants. This is followed by a risk of
Aspergillosis with vascular invasion during the next several
months. A thrombotic microangiopathy, which may affect
the CNS, occurs in up to 6% of patients following BMT
[128, 129]. Contributing factors include the administration
of cyclosporine, graft-versus-host disease, irradiation,

intensive conditioning chemotherapy, and infection. Rare
cases of NBTE-associated stroke have also been reported
following bone marrow transplantation.

Miscellaneous
Granulomatous angiitis is a rare condition that can be
associated with Hodgkin lymphoma. Therapy directed to the
lymphoma typically treats the angiitis [130].

Conclusion
A diverse array of pathophysiologic processes predispose
to stroke in patients with cancer. A systematic evaluation
will often disclose the type, location, and proximate cause
of stroke, allowing classification among the specific eti-
ologies of cerebral infarction and hemorrhage reviewed in
this chapter. Accurate diagnosis will guide acute inter-
vention and secondary prevention treatment. All physi-
cians who encounter patients with cancer should be
cognizant of the risk of cerebrovascular disease within the
oncology population, and include stroke in the differential
diagnosis of any alteration in central nervous system
function.
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11Elevated Intracranial Pressure
and Hydrocephalus in Brain Tumor Patients

Matthew E. Shuman and Mark D. Johnson

Introduction

Caring for brain tumor patients can be a complex under-
taking that requires the simultaneous consideration of
numerous factors. Although attention must be paid to treat-
ment of the tumor itself, it is also important to address brain
tumor-associated processes that can contribute to the
development of neurological deficits or poor survivor-
ship. Elevated intracranial pressure (ICP) and hydrocephalus
are tumor-associated phenomena that are frequently
observed in brain tumor patients. Left untreated, these fac-
tors can lead to significant functional disability or loss of
life. Thus, it is imperative that healthcare practitioners be
cognizant of the signs, symptoms, physiology, and treatment
of elevated ICP and hydrocephalus so that appropriate
therapeutic interventions can be initiated. Effective man-
agement of ICP and hydrocephalus can improve quality of
life and prolong the survival of brain tumor patients.

ICP in Brain Tumor Patients

The cranial vault is an enclosed and environmentally con-
trolled space that is designed to protect the components of
the central nervous system. It contains three major compo-
nents: brain tissue, blood, and cerebrospinal fluid (CSF) [1].
Together, these three components completely fill the
intracranial space. An increase in any one of these three
components will lead to an increase in ICP [1, 2]. For
example, blood is pumped into the cranial vault during each

cardiac cycle. Because the cranium is a confined space, the
entry of blood generates a wave of ICP elevation that is
related in part to the cardiac-induced change in blood pres-
sure [3]. The normal range for ICP in humans is roughly
5–15 cm of water [1, 2, 4]. The difference between the ICP
and the mean arterial pressure (MAP) is the cerebral perfu-
sion pressure (CPP) [1, 2]. CPP is the pressure gradient that
drives cerebral blood flow into the cranium [5].

The central nervous system contains a pool of CSF within
it, and it is also bathed in CSF, the total volume of which is
about 150 cc [4, 6–8]. CSF is produced by the choroid
plexus, which is located in the lateral, third, and fourth
ventricles [4, 8]. A significant component of the CSF is also
produced within the brain interstitium [4]. The adult human
brain produces roughly 10–15 cc of CSF/hour [6]. CSF that
is produced in the lateral ventricles flows into the third
ventricle through the bilateral foramina of Monro. From the
third ventricle, it passes through the aqueduct of Sylvius into
the fourth ventricle. It then passes from the fourth ventricle
through the foramen of Magendie and the bilateral foramina
of Luschka into the subarachnoid space where it percolates
through the basal cisterns and flows over the brain convexity
[4, 6, 8]. Anatomic studies have revealed that the sub-
arachnoid space not only covers the surface of the brain but
also extends along the arterial vasculature through the brain
proper. The CSF passes through these paravascular sub-
arachnoid spaces, mixes with the interstitial fluid, and is then
reabsorbed by the venous system [9] or by recently dis-
covered intracranial lymphatic channels [10, 11].

Studies indicate that the CSF serves several important
functions in the nervous system. It is an important vehicle
for the distribution of growth factors and other proteins that
are important for CNS development [7, 8, 12]. The CSF has
also been shown to play a role in the removal of waste
products from the brain [7–9]. Because the paravascular
subarachnoid membranes are discontinuous, they allow the
paravascular CSF to intermix with the interstitial fluid as it
flows through the brain prior to being reabsorbed. In this
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way, the CSF is thought to remove metabolites from the
interstitial space [4, 6–9]. The CSF also acts as a shock
absorber, blunting the effects of acceleration and decelera-
tion events on the brain and spinal cord [7, 13]. In addition,
the CSF opposes the increase in ICP generated by the heart.
Each cardiac contraction produces an influx of blood into the
cranial vault and a consequent increase in ICP that can be
readily observed with intracranial pressure monitors. As
blood is pumped into this space, CSF exits the cranial vault
via the foramen magnum. This pulsatile egress of CSF
counteracts the increase in ICP generated during each car-
diac cycle. If this compensatory outflow of CSF is blocked
(as occurs in Chiari I malformations), cardiac-induced ele-
vations of ICP are magnified [14]. Because of the key role
that the CSF plays in the dynamic regulation of intracranial
pressure (ICP), alterations in CSF flow often lead to elevated
ICP [4].

Physiological Effects of Elevated ICP

Under normal conditions, the brain ensures an adequate flow
of blood by altering the resistance of cerebral blood vessels
in response to moderate changes in blood pressure [15].
Thus, cerebral blood flow is determined in part by cere-
brovascular resistance and by cerebral perfusion pressure or
CPP, which is the difference between mean arterial pressure
(MAP) and ICP (i.e., CPP = MAP-ICP) [1, 2]. Marked
elevations in ICP decrease CPP and decrease cerebral blood
flow. In extreme cases, ICP can exceed MAP and cerebral
blood flow can cease altogether [16].

In addition to decreased cerebral blood flow, compart-
mentalized elevations in ICP can generate pressure gradients
that cause shifts in the anatomic position of the nervous
system with catastrophic results. Such compartmentalization
commonly develops when large tumors occur in the supra-
tentorial or infratentorial compartments, or when there is an
obstruction to CSF flow [17]. For example, increased pres-
sure originating in the supratentorial or infratentorial com-
partments can lead to downward or upward axial brain
herniation, respectively, that results in tissue destruction,
neurological injury or even death [16–18].

Signs and Symptoms of Elevated ICP

Because severe elevations in ICP can lead to ischemic
injury, herniation or even death, it is critical that healthcare
practitioners recognize the symptoms and signs of elevated
ICP in patients with central nervous system tumors. One of
the earliest and most common signs of elevated ICP is
headache [19]. These headaches can be localized or gener-
alized in nature, and are often worse in the morning. In fact,

headaches caused by elevated ICP are often made worse by
lying down and relieved by being upright [20]. This is
thought to result from the decreased effect of gravity on
venous drainage from the head and from mobilization of
fluid in the lower extremities (and the consequent increased
blood return to the heart and brain) that occur when supine
[21]. The increase in cerebral blood flow augments intrac-
erebral fluid volume and further elevates ICP. Thus, brain
tumor patients who present with chronic headaches, espe-
cially morning headaches that improve in the upright posi-
tion, should be evaluated for elevated ICP.

Patients with elevated ICP may also experience recurrent
nausea or vomiting. In addition, patients with chronically
elevated ICP can develop visual deficits [20, 22]. This is
usually due to the development of papilledema (swelling and
elevation of the optic disc). Left untreated, this condition can
lead to permanent optic nerve injury and blindness [22].

In cases of extreme elevations in ICP, hypertension and
bradycardia (the Cushing reflex) may occur [23]. In addition,
extreme elevations in ICP can lead to altered mental status or
episodes of loss of consciousness. These symptoms are a
warning sign that permanent neurological injury or even
death is imminent [24]. When brain tumor patients present
with altered mental status, episodes of bradycardia and
hypertension, or loss of consciousness, an urgent assessment
of whether elevated ICP is a contributor should be made and
steps should be taken immediately to ameliorate the situation
if needed. The use of an intracranial pressure monitor or a
ventriculostomy to measure ICP while treatments are
administered can be a useful tool in managing the ICP
effectively in critical situations. Even in cases where the ICP
is sustained at levels greater than 40 cm of water, patients
can experience a good functional outcome as long as the
CPP is maintained at an acceptable level, i.e., CPP greater
than 60 mm of water [25].

Increased Tumor Volume and Edema as Causes
of Elevated ICP

One consequence of the fact that the cranium is a rigid,
confined space is that brain tumors must grow within this
confined space. As the growing tumor mass crowds brain
tissues and fluids that are normally present within the
intracranial space, elevations in ICP result [26]. Under such
circumstances, neurological deficits may result from damage
caused by direct tissue compression by the tumor. However,
elevations in ICP caused by the added volume of the tumor
mass can also lead to decreased cerebral blood flow and
ischemic injury, independent of direct tissue compression
[27, 28].

Tumors that secrete angiogenic factors such as VEGF can
produce blood vessels in the brain that have an incompetent
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blood–brain barrier [29]. These abnormal vessels lack the
extensive tight junctions that are present in the normal
cerebral vasculature and, as a result, proteins and other
constituents from the blood can leak into the extracellular
space [30, 31]. This tumor-associated vasogenic edema,
along with the increased blood volume associated with
perfusion of the tumor, increases the intracranial fluid vol-
ume and elevates ICP.

Obstructive Hydrocephalus and Elevated ICP

In addition to mass effect from tumor tissue, increased blood
volume, and the elaboration of vasogenic edema, tumors in
the brain can alter the production, flow or absorption of the
CSF. A relatively common cause of tissue compression and
elevated ICP in brain tumor patients is the obstruction of
CSF flow due to tumor growth [32]. Such obstruction leads
to an accumulation of CSF that compresses the surrounding
brain and elevates ICP. Obstruction can occur within the
ventricular system or, alternatively, it can be caused by
ventricular compression. Tumors can cause obstruction from
within the body of the ventricles or at the foramen of Monro,
the aqueduct of Sylvius or the foramina of Luschka or
Magendie [33, 34]. Tumors that frequently occur in the
lateral or third ventricles and cause obstructive hydro-
cephalus [35, 36] include neurocytomas, subependymal
giant cell astrocytomas and subependymomas (lateral and
third ventricles), meningiomas (atria of lateral ventricles),
colloid cysts and septal gliomas (foramen of Monro), cran-
iopharyngiomas (third ventricle), and gliomas (lateral and

third ventricles) [34]. Intraventricular tumors that commonly
cause obstructive hydrocephalus in the fourth ventricle
include choroid plexus papillomas (Fig. 11.1a, b) and
choroid plexus carcinomas, meningiomas [37], glioneuronal
tumors [38], medulloblastomas, epidermoids, ependymomas
[39] and subependymomas. Metastases can obstruct CSF
flow anywhere within the ventricular system.

Brain tumors can also cause obstructive hydrocephalus by
compressing the ventricular system from the outside. This
may occur in either the supratentorial or infratentorial
compartments, although obstruction due to external ven-
tricular compression in the posterior fossa is most common
[40]. In the supratentorial compartment, ventricular com-
pression leading to obstructive hydrocephalus usually occurs
at the level of the aqueduct of Sylvius and involves tectal
gliomas [41] or pineal region tumors [42]. Posterior fossa
tumors often cause obstructive hydrocephalus by com-
pressing the fourth ventricle [43]. Included among these are
pilocytic astrocytomas, medulloblastomas, hemangioblas-
tomas, subependymomas, schwannomas, and metastases
(Fig. 11.2).

Communicating Hydrocephalus and ICP

In addition to obstructive hydrocephalus, brain tumors can
also cause communicating hydrocephalus. This may involve
several different mechanisms. For example, vestibular
schwannomas can present with communicating hydro-
cephalus, as indicated by the fact that imaging studies show
no evidence of ventricular compression and that the

Fig. 11.1 Obstructive hydrocephalus due to an intraventricular mass.
Contrast-enhanced sagittal (a) and axial (b) T1-weighted images
showing an enhancing lesion (arrows) occluding the outflow of the
fourth ventricle. The patient was a 20-year-old woman who presented
with clinical signs of obstructive hydrocephalus and elevated ICP,

including chronic severe headaches, nausea, and intermittent episodes
of decreased consciousness. Surgical resection of the lesion lead to a
complete resolution of symptoms, with an associated slight decrease in
ventricular size. Pathology revealed a choroid plexus papilloma
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hydrocephalus persists after tumor resection [44, 45].
Although the mechanism underlying hydrocephalus in these
cases is uncertain, some investigators have postulated that
proteins secreted by the tumor decrease CSF absorption [44,
46, 47]. Choroid plexus tumors (i.e., choroid plexus papil-
loma and choroid plexus carcinoma) can also cause com-
municating hydrocephalus [48]. In part, this appears to be
the result of an increase in CSF production, a unique prop-
erty of tumors arising from the choroid plexus [8].

Communicating hydrocephalus can also be caused by
infiltration of the meninges by tumor cells, a phenomenon
known as leptomeningeal carcinomatosis or carcinomatous
meningitis. Tumor cells reach the meninges by dissemina-
tion through the CSF [49]. Such meningeal involvement by
tumor cells is thought to decrease CSF absorption, leading to
hydrocephalus and elevated ICP. Carcinomatous meningitis
has been estimated to occur in 3–8% of all cancer patients
[49–52]. The two most common cancers involved are breast
cancer and lung cancer [44, 53, 54]. In one study, 70% of
patients with carcinomatous meningitis had one of these two
types of cancer [53]. There is some evidence that piecemeal
resection of brain metastases is associated with an increased
risk of leptomeningeal dissemination of cancer when com-
pared to en bloc resection of metastases or radiosurgery [55,
56]. This is presumably the result of spillage of cancerous
cells into the CSF.

Presenting symptoms and signs of carcinomatous
meningitis include headache, nausea, vomiting, cranial nerve
palsy, motor dysfunction, mental confusion, transient epi-
sodes of loss of consciousness, and enlarged ventricles [49,
53, 57]. In addition to the history and physical examination,
several diagnostic tests can be useful in identifying patients
with carcinomatous meningitis. Because carcinomatous
meningitis causes a communicating hydrocephalus, a lumbar
puncture can be performed safely. The ICP is usually ele-
vated. In addition, the CSF obtained from patients with
carcinomatous meningitis often contains malignant cells on
cytology, and it may also contain less glucose and more
protein than the CSF of healthy patients [54, 58]. However,
CSF cytology produces a false negative diagnosis in roughly
10% of patients with carcinomatous meningitis [49]. A use-
ful adjunct to CSF analysis for the diagnosis of carcinoma-
tous meningitis is contrast-enhanced MRI [50, 51, 59, 60]. In
patients with carcinomatous meningitis, contrast-enhanced
MRI may show diffuse meningeal enhancement or enhanc-
ing pial nodules scattered widely over the surface of the
nervous system [44, 50, 51, 60]. Often (but not always),
ventricular enlargement is present as well, and
transependymal flow of CSF may be seen on T2-weighted
images (Fig. 11.3a, b).

Normal Pressure Hydrocephalus in Brain
Tumor Patients

Patients who have central nervous system tumors or who
have received radiation and/or chemotherapy for such
tumors can develop a form of communicating hydrocephalus
that is not associated with severe elevations in ICP. This
form of communicating hydrocephalus, called normal pres-
sure hydrocephalus (NPH), is characterized by enlarged
cerebral ventricles, gait difficulty, incontinence, and
dementia. Although some investigators have reported
increased ICP pulsatility in NPH, these patients do not dis-
play sustained elevations of ICP [61]. Consequently, they do
not develop symptoms of elevated ICP such as headache,
nausea, vomiting, decreased consciousness, or herniation.

The incidence of NPH among brain cancer patients is not
known, in part because the disorder often goes unrecognized
or is misdiagnosed as effects of tumor progression or direct
effects of treatment on neuronal function. Inamasu and col-
leagues reported that 5 of 50 consecutive patients (10%) who
underwent treatment for supratentorial malignant glioma
developed communicating hydrocephalus [62]. A larger
retrospective study of 124 patients who underwent surgery,
radiation, and chemotherapy for glioblastoma identified 7
patients (5.6%) who subsequently underwent shunt place-
ment for communicating hydrocephalus [63].

Fig. 11.2 Obstructive hydrocephalus due to external compression of
the ventricular system by tumor. Contrast-enhanced axial T1-weighted
magnetic resonance image showing a cystic lesion with an enhancing
nodule compressing the fourth ventricle from the outside. The patient
presented with signs of obstructive hydrocephalus and elevated ICP,
including severe morning headaches, nausea, and vomiting. Resection
of the lesion lead to a complete resolution of symptoms. Pathology
revealed a cerebellar hemangioblastoma
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The mechanisms underlying the development of NPH
after brain tumor treatment are poorly understood. Entry into
the ventricle at the time of surgery and high CSF protein
levels were found to be significant predictors of the devel-
opment of communicating hydrocephalus in patients with
GBM [63]. Fischer and colleagues also reported a statisti-
cally significant correlation between ventricular opening at
the time of surgery and the development of communicating
hydrocephalus after treatment for GBM [64]. In addition, an
association between radiation and the development of
hydrocephalus has been reported [65, 66]. Shunt placement
after therapy-induced hydrocephalus improved symptoms
and quality of life in these patients [63, 65].

The gait difficulty seen in NPH is characterized by
imbalance and gait apraxia [67]. Patients typically are not
weak, even though they may have difficulty rising from a
seated position, initiating movement or regulating the
amplitude and timing of their movements. The cognitive
dysfunction of NPH has multiple components, but is most
notable for deficits in executive functioning, visuospatial
processing and the ability to encode new memories [68].
Together, these deficits suggest impairment of frontal, pari-
etal and temporal lobe function.

The diagnosis of NPH should be considered in patients
who present with slowly progressive gait difficulty, dementia
and incontinence [69]. Cranial imaging shows evidence of
ventricular enlargement in most cases (Fig. 11.4a, b). The
diagnosis of NPH can be confirmed by a trial of CSF

drainage to determine whether symptoms improve. Although
a high volume (greater than 30 cc) lumbar puncture can lead
to immediate improvement, studies indicate that this test is
unreliable because of a high frequency of false negatives
[70]. The high false negative rate of high volume lumbar
puncture for NPH diagnosis occurs largely because many
patients require several days of CSF drainage before
symptoms improve. Consequently, many practitioners utilize
an extended trial of lumbar CSF drainage over several days
to increase the likelihood that an accurate assessment of the
effect of CSF drainage on NPH symptoms is obtained [69].

Medical Management of Elevated ICP in Brain
Tumor Patients

One of the most commonly used and most effective
approaches to decreasing elevated ICP caused by vasogenic
edema is the use of glucocorticoids such as dexamethasone
[71, 72]. Dexamethasone activates glucocorticoid receptors
in the nucleus of cells to increase the expression and acti-
vation of tight junction proteins in cerebral vessels. Thus,
dexamethasone decreases ICP by reducing blood–brain
barrier incompetence and decreasing vasogenic edema [71].
However, the long-term use of dexamethasone is limited by
its many (and sometimes serious) side effects. These include
weight gain, ulcers, aseptic necrosis of the hip, osteopenia,
muscle weakness, psychosis, and others [73].

Fig. 11.3 Carcinomatous meningitis. a Contrast-enhanced axial
T1-weighted magnetic resonance image showing enlarged ventricles
and diffuse meningeal enhancement (arrows) in a 54-year-old woman
with a history of metastatic breast cancer and malignant cells on CSF

cytology. She presented with morning headaches, nausea and vomiting.
b Coronal contrast-enhanced axial T1-weighted magnetic resonance
image showing enlarged ventricles and meningeal enhancement
(arrow) from the same patient as in (a)
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A recent addition to the armamentarium of treatments
used to decrease elevated ICP caused by vasogenic edema is
the anti-VEGF antibody, bevacizumab [72]. This antibody
neutralizes the activity of tumor-secreted VEGF, which is a
primary angiogenic stimulus for the generation of leaky
blood vessels in many types of brain tumors. Bevacizumab
has been shown to decrease cerebral edema by “normaliz-
ing” leaky vessels, thereby decreasing mass effect and
reducing ICP [74]. By reducing vasogenic edema due to
tumor or radiation necrosis [75], bevacizumab has become a
useful alternative to dexamethasone for controlling ICP.

Tumor Resection and Radiation for Treatment
of Elevated ICP in Brain Tumor Patients

The long-term goal of ICP management in many brain tumor
patients can be achieved by tumor removal. This has the

combined benefits of cytoreduction, decreased mass effect
and restoration of CSF pathway patency. All of these effects
contribute to normalizing the ICP. Certain tumors such as
tectal gliomas or intraparenchymal brainstem tumors are
rarely resected, largely because of their location in particu-
larly sensitive regions of the brain [41, 76]. In such cases, a
CSF diversion procedure such as ventricular shunt place-
ment or endoscopic third ventriculostomy may be warranted.

For some patients, however, removal of the tumor does
not lead to a complete resolution of the elevated ICP, even
though the obstruction to CSF flow has been relieved. The
reasons for this are not always clear, although venous sinus
thrombosis [77], radiation necrosis with persistent edema
[75], or persistent hydrocephalus are most often responsible.
Hypotheses regarding the underlying mechanisms of per-
sistent hydrocephalus after tumor resection include elevated
protein in the CSF or treatment-associated inflammation of
the meninges which leads to occlusion of the CSF absorption

Fig. 11.4 Normal pressure
hydrocephalus. a Sagittal T1 and
axial FLAIR images showing
enlarged ventricles in a
66-year-old woman with a history
of whole brain radiotherapy for
treatment of metastatic breast
cancer with brain metastases. The
patient presented with inability to
walk, incontinence, and dementia.
However, she did not have
headaches or other symptoms of
elevated ICP. b Plain skull film
and head CT images showing
shunt placement in the same
patient as shown in (a). After
shunt placement, the patient’s
incontinence and dementia
resolved and she regained the
ability to walk independently
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pathways. In such cases, ventricular shunt placement for
CSF diversion may be warranted.

For radiation-sensitive tumors causing obstructive
hydrocephalus such as germinomas or papillary tumors of
the pineal region, surgical resection of the lesion may not be
necessary to relieve the obstruction [78, 79]. Radiation can
cause rapid regression of these tumors, thereby relieving the
obstruction of CSF flow. Radiation can also rapidly and
effectively reduce the size and mass effect associated with
lymphomas [80]. Thus, this group of tumors is generally not
surgically resected.

In many cases involving brain tumor patients who present
with elevated ICP, however, radiation should be used cau-
tiously. Radiation-induced cytotoxicity can actually con-
tribute to brain edema and further elevate ICP [81]. In cases
where significant ventricular compression is already present
(e.g., in the posterior fossa), radiation can increase brain
swelling, worsen mass effect and even precipitate obstructive
hydrocephalus [82]. Thus, many radiation oncologists
advocate treating brain edema and decreasing mass effect via
the use of steroids, surgical resection or shunt placement
prior to initiating radiation therapy.

Treatment of Hydrocephalus in Brain Tumor
Patients

The treatment of hydrocephalus in brain tumor patients
consists primarily of surgical removal of the obstructive
lesion, performance of endoscopic third ventriculostomy
(ETV) to bypass an obstructive lesion that cannot be
removed, or placement of a shunt for CSF diversion. As
mentioned previously, tumor resection to reopen blocked
CSF pathways is performed whenever possible, as this
allows for therapeutic tumor removal and may avoid the
need for a permanent CSF diversion procedure. ETV or
placement of a ventriculostomy may be performed to divert
the CSF before or during the operative procedure when
appropriate [43, 83]. The ventriculostomy can then be
weaned under controlled conditions postoperatively in order
to ensure that the obstructive hydrocephalus has resolved.
Occasionally, hydrocephalus and elevated ICP persist
despite resection of the tumor, and shunt placement or ETV
is necessary [44, 45].

In most cases of hydrocephalus, shunt placement leads to
a rapid improvement in symptoms. Indeed, shunt placement
can be a life-saving procedure in brain tumor patients with
elevated ICP or mass effect due to hydrocephalus. Because it

frequently alleviates the NPH symptoms of gait difficulty,
dementia and incontinence, shunt placement can lead to a
significant improvement in the quality of life for both brain
tumor patients and their caregivers.

Although CSF drainage provides relief of hydrocephalus-
associated symptoms in patients with carcinomatous
meningitis, the overall prognosis for patients with this dis-
order remains very poor. Literature estimates of median
survival for untreated patients range from 4 to 6 weeks [49,
54]. With treatment, median survival time increases to 3–
6 months [49–51, 57]. Survival of patients with carcino-
matous meningitis is usually determined by the site and
extent of systemic disease. In one study involving 122 car-
cinomatous meningitis patients, liver metastases were asso-
ciated with the worst prognosis [57].

Therapeutic approaches to the treatment of carcinomatous
meningitis include high dose systemic or intrathecal
chemotherapy and/or radiation to symptomatic disease sites
[49, 50, 84]. The most commonly used chemotherapeutic
agents for intraventricular therapy include methotrexate,
cytarabine, and thio-TEPA [50, 51]. Ventriculoperitoneal
shunts (VPS) have also been used in patients with carci-
nomatous meningitis and hydrocephalus [84–87]. One study
demonstrated that the use of a CSF reservoir system in
combination with shunt placement led to better outcomes
than the use of the reservoir system alone [84]. Other studies
have also demonstrated the effectiveness of shunt placement
as a palliative measure in this patient population [86, 87].

Conclusion
Here we have reviewed the origins, presentation, and
treatment of elevated ICP and hydrocephalus in brain
tumor patients. Large tumor volume, vasogenic edema,
obstructive hydrocephalus, communicating hydro-
cephalus, and carcinomatous meningitis can all lead to
mass effect and elevated ICP. Although we discussed
each of these factors separately, they are often found in
combination. For example, patients with large tumors and
mass effect can develop vasogenic edema and obstructive
hydrocephalus that contributes to elevated ICP
(Fig. 11.5a–d). Treatment strategies in such situations are
often combinatorial. The plan for which treatments to use
and in what order varies, depending upon the specific
details of each case. Consequently, neurooncologists,
radiation oncologists and neurosurgeons must work col-
laboratively to formulate an optimal treatment plan for
each patient.
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12Cognitive Dysfunction, Mood Disorders,
and Fatigue as Complications of Cancer

Jörg Dietrich and Michael W. Parsons

Neurocognitive Dysfunction in Cancer
Patients

Introduction

Neurocognitive function is frequently altered in cancer
patients, regardless of whether patients are treated for brain
cancer or systemic malignancies. Multiple factors can con-
tribute to impairment of cognitive function, including the
type and location of the tumor, growth pattern of the
malignancy, and cancer-directed therapies (e.g., chemother-
apy, radiation therapy, and biologic agents). In addition,
several medications (e.g., pain medications, anti-epileptic
drugs, and corticosteroids), comorbidities (e.g., anemia,
lung, renal, or liver disease), preexisting neurological defi-
cits, mood alterations, and fatigue can influence neurocog-
nitive function.

To make matters even more complex, these factors may
influence each other. For example, chronic fatigue and
depression can interfere with cognitive functioning, and
neurocognitive impairment can in turn contribute to symp-
toms of fatigue and depressed mood.

It therefore can be difficult to delineate the precise con-
tribution and relevance of each of these factors in clinical
practice, posing a significant challenge to patient manage-
ment (Fig. 12.1).

As disruption in neurocognitive function can be a major
cause of impaired quality of life, attention to these symptoms
and consideration of possible therapeutic interventions

directed to improve neurocognitive deficits have become
increasingly important in clinical oncology and cancer sur-
vivorship. Importantly, a specific neurocognitive deficit
(e.g., impaired short-term memory or executive dysfunction)
might result in varying degrees of disability in a given
patient, depending on the individual’s baseline cognitive
function, cognitive reserve, and on how such deficits inter-
fere with a patient’s ability to perform social and profes-
sional activities. Therefore, patient evaluation and choice of
therapeutic intervention must be individually tailored to the
patient’s perceived deficits and specific needs and evaluated
in the context of the patient’s personal and professional life.

Tumor Effects on Neurocognitive Function

Impairment or change in neurocognitive function is usually
dependent on the location, size, type, and biology of the
underlying tumor [1–4]. Accounting for all of these factors,
it has been hypothesized that cognitive dysfunction in brain
tumor patients is the result of a whole brain network dis-
turbance [5, 6]. Tumor-associated complications, such as
cerebral edema, seizures, or use of anti-seizure medications
are also known to influence neurocognitive performance
[5, 7–10].

The current literature suggests that neurocognitive deficits
are frequently evident prior to tumor directed therapies in
brain tumor patients [4, 11]. For instance, neurocognitive
dysfunction was present in 90% of patients with frontal or
temporal gliomas prior to any therapeutic intervention, with
impairment of memory and attention in 60% and executive
dysfunction in 78% of patients [12].

The influence of tumor pathology and degree of malig-
nancy on neurocognitive function remains poorly under-
stood. Interestingly, impairment of attention and executive
dysfunction are considered unfavorable prognostic markers
in patients with high-grade gliomas [13]. It is conceivable
that neurocognitive and behavioral deficits more easily result
from rapidly growing malignant brain tumors than from
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low-grade or benign tumors, in which long-term compen-
satory mechanisms might play a role in the maintenance of
cognitive function [3, 14–16]. However, other studies have
not revealed a correlation between cognitive performance
and degree of malignancy. For instance, Kayl and Meyers
were unable to identify a significant difference in cognitive
performance between glioblastoma and anaplastic astrocy-
toma patients, accounting for patient age, gender, education,
tumor location, and tumor volume [17].

The development of specific neurocognitive deficits
depends on the location of the tumor within specific brain
regions. For example, tumors that affect the dominant
hemisphere and fronto-temporal region are likely to cause
disruption in language function, including verbal learning,
memory, and speech [3]. Nondominant hemispheric tumors
are more likely to result in impairment of nonverbal speech,
visual-spatial, and visual-perceptual functions [1, 18].

Frontal lobe tumors commonly cause executive dys-
function and personality changes, including a lack of moti-
vation, spontaneity, and impaired social judgment. Parietal
lobe tumors commonly result in difficulties with spatial
orientation, and tumors in the occipital lobes can cause
visual-perceptive deficits. Neurocognitive and mood disor-
ders have also been described in patients with cerebellar
tumors [19–23] and brainstem lesions [24], supporting the
notion that the cerebellum has important functions in neural
network systems relevant to higher cognitive function.

Treatment Effects on Neurocognitive Function

Radiation Therapy
Cranial radiation therapy is well known to cause neurocog-
nitive deficits [25–29]. Radiation can result in progressive
cognitive decline in both children [30–33] and adults [25,
34–36]. The effects of cranial radiation have been best

studied in patients treated with whole brain radiation therapy
(WBRT) (e.g., [37]), though emerging data reveal that focal
and stereotactic radiosurgery (SRS) can also result in
structural brain changes and significant functional morbidity
in a subset of patients [38, 39].

In general, risk factors for developing radiation related
central nervous system toxicity include age (with neurotoxic
complications more likely to occur at age <5 years
and >60 years), a fractionation dose of >2 Gy, cumulative
radiation dose, volume of brain irradiated, shorter overall
treatment time, concurrent or subsequent use of
chemotherapy, and preexisting cerebrovascular risk factors
[25, 40–42]. In addition, genetic factors are likely to play a
role in tissue vulnerability to radiation [43–45].

Cognitive dysfunction has been reported in up to 85% of
patients treated with cranial radiation therapy [42]. A wide
range of reported incidences is conceivably explained by
differences in patient populations, treatment variables, and
study methodology.

Radiation-induced neurotoxicity usually follows a pro-
gressive pattern, and long-term survivors are at particular
risk to demonstrate cognitive decline, such as children
treated with prophylactic cranial radiation for childhood
leukemia [46]. The use of concurrent or sequential
chemotherapy can increase the incidence and severity of
radiation-induced toxicity [25]. For example, patients with
primary central nervous system lymphoma (PCNSL) treated
with whole brain radiation and subsequent chemotherapy are
at particular risk for profound cognitive impairment; imag-
ing findings can demonstrate brain volume loss and
leukoencephalopathy [47]. Recent studies also revealed a
surprisingly high degree of early onset and progressive brain
atrophy in glioblastoma patients treated with combined
standard temozolomide chemotherapy and focal brain radi-
ation [39].

In general, radiation-induced neurotoxicity has been cat-
egorized in three phases: an acute, early delayed, and
late-delayed reaction [42, 48].

In the acute phase, symptoms occur within days to weeks
of therapy and are usually characterized by development of
fatigue, subacute neurological decline, and worsening of
preexisting deficits, which fortunately is reversible in most
patients with supportive management. Symptoms are likely
the result of inflammatory mechanisms, vascular toxicity,
blood–brain barrier disruption, and cerebral edema [49, 50].

Early delayed neurotoxic symptoms occur within weeks
to several months of treatment. Symptoms mainly consist of
fatigue, inattention, and short-term memory impairment.
Neurocognitive testing may demonstrate slowed
information-processing speed, word and memory retrieval
deficits, diminished executive function, and impaired fine
motor dexterity [25, 51–53], suggesting impairment of
orbito-frontal and fronto-temporal network systems.

Endocrine imbalance

Genetic factors

Oxidative stress

Medications

Co-morbiditiesMood disorder
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injury
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Fig. 12.1 Multifactorial etiology of cognitive dysfunction in cancer
patients
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Early delayed neurotoxic symptoms are thought to be
related to radiation-induced transient demyelination [54].

Late-delayed side effects occur months to years after
radiation and are mostly irreversible and progressive. Defi-
cits in memory, attention, concentration, and executive
dysfunction are frequently reported [55]. Most patients will
demonstrate mild to moderate cognitive impairment, but
only infrequently are these associated with abnormal imag-
ing findings [56]. However, in more severe cases of
late-delayed radiation toxicity, patients will develop pro-
gressive cognitive decline [27], and imaging and
histopathological studies may demonstrate focal necrosis,
leukoencephalopathy, and global brain atrophy [47, 57–62].
The current data suggest that nonspecific diffuse white
matter changes can be seen on MRI in nearly all patients
receiving doses of 20 Gy or higher who survive more than
one year [63]. The risk of white matter changes following
WBRT is higher in patients with baseline white matter
changes [64].

Concerns regarding delayed radiation-induced neurotoxic
adverse effects in long-term survivors have stimulated a
contentious debate on the preferential use of SRS, WBRT, or
a combination of both in patients with brain metastases [65].
One of the main questions is whether patients with a limited
number of brain metastases should be treated with either
WBRT or with SRS [66, 67]. With comparable survival data
in patients treated with either modality, the benefit of WBRT
has been challenged especially in patients with limited
number of cerebral metastases and in light of more pro-
nounced neurocognitive deficits (e.g., learning and memory
decline) following WBRT [63, 67].

WBRT has also been shown to impact patient-reported
quality of life. A large multi-institutional study of patients
with one to three brain metastases revealed that WBRT,
when added to SRS, was associated with more pronounced
decline in patient-reported cognitive functioning at one year
compared with patients that were treated with SRS alone
[68]. Other studies using prophylactic cranial radiation in
lung cancer patients revealed similar results [69].

Partial brain radiation may also have negative long-term
effects on neurocognitive function, even though the risk of
developing neurotoxicity is lower than with whole brain
radiation therapy [70, 71]. Nevertheless, cognitive dysfunc-
tion, including impaired executive function, poor attention,
and reduced information processing, can result in significant
impairment of quality of life and overall performance in
long-term survivors, such as in patients with low-grade
gliomas [72, 73].

The precise mechanisms of chronic radiation toxicity are
not entirely understood but likely include chronic inflam-
matory responses and damage to various neuroglial cell
types, including neural progenitor cells and myelin produc-
ing cells [74–77]. Disruption of adult hippocampal

neurogenesis has been identified as one of the relevant
physiological processes driving cognitive decline following
cranial irradiation [78].

There have been increasing efforts to minimize the neg-
ative impact of radiation on germinal zones of the brain. For
instance, in a phase II multicenter study (RTOG 0933)
Gondi and colleagues demonstrated preservation of cogni-
tive function with conformal avoidance of the hippocampus
during WBRT in patients with brain metastases [79]. In
addition, pharmacological interventions have been explored
to improve cognitive function in patients treated with cranial
radiation [80]. For instance, the acetylcholinesterase inhi-
bitor donezepil has shown promise to improve executive
function and memory performance in both childhood brain
tumor survivors [81], and cognitive function, quality of life,
and mood in adult brain cancer patients treated with cranial
irradiation [82]. Moreover, Brown and colleagues demon-
strated in a recent randomized, double blind,
placebo-controlled clinical trial that memantine, an NMDA
receptor antagonist, was associated with delayed onset and
improved cognitive function in adult patients treated with
whole brain radiotherapy for brain metastases [83].

Chemotherapy
Chemotherapy can result in cognitive dysfunction, which
has been most convincingly demonstrated in patients treated
for non-CNS malignancies. The most frequently described
neurocognitive problems include difficulties with memory,
learning, attention, concentration, information-processing
speed, organization, and executive function (Fig. 12.2).

Interestingly, neurocognitive deficits may be of delayed
onset and can be progressive even years after cessation of
anticancer therapy. Neurocognitive adverse effects from
chemotherapy have long been recognized as a disturbing
problem in long-term survivors of childhood cancer [27–29,
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Fig. 12.2 Cognitive domains commonly affected by cancer therapy
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84, 85]. Similarly, studies in adult cancer patients have
demonstrated that chemotherapy-associated cognitive dys-
function is more common than previously anticipated
[42, 86–97].

Incidences of chemotherapy-associated cognitive dys-
function range from 15 to 95% [89, 93, 98, 99]. This wide
range of reported incidences has been attributed to the use of
different neuropsychological tests with varying degrees of
sensitivities to detect cognitive deficits, differences in study
design (retrospective vs. prospective design, longitudinal
versus cross-sectional analysis, etc.), and different patient
populations studied.

Cognitive impairment has been demonstrated in patients
treated for various solid cancer types [100–104]. The most
compelling data exist in breast cancer patients, showing that
approximately 20–40% of breast cancer patients have cog-
nitive deficits on post-treatment evaluation [93, 97, 105–
113]. Long-term evaluation of patients examined 1–2 years
after treatment with high-dose chemotherapy demonstrated
that cognitive impairment is notable in approximately 30–
60% of patients [87, 107, 114].

While some patients experience neurocognitive deficits
only transiently during and immediately after chemotherapy,
symptoms may persist in other patients for years and can
cause considerable decline in quality of life, preventing
affected individuals to return to their previous level of aca-
demic, occupational, or social activities [115]. A recent
study of nearly 200 breast cancer survivors who had
undergone adjuvant chemotherapy more than 21 years prior
found deficits in verbal memory, processing speed, execu-
tive functioning, and psychomotor speed when compared
with a healthy reference group [116].

Neurocognitive adverse effects have been observed
with virtually all categories of chemotherapeutic agents
(Table 12.1) [26, 93, 117–119], including antimetabolites
(e.g., cytosine arabinoside, 5-fluorouracil, and methotrexate),
DNA cross-linking agents (e.g., nitrosureas and cisplatin),
mitotic inhibitors (e.g., vincristine), and anti-hormonal agents
(e.g., tamoxifen). Some agents, such as methotrexate and car-
mustine (BCNU), are well known to cause cognitive deficits
and leukoencephalopathy, especially when administered at
high doses, intrathecally, or in combination with cranial
radiotherapy [120–123]. However, imaging abnormalities on
MRI only infrequently correlate with the degree of cognitive
deficits [124, 125].

Experimental studies have revealed insights into the
underlying mechanisms of cognitive dysfunction in cancer
patients. Chemotherapy-induced damage to neural progeni-
tor cells required for neurogenesis, gliogenesis, and white
matter integrity throughout life has been identified as an
important etiologic factor [78, 126–132], and has offered a

compelling explanation for delayed and progressive neuro-
toxic effects of chemotherapy.

Importantly, chemotherapeutic agents can affect brain
function through direct cytotoxic effects or indirectly
through vascular injury, pro-oxidative changes, and
immune-mediated inflammation [29, 47, 133–138]. How-
ever, the etiology of cognitive dysfunction during and fol-
lowing chemotherapy is likely multifactorial. Risk factors of
cognitive decline include timing of chemotherapy, combi-
nation of chemotherapy with radiation therapy, and patient
age. Metabolic alterations, hormonal imbalance, fatigue, the
level of cognitive function prior to treatment and other
medical comorbidities have also been shown to influence the
manifestation of cognitive symptoms [2, 42, 96]. In addition,
certain genetic risk factors have been identified to modulate
the degree of cognitive dysfunction. For instance, poly-
morphisms that influence the efficiency of DNA-repair
mechanisms and drug efflux pump systems may expose
certain individuals to a higher risk of developing central
nervous system toxicity [139–149].

Diagnostic Considerations

The application of a comprehensive testing battery to capture
the full range of neurocognitive and psychological function
can be time consuming and may be difficult to administer in
a demanding oncology practice. In general, assessment of
neurocognitive function requires reliable, quantifiable, and
valid measures sensitive to cognitive and quality of life
deficits in cancer patients. Longitudinal assessment of the
patient’s self-perception of cognitive function is equally

Table 12.1 Chemotherapeutic agents associated with cognitive dys-
function in cancer patients

Chemotherapeutic agent

∙ ACNU/CCNU/BCNU (Nitrosureas)

∙ Carmofur

∙ Cisplatin

∙ Corticosteroids

∙ Cyclophosphamide

∙ Cytosine arabinoside (Ara-C)

∙ Dacarbazine

∙ Fludarabine

∙ 5-Fluorouracil (5-FU)

∙ Ifosfamide

∙ Interferon

∙ Levamisole

∙ Methotrexate
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important for patient management. Testing strategies that
closely relate to real-life situations during which cognitive
deficits readily manifest are considered most relevant. It has
been an ongoing effort to develop guidelines regarding
selection of neuropsychological tests for efficient and com-
prehensive assessment of cognitive function that can be
uniformly applied to cancer patients and allow for compa-
rable data analysis [97, 150–152].

Neuropsychological evaluations are conducted to assess a
range of cognitive functions. The neuropsychologist chooses
tests that are relevant to the cognitive concerns of the patient,
family, or physician and interprets test performance, facili-
tating care for the patient’s cognitive and behavioral symp-
toms (Table 12.2). The application of a comprehensive
testing battery to capture the full range of neurocognitive and
psychological function can be time consuming and may be
difficult to administer in a multi-site clinical trial. A brief
neurocognitive testing battery conceptualized to evaluate
memory, visual motor function, executive function, motor
dexterity, verbal fluency, and functional independence has
been successfully used in several clinical trials by the
Radiation Therapy Oncology Group (RTOG) and North
Central Cancer Treatment Group (NCCTG). This testing
battery has been shown to be sensitive to important cognitive
symptoms, time efficient, and easy to administer [153].
Assessment of cognitive function, Quality of Life, and
functional status has been shown to provide clinically rele-
vant information in clinical trials assessment of novel

treatment strategies [154, 155]. An improved understanding
of neurocognitive sequelae is integral part of clinical man-
agement and allows clinicians, caregivers, and patients’
families to address important needs of cancer patients.

Collectively, rigorous neurocognitive evaluation using
standardized testing batteries will be important for optimal
management of cancer patients. In addition, the identifica-
tion of biomarkers to identify and monitor chemotherapy-
associated cognitive changes remains an important objective
of ongoing investigations. Recent translational imaging
studies using structural MRI, functional MRI, and PET
imaging have identified compelling evidence for
chemotherapy-related brain damage [155, 156]. Advanced
neuroimaging studies are therefore likely to increasingly
complement future patient evaluation and neurocognitive
assessment in cancer patients.

Treatment Considerations

There are currently no standard therapies for patients who
experience cognitive symptoms following chemotherapy.
While some agents have shown promising results in pilot
studies, larger prospective and randomized clinical trials are
missing and definite treatment guidelines have so far not
been established. Increasing our understanding of the
detailed mechanisms underlying cognitive dysfunction in
cancer patients will be most relevant to develop

Table 12.2 Neurocognitive testing battery

Neurocognitive domain Typical neuropsychological tests

Motor dexterity/speed Lafayette grooved pegboard testa

Visuospatial perception Benton judgment of line orientation

Block design subtest of the WAIS-IV

Language Boston naming test

Vocabulary subtest of the WAIS-IV

Category fluency test

Information processing speed Trail making test Aa

Digit symbol subtest of the WAIS-IV

Working memory/attention Digit span subtest of the WAIS-IV

Paced auditory serial addition test

Recent/episodic memory Hopkins verbal learning testa

Brief visuospatial memory test

Wechsler memory scales-IV

Executive function Controlled oral word associationa

Trail making test Ba

Wisconsin card sorting test
aIncluded in RTOG and NCCTG (now NRG and Alliance) clinical trials batteries [152]
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neuroprotective therapies. Therapeutic interventions cur-
rently include strategies to either prevent side effects or to
minimize the severity of symptoms.

Table 12.3 highlights some therapeutic interventions that
have shown a potential clinical benefit in treatment of cancer
therapy-associated neurocognitive side effects. For instance,
psychostimulants such as methylphenidate [157–161] and
modafinil [162, 163] are promising agents for treatment of
cancer therapy-related cognitive dysfunction. In addition,
donepezil—a reversible acetylcholinesterase inhibitor used
to treat Alzheimer’s type dementia—has shown to improve
cognitive function, mood, and quality of life in patients with
brain and small cell lung cancer [82, 164].

Optimal management of fatigue, mood disorders, and
other comorbidities (e.g., treatment of anemia) needs to be
an integral part of patient management [115, 165–169].
Cognitive and behavioral intervention strategies used in
patients with stroke and traumatic brain injury may also be
employed in patients with chemotherapy-associated cogni-
tive dysfunction [170]. These interventions often focus on
compensatory strategies, stress management, energy con-
servation, and psycho-education. External memory aids
(e.g., memory notebooks, pagers) have been among the most
widely used interventions [171]. Other non-pharmacological
interventions include meditation [172], exercise [160, 173,
174], and regulation of sleep [175].

Mood and Other Psychiatric Disorders
in Cancer Patients

Introduction

Cancer patients have a high risk of developing mood alter-
ations or other psychiatric illness [176]. Depression, anxiety,
adjustment disorder, neurobehavioral, and neurocognitive
changes are common and collectively affect the majority of
cancer patients [177, 178].

Moreover, nonspecific emotional distress through the
combined impact of social, psychological, and religious or
spiritual stressors is highly prevalent in cancer patients,
ranging from approximately 15–45% [179]. The National
Comprehensive Cancer Network recommends screening for
mood and psychiatric illness routinely in all cancer patients
[180], and some guidelines for patient evaluation have been
released (e.g., [181, 182]).

Psychiatric and Neurobehavioral Symptoms
in Brain Tumor Patients

Among all cancer patients, brain tumor patients are consid-
ered at highest risk of developing neuropsychiatric symp-
toms during their course of disease [183, 184]. Quality of
life studies have identified a high degree of depression,
anxiety, and reduced family functioning in brain tumor
patients [185].

Notably, changes in mood, cognition, behavior, and
personality can be the initial sign or symptom of a tumor of
the central nervous system [186]. In addition, neuropsychi-
atric conditions can occur as a consequence of cancer
treatment, including cranial irradiation [187], chemotherapy
[119, 188, 189], and various other medications (e.g., corti-
costeroids) [190–193]. Therefore, clinicians need to be
aware of neuropsychiatric symptoms in brain tumor patients
at time of diagnosis and throughout their course of the dis-
ease in order to recognize symptoms early and to initiate
appropriate treatment as soon as possible. For instance, more
than 90% of patients with high-grade gliomas reported
symptoms of depression prior to and up to six months after
surgery [194].

Neuropsychiatric symptoms are usually nonspecific in
terms of tumor localization, and also do not strictly correlate
with the type or the degree of malignancy [194, 195]. Brain
tumors in frontal and temporal brain regions may produce
varying degrees of neurobehavioral changes, including

Table 12.3 Treatment strategies for cancer therapy-associated cognitive dysfunction

Agent or intervention References Study population

Methylphenidate (Ritalin®, Novartis, Basel, Switzerland) [157–161] Breast cancer, ovarian cancer, childhood cancer, brain
tumors, melanoma

Modafinil (Provigil®, Cephalon, Frazer, PA, USA) [162, 163] Breast cancer

Donepezil (Aricept®) [82, 164] Small cell lung cancer and brain cancer

Erythropoietin (Procrit®, Janssen Biotech, Horsham, PA,
USA; Aranesp®, Amgen, Thousand Oaks, CA, USA)

[115, 165–169] Breast cancer, lung cancer, ovarian cancer, endometrial
cancer, brain cancer and hematological cancer

Neurocognitive rehabilitation [170] Breast cancer

Meditation [172] Various cancer types

Exercise [160, 173, 174] Breast cancer and melanoma

Sleep regulation [175] Various cancer types
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mood alterations, impaired judgment, inattentiveness, irri-
tability, memory deficits, and frank dementia [196–198].
Patients with tumors affecting the corpus callosum, cingulate
gyrus and deep and midline brain areas frequently demon-
strate neurobehavioral symptoms, personality changes and
affective disorders, reported in up to 90% of patients [199].
Psychotic symptoms (e.g., paranoid delusions) can be part of
the presentation [198]. Tumors affecting the cerebellum and
neural pathways within the cerebellar network system may
also produce neurocognitive deficits, psychotic symptoms,
and mood alterations [200].

Psychiatric and Neurobehavioral Symptoms
in Patients with Cancer Outside the Nervous
System

The prevalence of mood alterations is significantly higher in
cancer patients when compared to the general population.
Approximately 10–50% of cancer patients are considered to
have some emotional distress or depression [176, 201, 202].

Cancer patients frequently report some degree of anxiety.
Anxiety can have several etiologies in cancer patients and
can occur alongside or independent of a mood alteration. As
physical, psychological, or cognitive symptoms can be the
lead manifestation of anxiety, the diagnosis can be chal-
lenging [182, 203]. Depression and anxiety are significantly
more common in patients with advanced illness, poorly
controlled pain, physical deficits, younger cancer patients,
and prior history of affective disorders [202, 204–206].

Interestingly, the presence of mood alterations has been
associated with poor survival in cancer patients [207–209].
Studying the connection between mood and emotional state
on the one hand and the immune system and tumor behavior
on the other hand has been an increasingly relevant topic in
the field of psychoneuroimmunology [209, 210].

Making matters even more complex, there appears to be a
high level of discordance between patient and
physician-reported affective disorders, such as depression
[194, 211], posing a challenge to the optimal management of
cancer patients. In general, a patient’s perception of mood
alterations is considered higher when compared with the
clinician’s perception. This discordance and underestimation
from side of the health care professionals may result in
insufficient treatment of patients with such symptoms.

Treatment of cancer patients with adjustment disorder,
anxiety, depression, or other psychiatric illness is similar to
management of non-cancer patients. Pharmacological and
non-pharmacological interventions, such as cognitive-
behavioral therapy, supportive psychotherapy, psychosocial
interventions, and support groups have been used success-
fully in cancer patients [212–214].

The choice of a specific intervention or medication will
depend on several factors, including the predominant
symptoms, comorbid medical conditions, and potential side
effect profiles. For instance, a psychostimulant (e.g.,
methylphenidate or modafinil) may be a reasonable choice as
a monotherapy, or in combination with a less sedating
antidepressant (e.g., SSRI) for a fatigued cancer patient with
depression.

A multidisciplinary team approach will be essential for
optimal patient management. A detailed discussion on pos-
sible therapeutic interventions is beyond the scope of this
book chapter but can be found elsewhere (e.g., [215, 216]).

Fatigue in Cancer Patients

Introduction

Fatigue is a major reason of impaired quality of life in cancer
patients [217–219]. Fatigue can be associated with the
cancer itself [220], or specific kinds of treatment, such as
radiation or chemotherapy [221]. Fatigue is usually descri-
bed as a permanent and distressing sense of tiredness that is
not significantly relieved by rest or sleep. Patients may
perceive fatigue as physical (e.g., generalized muscle
weakness), or mental (e.g., decreased motivation and lack of
energy), or a combination of both.

Prevalence and Epidemiology

The majority of cancer patients experience fatigue during
their course of disease [222]. The current literature suggests
a prevalence of fatigue in over 60% of patients [223, 224]. In
patients with a diverse group of underlying cancers, fatigue
was present in 50–75% of patients at time of diagnosis, but
was even more common throughout their course of treat-
ment, including chemotherapy or radiation, affecting up to
93–95% of patients [224]. While the majority of patients
report significant fatigue during active therapy [225], fatigue
can persist for years after cancer treatment completion and
can be a major cause of chronic morbidity in long-term
survivors [220]. Notably, chronic fatigue in cancer survivors
has been increasingly recognized and occurs at a prevalence
ranging from 15 to 50% [226–235].

Etiology and Mechanisms

Given the complexity of potential causes, fatigue is con-
sidered multifactorial in origin in most cancer patients
(Table 12.4). For instance, it is well known that specific
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comorbidities, such as anemia, liver, or renal disease, cause
fatigue [236]. In addition, many medications, mood-related
issues, pain, sleep dysfunction, lifestyle patterns, cognitive
deficits, and psychological stressors are associated with
fatigue [237–239].

This issue is particularly relevant in the management of
brain tumor patients, in whom mood dysfunction, cognitive
impairment, sleep alterations, and fatigue appear to coexist
and correlate with each other, causing significant impairment
of quality of life in affected patients [240].

The pathophysiological mechanisms that induce chronic
fatigue remain poorly understood. Possible causal factors
include physical conditions, mood and cognitive dysfunc-
tion, metabolic and neuroendocrine factors, and an increase
in circulatory inflammatory cytokines [241]. A chronic

inflammatory state has been recognized as one major etio-
logical factor in the manifestation of chronic fatigue during
cancer treatment or in the post-treatment phase [220].
Specifically, TNF-a signaling has been identified as a likely
contributor to chemotherapy-induced fatigue in breast cancer
patients [238]. In addition, alterations of sympathetic and
parasympathetic nervous system activity have been identi-
fied as a possible cause of cancer-related fatigue [242, 243].
However, given a considerable variability of fatigue in
cancer patients, various other factors unrelated to treatment,
or the underlying disease, appear to influence the degree of
fatigue in individual patients. Modulators of fatigue include
genetic factors [241], metabolic, behavioral, and lifestyle
factors [244, 245], mood-related issues [231], or psycho-
logical factors [232, 246] (Table 12.4).

Table 12.4 Possible factors to
cause or contribute to fatigue in
cancer patients

Cancer and cancer therapy related
factors

∙ Tumor and brain area involved

∙ Surgery

∙ Radiation therapy

∙ Chemotherapy

∙ Biologics and molecular-targeted therapies

∙ Hormonal therapy

Comorbidities and cancer
associated conditions

∙ Sleep dysregulation

∙ Mood disorder

∙ Anxiety

∙ Pain

∙ Electrolyte imbalance

∙ Liver dysfunction

∙ Renal disease

∙ Thyroid dysfunction

∙ Diabetes mellitus

∙ Cardiopulmonary disease

∙ Anemia

∙ Infections

∙ Rheumatological disease

∙ Neurological disease

Psychosocial factors ∙ Personal and emotional stressors

Medications ∙ Antiepileptic drugs

∙ Opiates

∙ Anxiolytics

∙ Cardiac medications

∙ Hypnotics

∙ Analgesics

Constitutional factors ∙ Behavioral factors (eating behavior, lack of exercise, alcohol and
other substance abuse)

∙ Obesity or anorexia
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Patient Evaluation

Every patient managed for cancer during the active treatment
or post-treatment phase should be evaluated for symptoms of
fatigue [247]. Several questionnaires are used and have been
validated to assess symptoms and severity of fatigue in
cancer patients [237, 248–250]. With the increasing aware-
ness of the high prevalence of fatigue among cancer patients,
evaluation and management of fatigue has become an
important aspect of supportive care in oncology and sur-
vivorship. Several guidelines have been published from
expert groups, including the American Society of Clinical
Oncology and the National Comprehensive Cancer Network,
recommending screening for fatigue at the initial visit, dur-
ing active treatment, and in the post-treatment setting [251,
252]. A multidisciplinary team approach is necessary in
most patients to rule out and treat conditions that might be
unrelated to cancer but possibly to treatment, such as
endocrine dysfunction (e.g., thyroid disease), medical
comorbidities (such as anemia), untreated depression, or
sleep disorders [206].

Treatment and Management

Any comorbidity or treatable condition possibly contributing
to the manifestation of fatigue will need to be addressed and
treated as the initial step in patient management
(Table 12.4). For instance, correction of an underlying
anemia or thyroid dysfunction [253] and treatment of
depression or sleep disorder [254] need to be integral part of
patient management.

A variety of therapeutic interventions, evaluated in ran-
domized controlled clinical trials, have resulted in
improvement of chronic fatigue in cancer patients. Treat-
ment interventions shown to have clinical benefit include
pharmacological interventions (e.g., psychostimulants such
as methylphenidate and modafinil) [161, 255], and
non-pharmacological interventions [252, 256], such as
relaxation techniques [257–259], acupuncture [260], medi-
tation [172, 261, 262], lifestyle interventions [263–266], and
physical exercise [217, 252, 267–271]. In addition, strategies
aiming at a reduction of psychosocial stressors may involve
lifestyle modifications and can improve symptoms of fatigue
[252, 272–275].

Collectively, management of fatigue requires identifica-
tion and treatment of comorbidities and several conditions
known to cause fatigue [276]. The complexity of potential
etiological factors in cancer-related fatigue underscores the
importance of an individualized and multi-disciplinary team

approach in patient management. Both pharmacological and
non-pharmacological interventions have shown promise to
improve fatigue-related symptoms and increase quality of
life in cancer patients.
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13Paraneoplastic Syndromes of the Nervous
System as Complications of Cancer

Myrna R. Rosenfeld and Josep Dalmau

Introduction

In patients with cancer the development of neurological
symptoms usually represents metastatic involvement of the
nervous system or complications secondary to coagulopathy,
infection, metabolic and nutritional deficits, and toxic effects
of cancer therapy [1]. A neurologic disorder is defined as
paraneoplastic when none of the above causes are detected
or when specific cancer-related immunological mechanisms
are involved. Paraneoplastic neurologic disorders are
important for several reasons. They may affect any part of
the central and peripheral nervous system and mimic other
neurologic complications of cancer. The paraneoplastic
disorder usually develops before the presence of a cancer is
known and its prompt recognition may help to uncover the
neoplasm. The neurologic symptoms are often severe and
can result in the patient’s death. Early intervention with
oncologic and immunotherapy may result in stabilization or
improvement of neurologic symptoms although the potential
for improvement depends on the type of syndrome and
associated immune responses [2, 3].

Frequency and Pathogenesis

It is estimated that less than 1% of patients with cancer
develop clinically symptomatic paraneoplastic neurologic
syndromes, but the frequency varies with the type of cancer.

For example, while 10–30% of patients with plasma cell
dyscrasias or thymoma develop paraneoplastic neurologic
symptoms, far less than 1% of patients with breast or ovarian
cancer develop these disorders.

Most paraneoplastic neurologic disorders appear to be
mediated by immunological mechanisms. The occurrence of
serum and cerebrospinal (CSF) antibodies that target pro-
teins selectively expressed by the tumor and nervous system
has suggested a mechanism whereby the tumor expression of
neuronal proteins triggers an anti-tumor immune response
that cross-reacts with the nervous system. In general, the
efficacy of the immune response against the tumor is limited
or not sustained enough to control its growth, but the effects
on the nervous system are prominent.

In some antibody-associated paraneoplastic syndromes,
the accompanying cytotoxic T-cell mechanisms appear to be
the main pathogenic effectors [4, 5]. The autoantigens of
these disorders are usually intracellular, and the associated
antibodies are detectable in serum and CSF of the patients.
Although not directly pathogenic, these antibodies may play
an ancillary role in enhancing the immune response [6]. The
detection of these antibodies, also known as paraneoplastic
or onconeuronal antibodies (Table 13.1), forms part of the
diagnostic tests that confirm the paraneoplastic nature of the
neurologic disorder and directs the search of the underlying
tumor. In contrast, there are antibody-associated paraneo-
plastic syndromes in which the humoral immune response
plays a dominant pathogenic role [7, 8]. These include the
autoimmune encephalitis syndromes and some disorders of
the neuromuscular junction and peripheral nerves that
associate with antibodies to proteins of the neuronal cell
surface, the synapse or the neuromuscular junction (further
referred to as cell surface antibodies). In general these syn-
dromes are more responsive to immunotherapies and for
some syndromes, patients can have complete or near com-
plete recoveries with treatment [9].

Several other paraneoplastic disorders, including inflam-
matory neuropathies or myopathies, are likely immune
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mediated and associate with infiltrates of mononuclear cells,
cytotoxic T-cells, or deposits of IgG and complement in the
involved nerve or muscle [10, 11]. Patients with these dis-
orders have a variety of antibodies that when present support
the diagnosis of the inflammatory process. In general these
antibodies do not serve as surrogate markers of paraneo-
plasia. However, recent reports show that patients with
dermatomyositis and antibodies to TF1c are more likely to
have an associated cancer compared to patients without these
antibodies suggest that the immune classification of these
disorders is evolving [12].

In addition to immune-mediated mechanisms, there are
other paraneoplastic causes of neurologic dysfunction,
including competition between the tumor and nervous system
for substrates (e.g., glucose), inappropriate secretion of hor-
mones or cytokines by tumor cells (e.g., anti-diuretic hor-
mone), among others. This chapter focuses on the syndromes
that occur in association with immune-mediated mechanisms.

Diagnosis of Paraneoplastic Neurologic
Disorders: General Concepts

There are four clinical features that complicate the diagnosis
of most paraneoplastic neurologic disorders, (1) the frequent
presentation of neurologic symptoms before the diagnosis of
the cancer, (2) the occurrence of similar syndromes without a
cancer association, (3) the absence of well characterized
antibodies in a variable proportion of patients, and (4) the
small size of the associated tumors, which are usually dif-
ficult to demonstrate at the time of neurologic symptom
presentation [13].

Presentation of Symptoms

The majority of paraneoplastic neurologic syndromes
develop rapidly in a matter of days or weeks. Patients who
develop syndromes of the central nervous system often
describe prodromic gastrointestinal or upper respiratory tract
symptoms resembling a viral illness that is followed by the
neurologic symptoms. Most patients with syndromes
affecting the central nervous system have CSF abnormalities
such as pleocytosis, increased protein concentration, oligo-
clonal bands, and elevated IgG index that suggest an
inflammatory or immune-mediated process.

In about 60% of patients, the paraneoplastic neurologic
disorder develops before the presence of a tumor is known.
There are a few exceptions such as the paraneoplastic
retinopathy that affects patients with melanoma
(“melanoma-associated retinopathy”); patients with this
disorder usually have a history of metastatic melanoma [14].

Syndromes Similar to Paraneoplastic Disorders
May Occur Without a Cancer Association

Although some syndromes are more frequently associated
with cancer than others, all paraneoplastic syndromes have a
counterpart that may occur without a cancer association. The
disorders that are frequent paraneoplastic manifestations of
cancer include limbic encephalitis, opsoclonus-myoclonus,
subacute cerebellar degeneration of the elderly, Lambert-
Eaton myasthenic syndrome (LEMS), encephalomyelitis,
sensory neuronopathy, cancer-associated retinopathy, and
melanoma-associated retinopathy [13]. A patient presenting

Table 13.1 Paraneoplastic antibodies*

Antibody Associated cancer Syndrome

Anti-Hu SCLC, other Encephalomyelitis, sensory neuronopathy

Anti-Yo Gynecological, breast Cerebellar degeneration

Anti-Ri Breast, gynecological, SCLC Cerebellar ataxia, opsoclonus, brainstem encephalitis

Anti-Tr/DNER Hodgkin’s lymphoma Cerebellar degeneration

Anti-CV2/CRMP5 SCLC, thymoma, other Encephalomyelitis, striatal encephalitis (chorea), cerebellar degeneration,
uveitis, peripheral neuropathy

Anti-Ma proteinsa Testicular germ-cell tumors and
other neoplasms

Limbic, diencephalic (hypothalamic) and upper brainstem encephalitis;
rarely cerebellar degeneration

Anti-amphiphysin Breast, SCLC Stiff-man syndrome, encephalomyelitis

Anti-recoverin Retinopathy SCLC

Anti-bipolar cells of
the retinab

Retinopathy Melanoma

*The detection of these antibodies confirms the paraneoplastic nature of the neurologic disorder
aAntibodies limited to Ma2 (also called anti-Ta antibodies) usually associate with limbic and brainstem encephalitis and germ-cell tumors.
Antibodies directed at Ma1 and Ma2 usually associate with brainstem encephalitis, cerebellar degeneration and several types of cancer (lung,
breast, ovary, among others)
bAntibodies to other retinal proteins such as transducin-b, rhodopsin, and arrestin among others have also been described in some patients with
melanoma and retinopathy. The diagnostic value of these antibodies is unclear
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with any of these syndromes should raise suspicion of a
paraneoplastic etiology. For some syndromes the age of the
patient can be an important clue to whether the disorder is
likely paraneoplastic. For example, acute or subacute cere-
bellar symptoms in an adult are more likely to be paraneo-
plastic than in children, in whom other etiologies are much
more frequent. Young women with anti-N-methyl-D-aspar-
tate (NMDA) receptor encephalitis are much more likely to
have an associated tumor than children or older patients with
this disorder [9].

Antibodies and Paraneoplastic Neurologic
Disorders

The antibodies that are associated with paraneoplastic
neurologic disorders can be divided into two broad cate-
gories. There are the paraneoplastic (or onconeuronal) anti-
bodies that when detected almost always indicate that the
neurologic disorder is a paraneoplastic manifestation of
cancer (Table 13.1). The other category comprises the cell
surface antibodies. These antibodies associate with neuro-
logic syndromes that occur with or without a cancer asso-
ciation, such as the antibodies against voltage-gated calcium
channels (VGCC) in the Lambert-Eaton myasthenic
syndrome.

The probability of detecting an antibody characteristic of
a paraneoplastic syndrome depends on the type of cancer
association. For example, older women with cerebellar
degeneration associated with breast or gynecologic cancers
almost always harbor anti-Yo antibodies, but if another
tumor is involved other antibodies or no antibodies will be
identified. Most paraneoplastic syndromes of the peripheral
nervous system do not associate with paraneoplastic anti-
bodies. Only a few sensorimotor neuropathies develop in
association with anti-CV2/CRMP5 antibodies or anti-Hu,
the latter suggesting a neuronopathy caused by dorsal root
ganglia dysfunction, rather than a peripheral neuropathy [15,
16].

When testing for antibodies it is important to be aware
that some antibodies may be detected at low titers in the
serum of patients with or without cancer or neurologic
findings [17]. These low titer serum antibodies have not been
shown to have clinical relevance and should not mislead the
differential diagnosis away from other non-paraneoplastic
causes of the patients’ complaints. Additionally, for the
paraneoplastic syndromes that affect the central nervous
system and dorsal root ganglia, antibody titers are higher in
the CSF than the serum and in some cases, serum may be
negative; therefore, evaluation of the CSF should be
undertaken when making the initial diagnosis [18].

Tumors Associated with Paraneoplastic Disorders

At the time of neurologic symptom presentation the tumors
of many patients are usually small and confined to a single
organ or to the regional lymph nodes. The combined use of
CT and PET imaging uncovers occult tumors in approxi-
mately 80% of cases; the remaining 20% require close
follow-up with repeat studies [19–22]. Ultimately, 90% of
all tumors associated with paraneoplastic disorders are
diagnosed within the first year of neurologic symptom
development.

The detection of specific antibodies often helps in the
selection of diagnostic tests, directing the search of the tumor
to a few organs. For some syndromes, such as anti-Ma2
encephalitis associated with germ-cell neoplasms of the
testis, CT and PET studies can be negative, but ultrasound
often reveals the neoplasm or abnormalities that associate
with the neoplasm (e.g., microcalcifications). In men
younger than 50 with anti-Ma2-associated encephalitis but
without a clinically detectable tumor, studies have shown
that in most instances a microscopic tumor was present at
orchiectomy [23, 24]. The tumors involved in paraneoplastic
neurologic syndromes are most commonly malignant, either
carcinomas or less frequently lymphoma or leukemia.
However, some disorders are associated with benign tumors
such as mature cystic teratomas (dermoid cysts) [25]. In
these cases PET studies are often negative and other studies
such as CT, MRI, and pelvic or vaginal ultrasound for
detecting ovarian teratoma should be pursued [26].

Specific Paraneoplastic Neurologic Disorders

Paraneoplastic Limbic Encephalitis

This disorder is characterized by mood disturbances, sei-
zures, and short-term memory loss [27]. The outcome is
variable; the disorder may stabilize leaving the patient with
severe anterograde memory deficits, may progress causing
profound deficits of behavior and cognition leading to frank
dementia, or may resolve. In two thirds of the patients, the
CSF shows mild pleocytosis, increased proteins, intrathecal
synthesis of IgG, and oligoclonal bands. The typical MRI
findings include uni- or bilateral mesial temporal lobe
abnormalities that are best seen on T2-weighted images, and
infrequently contrast enhance (Fig. 13.1a, b) [28]. However,
the MRI may be normal despite evidence of temporal lobe
dysfunction demonstrated by EEG or hypermetabolism
sometimes detected by PET [29]. The EEG may reveal that
patients with unexplained low level of consciousness are in
status epilepticus. Neurological symptoms usually precede
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the diagnosis of the tumor. The tumors most frequently
involved are lung cancer, usually small-cell lung cancer
(SCLC) and tumors of the testes and breast [27].

The pathological findings in most paraneoplastic limbic
encephalitis associated to paraneoplastic (onconeuronal)
antibodies include perivascular and interstitial inflammatory
infiltrates, neuronal loss, and microglial proliferation that
predominate in the limbic system (hippocampus, amygdala,
hypothalamus, and insular and cingulate cortex). In addition,
the majority of patients have variable involvement of other
areas of the nervous system, mainly the brainstem [30].

There are several immune responses that may associate
with limbic encephalitis. Patients with anti-Hu antibodies
often have limbic encephalitis as part of a multifocal en-
cephalomyelitis [31, 32]. Similarly the limbic encephalitis
associated with CV2/CRMP5 antibodies rarely stays con-
fined to the limbic system and these patients often have
additional sensorimotor neuropathy, cerebellar ataxia,
chorea, uveitis, and optic neuritis [15]. Anti-Ma2 antibodies
are most commonly found in young men who develop
limbic encephalitis in association with hypothalamic and
brainstem dysfunction and a tumor of the testis [23].
A classic syndrome of limbic encephalitis is uncommonly
found in association with antibodies to amphiphysin.

Several of the autoimmune encephalitis syndromes
associated with cell surface antibodies manifest primarily as
limbic encephalitis. These include anti-alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor
(AMPAR), gamma-amino-butyric acid B receptor [(GABA
(B)], leucine-rich, glioma-inactivated 1 (LGI1), and meta-
botropic glutamate receptor 5 (mGluR5) antibody associated
disorders. These antibodies are markers of the neurologic
disorder and the suspicion that the disorder is paraneoplastic

should be based on the presence of cancer risk factors and
the specific immune response. For example, AMPAR
encephalitis (discussed further later in this chapter) is para-
neoplastic in about 70% of cases (usually cancer of the lung,
breast, or thymus) while less than 10% of LGI1 encephalitis
cases are paraneoplastic (usually thymoma).

Detection of antibodies to VGKC had been considered as
a characteristic marker of limbic encephalitis but these
antibodies are not specific and have been reported in patients
with a variety of syndromes including neurodegenerative
and nonimmune diseases [33, 34]. Most patients reported
with VGKC antibodies and typical limbic encephalitis were
likely cases of LGI1 encephalitis [35].

When associated with antibodies to intracellular antigens
limbic encephalitis is usually poorly responsive to treatment.
The exception is the encephalitis associated with Ma2 anti-
bodies for which treatment of the tumor and immunotherapy
results in improvement in about one third of cases. The
limbic encephalitis associated with the autoimmune
encephalitis syndromes and antibodies to the neuronal cell
surface are much more treatment responsive (tumor directed
and immunotherapy) [36].

Paraneoplastic Cerebellar Degeneration

The presenting symptoms of this disorder are dizziness,
nausea, blurry or double vision, oscillopsia, and gait diffi-
culties. Associated with these symptoms, or occurring after a
few days, the patient develops truncal and limb ataxia,
dysarthria, and dysphagia. At examination, patients usually
have down-beating nystagmus [37]. This clinical picture is
similar for most types of paraneoplastic cerebellar

Fig. 13.1 a, b MRI findings in
limbic encephalitis. Axial (a) and
coronal (b) MRI fluid-attenuated
inversion recovery (FLAIR)
sequences from a patient with
anti-Hu associated limbic
encephalitis. Note the bilateral
medial temporal lobe
hyperintensities that are
considered characteristic of most
cases of limbic encephalitis.
Similar findings occur with other
immune-mediated limbic
encephalitis, paraneoplastic or
not, and with some viral
encephalitis
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degeneration, irrespective of the type of cancer or antibody
association, although the course of the disease may be dif-
ferent depending upon the associated immune response [38].
In general, neurologic symptoms precede the tumor diag-
nosis. The CSF usually shows pleocytosis, increased pro-
teins, intrathecal synthesis of IgG, and oligoclonal bands. In
the early stages of the disease, brain MRI is usually normal,
but after several months may show global cerebellar atrophy.

There is a strong association between the development of
specific anti-neuronal antibodies and the type of tumor
associated with the paraneoplastic cerebellar disorder
(Fig. 13.2a–d). These include SCLC and anti-Hu antibodies
[32, 39], ovarian or breast cancer and anti-Yo antibodies
[40], Hodgkin’s lymphoma and anti-Tr/DNER antibodies
[41], and breast, ovarian, or SCLC cancer and anti-Ri anti-
bodies (Table 13.1) [42, 43]. Furthermore, the presence of
anti-Hu antibodies is usually associated with symptoms
indicating involvement of other areas of the nervous system

(i.e., encephalomyelitis and sensory neuronopathy) [31]. The
presence of anti-Ri antibodies is associated with opsoclonus
or other abnormalities of ocular motility, including nystag-
mus, abnormal visual tracking, and abnormal vestibulo–oc-
ular reflexes in 70% of the patients; these patients may also
develop laryngeal spasms.

Symptoms of paraneoplastic cerebellar dysfunction may
occur without the presence of anti-neuronal antibodies. In
this case, the tumors more frequently involved are
non-Hodgkin’s lymphoma and lung cancer (non-SCLC and
SCLC) [39, 44]. A subset of patients with SCLC without
anti-Hu antibodies develops antibodies against VGCC [45].
These antibodies are similar to those associated with LEMS
and some patients develop symptoms of both cerebellar
dysfunction and LEMS.

Pathological studies show diffuse loss of Purkinje cells
accompanied by degeneration of the dentate and olivary nuclei,
and long tracts of the spinal cord. These findings can be

Fig. 13.2 a–d Studies in a
patient with anti-Yo associated
cerebellar degeneration.
a corresponds to a normal
FDG-PET obtained when the
patient had anti-Yo associated
cerebellar degeneration for
2 years. b is an FDG-PET
obtained 3 years later (5 years
after neurologic symptom
presentation) showing a
hypermetabolic abnormality in
the right axillary lymph nodes
(arrow). c shows the patient’s
anti-Yo antibodies
immunolabeling a section of rat
cerebellum (note the
characteristic Purkinje cell
reactivity of the anti-Yo
antibodies). d shows that the
neoplastic cells from the lymph
node (identified by PET) react
with the anti-Yo antibodies of the
patient (brown cells). c and d
Avidin-biotin-peroxidase, �400
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associated with mild or prominent lymphocytic infiltrates [46,
47].When present, the inflammatory infiltrates usually involve
the deep cerebellar nuclei in addition to the brainstem and other
areas of the nervous system, suggesting that the cerebellum is
the main target of a multifocal encephalomyelitis.

Treatment of the tumor and immunosuppressants do not
usually affect the course of the cerebellar disorder although
there are a few reports of responses to tumor treatment and
immunotherapies [48–50].

Paraneoplastic Encephalomyelitis

This disorder describes patients with cancer who develop
multifocal neurological deficits and signs of inflammation
involving two or more areas of the nervous system,
including brain, cerebellum, brainstem, spinal cord, dorsal
root ganglia, and autonomic ganglia [46]. This gives rise to a
mixture of symptoms derived from limbic encephalitis,
cerebellar degeneration, brainstem encephalitis, and myelitis
along with sensory deficits and autonomic dysfunction.

Symptoms of paraneoplastic brainstem encephalitis can
include diplopia, dysarthria, dysphagia, internuclear or
supranuclear gaze abnormalities, facial numbness, and sub-
acute hearing loss. The spinal cord symptoms usually result
from an inflammatory degeneration of the lower motor
neurons [51]. Symptoms of autonomic dysfunction may
include gastrointestinal paresis and pseudo-obstruction,
orthostatic hypotension, cardiac arrhythmias among others
(see discussion later in this chapter).

Several paraneoplastic immunities can associate with
encephalomyelitis or multifocal encephalitis including the
ones discussed next.

Anti-Hu
Patients with anti-Hu antibodies frequently develop
encephalomyelitis in association with sensory neuronopathy
secondary to dorsal root ganglia involvement; the tumor
most frequently involved is SCLC [31, 32, 52, 53]. Other
antineuronal antibodies that occur less frequently (some-
times in combination with anti-Hu) include,
anti-CV2/CRMP5 and anti-amphiphysin [54, 55].

Anti-CV2/CRMP5
The encephalomyelitis associated with anti-CV2/CRMP5
antibodies may affect any of the areas indicated above along
with the striatum (chorea), uvea (uveitis), and peripheral
nerves, resulting in a mixed axonal demyelinating sensori-
motor neuropathy [15, 56, 57]. The tumors more frequently
associated are SCLC and thymoma.

Paraneoplastic disorders associated with anti-CV2/
CRMP5 or anti-Hu are in general poorly responsive to
treatment of the tumor or immunotherapies, including

plasma exchange, intravenous immunoglobulins (IVIg) or
cyclophosphamide. However, successful treatment of the
tumor and prompt immunotherapy directed at the cytotoxic
T-cell response (e.g., IVIg and cyclophosphamide) may result
in stabilization or partial improvement of symptoms [3].

Anti-Ma Proteins
The encephalitis of patients with immunity to Ma proteins is
more restricted to the limbic system, hypothalamus, brain-
stem, and cerebellum than the encephalomyelitis associated
with other antibodies [58]. These patients may present with
classical limbic encephalitis or severe hypokinesis and
hypophonesis (pseudomutism) with relative preservation of
cognitive functions [59]. Supranuclear ocular paresis is
common, usually affecting vertical gaze more than horizontal
gaze leading some patients to be incorrectly diagnosed with
progressive supranuclear palsy. The tumors more frequently
associated are germ-cell neoplasms of the testis and
non-SCLC [23]. About 35% of patients with anti-Ma2
associated encephalitis respond to treatment; the neurological
improvement is usually partial and predominantly occurs in
young men with successfully treated testicular neoplasms [2].

Autoimmune Encephalitis with Cell Surface
Antibodies

This group of encephalitic disorders occurs in association
with antibodies located on the neuronal cell surface or related
to the synaptic junction. The syndromes vary according to the
associated immune response and include a variety of com-
plex neuropsychiatric symptoms such as deficits of memory,
behavior, cognition, psychosis, seizures, movement disor-
ders, or coma. As the antibodies are pathogenic their removal
often results in improvement although relapses occur at a
variable rate based on the syndrome. The autoimmune
encephalitis syndromes in which a paraneoplastic etiology is
relatively frequent are discussed next; other syndromes are
rarely or not known to be associated with cancer.

NMDAR Encephalitis
This disorder usually affects young women and children
(*80% of patients), but can also affect male and older indi-
viduals [9]. Many patients have a viral-like prodrome fol-
lowed by the development of prominent psychiatric
symptoms (bizarre behavior, hallucinations), seizures, oro-
facial and limb dyskinesias, dystonia, and decreased level of
consciousness that within days or weeks progresses to include
autonomic or breathing instability requiring intensive care
and ventilator support. Partial syndromes such as patients
with predominant psychiatric symptoms or abnormal move-
ments, and less severe phenotypes can occur, although vir-
tually all patients develop several elements of the syndrome.
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All patients have IgG antibodies against the GluN1 sub-
unit of the NMDAR (Fig. 13.3a–c) [60]. At presentation
these antibodies are always present in the CSF but were
shown to be absent in the serum of 13% of patients, sup-
porting the importance of CSF analyses at initial diagnosis
[18]. These antibodies should not be confused with other
IgG antibodies that target other subunits of the NMDAR or
those of the IgM or IgA subtypes that are unrelated to
NMDAR encephalitis. Other CSF findings often include a
lymphocytic pleocytosis sometimes with increased proteins
and/or oligoclonal bands. About one third of patients have
increased signal on MRI T2 or fluid-attenuated inversion
recovery (FLAIR) sequences involving the cortical or sub-
cortical brain regions, and at times the cerebellar cortex [60].

The likelihood of an underlying tumor, most commonly a
teratoma of the ovary, is age-dependent (*40% in patients
>14 years; <10% in patients <14 years) while tumors in
children and men are uncommon [9].

The treatment for all of the autoimmune encephalitis is
based on experiencewithNMDARencephalitis that is themost
frequent of these disorders and centers on immunosuppression.
This includes corticosteroids, IVIg, or plasmapheresis, either
alone or in combination as first-line treatments and rituximab
and/or cyclophosphamide as second-line agents. Identification
and treatment of an accompanying tumor is important as it
appears to associate with better outcome and decreased risk of
relapses [9].

AMPAR Encephalitis
This disorder primarily affects middle-aged women. Some
patients present with the subacute onset of confusion,
memory loss, seizures, and psychiatric symptoms consistent
with limbic encephalitis that may be associated with
prominent psychiatric features, whereas other cases present
with rapidly progressive abnormal behaviors similar to acute
psychosis [61–63]. About 70% of cases are paraneoplastic
with tumors of the thymus, lung, and breast more commonly
associated [62]. Interestingly, patients with AMPAR anti-
body associated encephalitis as with other autoimmune
encephalitis often have other autoantibodies such as thyroid
peroxide or ANA antibodies suggesting an underlying
propensity to develop autoimmunity. The CSF findings are
similar to NMDAR encephalitis and there are cases in which
antibodies are only present in CSF [62]. MRI findings are
seen in many but not all patients and in about half are limited
to increased T2 or FLAIR signal in the medial temporal
lobes; in other patients the MRI may show increased signal
in cortical regions [63].

GABA(B)R Encephalitis
Patients with antibodies to GABA(B)R develop symptoms
of limbic encephalitis including memory loss, confusion,
and hallucinations with seizures that can be difficult to
control [64]. A few patients have been reported with addi-
tional findings including ataxia, opsoclonus-myoclonus,

Fig. 13.3 a–c Studies in a patient with paraneoplastic NMDAR
encephalitis and ovarian teratoma. a shows the CSF reactivity of a
patient with anti-NMDAR antibodies with a sagittal section of rat
hippocampus; the immunolabeling is mainly concentrated in the inner
aspect of the molecular layer adjacent to the dentate gyrus (arrow).
b shows that the antibody reactivity is with the cell surface and

dendrites of neurons (the picture corresponds to a culture of rat
hippocampal neurons immunolabeled with the patient’s antibodies).
c shows that the teratoma of the patient contains immature neurons;
these are demonstrated with MAP2 labeling, a specific marker of
neurons and dendrites. a avidin-biotin-peroxidase, �50; b im-
munofluorescence �800; c avidin-biotin-peroxidase, �400
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autonomic dysfunction and hypoventilation, and prominent
psychiatric symptoms [65].

The disorder equally affects men and women and about
half of the cases are paraneoplastic with SCLC or other
neuroendocrine lung tumors most common. Patients with an
associated cancer are older than those without a tumor
(median age of 67.7 vs. 39 years) and in these cases
the neurologic symptoms usually predate the cancer diag-
nosis [65].

Paraneoplastic Sensory Neuronopathy

This disorder is characterized by progressive sensory loss
involving lower and upper extremities, trunk, and face. The
sensory deficits are frequently accompanied by painful
paresthesias and dysesthesias. This and the frequent asym-
metric presentation of symptoms may lead to the diagnosis
of radiculopathy or multineuropathy [66, 67]. At presenta-
tion, vibration and joint position sensations may be more
affected than nociceptive sensation. The sensory loss causes
disorganization of movement resulting in sensory ataxia and
pseudoathetoid movements. Some patients develop sen-
sorineural hearing loss. Paraneoplastic sensory neuronopathy
frequently develops in association with encephalomyelitis
and autonomic dysfunction (see paraneoplastic
encephalomyelitis). In more than 80% of the patients, the
sensory neuronopathy precedes the diagnosis of the tumor,
usually a SCLC [31].

Nerve conduction studies demonstrate small amplitude or
absent sensory nerve action potentials. Motor nerve and
F-wave studies are usually normal, with no signs of dener-
vation unless there is involvement of the spinal motor neu-
rons in the setting of encephalomyelitis. Some patients
develop motor conduction abnormalities as a result of a
mixed axonal and demyelinating neuropathy that accompa-
nies the degeneration of dorsal root ganglia neurons [68, 69].

Pathological studies show an inflammatory, probably
immune-mediated degeneration of the neurons of the dorsal
root ganglia, and equivalent ganglia of cranial nerves (e.g.,
Gasserian ganglia) [70]. Other findings include atrophy of
the posterior nerve roots, axonal degeneration, and sec-
ondary degeneration of the posterior columns of the spinal
cord. Mild inflammatory infiltrates can be found in periph-
eral nerves and sometimes muscle [66].

Paraneoplastic sensory neuronopathy rarely responds to
immunotherapies, including plasma exchange, IVIg, and
immunosuppressants [32]. In some patients the use of ster-
oids may result in partial improvement of symptoms [71].
Efforts should be directed toward prompt identification and
treatment of the tumor.

Paraneoplastic Opsoclonus-Myoclonus (POM)

POM usually affects infants younger than 4 years of age
(median age, 18 months) and often presents with staggering
and falling along with body jerks, ataxia, refusal to walk or sit,
opsoclonus, irritability, and sleep problems that may con-
tribute to episodes of rage [72, 73]. Nearly 50% of children
with POMhave neuroblastoma, and about 2%of childrenwith
this tumor develop opsoclonus. Neurologic symptoms may
precede or develop after the diagnosis of neuroblastoma.

POM frequently responds to treatment of the tumor and
immunotherapy that may include corticosteroids, adreno-
corticotrophic hormone, IVIg, cyclophosphamide, and
rituximab [74]. The sleep disturbances and episodes of rage
often respond to trazodone; however, residual psychomotor
deficits, behavioral and sleep disturbances are common [72,
73, 75]. Patients with POM have a better tumor prognosis
than patients without paraneoplastic symptoms.

In adults, POM develops in association with truncal
ataxia resulting in gait difficulty and frequent falls. In more
than half of the patients, POM precedes the diagnosis of the
tumor, usually a SCLC [76]. Patients with breast cancer may
harbor anti-Ri antibodies (see paraneoplastic cerebellar
degeneration) although most patients are antibody negative
[42, 77]. The clinical course of paraneoplastic opsoclonus is
worse than that of idiopathic opsoclonus. Paraneoplastic
opsoclonus may respond to immunotherapy or IVIg, but
symptom improvement depends on successful treatment of
the tumor [78]. If the tumor is not treated, neurologic
symptoms often progress to a severe encephalopathy
resulting in the patients’ death. In addition to treatment of
the tumor and IVIg, there are reported clinical responses to
depletion of serum IgG using protein-A columns, clon-
azepam, valproic acid, and thiamine [79].

There is a recent description of a POM syndrome
occurring in a subgroup of young women within the context
of a brainstem-cerebellar syndrome associated with ovarian
teratoma [80]. The majority of these patients had full
recovery with tumor treatment and immunotherapy; one
patient who did not have tumor treatment improved with
immunotherapy. Antibodies to intracellular or cell surface
neuronal proteins were not detected in these patients.

Paraneoplastic Stiff-Person Syndrome

This disorder is characterized by fluctuating rigidity of the
axial musculature with superimposed spasms. Rigidity pri-
marily affects the lower trunk and legs, but it can extend to the
shoulders, upper limbs, neck, and less frequently muscles of
the face. Symptomsmay be limited to one extremity (stiff-limb
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syndrome). Spasms are often precipitated by voluntary
movement, emotional upset, and auditory and somesthetic
stimuli. Typically, the rigidity disappears during sleep or
following general anesthesia, suggesting dysfunction at the
spinal or supraspinal level [81]. Electrophysiologic studies
show continuous activity of motor units in the stiffened mus-
cles that considerably improve after treatment with diazepam.

The disorder can occur as a paraneoplastic manifestation of
cancer (usually breast or SCLC) but about 85% of cases are
idiopathic [82]. Patients with paraneoplastic stiff-person syn-
drome tend to be older thannon-paraneoplastic cases and to have
asymmetric and distal distribution of symptoms often with
cervical involvement, spinal myoclonus, and pruritus [83, 84].

The serum and CSF of patients with paraneoplastic
stiff-person syndrome may contain antibodies to amphi-
physin and these patients usually have breast or SCLC [83–
85]. Amphiphysin antibodies are not syndrome specific and
have been described in encephalitis, neuropathy, and
myelopathy [83]. In patients without cancer the major
autoantigen is glutamic acid decarboxylase 65 (GAD65)
sometimes found in association with antibodies to GABA
(A) receptor; 70% of these patients develop type I diabetes
and other autoimmune diseases [83, 86, 87].

In addition to stiff-person syndrome, paraneoplastic
rigidity and spasms can occur in patients with extensive
encephalomyelitis or focal myelitis [88]. Some of these
patients harbor anti-Ri antibodies [89]. Patients with pro-
gressive encephalomyelitis, rigidity and myoclonus (PERM)
often have antibodies to the alpha 1 subunit of the glycine
receptor (GlyR) [90–92]. These cases are rarely associated
with cancer (Hodgkin’s lymphoma, thymoma). Serum GlyR
antibodies are not specific to PERM as they have been
described in patient with SPS without features of PERM as
well as in patients with various disorders, including optic
neuritis or multiple sclerosis [92, 93].

Histopathological abnormalities found in stiff-person
syndrome ranges from normal to include mild perivascular
lymphocyte infiltration and loss of motor neurons and
interneurons in the anterior horns of the spinal cord [94–96].

Improvement of stiff-person syndrome can be obtainedwith
IVIg and GABA-enhancing drugs, such as diazepam, clon-
azepam, gabapentin, or baclofen, but sustained improvement
usually requires treatment of the tumor and steroids [97, 98].
Patients with PERM and glycine receptor antibodies can
respond with good outcome to immunotherapy [99].

Motor Neuron Dysfunction

The occurrence of motor neuron disease as a paraneoplastic
syndrome is controversial. Two systematic reviews of the
literature concluded that there was not an increased inci-
dence of cancer among patients with amyotrophic lateral

sclerosis (ALS) while a recent report using data from 16
population-based cancer registries found an elevated risk of
death from ALS in survivors of melanoma and tongue
cancer [100–102]. About 20% of patients with anti-Hu
antibody associated encephalomyelitis and sensory neu-
ronopathy develop symptoms resembling ALS due to pre-
dominant involvement of the spinal cord (Fig. 13.4) [31,
51]. Patients with lymphoma rarely develop subacute, pro-
gressive, painless, and often asymmetrical lower motor
neuron dysfunction. Upper motor signs are absent, fascicu-
lations are rare and the bulbar muscles are usually spared
contrasting this syndrome with typical ALS [103, 104].

Paraneoplastic Sensorimotor Neuropathy

Many patients with advanced malignancy develop a
peripheral neuropathy that is usually mild, with little impact

Fig. 13.4 Severe neurogenic muscle atrophy in a patient with SCLC
and anti-Hu-associated myelitis. The initial neurologic symptom of this
patient was flaccid motor weakness selectively involving the upper
extremities and neck extension. After eight weeks he was unable to
move the upper extremities. These symptoms associated with fascic-
ulations and loss of reflexes in the arms. Cranial nerves, strength and
reflexes in the lower extremities were normal. The picture demonstrates
widespread atrophy of the muscles of the neck and shoulder

13 Paraneoplastic Syndromes of the Nervous System … 229



on quality of life [105]. The cause of these neuropathies is
multifactorial, including metabolic abnormalities, nutritional
deficits, and toxic effects of chemotherapy and biologic
therapies (e.g., cisplatin, paclitaxel, docetaxel, vinca alka-
loids, thalidomide, and bortezomib, among others) [106].

There is a group of sensorimotor neuropathies that
develop a few months before or by the time a malignancy is
discovered. Symptoms may present in a subacute or acute
fashion and are usually progressive. In most cases the neu-
ropathy is part of other processes such as encephalomyelitis,
mononeuritis multiplex, or acute or chronic inflammatory
demyelinating polyneuropathy [107]. Antibody studies are
negative except for patients with SCLC who may have
CV2/CRMP5 antibodies and less commonly Hu antibodies
[108]. Pathological studies usually show axonal degenera-
tion with frequent inflammatory infiltrates, although some
patients have predominant demyelinating findings. The latter
are more likely to respond to corticosteroids and IVIg than
the axonal neuropathies.

Paraneoplastic Vasculitis of Nerve and Muscle

This disorder is a nonsystemic vasculitic neuropathy that
involves nerve, muscle, or both and has been reported in
association with solid tumors and lymphoma [109–111]. The
onset is usually subacute with the development of a painful
symmetric or asymmetric sensorimotor polyneuropathy, or
less frequently mononeuritis multiplex. The course is pro-
gressive. The erythrocyte sedimentation rate is usually ele-
vated and the CSF shows a high protein content.
Electrophysiological studies show a diffuse asymmetric
axonal polyneuropathy or multifocal mononeuropathy [112].
Nerve biopsy studies show intramural and perivascular
inflammatory infiltrates, usually without necrotizing vas-
culitis. The inflammatory infiltrates are mainly composed of
CD8+ T-cells [113].

Paraneoplastic vasculitis of nerve and muscle often
responds to treatment of the tumor, corticosteroids, and
cyclophosphamide [109].

Sensorimotor Polyneuropathy Associated
with Malignant Monoclonal Gammopathies

The malignancies that are associated with monoclonal
gammopathies or M proteins include multiple myeloma and
osteosclerotic myeloma, which are typically associated with
IgG or IgA M proteins, and Waldenström’s macroglobu-
linemia, B-cell lymphoma, and chronic B-cell lymphocytic
leukemia, which are associated with IgM M proteins.

Multiple Myeloma
The current leading cause of peripheral neuropathy in mul-
tiple myeloma is iatrogenic and due to direct nerve toxicity
of the drugs used for tumor treatment (e.g., vincristine,
thalidomide, bortezomib, among others). Paraneoplastic
neuropathies do occur in about 10% of patients with neu-
rologic symptoms usually preceding the myeloma diagnosis.
The neuropathy is most often sensorimotor and slowly
progressive. Treatment of the myeloma rarely improves the
neuropathy. Amyloid deposition is a cause of neuropathy in
some patients [114, 115]. In patients with
amyloid-associated neuropathy, symptoms are similar to
those with distal axonal sensorimotor neuropathy, but fre-
quently include atypical features, such as pain, carpal tunnel
syndrome, a clinical picture of multiple mononeuropathy,
and autonomic dysfunction. Treatment is aimed at the
myeloma but even when successful, the neuropathy often
persists [116].

Osteosclerotic Myeloma/POEMS Syndrome
This is an unusual form of myeloma characterized by single
or multiple plasmacytomas that manifest as sclerotic bone
lesions. These lesions involve ribs, vertebrae, pelvic bones,
and proximal long bones, and usually spare skull and distal
extremities [117]. All or some features of the POEMS syn-
drome (polyneuropathy, organomegaly, endocrinopathy,
M component, and skin changes) may be present and it is
under debate if there is a true distinction between
osteosclerotic myeloma and POEMS [118]. More than 50%
of patients with sclerotic myeloma develop a peripheral
neuropathy, often before the tumor diagnosis that resembles
a chronic demyelinating polyradiculoneuropathy with motor
predominance and high CSF protein content [119]. How-
ever, compared to CIDP, there is no macrophage-associated
demyelination, and levels of vascular endothelial growth
factor (VEGF) in serum are commonly quite elevated [120].
Focal treatment of the sclerotic lesions with resection or
radiation therapy, the use of prednisone alone or in combi-
nation with melphalan, or lenalidomide with or without
dexamethasone often results in neurologic improvement
[121, 122]. Patients with widespread lesions or rapidly
progressive neuropathy may respond to peripheral blood
stem cell transplant [123].

Waldenström’s Macroglobulinemia
Symptoms of peripheral neuropathy occur in about 45% of
these patients, and in approximately 10% the deficits are
severe [124]. The cause of the neuropathy are heterogeneous
and include axonal neuropathies related to amyloid, cryo-
globulinemia, tumor infiltration, and vasculitis and
demyelinating neuropathies related to antibodies against
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myelin-associated glycoprotein (MAG), sulphatide or vari-
ous gangliosides [125, 126]. The neuropathy associated with
IgM anti-MAG is characterized by progressive distal sen-
sorimotor deficits, with predominant involvement of vibra-
tion sense, sometimes with postural tremor, pseudoathetosis,
and progressive gait dysfunction.

Electrophysiologic studies demonstrate slow conduction
velocities and prolonged distal motor and sensory latencies,
compatible with a demyelinating neuropathy. Pathology
studies show widening between lamellae of myelin sheaths
due to intercalation of anti-MAG antibodies [127]. The
neuropathy associated with anti-sulphatide antibodies is
predominantly axonal.

Treatment should be directed at the Waldenström’s
macroglobulinemia. Patients with demyelinating neuropathy
and IgM anti-MAG M proteins may respond to plasma
exchange, IVIg, or rituximab [128]. However, most patients
require aggressive treatment with chemotherapeutic agents
such as chlorambucil, cyclophosphamide, or fludarabine
[129, 130]. Responses to rituximab with or without
fludarabine or cyclophosphamide have been reported
[131, 132].

Paraneoplastic Autonomic Dysfunction

This disorder usually develops in association with other
paraneoplastic syndromes, such as encephalomyelitis or
LEMS. Symptoms often precede the detection of the tumor,
usually a SCLC. The autonomic dysfunction may result from
adrenergic or cholinergic nerve dysfunction at the pre- or,
most frequently, postganglionic level [133, 134]. There are
three disorders that can be life threatening: esophageal and
gastrointestinal dysmotility with intestinal pseudoobstruc-
tion, cardiac dysrhythmias, and orthostatic hypotension.
Other accompanying symptoms may include dry mouth,
erectile, and sphincter dysfunction. Because autonomic dys-
function can be the presentation of encephalomyelitis, testing
for anti-Hu antibodies should be considered in some patients
[135, 136]. About one third of patients with anti-CV2/
CRMP5 will have manifestations of autonomic neuropathy
[56]. There is another subgroup of patients with autonomic
neuropathy who develop antibodies to the ganglionic
acetylcholine receptor [137]; these antibodies may occur in
patients with or without cancer, and their detection suggests
that symptoms may improve with immunotherapy [138].

Lambert–Eaton Myasthenic Syndrome

LEMS is a disorder of the neuromuscular junction charac-
terized by impaired acetylcholine release from the presy-
naptic motor terminal [139]. Symptoms include fatigue, leg

weakness, muscle aches, and vague parasthesias. Dry mouth
and other symptoms of autonomic dysfunction are common
[140]. Cranial nerve involvement tends to be mild and
transient, usually described as transient diplopia. Neurologic
examination shows proximal weakness in the legs more than
the arms and depressed reflexes, sometimes accompanied by
eyelid ptosis and sluggishly reactive pupils. After brief
muscle contraction, reflexes may potentiate. Similarly, after
brief exercise strength may improve.

Routine nerve conduction studies show small amplitude
compound muscle action potentials (CMAP) [141]. At slow
rates of repetitive nerve stimulation (2–5 Hz), a decremental
response of greater than 10% is seen; at fast rates (20 Hz or
greater) or after maximal voluntary muscle contraction,
facilitation occurs and there is an incremental response of at
least 100%.

LEMS is associated with cancer in 50–70% of patients,
most commonly SCLC. LEMS can also occur in conjunction
with other paraneoplastic syndromes, such as paraneoplastic
cerebellar degeneration or encephalomyelitis [39, 142].
Patients with paraneoplastic LEMS tend to be men older
than 50 years of age while non-paraneoplastic LEMS occurs
over a much wider age group with a slight female predom-
inance [143]. Neurologic symptoms typically precede or
coincide with the diagnosis of the tumor. In one study 91%
of SCLCs were detected within 3 months of LEMS onset
and 96% within 1 year [144]. Patients diagnosed with SCLC
beyond 2 years of the LEMS diagnosis often had inadequate
initial cancer screening. The Dutch-English LEMS Tumor
Association Prediction (DELTA-P) score can be used at
initial diagnosis to predict those patients with a high risk of
having an associated SCLC [143]. Additionally, about 65%
of patients with LEMS and SCLC have serum antibodies to
SOX1 [145].

LEMS results from an antibody mediated attack against
the presynaptic VGCC which results in decreased release of
acetylcholine vesicles during depolarization. The detection
of antibodies to P/Q-type VGCC is used as a serologic test
for LEMS [146]. About 90% of LEMS patients have these
antibodies regardless of whether the disorder is paraneo-
plastic or not [146].

Therapies for LEMS include treatment of the associated
cancer, medication to increase the release of acetylcholine,
and immunotherapy with the majority of patients having
neurological improvement. The drug of choice is
3,4-diaminopyridine which is well tolerated and results in
improvement of 80% of patients [147]. Long-term
immunosuppression with prednisone alone or combined
with azathioprine or cyclosporine should be considered in
patients who remain symptomatic after controlling the tumor
[148–150]. Immunomodulation with IVIg or plasma
exchange is usually effective but the benefits are short lasting
[148, 151, 152].
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Paraneoplastic Peripheral Nerve
Hyperexcitability

Paraneoplastic peripheral nerve hyperexcitability (PNH),
also known as paraneoplastic neuromyotonia or Isaacs syn-
drome, is characterized by spontaneous and continuous
muscle fiber activity of peripheral nerve origin [153].
Symptoms include muscle cramps, weakness, difficulty in
muscle relaxation, carpopedal spasms, and sometimes
excessive sweating. The involved muscles show undulating
myokymia and may be hypertrophic [154]. EMG shows
fibrillation, fasciculation, and doublet, triplet or multiplet
single unit discharges that have a high intraburst frequency
[155]. This abnormal activity continues during sleep and
general anesthesia, is abolished by curare, and may be
reduced or abolished by peripheral nerve block [153, 156].

Approximately 25% of patients with PNH develop central
nervous system dysfunction characterized by changes in
mood, hallucinations, and sleep dysfunction or in some cases
typical limbic encephalitis. The combination of PNH and
central nervous system involvement is called Morvan’s
syndrome. About 30–50% of cases of Morvan’s syndrome
are paraneoplastic with thymoma the most commonly
associated tumor; patients with thymoma may have addi-
tional symptoms of myasthenia gravis [157].

About 80% of patients with Morvan’s have antibodies
that were previously identified as targeting the voltage-gated
potassium channel (called anti-VGKC antibodies) [158]. It is
now known that these antibodies do not target the VGKC
but rather another protein in the VGKC-complex called
contactin-associated protein-2 (Caspr2) [159, 160]. In con-
trast, isolated PNH rarely associates with Caspr2 or other
antibodies [161]. Antibodies to other unidentified targets in
the VGKC-complex have been found in some patients and
are of unclear clinical significance.

Neuromyotonia often improves with sodium
channel-blocking agents such as phenytoin, carbamazepine
and lamotrigine. Plasma exchange can provide transient
benefit for patients with severe symptoms although
immunosuppression (corticosteroids, azathioprine) may be
required for prolonged responses [162]. There are reports of
marked improvement with oncologic treatment [163, 164].

Dermatomyositis

Dermatomyositis (DM) is a multi-system inflammatory
myopathy. The classic skin manifestations include purplish
discoloration of the eyelids (heliotrope rash) with edema,
and erythematous, scaly lesions over the knuckles. The
presence of necrotic skin ulcerations and pruritus appears to
occur more frequently when the DM is paraneoplastic than
without a cancer association [165].

DM occurs more often in women at a 2:1 ratio and about
30% of cases are paraneoplastic [166]. The risk of devel-
oping cancer is highest within the first 3 years of DM
onset although the cancer diagnosis may precede or be
concurrent with the DM diagnosis [167, 168]. In women the
most common tumors are ovarian and breast cancer, and in
men, lung and gastrointestinal cancer. In an Asian popula-
tion there was an over-representation of nasopharyngeal
carcinoma [169]. An association with cancer has not been
demonstrated in childhood DM.

Clinical, electromyographic, and pathological findings of
DM are similar in patients with and without cancer. Patients
typically present with proximal muscle weakness of suba-
cute onset and elevated levels of muscle enzymes. Elec-
tromyographic features include short, small, polyphasic
motor unit potentials, fibrillations, sharp waves, insertional
irritability, and high-frequency repetitive discharges [170].
The muscle biopsy shows degeneration, regeneration,
necrosis, phagocytosis, and an interstitial mononuclear
infiltrate [171, 172]. Neck flexors and pharyngeal and res-
piratory muscles are commonly involved; their dysfunction
may result in aspiration and hypoventilation and contribute
to death. Reflexes and sensory exam are normal. There is a
subset of DM patients who develop cutaneous involvement
without clinically evident myopathy (amyopathic dermato-
myositis); MRI studies may show subclinical muscle
involvement [173].

A variety of autoantibodies have been described in
patients with DM. Studies suggest that antibodies to tran-
scription intermediary factor 1c (TIFc) and/or nuclear matrix
protein (NXP2) are useful markers of a paraneoplastic origin
of the DM [174–176]. In one study, at least one of these two
antibodies was present in 83% of patients with cancer-
associated DM, compared with 51% of patients without
cancer [177].

Other than treatment of the underlying cancer, the general
approach to treatment of DM is the same whether paraneo-
plastic or not. Corticosteroids and methotrexate are the most
commonly used medications while IVIg and/or cyclosporine
are used in refractory or intolerant patients [11]. Other
immunomodulatory treatments reported as useful in severe,
refractory cases include mycophenolate mofetil, tacrolimus,
and rituximab [178, 179].

Patients with graft versus host disease (GVHD) may
develop symptoms that resemble those associated with DM.
Treatment with cyclosporine or tacrolimus in association
with corticosteroids often results in improvement [180, 181].

Acute Necrotizing Myopathy

Patients with this disorder develop subacute or less com-
monly acute muscle pain and symmetric proximal weakness,
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associated with high levels of serum creatine kinase. The
disorder evolves rapidly to generalized weakness, which
involves pharyngeal and respiratory muscles, often leading
to death in a few weeks. Several types of tumors are
involved including SCLC, cancer of the gastrointestinal tract
(stomach, colon, gall bladder, pancreas), breast, kidney and
prostate [182]. Muscle biopsy shows prominent necrosis
with little or absent inflammation and macrophages that are
seen around the necrotic fibers [183, 184]. In cancer patients,
the differential diagnosis should include chemotherapy and
cytokine-induced (IL-2, interferon-a) rhabdomyolysis [185].
In one series of eight patients, three who had cancer, all
patients improved with prolonged immunotherapy, mostly
high-dose prednisone and IVIg [184]. One patient with
SCLC and severe weakness from biopsy proven necrotizing
myopathy had marked improvement over 3 months with
tumor treatment (chemoradiation) in the absence of
immunotherapy [186].
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14Neurologic Complications of Radiation
Therapy

Damien Ricard, Thomas Durand, Arnault Tauziède-Espariat,
Delphine Leclercq, and Dimitri Psimaras

Introduction

Radiation therapy (RT) has a key role in oncology but is
associated with significant, sometimes life-threatening neu-
rotoxicity. The development of new techniques (such as
radiosurgery or brachytherapy) has widened the indications
of RT to more benign lesions (e.g., trigeminal neuralgia or
vascular malformations), and has increased rates of long-term
survivors who may develop late toxicity. Thus, complications
of RT have garnered increasing interest. Neural tissue toler-
ance depends on several currently well-defined factors such
as volume, total dose, dose per fraction, and duration of
irradiation. In addition, other factors that may increase the
risk of radiation-induced toxicity are older age, concurrent
diseases (such as diabetes, vascular diseases), adjuvant
chemotherapy, and probably genetic predisposition [1–3].
The adverse neurological effects of radiotherapy are usually
classified according to the time course in relation to irradia-
tion and include acute disorders (days to weeks),
early-delayed complications (1–6 months) and late-delayed

complications (more than 6 months) (Table 14.1). Radiation
damage may be direct to the central or peripheral nervous
system or secondary to vascular or endocrine lesions, or to
the development of a radiation-induced tumor.

Sequelae of Radiation Therapy to the Brain

Acute Encephalopathy

Acute encephalopathy usually appears within 2 weeks after
the beginning of cranial RT, often a few hours after delivery
of the first fraction. The patient presents with nausea and
vomiting, drowsiness, headache, dysarthria, and a worsening
of pre-existing neurological deficits, sometimes associated
with fever. T2 hyperintensities on MRI may be seen
according to a recent case report [4]. The clinical course is
usually favorable, but herniation and death have been
reported in patients with large tumors who have already
presented with intracranial hypertension (e.g., with multiple
metastases, posterior fossa, or intraventricular tumors).
Large doses per fraction (usually >3 Gy/fraction) are the
main risk factor: Young et al. [5] reported acute radiation
damage in 50% of patients with brain metastases treated with
15 Gy in two fractions to the whole brain, and Hindo et al.
[6] reported four deaths within 48 h of a 10 Gy RT given in
one fraction. As these large doses are no longer in use, this
syndrome is rarely seen. However, a minor form of this
condition occurs in many patients, consisting of nausea and
moderate headache occurring within hours following cranial
irradiation. The pathophysiology of acute complications
supposedly results from radiation-induced blood–brain bar-
rier (BBB) disruption, resulting in a rise in intracranial
pressure [7]. Steroids may help in preventing or limiting the
consequences of acute encephalopathy, especially in patients
with large primary or secondary brain tumors or with con-
siderable edema particularly at risk of herniation. In such
patients, daily doses of steroids of at least 16 mg
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dexamethasone should be prescribed 48–72 h before the first
fraction; a limited dose per fraction (2 Gy or less per frac-
tion) is also recommended in this situation [8, 9]. An
encouraging double-blind randomized placebo-controlled
trial has demonstrated in 44 patients that Boswellia serrata
derived from Indian frankincense may protect against
radiotherapy-induced acute edema [10]. To prevent this
complication, surgical debulking should ideally be carried
out before starting RT treatment.

Early-Delayed Complications of RT

Several early-delayed clinical patterns have been described
(Table 14.1). They occur 2 weeks to 6 months after RT. The
pathophysiology is thought to a transient demyelinating
process triggered by BBB disruption and/or selective
oligodendrocyte dysfunction.

Somnolence Syndrome
This condition was first described in the late 1920s in chil-
dren receiving low-dose RT for scalp ringworm. Several
studies reported cases of children who developed somno-
lence syndrome 5–8 weeks after prophylactic cranial RT for
leukemia [11, 12]; other reports have shown that it also
occurs in adults. The incidence of somnolence syndrome
varies greatly (with figures ranging from 8 [12] to 84% [13]);
this difference is related to various factors including tumor
type, radiation dose, fractionation, and diagnostic criteria
[14]. Prominent symptoms include drowsiness, somnolence,
nausea, and anorexia. Headache and/or fever may also be
reported. Friends or family often notice irritability, atten-
tional deficits, and short-term memory impairment. The
clinical severity of this complication is variable, with
extremes ranging from minimal disorders to
sleeping >20 h/day [12]. MRI studies are not contributory.

Electroencephalographic abnormalities include nonspecific
diffuse slow waves [14]. Most studies report a monophasic
course of symptoms, usually with a favorable outcome
within a few weeks. However, a prospective study of 19
adults treated for primary brain tumors with cranial RT (45–
55 Gy) reported a biphasic pattern of symptoms with two
critical periods (from the 11th to the 21st day and from the
31st to the 35th day) following RT [15]. Furthermore, in this
study, an accelerated fractionation led to significantly more
severe drowsiness and fatigue than a conventional scheme.
Some authors advocate the use of steroids during and after
radiotherapy as prophylactic or symptomatic treatment [16].
A prospective double-blind randomized trial in leukemic
children found that a dose of 4 mg/m2 of dexamethasone
during cranial radiotherapy reduced the incidence of som-
nolence syndrome (17.6% vs. 64.3%) as compared to a dose
of 2 mg/m2 [17].

Worsening of Pre-existing Symptoms, or Tumor
Pseudoprogression
In patients under treatment for malignant brain tumors, a
worsening of pre-existing neurological focal deficits leads to
concerns of tumor progression, especially when observed in
association with features of the somnolence syndrome and
with transitory cognitive impairment. This complication
arises within 6 weeks to 3 months after RT, and is clinically
impossible to differentiate from progressive disease. Neu-
roimaging may be normal or show edema and increased
contrast enhancement within the tumor bed, a situation that
does not allow this syndrome to be differentiated from tumor
recurrence and explains why inclusion of patients in exper-
imental regimens for “recurrence” is not indicated during
this period [18]; it is worthwhile noting that this radiological
pattern can also be associated with no clinical worsening.
Pseudoprogression rates can reach 20% after concomitant
temozolomide and radiotherapy regimen used to treat

Table 14.1 Main neurological complications of radiotherapy

Site Acute complication (<4 weeks
after RT)

Early-delayed complications (1–6 month
after RT)

Late-delayed complications (>6 month
after RT)

Brain • Acute encephalopathy • Somnolence syndrome
• Worsening of pre-existing symptoms
• Transient cognitive impairments
• Subacute rhombencephalitis

• Focal brain radionecrosis
• Cognitive impairment and
leukoencephalopathy

• Secondary brain tumors

Spinal cord • Lhermitte’s sign • Focal spinal radionecrosis
• Progressive myelopathy
• Spinal hemorrhage

Cranial
nerves

• Transient hearing loss
• Anosmia
• Ageusia

• Hearing loss
• Visual loss
• Lower cranial nerves palsies

Peripheral
nerves

• Paresthesiae • Brachial or lumbosacral plexopathy
(transient)

• Brachial or lumbosacral plexopathy
• Malignant nerve sheath tumors
• Lower motor neuron syndrome
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glioblastoma and may be associated with better long-term
tumor control tumor [19]. Improvement usually follows
within a few weeks or months and a follow-up MR scan will
commonly show spontaneous regression within 4–8 weeks
(Fig. 14.1a–h). As in the somnolence syndrome, the treat-
ment relies upon supportive care with steroids. Improve-
ments in imaging techniques such as magnetic resonance
spectroscopy (MRS) and perfusion may help in distin-
guishing between pseudoprogression and true progression
with signs such as subependymal spread of the enhancing
lesion [20] but is limited by the fact that residual tumor is
often still present within the irradiated area [21].

Transient Cognitive Decline
A transient cognitive decline can be observed within the first
6 months after cranial RT, mainly affecting attention and
recent memory, and may sometimes be associated with a
somnolence syndrome. Armstrong et al. [22] prospectively
followed 5 patients treated for primary brain tumors: mem-
ory impairment was conspicuous in all patients 1.5 months
after focal cranial RT (43–63 Gy), but complete regression
was observed after 2.5–10.5 months.

In another prospective study by Vigliani et al. [23]
comparing 17 patients treated with focal cranial RT (54 Gy)
for good prognosis gliomas and 14 matched control patients
who did not undergo RT, 36% of the patients had a signif-
icant early-delayed impairment of their reaction test, with a
return to normal baseline performance 12 months after RT.
This test result was correlated with their occupational status:
69% of the patients could not work at 6 months, whereas
73% had continued or resumed their job at 1 year.

A recent study [24] investigated the cognitive status and
radiological abnormalities during the first months after
radiochemotherapy in 39 high-grade glioma patients.
Seventy per cent of patients experienced cognitive stability
or improvement whereas 30% declined. However, 80% of
the decliners showed tumor progression during the following
4 months. The authors could not demonstrate a clear asso-
ciation between cognitive impairments and post-treatment
radiographic changes in this study. Hahn et al. [25] showed a
dose-dependent correlation between metabolism decrease in
brain areas treated with >40 Gy and performances in prob-
lem solving and cognitive flexibility during the first
6 months after radiotherapy for CNS tumors.

However, transient cognitive decline is not always
observed [26–28] and seems to vary according to patient and
mental function involved. In our experience, informing
patients about the possible difficulty in returning to a normal
life (particularly work) at least during the first 6 months
following radiotherapy is useful. Brain irradiation patterns
limiting the hippocampal dose may limit subacute cognitive
decline in brain and head and neck tumor patients [29, 30].
Although severe and, in some cases, persistent early-delayed

symptoms have been occasionally reported [31], it is of note
that transient cognitive impairment does not appear to be a
clear-cut predictive factor for subsequent development of
long-term cognitive disorders.

Subacute Rhombencephalitis
Distinct from brainstem radionecrosis, which occurs later,
early-delayed subacute rhombencephalitis may be observed
1–3 months after RT using portals involving the brainstem,
as for ocular, pituitary, or head and neck tumors. The clinical
picture includes ataxia, dysarthria, diplopia, and/or nystag-
mus as well as auditory loss. In some cases, the cere-
brospinal fluid analysis shows inflammatory changes. MRI
may demonstrate white matter abnormalities appearing as
grossly round or more extensive T1-weighted hypointensi-
ties and T2-weighted hyperintensities affecting the brain
stem and cerebellar peduncles; the lesions may enhance after
gadolinium injection [32, 33]. The condition usually
improves progressively over a few weeks to months, either
spontaneously or with steroids, but coma and death have
been reported in rare cases [34, 35].

Late-Delayed Complications of RT

Two principal delayed complications may follow RT, usu-
ally after more than 6 months: focal radionecrosis and
mild-to-severe cognitive impairment associated with leu-
coencephalopathy. These adverse effects may occasionally
be delayed many years.

Focal Brain Radionecrosis
Focal radionecrosis constitutes a challenging complication
of radiation therapy because it appears as a bulky
contrast-enhancing lesion often mimicking tumor recurrence
and its functional consequences can be devastating. This
complication may occur not only in patients who received
focal RT for a primary or metastatic brain tumor but also in
patients without brain lesions with a history of RT for
extraparenchymal lesions, in whom normal brain was
included in the radiation field (e.g., head and neck or pitu-
itary tumors, meningiomas, skull osteosarcomas). A classic
example is the bilateral medial temporal lobe necrosis that
results from RT for pituitary or nasopharyngeal tumors
(Fig. 14.2a–d). This once frequent complication of conven-
tional RT has become rare over the last 20 years, as a con-
sequence of the generalized use of safer radiation protocols.
It has been shown that the upper limits of a “safe dose” were
defined by a total dose of 55–60 Gy administered to a focal
field with fractions of 1.8–2 Gy per day [36]. The chief risk
factors are age at radiation and concurrent chemotherapy
with a 5-year toxicity ranging from 27 to 37% in patients
with nasopharyngeal carcinomas [37]. The focal delivery of
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Fig. 14.1 a–h Tumor “pseudoprogression”. A 59-year-old patient
treated by surgery followed by radiochemotherapy for a left
temporo-occipital glioblastoma. 2 months after the end of
radiochemotherapy, MRI suggested tumor progression based on the
increased tumor volume. The tumor volume decreased 3 months later.
a Postsurgery axial T1 gadolinium. b Postsurgery axial T2 FLAIR.

c 2 months post-radiochemotherapy axial T1 gadolinium. d 2 months
post-radiochemotherapy axial T2 FLAIR. e 2 months
post-radiochemotherapy perfusion-weighted curves showed an absence
of neoangiogenesis. f 2 months post-radiochemotherapy axial
perfusion-weighted image. g 5 months post-radiochemotherapy axial
T1 gadolinium. h 5 months post-radiochemotherapy axial T2 FLAIR
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a single large radiation fraction during “radiosurgery” may
also lead to focal necrosis of the brain adjacent to the irra-
diated lesion [38]. In arteriovenous malformations (AVM),
the incidence of brain necrosis ranges from <5 to 20% of
cases, with location and volume found to be the main risk
factors [39–41] with an individual and unpredictable sensi-
tivity to ionizing radiation [42]. After standard RT, radiation
necrosis generally occurs within 1–2 years [43], but it has
been observed after several decades. As described above,
shorter latencies (as short as 3 months) have also been
reported, especially in patients treated with interstitial
brachytherapy [44] or radiosurgery.

Histopathologically, focal brain radionecrosis is charac-
terized by prominent vascular damages including vascular
fibrosis/hyalinization with luminal stenosis, thrombosis,
hemorrhage, fibrinous exudates, telangiectasias, and

fibrinoid vascular necrosis (Fig. 14.3a–d) [45]. These fea-
tures are associated with edema of brain parenchyma due to
disruptions in the blood–brain barrier and parenchymal
necrosis. Other common histopathological findings are cal-
cifications, histiocytic infiltrates, and hyalinized and dilated
blood vessels with enlargement of parenchymal Virchow–
Robin spaces (Fig. 14.4a–d) [45]. The brain parenchyma
often contains dystrophic neurons and reactive astrocytes
that may be very atypical with pleomorphism and bizarre
nuclei [45]. Those changes may raise the differential diag-
nosis of radiation-induced glioma. Nevertheless, those
findings are not associated with high mitotic index or high
MIB-1 labeling index as a tumor would have.

The pathophysiology of focal brain radionecrosis is not
well understood. Kamiryo et al. [46] followed changes in the
rat brain within one year of radiation at doses of 50, 75, and

Fig. 14.2 a–d Bi-temporal
radionecrosis. a 69-year-old
patient treated for a clival
chordoma with radiotherapy (20
fractions of 1.8 Gy with
tomotherapy and 21 fractions of
1.8 Gy with proton therapy).
3 years later, the patient
developed memory impairment.
a Axial T1 gadolinium shows
large heterogeneous
contrast-enhanced lesion in each
temporal lobe. b Axial T2 FLAIR
is suggestive of perilesionnal
edema. c Axial T2* shows some
microbleeds. d Axial
perfusion-weighted image
indicates no neo-angiogenesis
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Fig. 14.3 a–d Focal brain
radionecrosis. Histopathological
findings of focal brain
radionecrosis. a Hyperplasia of
thickened and hyalinized vessels
(HES, 60� magnification).
b Telangiectatic proliferation of
vessels with hemorrhage and
some inflammatory cells (HES,
70� magnification). c Hyaline
necrosis with ghostly vessels
(HES, 70� magnification).
d Pallor of the white matter due to
loss of myelin (HES,
40� magnification)

Fig. 14.4 a–d Focal brain
radionecrosis. Histopathological
findings of focal brain
radionecrosis. a Calcifications
(HES, 60� magnification).
b histiocytic inflammation (HES,
70� magnification).
c Enlargement of Virchow-Robin
spaces (HES,
70� magnification). d Gliosis in
the adjacent white matter with
dystrophic astrocytes (HES,
100� magnification)
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120 Gy mimicking therapeutic radiosurgery. The authors
observed time- and dose-dependent changes. The first
lesions to appear were morphological changes in astrocytes
followed by vasodilation and fibrin deposition in capillary
walls for all the studied doses. BBB leakage (Blue Evans
permeability assay) was observed only after 75 and 120 Gy
and necrosis only after 120 Gy.

An earlier study by Calvo et al. [47] focused on
radiation-induced damage in the choroid plexus of the rat
brain after a single dose of 17.5–25 Gy. They observed early
morphological changes in the epithelial cells, followed by
interstitial fibrosis associated with degenerative changes of
arterioles and thrombi. Severity of lesions was dose and
time-dependent. The same authors showed that necrosis was
more frequent and occurred earlier in the fimbria than in the
internal capsule and corpus callosum. They found a corre-
lation between the incidence of necrosis in the white matter
seen after a latent interval of 26 weeks and earlier changes in
the vasculature such as blood vessel dilatation, blood vessel
wall thickening, endothelial cell nuclear enlargement, and
hypertrophy of perivascular astrocytes suggesting a contin-
uous long-lasting mechanism induced by irradiation.
Necrosis would be a consequence of ischemia secondary to
blood vessel damage. At the molecular level, VEGF seems
to play a pivotal role in the endothelial cell loss [48]. This
progressive loss would eventually lead to overt necrosis
[49]. Despite these findings, several points argue against a
purely ischemic model: first, neurons are very sensitive to
ischemia and should be prominently damaged if the lesion
was primarily vascular whereas neurons are in fact largely
spared during radionecrosis [50]. Second, vascular damage
is not always present in radionecrosis [51]. Other cellular
mechanisms may be involved and perpetuate vascular
damage or contribute to edema, gliosis, and demyelination in
the brain, such as upregulation of diverse adhesion mole-
cules [52], production of cytokines [53, 54] or cumulative
oxidative stress in endothelial cells.

Patients may experience seizures (first symptom in about
50% of cases), intracranial hypertension and/or focal neuro-
logical deficits [55–57]. Such symptoms closely mimic tumor
recurrence or progression. Diagnosing radiation necrosis is
often a challenge. In many cases, CT and MR scans show a
tumor-like pattern, often indistinguishable from tumor pro-
gression or recurrence [58]. White matter FLAIR hyperin-
tense lesions are the first imaging manifestation of focal brain
radionecrosis. Contrast-enhanced lesions develop after white
matter hyperintensities; their appearance changes with size,
with an increasing tendency to necrosis with increasing size.
Cysts are the least frequent and develop in the late stage of
brain focal radionecrosis, always arising from a
contrast-enhanced lesion that has undergone necrosis [59]. As
diagnostic assessment based on clinical and standard neu-
roimaging data is difficult, many studies have tried to address

the problem of noninvasive differentiation between tumor
recurrence/progression and radionecrosis. Positron emission
tomography (PET) with 18F-fluorodeoxyglucose [60] or
18F-Dopa [61] or 11C-methionine, single photon emission
computed tomography (SPECT) with 201thallium or marked
methoxy-isobutyl-isonitrile (99mTc-MIBI) [62] and the use
of 3-[(123)I]iodo-alpha-methyl-l-tyrosine (IMT) [63, 64]
have been used to assess the nature of the lesions. In typical
cases, radionecrosis is characterized by hypometabolism and
tumoral growth by hypermetabolism but results have been
obtained on small series and standardization of detection
thresholds is still awaited among teams [65]. The develop-
ment of magnetic resonance spectroscopy (MRS) may help
[66] as spectral analysis of necrosis areas shows an overall,
harmonious decrease of metabolite peaks, and a possible
increase of lipids corresponding to cellular necrosis; no lac-
tate peak is observed [67, 68]. However, none of these tech-
niques offers 100% sensitivity or specificity [69, 70]. One of
the reasons for limitations is the frequent co-existence of
radiation-induced necrosis with viable tumor tissue within the
same area, a situation that obviously renders clear-cut dis-
tinction impossible [8, 65]. In some cases, angiography may
provide further information, with an avascular mass seen in
patients with radionecrosis; however, the risks and benefits of
this procedure must be carefully weighed. While neu-
ropathological examination remains the standard of diagnosis
[71], even pathological analysis may be difficult because of
the frequent mixture of both residual/recurrent tumor and
radiation necrosis within the lesion [45].

Focal radionecrosis is sometimes spontaneously reversible
even in the setting of a contrast-enhancing lesion [59].
Nevertheless, resection of a necrotic mass is often the best
treatment in symptomatic cases. Steroids are generally used,
with possible long-term improvement [8]; steroid depen-
dence does occur. Other treatments have been reported in this
setting, but their efficacy has not yet been addressed in large
studies: anticoagulants have been prescribed by Glantz et al.
[72] in 8 glioma patients (7 with histological evidence of
necrosis) after the failure of steroids, leading to improvement
in 5 patients. In our experience, anticoagulants have been
somewhat disappointing. Some authors have advocated the
use of hyperbaric oxygen (HBO) , with the rationale that
HBO increases the tissue pO2 and enhances angiogenesis.
Chuba et al. [73] treated 10 patients with CNS radionecrosis
(biopsy-proven by biopsy in 8) with 100% oxygen for 90–
120 min/session for at least 20 sessions. All patients stabi-
lized or improved initially, and the 6 surviving patients
showed durable improvement after 3–36 months. However,
most patients were given steroids, and the respective effect of
each treatment is not clear. HBO treatment was also reported
to improve radionecrosis due to radiosurgery [74, 75]. The
possible role of HBO in radiation-induced neurotoxicity
needs to be evaluated in prospective trials [76]. Other drugs
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or combinations such as pentoxifylline, alpha-tocopherol
[77], low-iron diet, desferrioxamine, and pentobarbital [1]
have also been proposed occasionally without definite evi-
dence of efficacy. The usefulness of radioprotective agents
such as difluoromethylornithine (DMO) [78], U-74389G (a
21 aminosteroid) [79], or others [80–83], in reducing the risk
of necrosis have been proved efficient in preclinical studies
and request confirmation in clinical trials. There are
increasing data about short-course bevacizumab therapy used
for cerebral radiation necrosis, with symptomatic positive
effects in case reports, small case series and one 14-patient
randomized double-blind study [84]. Tye et al. [85] reviewed
16 publications from 2007 to 2012, including 71 cases where
bevacizumab was administered for the treatment of focal
brain radiation necrosis; 97% of the patients showed radio-
graphic improvement and 79% improved performance status
after treatment with bevacizumab. Bevacizumab is thus rec-
ommended in the second line setting following
corticosteroids.

Cognitive Dysfunction and Leukoencephalopathy
Late-delayed cognitive impairment covers a wide continuum
of patterns ranging from mild dysfunction to severe (and
sometimes fatal) dementia, and has become an important
concern over the last 20 years. The impact (and awareness)
of this complication has grown because of both a better
assessment of cognition and quality of life in clinical prac-
tice and the growing population of long-term survivors with
tumor stability or remission.

Attributing all cognitive dysfunction to RT alone would
result in a considerable overestimate of the incidence of
radiation-induced sequelae. Cognitive impairment may be
the consequence of complex interactions [3, 86, 87] between
pre-existing cognitive abnormalities (especially in the case
of brain tumors), brain tumor growth, concomitant treat-
ments (such as chemotherapy, antiepileptic [88] or psy-
chotropic drugs), paraneoplastic encephalomyelitis, and
endocrine dysfunction. In practice, this should lead to an
individualized workup in patients with potential
radiation-induced cognitive impairment, but also to a careful
and critical interpretation of the higher cognitive dysfunction
rates found in the literature. Although high-dose per fraction
(>2 Gy) is an important risk factor for induced cognitive
impairments, decreases in cognitive function are also
observed with small daily radiation doses [89].

Studies suggest that RT alone plays a more limited role in
cognitive decline when using modern radiation techniques
and fractionation schedules [27, 90, 91, 92]. Nevertheless,
several factors have been clearly linked to an increased risk
of radiation-induced cognitive impairment: (i) Advancing
age at brain irradiation: several studies have demonstrated
that demented patients were clearly older (55–60 years) than

non-demented patients (<45 year old) [93–96]; (ii) Large
radiation doses, particularly when fractions over 2 Gy are
used; (iii) Large irradiated brain volume: this factor may
also increase the risk of cognitive impairment; the rate of
RT-induced cognitive dysfunction [94, 95, 97, 98] may be as
high as 50% in patients receiving whole brain radiotherapy
(WBRT), whereas the precise incidence of cognitive
impairment after focal brain radiotherapy is difficult to assess
because of contradictory figures in the literature; (iv) Com-
bined treatment: the incidence of dementia in patients treated
with combined RT and chemotherapy ranges from 4 to 63%.
Methotrexate (MTX) is clearly implicated in combined
toxicity; neurotoxic by itself, it is responsible for frequent
cognitive dysfunction when associated with RT. In children,
most studies to date have concluded that the combination of
cranial irradiation and intrathecal MTX was associated with
declines in both IQ and achievement scores [99]. In adults
treated with WBRT (40 Gy + 14 Gy boost) and a combi-
nation of intravenous and intrathecal MTX for CNS lym-
phoma, the incidence of severe progressive cognitive
impairment increases with age, reaching 83% in patients
over 60 years [96, 100, 101, 102]. The timing of MTX
chemotherapy is important because the cognitive dysfunc-
tion rate is higher whenever MTX is prescribed during or
after RT. This drug should therefore be given before irra-
diation. Data regarding the neurotoxicity of other combina-
tions are sparse, but agents such as nitrosourea, cisplatin,
etoposide, cytarabine, or actinomycin D are also suspected to
increase radiation-induced cognitive toxicity. Multidrug
regimens or high-dose chemotherapy combined with WBRT
are probably associated with a higher risk of neurotoxicity
[103]. Although there is a continuum between
mild-to-moderate cognitive impairment and severe fatal
dementia, we will consider the two conditions separately.

Radiation-Induced Mild-to-Moderate Cognitive Impairment

Mild-to-moderate cognitive dysfunction is more frequent
in long-term survivors than frank dementia. The features of
this condition are incompletely defined, as results vary
across studies, likely attributable to neuropsychological
evaluation procedures, duration of follow-up and population
discrepancies [104]. Thus, the incidence of cognitive
decrement related to radiation is difficult to evaluate. With
anaplastic oligodendrogliomas and oligoastrocytomas,
Habets et al. [92] reported that 30% of 32 progression-free
patients were severely and 44% mildly impaired 2.5 years
after initial chemoradiotherapy treatment. The most affected
domains were psychomotor functions, attention and working
memory, but these domains also manifested high interindi-
vidual variability. Further more, executive functioning and
information speed processing were often weak, with results
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ranging from normal to pathologic. In another study, Douw
et al. [89] explored the cognitive status of 65 low-grade
glioma patients after a long-term follow-up (mean of
12 years, range 6–28 years) and observed that 53% of the
patients who received radiotherapy were impaired in at least
5/18 neuropsychological test versus 27% in the patients who
did not had radiotherapy. The most impaired functions were
attention, executive functions, and information speed pro-
cessing. Thus, radiation-induced cognitive impairment
mainly affects attention, executive functioning, and infor-
mation speed processing, while intellectual functions are
generally preserved on neuropsychological evaluations [3,
86]. Nevertheless, most patients have to decrease or even
discontinue their professional activities. These functions
involve fontal corticosubcortical networks on which atrophy
of white matter lesions can be observed. At this stage, CT
scan may be abnormal, showing periventricular hypodensi-
ties, an increase in the normal interface between white and
gray matter, and ventricular enlargement. However, there
seems to be no correlation between CT scan abnormalities
and the degree of cognitive impairment. MRI shows variable
degrees of T2-weighted hyperintensities in the white matter
but the functional correlate is not clear [24]. Fractional
anisotropy may prove an interesting biomarker in
normal-appearing white matter of patients treated with brain
radiotherapy [105].

The course of radiation-related cognitive decline is diffi-
cult to predict: some patients deteriorate slowly while the
majority apparently remain stable. Progression to dementia
is seldom reported. There is no recognized treatment for this
syndrome, although some authors have advocated the use of
methylphenidate [106–108], anticholinesterase drugs [109,
110], memantine [111], or modafinil [108, 112, 113] for
symptomatic relief. Psychological interventions may be
useful [114, 115], as well as other non-pharmacological
interventions like hyperbaric oxygen therapy [116], but solid
replicated results are lacking. Day et al. [117] reviewed the
randomized controlled trials that evaluated interventions
aiming to reduce impairment related to cranial irradiation;
they concluded there was a beneficial effect of donepezil and
memantine despite limited studies.

Attempts to prevent cognitive impairment with potential
neuroprotective agents or treatment methods have been
made. Randomized trials have demonstrated that use of
Motexafin Gadolinium (MGd) may protect against cogni-
tive decline following whole brain radiation on cognition
[118–120], though this effect may be related to this agent’s
suppression of tumor growth. Phase 2 data suggest hip-
pocampal sparing during radiation may prevent memory loss
from fractionated radiotherapy for brain metastases [30,
121]. Sparing of other structures critical to cognitive

functions (e.g., corpus callosum, frontal lobes, posterior
fossa) might result in reducing neurotoxicity but unfortu-
nately dose–response data are missing [122].

Other agents have been proposed for a potential neuro-
protective effect, including erythropoietin (EPO) [123–125],
lithium [126], and free-radical scavengers such as amifostine
or angiotensin-converting enzyme inhibitors (ACEi) [127,
128].

Radiation-Induced Dementia

The incidence of this devastating complication varies widely
in the literature (from 0% to more than 60%) according to
the series. In a large review of several studies comprising
748 adult patients, the incidence of severe cognitive
impairment compatible with dementia was at least 12.3%
[129]. More recent studies and clinical practice are more
reassuring [96, 130].

A “subcortical dementia” pattern that probably reflects
the consequences of diffuse white matter injury characterizes
the clinical picture.

The histopathological lesions of this radiation-induced
leukoencephalopathy are similar to focal brain radionecrosis,
consisting of well-demarcated areas of disseminated white
matter necrosis (Fig. 14.5), myelin pallor and axonal alter-
ations (which appear swollen and fragmented with calcifi-
cations), spongiosis, histiocytic inflammation, white matter
gliosis, fibrotic thickening of small blood vessels in the deep
white matter (Fig. 14.6), and atherosclerosis of the large
vessels. Its pathogenesis remains unclear. Due to the diffi-
culty in obtaining human tissue, histopathological studies of
irradiated brains in human are scarce. However, a few

Fig. 14.5 Radiation-induced leukoencephalopathy. Histopathological
findings of radiation-induced leukoencephalopathy showing
well-defined limitation between the areas of necrosis (asterisk) and
preserved brain parenchyma (surrounded zone) (HES,
25� magnification)
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autopsy studies in adults and children are available and show
similar features of vascular and demyelinating lesions at
light microscopic level. Lai et al. [131] studied the brain of 5
adult patients with primary CNS lymphoma who were in
complete remission but who died after combined modality
therapy with WBRT and chemotherapy. The MRI showed
cerebral atrophy, ventricular dilatation, and white matter
hyperintensity on FLAIR and T2 images. Occasional
enhancing lesions were observed. The histopathological
lesions were myelin and axonal loss, spongiosis, gliosis in
white matter, fibrotic thickening of small blood vessels in the
deep white matter and atherosclerosis of the large vessels in
the circle of Willis. All patients but one were older than 60,
and symptoms of neurotoxicity developed within 3 months
of completion of treatment. Another autopsy study included
34 children with gliomas, 22 of whom had undergone CNS
radiation therapy [132]. Causes of death were not detailed in
this study and cognitive status of children before they died
was unknown. Lesions such as demyelination, focal necro-
sis, cortical atrophy, endothelial proliferation, vascular
thrombosis, vascular thickening were more frequently
observed in irradiated brains, whereas neuronal degenera-
tion, cerebral edema, and gliosis were common in both
irradiated and unirradiated brains. Demyelination was
observed at all time points from 6 months but was more
common 9+ months after radiotherapy. Vascular changes
were a late effect of radiation injury. Panagiotakos et al.
[133] performed an original and extensive study on human
normal and irradiated white matter brain samples from sur-
gical biopsies of peritumoral glial tissue. Samples from
irradiated patients exhibited persistent loss of oligoprogeni-
tors starting as early as 2 months after radiation, whereas the
decline of more mature oligodendrocytes only started
beyond a year after irradiation. Early and transitory

endothelial cell loss was noted. Myelin sheaths showed signs
of degradation. Signs suggesting axonal damage were only
seen long after irradiation. Neuronal cell bodies seemed to
be spared from radiation injury.

Because histological examination usually shows both
vascular lesions and demyelination, vessels and glial cells
have often been considered as the primary target of postir-
radiation leukoencephalopathy [134]. A short discussion of
the main aspects of the pathophysiology of RT-related
injuries follows.

Vascular Damage

Transient disruption of the blood–brain barrier, possibly
initiated by sphingomyelinase-mediated endothelial apopto-
sis, is observed in animal models [45, 135, 136]. Thus, a
cascade could be initiated at the time of irradiation, pro-
ducing gradual cell loss throughout the clinically silent
period. At the molecular level, VEGF seems to play a pivotal
role in the endothelial cell loss [48]. This progressive loss
would eventually lead to overt necrosis [49]. Despite these
findings, several points argue against a purely ischemic
model: first, neurons are very sensitive to ischemia and
should be prominently damaged if the lesion was primarily
vascular whereas neurons are in fact largely spared during
radiation-induced leukoencephalopathy [50]. Second, vas-
cular damage is not always present in animal models [51].
Other cellular mechanisms may be involved and perpetuate
vascular damage or contribute to edema, gliosis, and
demyelination in the brain, such as upregulation of diverse
adhesion molecules [52], production of cytokines [53, 54] or
cumulative oxidative stress in endothelial cells.

Oligodendrocytes

The demyelinating lesions observed after RT underscore the
putative role of oligodendrocytes as a target of radiation
damage. Oligodendrocytes are responsible for the produc-
tion of the myelin sheath in the CNS and derive from pro-
genitor cells such as O2A. CNS radiation induces depletion
of oligodendrocytes and suppresses, at least transiently, the
production of oligodendrocytes progenitors [137–139],
possibly through a p53-dependent pathway [140–142].
However, the contribution of demyelination to tissue
destruction remains questionable since severely demyeli-
nating conditions such as multiple sclerosis do not lead to
overt necrosis [50].

Other CNS Cell Types

Several studies have focused on the potential role of neu-
rons, astrocytes, and microglia in the development of

Fig. 14.6 Radiation-induced leukoencephalopathy. Histopathological
findings of radiation-induced leukoencephalopathy showing pallor of
the white matter (asterisk) associated with gliosis and fibrotic
thickening of small blood vessels (arrow) (HES, 80� magnification)
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radiation-induced lesions, either as primary targets or
through alterations of their regulatory capacity [143–145].
Particularly noteworthy is the possible role of microglia
[146] that may enhance radiation injury through persistent
oxidative stress [147]. Radiation damage to the subventric-
ular zone, a tissue containing glial and neural stem cells, was
reported more than 40 years ago [148]. Others studies have
found a dose-dependent reduction of neural stem cells of the
subependyma after irradiation in this region [149, 150].
Their implication in radiation injury thus seems probable but
remains to be elucidated. As a whole, the development of
radiation injury is complex, and results from interactions
between vascular cells and oligodendrocytes, as well as
neural stem cells and the physiological responses of these
cells to injury.

Patients present with progressive memory and attention
deficits, intellectual loss, gait abnormalities, emotional
lability, apathy, and fatigue [151]. The absence of halluci-
nations or delirium and the very unusual. Occurrence of
aphasia, agnosia, or apraxia (deficits suggesting cortical
involvement) are important clinical features for narrowing
the differential diagnosis, especially in elderly patients.
Depression is frequent, but antidepressants do not improve
cognitive function. Eventually, patients may develop gait
ataxia, incontinence, and sometimes a picture of akinetic
mutism. Nonspecific features such as seizures, pyramidal or
extrapyramidal signs, or tremor are also frequently encoun-
tered in the course of the disease. Neuroimaging always
shows diffuse white matter lesions, best seen on MRI as
T2-weighted hyperintensities, associated with cortical and
subcortical atrophy as well as ventricular enlargement

(Fig. 14.7a–c). When performed, the lumbar puncture usu-
ally shows normal-to-moderately elevated (<1 g/l) CSF
protein levels.

No specific treatment is currently able to cure
radiation-induced dementia. However, as the clinical fea-
tures are similar to those of normal pressure hydrocephalus,
some authors have advocated ventriculoperitoneal shunting;
this procedure does improve the quality of life in a few
selected patients [96, 152, 153]. In our experience, cognitive
and gait-oriented rehabilitation are usually helpful.

Deterioration occurs in about 80% of cases, leading to
death; stabilization is possible (18% of cases). Lasting
improvement is exceptional. Death generally occurs within
1–48 months after the onset of the disorder [154].

Other Long-Term Direct Brain Parenchyma
Radiation-Induced Lesions

Recent advances in high-grade gliomas treatment have
increased the awareness that progressive lesions on MRI do
not always mean tumor recurrence [18]. Importantly, the
possibility of pseudoprogression is not entirely restricted to
the early post-radiochemotherapy period [155].

It has also been suggested that post-radiation cortical
vasculopathy might lead to the occurrence of non-epileptic
reversible neurological symptoms, which have been descri-
bed as the SMART syndrome (Stroke-like Migraine Attacks
after Radiation Therapy) [156]. SMART syndrome is clini-
cally defined by episodic cephalalgia with transient focal
neurological deficit mimicking migraine aura years after

Fig. 14.7 a–c Radiationo-induced leukoencephalopathy.
A 67-year-old patient treated with partial surgery followed by
radiochemotherapy for a left parietal glioblastoma. MRI shows
progressive signs of leukoencephalopathy with periventricular diffuse

white mater hyperintensities and cortical atrophy. a Axial T2 FLAIR
after surgery and before radiochemotherapy. b Axial T2 FLAIR
5 months after radiotherapy. c Axial T2 FLAIR 15 months after
radiotherapy showing a progressive increase
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radiation for brain tumor. Interestingly, these symptoms are
associated with transient dramatic cortical gadolinium
enhancement of the affected cerebral hemisphere [156, 157]
(Fig. 14.8a–c).

Approximately half of patients with brain tumors develop
seizures during the course of their illness [158], and the
occurrence of a first seizure or the recurrence of epilepsy after
prolonged seizure control is frequently associated with tumor
relapse. However, brain tumor-related seizures can also result
in transientMRI abnormalities that canwrongly suggest tumor
progression. This phenomenon has recently been described
and called peri-ictal pseudoprogression (PIPG) [159].

Recently, 5 patients sharing some common features,
including a remote history of whole brain irradiation in
young to middle age, acute but long-lasting (4–24 days)
impaired consciousness (Glasgow Coma Scale score 3–10),
and clinical improvement after high-dose steroids were
reported [160]. Vigilance impairment rapidly progressed to
coma within 24–72 h. All patients required intermediate or
intensive care. Other neurologic signs and symptoms
included motor deficits and aphasia, headache, and visual
hallucinations. Several consecutive EEG recordings per-
formed during the acute phase showed bilateral/diffuse slow
abnormalities in all patients, with unilateral predominance.
MRI showed multiple bilateral areas of subcortical patchy
enhancement and focal leptomeningeal enhancement. These
were resolved at a follow-up MRI performed 5–8 months
later. This syndrome was termed ALERT, for acute late
onset leukoencephalopathy after radiotherapy.

Radiation-Induced Brain Tumors

The precise role of RT in the development of a tumor in any
given case is difficult to determine, in great part because
these tumors lack distinctive features compared to unirradi-
ated patients. However, data from animal and epidemio-
logical studies indicate that irradiated patients or animals are
more likely to develop a second brain tumor than would be
expected [161].

Several large studies have assessed the relative risk of
developing a radiation-induced tumor. A study of 10,834
patients treated with low-dose cranial and cervical irradiation
for Tinea capitis (mean dose to neural tissue: 1.5 Gy) found
a relative risk of developing a tumor of 6.9; the risk for
glioma was 2.6 [162].

In another study of 10,106 survivors of childhood cancers
[163], the relative risk of developing a secondary CNS tumor
was 7. Most other studies have found similar results [164,
165]. However, the risk is probably higher in patients treated
for acute lymphoblastic leukemia (ALL) : a large retro-
spective cohort study of 9720 children [166] found a relative
risk of developing a nervous system tumor as high as 22. In
another setting, a large study on second brain tumors in 426
patients with pituitary adenoma treated with surgery and
radiotherapy showed a 2.4% risk at 20 years [165].

Criteria for a radiation-induced tumor include: (a) long
interval between radiotherapy and the occurrence of the
second tumor (the mean onset delay is 12 years, with cases
ranging from 1 to 40 years); (b) tumor growth within the
radiation portal or at its margins; (c) a different histological

Fig. 14.8 a–c SMART syndrome. 72 year old patient treated for a
high-grade glioma with radiochemotherapy (30*2 Gy). 7 years after
the treatment, the patient presented with transitory cephalalgias, motor

deficit and right hemiparesis. a Axial T1. b Axial T1 with gadolinium
injection showing contrast-enhancing nodular pericortical lesions.
c Axial T2 FLAIR showing focal white mater hyperintensity
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subtype. After stereotactic radiosurgery, radiation-induced
neoplasms are extremely rare, with only four reported cases
[167]. Three types of tumors have been reported to be linked
with cranial irradiation: meningioma in about 70% of cases,
glioma in 20%, and sarcoma in fewer than 10%.

More than 900 cases [168] of radiation-induced menin-
giomas have been reported dating back to 1953 [169];
female predominance is less prominent than in spontaneous
meningiomas [170]. The risk of occurrence correlates with
radiation dose: low-dose RT induced a relative risk of 9.5 in
one study [162], whereas high-dose RT was linked to a
relative risk of 37 [164]. The tumor emerges after a long
latency period: a review found extremes ranging from 2 to
63 years (mean 18.7 years) after high-dose RT [171].

Histopathologically, the most frequent subtypes are
meningothelial and transitional (Fig. 14.9a–c), followed by
fibroblastic and angioblastic [172], but other meningioma
variants have been described after irradiation including
metaplastic meningiomas (xanthomatous, myxomatous)
[173, 174], chordoid meningiomas [175].

In the majority of cases, radiation-associated menin-
giomas are benign, multiple, and recurrent (World Health
Organization grade I) [168, 176]. Nevertheless, atypical
(grade II) or anaplastic (grade III) meningiomas have been
also frequently reported. They evidence features of malig-
nancy (Fig. 14.10a, b) such as nuclear pleomorphism with
great variation in nuclear size, shape and chromatin density,

high cellularity, increased mitotic figures, atypia and
necrotic changes [168, 172, 177, 178] and high MIB-1
labeling index. Other nonspecific findings include numerous
multinucleated and giant cells, thickened blood vessels and
vacuolated nuclear inclusions [168]. Radiation-induced
meningiomas are sporadic.

Cytogenetic studies have been performed in some
radiation-induced meningiomas and showed numerous
genetic alterations such as loss of 1p and 7p chromosomes
[179], loss of 22q12.2 [175], loss or deletion on choromo-
some 6 [180]. Indeed, these chromosomal alterations evoked
by radiation accelerate loss of cellular control mechanisms
and earlier expression of the neoplastic phenotype [181,
182]. Radiation-induced gliomas are much less frequent.
Since 1960, about 120 cases have been reported in the
English literature [183, 184]; fewer than half of these were
glioblastomas. In the group of patients treated with RT for
acute leukemia, multifocality occurred in 20% of cases. The
median delay of onset ranges from 6 to 9 years [184]. It is
well recognized that radiation-induced gliomas in children
are high grade [185]. Among these radiation-induced glio-
mas, all histopathological subtypes have been reported:
high-grade tumors such as glioblastoma, anaplastic astro-
cytoma or oligodendroglioma (Fig. 14.10a, b), but more
rarely low-grade tumors such as grade II diffuse astrocy-
tomas [186]. Gliosarcoma, characterized by mixed glial and
mesenchymal elements (Fig. 14.11a–c), is a classical

Fig. 14.9 a–
c Radiation-induced
meningiomas. Histopathological
findings of a case of
radiation-induced meningioma.
a High cellular proliferation
compound of meningothelial cells
with small foci of necrosis
(asterisk) (HES,
130� magnification).
b Pleomorphic tumoral cells with
prominent nucleoli and mitosis
(arrow) (HES,
300� magnification). c High
MIB-1 labeling index
(120� magnification)
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Fig. 14.10 a,
b Radiation-induced
oligodendroglioma.
Histopathological findings of a
case of radiation-induced
oligodendroglioma with signs of
malignity. a High cellular
proliferation with endothelial
proliferation (arrows) and
necrosis (asterisk) (HES,
50� magnification).
b Oligodendroglial proliferation
with pleomorphism, atypia, and
numerous mitoses (arrows) (HES,
200� magnification)

Fig. 14.11 a–
c Radiation-induced gliosarcoma.
Histopathological findings of a
case of radiation-induced
gliosarcoma. a High cellular
proliferation compound of
pleomorphic cells with a spindle
cell component (HES,
90� magnification). b GFAP
immunoreactivity in a subset of
tumor cells
(180� magnification).
c Expression of vimentin in
spindle tumor cells
(130� magnification)
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radiation-induced glioma and may result from the sarcoma-
tous transformation of an irradiated glioma [187, 188]. The
tumorigenesis of radiation-induced gliomas seems to be
multifactorial, resulting from the impairment of cellular
immunity, immunosuppressive effects of radiation and direct
cellular effects of this treatment [189]. Few series have
studied molecular changes in radiation-induced gliomas. It
appears these tumors manifest similar alterations of PTEN,
EGFR, and TP53 alterations to sporadic gliomas [190] but
do not depend upon classical molecular pathway implicated
in gliomagenesis such as IDH1/2 mutations [191], except
when they result from the sarcomatous transformation of an
irradiated glioma [187]. Moreover, most of the reported
cases of malignant transformation of pilocytic astrocytomas
(WHO grade I) received prior radiation therapy [192].

The prognosis of these tumors is poor: intrinsic resistance
to treatment as well as previously received aggressive ther-
apies substantially limit available therapies.

Fewer than 40 cases of sarcomas have been reported to
date, including several histological types (e.g., menin-
giosarcomas, neurofibrosarcomas) [161].

Radiation-Induced Vasculopathy

Distinct from radionecrosis, in which severe lesions of the
arterioles and capillaries constitute a cardinal feature, radi-
ation (particularly of tumors near the central arterial circu-
lation) can induce other types of vascular damage leading to
stroke or intracerebral hemorrhage and must be considered
as comorbidity predictive of stroke [193].

Large and Medium Intra- and Extracranial Artery
Injury
An arteriopathy affecting the large cervical blood vessels,
especially the carotid artery [194], is a recognized compli-
cation of cervical radiation therapy, usually administered for
lymphomas or head and neck cancers. Intracranial vessels
may also be affected. The main early-delayed vascular
complication is carotid rupture [195, 196], which usually
follows a few weeks after cervical RT and surgery for head
and neck tumors. Associated skin lesions such as necrosis or
wound infection are common. The outcome of this excep-
tional complication is very poor.

Late-delayed complications are more frequent, and
generally occur many years after RT (median time
approximately 20 years for extracranial, 7 years for
intracranial artery lesions). The lesions are similar to those
induced by atherosclerosis, but are often located in unusual
places for common atherosclerosis and occur in an accel-
erated fashion. It has been observed that the larger the
diameter of an irradiated artery, the longer the latency
between RT and the onset of vasculopathy, a fact that

might explain the shorter latency of RT-induced vascu-
lopathy in children. Shorter latencies have also been
reported with interstitial radiotherapy [197]. The dose
required to induce vascular lesions usually exceeds 50 Gy,
but the type of radiation, fractionation, and portal differs
greatly from one case to another. The lesions consist of one
or more stenoses or occlusions in the arteries included
within the radiation portal. The diagnosis, suspected when
a cervical murmur is heard in the immediate vicinity of
radiation-induced skin lesions, relies upon magnetic reso-
nance angiography, ultrasound examination, and arteriog-
raphy. The treatment is similar to that of usual
atherosclerotic lesions; in the event of carotid stenoses,
endarterectomy may be appropriate. However, surgery may
be more difficult than in unirradiated patients because of
vascular fibrosis and skin lesions, with higher postoperative
risk of infection or wound healing problems. In other
patients, antiplatelet agents may be prescribed if there is no
contraindication. Some authors have advocated lowering
serum cholesterol levels to prevent the development of
such lesions in patients at risk [193, 194, 198].

Radiation-Induced Vasculopathy with Moyamoya
Pattern
Intracranial vasculopathy leading to a progressive occlusive
disease and a moyamoya pattern (characterized by abnormal
anastomoses and netlike blood vessels) accounting for focal
seizures, strokes, or transient ischemic attacks may follow
intracranial irradiation, especially in very young children.
This complication is particularly frequent in children treated
for optic chiasm glioma, a condition often associated with
neurofibromatosis type 1 (NF-1, which is a risk factor for
vasculopathy itself). It may also occur with other tumors
such as brainstem glioma and craniopharyngioma [199]. In a
series [200] of 69 childrens (11 with NF-1) treated for optic
pathway glioma with RT (median dose 55 Gy), 13 (19%)
developed clinical and radiological signs of vasculopathy
after a median latency of 36 months. The strong association
between NF-1 and moyamoya is one of the reasons why
radiation has been replaced with chemotherapy in younger
children [130]. The treatment focuses on preventing further
strokes through surgical revascularization techniques; cal-
cium blockers such as flunarizine have been advocated by
some authors [201–204]. The role of antiplatelet agents has
not been defined in this setting.

Silent Lacunar Lesions
A report [205] described a rare pattern of silent cerebral
lacunes occurring in children treated for brain tumors. In this
study reviewing 524 consecutive children, 5 of 421 treated
with RT and chemotherapy had lacunes. Median age at
tumor diagnosis and RT administration was 4.5 years old,
and lacunes developed after a median latency of 2 years
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(ranging from 0.26 to 6 years). This pattern was associated
with no further clinical deficit or neuropsychological
impairment when compared to patients without lacunes. This
condition is probably linked to delayed radiation-induced
capillary and small vessel lesions.

Radiation-Induced Cavernomas, Angiomatous
Malformations, and Aneurysms
Brain vascular malformations such as telangiectasiae and
cavernomas [170, 206, 207] have been rarely observed fol-
lowing RT (Fig. 14.12a–c). Ocular telangiectasiae may also
occur [208]. When present, their main risk is intracranial
bleeding. Several cases of multiple radiation-induced cav-
ernous angiomas have also been reported [209], occurring
18 months to 23 years after RT.

Histopathologically, radiation-induced cavernomas do
not differ from sporadic or familial cavernomas (Fig. 14.13
a–c), and are characterized by juxtaposition of abnormal
vessels showing thick walls and conspicuous fibrin deposits
[210]. This vascular malformation is often accompanied by
gliosis, numerous macrophages and calcifications [210]. The
pathogenesis of radiation-induced cavernomas remains
unclear. Indeed, those cavernomas may exist before radia-
tion and hemorrhage in response to the radiation [207, 211].

Finally, fewer than 15 cases of radiation-induced
intracranial aneurysms have been described in the literature
[212, 213]. The median age of the patients was 37.5 years
(ranging from 11 to 65 years) with a latency of 10 months to
21 years; there was no correlation between the onset of
aneurysm and the radiation dose. This represents a rare but
severe problem, as rupture is always possible; 6 of 9
aneurysmal ruptures proved fatal. An enlarging aneurysm
can also mimic tumor recurrence. Aneurysms are sometimes

detected preclinically with standard imaging procedures for
tumors (CT scan and MRI) [214], and particular attention
should be drawn to evaluating the onset of such lesions
during imaging follow-up. When an aneurysm is detected on
CT or MR scan, or if the clinical history strongly suggests its
presence, cerebral angiography is required for delineation.

Endocrine Dysfunction

Frequently underestimated [130, 131, 215], endocrine dis-
orders can be the consequence of direct irradiation of a gland
(e.g., the thyroid gland, with about 50% of patients devel-
oping hypothyroidism within 20 years following radiother-
apy for Hodgkin disease or certain head and neck cancers) or
result from hypothalamic–pituitary dysfunction secondary to
cranial irradiation (several authors believe that the
hypothalamus is more radiosensitive than the pituitary
gland) [216]. We will focus on the second type of disorder,
which can be induced by cerebral or nasopharyngeal tumor
irradiation.

There is a positive correlation between radiation dose and
the incidence of endocrine complications. In a prospective
study on 268 patients treated with different brain RT
schemes Littley and colleagues found that the incidence of
TSH deficiency was 9% after treatment with 20 Gy, 22%
with 35–37 Gy, and 52% with 42–45 Gy 5 years after RT
[217]. Hormonal deficits can appear at any time after RT but
may arise more rapidly in patients treated with higher radi-
ation doses [218].

In children, varied endocrine deficits may result from
cranial RT (administered for brain tumors or during pro-
phylactic irradiation in acute lymphoblastic leukemia).

Fig. 14.12 a–c Radiation-induced cavernomas. A 46-year-old patient
treated with chemotherapy and radiotherapy 22 years previously for an
anaplastic astrocytoma. MRI shows cavernomas in the cerebellum.

a Axial SWAN sequence showing 2 cerebellar carvernomas. b Axial
T1 with gadolinium injection. c Axial T2 FLAIR
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Growth hormone (GH) is usually the first and in many cases
the only anterior pituitary deficit in young patients. This
complication affects approximately 50% of children treated
with prophylactic cranial RT for acute lymphoblastic leu-
kemia [219].

According to a Danish study of 73 children treated with
RT for a primary brain tumor (not involving the
hypothalamo-pituitary axis directly) and with a long
follow-up (median 15 years), 80% of patients manifested
growth hormone deficiency; the median biological effective
dose (BED) in the hypothalamo-pituitary area was higher in
GH-deficient children than in patients without GH deficiency
[220]. Administration of GH is recommended in children
with growth hormone deficiency; however, as GH has no
effect on vertebral bodies, long-term survivors acquire a
typical “spiderlike” physical appearance with long extremi-
ties and short trunk [130]. Subtle central hypothyroidism is
common in children and should be treated with thyroxine
replacement therapy in order to limit the potential for thyroid
carcinoma as well as to improve longitudinal growth [221,
222].

In adults, a study [223] evaluating 31 long-term brain
tumor survivors followed 1.5–11 years after RT with a mean
total dose of 62.3 Gy compared with 31 matched controls
found hypothalamic hypothyroidism in 26% of patients,
hypothalamic hypogonadism in 32% of patients, hyperpro-
lactinemia in 29% of patients and panhypopituitarism in one
patient. Low adrenal hormone levels were found in most

patients, but without apparent clinical consequence. In the
control group, only 6% had a baseline hormonal concen-
tration outside the normal range. None of the controls had
two or more hormonal abnormalities, while 42% of the
patients had multiple deficits. Only 23% of patients had
normal thyroid, gonadal and adrenal baseline levels; this
result is consistent with an earlier study reporting hypotha-
lamic–pituitary dysfunction in 10 of 13 (77%) long-term
survivors irradiated for supratentorial low-grade glioma
[224]. Another study of patients treated for nasopharyngeal
cancer found secondary hypothyroidism in 27% of cases (of
hypothalamic origin in 19% and pituitary origin in 8%)
[225].

The neurological consequences of severe hypothyroidism
are well known, including encephalopathy, cerebellar ataxia,
pseudomyotonia, and sometimes peripheral neuropathy.
Increased CSF protein is also usual. All these abnormalities
may be misleading if the correct diagnosis is not considered.

Secondary hypogonadism is an important concern,
especially in male patients, responsible for decreased libido
and sometimes impotence impacting negatively on quality of
life. Hyperprolactinemia of hypothalamic origin is a notable
concern in women who develop oligomenorrhea and
galactorrhea [226]; in men, it may result in gynecomastia
and decreased libido.

Follow-up consultations provide an opportunity for reg-
ular clinical endocrine evaluations; the precise biological
follow-up scheme is debated and is adapted according to the

Fig. 14.13 a–
c Radiation-induced cavernoma.
Histopathological findings in a
case of radiation-induced
cavernoma. a Juxtaposition of
abnormal vessels showing thick
walls (arrows) (HES,
50� magnification).
b Calcifications (asterisk) (HES,
50� magnification). c Expression
of CD34 by endothelial cells
(50� magnification)
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emerging deficits, but long-term assessment should be the
rule. The treatment of hormonal deficits lies in replacement
therapy, and usually leads to an improvement in the patient’s
condition. Bromocriptine has been utilized with success in
patients with symptomatic hyperprolactinemia [161].

Sequelae of Radiotherapy to the Spinal Cord

Radiation for the treatment of spinal cord tumors, Hodgkin
disease, mediastinal, or head and neck cancers may even-
tuate in spinal cord damage. Early descriptions in the 1940s
[227] were followed by numerous descriptions of
post-radiation myelopathy delineating the main clinical
patterns: early-delayed myelopathy and several types of
late-delayed complications including progressive myelopa-
thy, lower motor neuron disorder, and spinal hemorrhage.
There is no clear clinical or experimental evidence of acute
spinal cord toxicity due to RT, and a sudden worsening
during radiation should lead to a search for intratumoral
hemorrhage or tumor progression [8].

Early-Delayed (Transient) Radiation Myelopathy

The onset of this complication occurs from 6 weeks to
6 months after RT, and improvement follows in most cases
within 2–9 months [228], though persistence of the symp-
toms for a longer time is possible in rare cases. It usually
follows radiation to the cervical or thoracic spinal cord. After
mantle RT for Hodgkin disease, early-delayed myelopathy
occurs in 15% of cases [229]. Another study reported a
global incidence of 3.6% (40 cases among 1112 patients
receiving 30 Gy or more). The incidence was 8% in patients
receiving 50 Gy or more, 3% after doses of 45–49.9 Gy, 4%
after doses of 40–44.9 Gy, and 2% after doses of 30–
39.9 Gy. The risk was also increased with a fraction
size >2 Gy [230].

The clinical pattern first described by Esik et al. [231]
generally consists of Lhermitte’s phenomenon triggered by
neck flexion, and is characterized by brief unpleasant sen-
sations of numbness, tingling, and/or often electric-like
feelings from the neck to the spine and extremities. No MRI
abnormalities are associated with this condition. This
symptom is nonspecific, and other causes should be con-
sidered in a patient with cancer [232] including
chemotherapy (cisplatin or docetaxel), spinal tumor, vitamin
B12 deficiency, herpes zoster, or even multiple sclerosis
(which may be aggravated by radiation).

The presumed pathophysiology of early-delayed
myelopathy is transient demyelination, probably secondary
to a loss of oligodendroglial cells following RT [233, 234].
There is no specific treatment for this condition, and none is

required, as recovery occurs in most cases. Early-delayed
radiation myelopathy is not predictive of evolution to the
much more serious progressive myelopathy.

Late-Delayed Radiation-Induced Spinal Cord
Disorders

Spinal radionecrosis (Fig. 14.14a–c) (with features similar to
its cerebral counterpart), progressive myelopathy, and spinal
hemorrhage have been described as late complications of
spinal radiation.

Progressive Myelopathy, or Delayed Radiation
Myelopathy (DRM)
This complication occurs 6 months to 10 years after expo-
sure to RT. Risk factors include advancing age, large radi-
ation doses and fractions, previous irradiation especially in
childhood, and large portals involving thoracic or lumbar
spinal cord [228]. Chemotherapy may increase the risk of
delayed radiation myelopathy [235]. The generally accepted
tolerance for the spinal cord is 45 Gy in 22–25 daily frac-
tions, with a risk <1% for a dose of 50 Gy increasing to 5%
for a dose of 60 Gy delivered in 1.8–2 Gy fractions [236,
237].

No histological study in humans has been reported.
Radiation of the rat spinal cord leads to progressive abnor-
malities in the white matter beginning at 19 weeks for doses
greater than 17 Gy. The spinal cord of paralyzed animals
showed areas of necrosis and demyelination, but neither
gross vascular lesion nor inflammatory infiltrate was found
[48]. Occasional vessel dilation was observed.

Delayed radiation myelopathy may begin abruptly or,
more often, in a progressive way; patients complain of
sensory and/or motor deficits leading to para- or tetraparesis.
A typical initial clinical presentation is a Brown–Sequard
syndrome, consisting of a motor deficit associated with
ipsilateral sensory loss affecting tactile, vibration, and pas-
sive movement sense on one side, and contralateral sensory
loss affecting temperature and pain sensory modalities. In
some patients, a transverse myelopathy develops with
bilateral leg weakness and sensory loss up to the irradiated
region. Some patients also experience pain. Bladder and
bowel sphincter as well as diaphragmatic dysfunction (in
upper cervical spinal cord lesions) are possible. The evolu-
tion of delayed radiation myelopathy varies; in some patients
the symptoms stabilize, while in others they progress to a
complete deficit.

The diagnosis of delayed radiation myelopathy implies—
as was underlined as early as 1961 by Pallis et al. [238]—that
the site of the main lesion is within the radiation-exposed area
of the spinal cord and that all other potential causes of
myelopathy have been carefully reviewed and eliminated.
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Spinal cord MRI is helpful, though nonspecific. The
initial description of Wang and colleagues [239, 240] has
been confirmed in several subsequent studies [241–243]: the
initial MRI may be normal if performed during the first
weeks of the disease, but a slightly delayed examination
usually reveals a swollen cord with T1-weighted
hypointensity and T2-weighted hyperintensity. Lesions
enhance in about 50% of cases after gadolinium injection
(Fig. 14.14a–c) [244, 245]. In contrast, late examinations,
performed years after the onset of the disease, may show
spinal cord atrophy without any signal abnormality; a case of
cystic formation in late-delayed radiation myelopathy has
also been reported. Moderately elevated protein is the most
common finding in the CSF but lacks any specificity. If
performed, somatosensory evoked potentials show changes
correlated to the extent of the lesions, whereas spinal con-
duction velocity is decreased.

Corticosteroids may improve some patients, probably
because of their action on the inflammatory and edematous
components of the disorder; however, patients often become
steroid-dependent and only a few experience long-term
improvements. There is no current proven long-term treat-
ment for delayed radiation myelopathy. However, Angibaud
and colleagues reported the efficacy of hyperbaric oxygen in
stabilizing or improving 6 out of 9 patients with DRM [246],
and Calabro and workers reported a similar case [247].
Anticoagulation has also been tried, with improvement in
one patient with myelopathy treated for >3 months with full

anticoagulation and stabilization in another treated with
coumarin [72]. Two case reports suggested that beva-
cizumab might be of benefit [248] in radiation-induced
myelopathy.

Late-Delayed Spinal Hematoma
This rare complication has only been described in a few
cases, following spinal radiotherapy by 6–30 years, and
occurring within the radiation portal but outside the location
of the primary tumor [249]; acute-onset leg weakness and
back pain rapidly lead to para- or tetraparesis. The diagnosis
relies on MRI demonstration of hemorrhage.

Spontaneous symptom resolution is possible, but new
episodes may occur later. There is no proven effective
treatment for this condition. Avoidance of aspirin or nons-
teroid anti-inflammatory agents is prudent.
Radiation-induced telangiectasias with secondary hemor-
rhage may be the culprit.

Sequelae of Radiotherapy on the Cranial
Nerves

Apart from acute reversible radiation toxicity, all cranial
nerves may be involved in late-delayed radiation-induced
complications if included in the radiation portal (usually
during the treatment of neck and head tumors). These
complications are rare, probably arising in fewer than 5% of

Fig. 14.14 a–c Spinal
radionecrosis. 52 year old patient
treated with radiochemotherapy
(40 Gy in 16 fractions) 29 years
earlier for Hodgkin deases.
a Axial T1 with fat saturation
showing intramedullary
hyperintensity. b Sagittal T1.
c Sagittal T1 gadolinium showing
contrast enhancement
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cases after conventional radiotherapy (70, 2 Gy per daily
fraction) [250]. Modern intensity modulation radiation
therapy protocols likely reduce this rate further [251]. Cra-
nial nerve dysfunction occurs during the first five years
post-radiation therapy [251]. Large daily radiation fractions
increase this risk, which can reach 47% with a median
follow-up of 7.6 years with a median equivalent dose in
2 Gy fractions of 94 Gy in nasophayngeal carcinoma
patients [252]. Thus radiosurgery also puts cranial nerves at
risk. Based upon results of a phase III study including
nasopharyngeal carcinoma patients, concomitant
chemotherapy has also been described as a risk factor of
cranial nerve toxicity [250]. Moreover, a study in brain
tumor survivors found that 17% of patients developed neu-
rosensory impairment and that RT exposure greater than
50 Gy to the posterior fossa was associated with a higher
likelihood of developing any hearing impairment [253]. The
principal complications are described below for each cranial
nerve.

Olfactory Nerve Injury

Olfactory dysfunction is rare but classically reported with
radiotherapy [254–256]. This may be due to direct acute
stimulation of the olfactory neurons. Anosmia has also been
described in some patients [257], often associated with taste
disorders [258].

Optic Neuropathy

Visual impairment from radiation-induced optic neuropathy
is uncommon but disabling. Complication data for

radiotherapy-induced optic nerve and chiasm injury have
been reported for several external beam radiation delivery
systems, including fractionated photons, stereotactic radio-
surgery, protons and carbon ions [259]. The interval between
radiotherapy and the development of visual symptoms is
generally <3 years [260]. The toxic total dose and fractions
for the optic nerve and chiasm depend on the tumor treated
and have been recently reviewed [259]. In radiosurgery,
8 Gy has been proposed as a limit for optic nerve tolerance
[261]. Probably facilitated by pre-existing factors (e.g.,
diabetes), optic neuropathy may occur 6 months to 14 years
after radiation therapy for orbital, pituitary, or suprasellar
tumors [262]. Optic neuropathy can also overshadow the
prognosis of patients treated with high-energy electron beam
therapy for age-related macular degeneration in up to 19% of
cases [263].

The classical pattern consists of progressive or sometimes
acute-onset visual loss, leading to monocular or binocular
blindness with optic atrophy [264]. This disorder is painless.
In the case of anterior lesions, the ocular fundus usually
shows papilledema and prepapillary and premacular hem-
orrhage, sometimes associated with radiation-induced retinal
lesions. In contrast, fundoscopy may be normal if the lesions
are posterior. In those cases, brain MRI may be useful,
demonstrating enlargement of the optic nerve and chiasm
(Fig. 14.15a, b).

Demyelination, axonal loss, gliosis, and modifications of
the vessel walls characterize these lesions histologically;
endothelial cell loss has been stressed in this setting, with
more significant abnormalities in patients treated with
high-dose (55–70 Gy) compared with those treated with
low-dose (10 Gy or less) radiation therapy [265]. These
lesions are irreversible in many patients. Corticosteroids and
anticoagulants [266] have been advocated in chiasmatic

Fig. 14.15 a, b Perichiasmal radionecrosis. A 51-year-old patient
treated with radiochemotherapy (40 Gy in 20 fractions) 4 years
previously for a primary cerebral lymphoma. The patient developed

bilateral blindness. MRI suggests perichiasmal radionecrosis. a Coronal
T1 with fat saturation showing atrophy of the chiasm. b Coronal T2
showing hyperintensity in both optic nerve
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lesions, with inconsistent results, while the use of hyperbaric
oxygen in optic neuropathy remains controversial [267–
269]. Optic nerve sheath fenestration has been attempted
with some success in a few patients [270].

Angiotensin-converting enzyme inhibitors (ACEi) might
have a protective role of the optic nerve independently of its
antihypertensive effect. ACEi given 2 weeks after stereo-
taxic brain irradiation of rats significantly reduced
radiation-induced optic neuropathy electrophysiologically in
terms of the visual evoked potential response to light and
morphologically in terms of quantitative changes in myelin
contents and axons in the optic nerves and chiasm [271].

Three-dimensional radiotherapy seems to enable the
delivery of radiation of tumors with a lower toxicity than
conventional radiotherapy to the optic pathway [272].

Ocular Motor Nerve Injury

Rarely reported, the involvement of ocular motor nerves
may be associated with optic neuropathy. The most frequent
of these palsies affects the abducens nerve [8]. Transient
ocular motor palsies have been reported following radiation
schemes focused on the pituitary tract, but permanent palsies
have also been described after radiation therapy of
nasopharyngeal carcinoma. Possible regression suggests that
a demyelinating process may be involved, rather than pro-
gressive fibrosis.

Neuromyotonia is a late-delayed complication occurring
several years after RT to the sella turcica or the cavernous
sinus region, characterized by spontaneous spasms of the eye
muscles, responsible for episodes of transitory painless
diplopia, usually lasting a few seconds; these episodes can
occur up to several times an hour [273]. Membrane stabi-
lizers such as phenytoin or carbamazepine may improve this
disorder. Radiation-induced hyperexcitability of the nerve
fibers may underlie the pathophysiology.

Trigeminal Nerve Dysfunction

Involvement of the trigeminal nerve is quite rare. Neu-
romyotonia in trigeminal distribution is exceptionally
encountered; treatment with carbamazepine is effective in
this condition [274, 275]. After gamma knife radiosurgery
for trigeminal neuralgia, the main reported complication to
this day is mild facial numbness occurring in 2.7–14% of
patients [276–278]. Trigeminal neuropathy can also result
from radiosurgery for vestibular schwannoma [279, 280] or
external beam radiotherapy with endocavitary boost for
nasopharyngeal cancer [252].

Facial Nerve Injury

The different branches of the facial nerve are not equally
affected by radiation. Taste dysfunction is usual and many
patients complain of ageusia, a symptom that may be per-
manent in up to 50% of patients irradiated with 50–60 Gy
for head and neck tumors [281]. However, taste disturbances
are a common feature in cancer patients, and chemotherapy
may play a part [282].

Motor deficit is almost never the consequence of frac-
tionated RT and should lead to look for tumoral invasion [8].
In contrast, radiosurgery has been reported to account for
possible facial palsy; however, the relatively high initial
figures of facial weakness after treatment for vestibular
schwannoma [283, 284] seems to have decreased markedly,
currently under 5% of cases [278, 280, 285]. Pre-existing
pathological conditions such as multiple sclerosis may be a
risk factor of facial palsy after gamma knife treatment of
intracranial tumor [286].

Acoustic Nerve Dysfunction

Acute damage to the cochlea may be responsible for usually
reversible complaints of high-frequency hearing loss and
tinnitus. Otitis media can also be responsible for an
early-delayed hearing loss. Following RT by a few weeks;
this condition results from obliteration of the eustachian tube
by edema and mucosal vasodilatation.

The diagnosis is often easy, as otoscopic examination
reveals fluid behind the tympanic membrane. Usually
spontaneously regressive, otitis media can require
myringotomy in some cases for symptom alleviation. In
most cases, relief can be obtained by prescribing nasal
vasoconstriction agents.

Late-delayed hearing loss might result from lesions to the
organ of Corti with subsequent acoustic nerve atrophy;
however, a report underlines the relative resistance of the
organ of Corti to radiation [287]. The precise histological
pattern of these disorders is not known; however, the
labyrinth has been shown to be damaged in previous studies
[287, 288].

We have observed long-term progressive hearing loss
with several external beam radiation delivery systems,
including fractionated photons, stereotactic radiosurgery,
protons and carbon ions in 10+ year survivors.

The consequences of radiosurgery for vestibular schwan-
noma on hearing have been better assessed over the last few
years [285–287, 289, 290]. In one report [291], 14% of
patients with measurable hearing before treatment became
deaf after radiosurgery (median follow-up 49 months), and
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42% of patients had an elevation of their pure tone threshold
of 20 dB or more. The risk factors for hearing loss in this
study included neurofibromatosis type 2 (NF-2), history of
prior surgical resection, and tumor size. This risk is also
associated with the volume of the irradiated tumor [292].

Lower Cranial Nerve Involvement

These nerves (glossopharyngeal, vagus, spinal accessory,
and hypoglossal nerves) can be damaged after high-dose
head or neck radiation therapy [252]. Complications occur
earlier with larger radiation doses and typically arise months
to years after the treatment. The dose delivered to the
superior pharyngeal constrictor has also been shown to be a
risk factor of lower cranial neuropathies [293]. The patho-
physiology is likely radiation fibrosis. Cranial nerve palsies
may accompany skull base osteoradionecrosis after radio-
therapy for nasopharyngeal carcinoma [294]. The
hypoglossal nerve is the most commonly involved lower
cranial nerve [295] the patient may present with unilateral,
often asymptomatic tongue paralysis [296–298], or with
bilateral and disabling paralysis. This complication may
occur many years after RT [297].

Long-standing paralysis is responsible for tongue atro-
phy, with asymmetry that may be associated with fatty
infiltration or edema-like changes on MRI [299, 300].
Paralysis of the vagus nerve leads to unilateral paralysis of
the vocal cord and of the palate, responsible for difficulties in
swallowing [301]. Horner’s syndrome may be associated
with these disorders, resulting from injury to the sympathetic
fibers [8]. Lesions of the spinal accessory nerve lead to
shoulder drop which is easily diagnosed during the clinical
examination. Patients may also present with multiple lower
cranial nerve palsies [252, 253, 302].

Consequences of RT on the Extracranial
Nerves

Brachial and lumbosacral plexopathies are some of the most
common and disabling complications of RT on the periph-
eral nervous system, and can have a similar presentation to
neoplastic infiltration of the plexus. Differentiating between
these two entities is often a challenge, even with modern
imaging techniques.

Brachial Plexopathy

Brachial plexopathy results from RT to the supraclavicular,
infraclavicular or axillary regions, usually for lung, breast or
head and neck cancers, and sometimes Hodgkin disease.

Improvements in the delivery of radiation therapy have led
to a decrease in the incidence of brachial plexopathy: in the
1950s, with a dose of 60 Gy in 5 Gy/fraction, the incidence
of brachial plexopathy was 66%; in the 1960s–1970s 45–
50 Gy in 4 Gy/fraction resulted in brachial plexopathy
incidence of 50%; in the 1980s, 42–45 Gy in 3 Gy/fraction
yielded an incidence of 10–15% [303, 304]. In addition to
total dose and fraction size, the incidence of brachial plex-
opathy depends upon the size of the radiotherapy field and
use concomitant chemotherapy. Thus, the incidence is sig-
nificantly higher when the axillary dose exceeds 50 Gy and
chemotherapy is administered [305]. Doses of 2.2–2.5 Gy
per fraction delivered to a total dose of 34–40 Gy have a
brachial plexopathy risk of <1% [306].

Generally, radiation damage to the brachial plexus man-
ifests as three different syndromes: early-delayed reversible
plexopathy, late-delayed progressive plexopathy, and acute
ischemic plexopathy.

Early-Delayed Brachial Plexopathy
This complication occurs within the first 6 months after RT
and usually follows a transient and reversible course. Its
incidence is less than 2% after radiation for breast cancer
[305]. The initial clinical pattern includes pain (60% of
cases, moderate, spontaneous, or after movement), pares-
thesias and a distal motor deficit; amyotrophy and fascicu-
lations may be present at later stages. Neurological signs
recover, often completely, after 12 months; Pierce and
workers showed that 80% of patients present a transient and
mild course, resolving within 1 year [305]. The pathophys-
iology of this condition is not fully understood; direct radi-
ation toxicity to Schwann cells inducing demyelination has
been hypothesized [307].

Late-Delayed Brachial Plexopathy

Radiation-induced brachial plexopathy (RIBP) is a pro-
gressive radiation injury with fibrosis [308]. In a study of
140 patients with breast cancer (with supraclavicular lymph
node irradiation to a total dose of 60 Gy in 3 fractions),
Bajrovic and workers described the long-standing risk of this
complication [309] The annual incidence of brachial plex-
opathy was 2.9% for mild deficits and 0.8% for severe
deficits within a 20-year follow-up period. The incidence
may be higher in patients with apical lung cancer treated
with radiotherapy (and often concomitant chemotherapy),
RIBP’s incidence may reach 6.2% when the total dose
exceeds 78 Gy [310].

The pathophysiology is unclear and may have biphasic
components: during the first phase, direct radiation damage
to the nerves may cause electrophysiological and
histopathological changes; later, injury to the small vessels
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with elastosis and fibrosis around the atrophic nerves may
account for severe nerve injury [311].

The median time to RIBP’s appearance is 40 months (and
up to 20 years) [312]. The disorder is progressive and is
characterized by hand paresthesias (typically, pins, needles,
or numbness of the thumb and other fingers) followed sev-
eral months or years after by weakness of shoulder, arm and
hand muscles. The disorder usually begins in the upper
plexus and may progress to a pan plexopathy that paralyzes
the entire extremity. Early loss of reflexes, amyotrophy,
lymphedema, pain and palpable induration in the supra-
clavicular fossa are also observed.

The differential diagnosis must necessarily include neo-
plastic invasion of the brachial plexus. Several features help
differentiate RIBP from neoplastic brachial plexopathy.
Tumor recurrence is more likely to involve the lower trunk
of the plexus and is more often associated with severe pain
and Horner syndrome than RIBP [313, 314]. MRI of the
brachial plexus (with and without gadolinium) and PET
scans (positron emission neoplasm) are very helpful to dif-
ferentiate tumor infiltration from RIBP and can detect active
neoplasm in the region of the plexus (Fig. 14.16) [314, 315],
Electrodiagnostic studies can also help, particularly if they
demonstrate myokymia, present in up to 60% of patients
with RIBP [314].

Treatment of RIBP is challenging. The optimal approach
is prevention by reducing total radiation dose, dose per
fraction and radiotherapy volume every time is possible and
in particular in patients with serious comorbidities. Surgical

treatment (most commonly neurolysis) can preserve the
functionality of limbs [316] but often worsens sensory and
motor functions [317] and is not commonly utilized. There is
no convincing evidence for the benefit of hyperbaric oxygen
and anticoagulants [303]. Combined treatment with pen-
toxifylline, tocopherol and clodronate is currently under
study in France (NCT01291433). Pain management is often
the chief concern for clinicians. Pain is usually treated with
non-opioid analgesics, tricyclic antidepressants, and/or
anticonvulsants. Steroids can also be helpful. Physiother-
apy should also be considered.

Ischemic Late-Delayed Brachial Plexopathy
Sudden late-delayed brachial plexopathy has been reported
following occlusion of the subclavian artery and can occur
years after RT to the breast [318] The plexopathy is painless,
acute in onset and nonprogressive (but irreversible).

Lumbosacral Plexopathy

Far less common than brachial plexopathy, lumbosacral
plexopathy may follow pelvic or lower abdomen cancer
(uterus, ovary, testis, rectum, or lymphoma) irradiation.

Early-Delayed Lumbosacral Plexopathy
As with brachial plexopathies, an early-delayed, generally
transient lumbosacral plexopathy is possible but very rare. It
usually begins within 6 months after RT, with a typical
pattern of distal bilateral paresthesias of the lower limbs.
Motor deficit and impaired bowel/bladder function are rarely
described [319]. Clinical examination is generally normal,
and improvement follows within 3–6 months. Brydoy and
workers [320] described a transient lumbosacral plexopathy
following L-field (12th thoracic up to 5th lumbar vertebrae)
RT for testicular cancer after relatively low RT doses (me-
dian total dose of 25 Gy). Seven of 316 patients presented
with bilateral paresthesia in the 6 months after RT, rever-
sible within 3 months. Weakness lasting at least one year has
been noted in 4 other patients, ranging from 3–9 years, after
a total dose of 36–40 Gy. Isolated cases have been reported
after pelvic or lumbar RT with a dose of 45–55 Gy [319].

Late-Delayed Lumbosacral Plexopathy (or
Radiculoplexopathy)
This disorder is essentially motor, suggesting a predominant
anatomical lesion in the anterior horn cell of the spinal cord
or the proximal nerve roots rather than the plexus. Several
cases have even been described presenting like a lower
motor neuron syndrome [321–325]. The onset arises 1–
25 years after lymphoma, testicular or pelvic cancer radia-
tion [303] with a median time to appearance less than
7 years [326].

Fig. 14.16 Brachial plexus radiation-induced injury. A 69-year-old
patient treated withy radiochemotherapy 35 years ago for breast cancer
with a supraclavicular radiation field. She developed pain and motor
deficit in her left hand. Coronal STIR MRI shows focal involvement of
brachial plexus corresponding to radiation fields, suggesting a
post-radiation injury [Courtesy of Dr. Christophe Vandendries (Paris)]
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Progressive, usually asymmetric but bilateral motor def-
icit of the lower limbs characterize the clinical picture.
Muscle atrophy and fasciculations may be associated.
Physical examination confirms a flaccid motor deficit and
areflexia, but no sensory loss appears during the early stages.
Sensory deficit may appear after several years, as may
sphincter disturbance characterized by lack of bladder sen-
sation and incontinence [324]. Pain is generally mild or
absent. Motor deficits typically worsen slowly. The patient
may stabilize after several months or years [327].

Diagnosis of this late disorder requires neuroradiological
examination to rule out tumor invasion or narrowing of the
lumbar canal. Lumbar MRI can also show abnormalities in
vertebral bodies and nodularmeningeal enhancing lesions that
can mimic leptomeningeal metastases but often correspond to
late radiation abnormalities or even vascular dilatations or
cavernomas [324, 328]. As this disorder often has a pure
motor form, the main differential diagnosis is amyotrophic
lateral sclerosis; electromyography can be a helpful tool.

Radiation-Induced Peripheral Neuropathy

When segments of peripheral nerves lie within the radiation
field, those nerves may develop delayed progressive sensory
and motor deficits. Although rare, isolated mononeu-
ropathies have been reported, generally in the lower limbs
(femoral, sciatic or pudendal nerves) [329–332] and rarely in
the upper limbs [333].

Radiation-Induced Malignant Peripheral Nerve
Sheath Tumors

The most common post-radiation neoplasm is the malignant
peripheral nerve sheath tumor (MPNST) ; rarely, schwan-
nomas, or neurofibromas arise [334, 335].

MPNST refers to tumors previously termed malignant
neurilemmona, malignant schwannoma and neurofibrosar-
coma. It is well recognized that prior RT increases the risk of
MPNST [336–339]. The most common preceding neo-
plasms were testicular seminoma, Hodgkin lymphoma,
thyroid carcinoma, breast cancer or medulloblastoma.
MPNSTs most frequently develop in extremities and trunk
rather than in the head and neck nerves. Patients with neu-
rofibromatosis type 1 (NF-1) have an increased risk of
developing this complication [340].

Presenting signs and symptoms depend on tumor loca-
tion. Pain is typically prominent and is followed by the
development of a sensorimotor deficit. MRI reveals a tumor
mass in the affected area. Confirmatory biopsy or resection
should proceed initiation of other therapy.

Dropped Head Syndrome and Camptocormia

Dropped head syndrome (DHS) is a potential late-delayed
complication of RT. To date 45 patients with DHS have
been described [341]. These patients usually develop
weakness of neck extensors developing less than 15 years
after RT involving the cervical region; most cases are
reported in Hodgkin lymphoma. Clinical examination
reveals an amyotrophic deficit of neck muscles, often
extending to other muscles innervated by upper cervical
roots, without any impairment of sensation. The differential
diagnoses include myasthenia gravis, amyotrophic lateral
sclerosis, Parkinson disease, and inflammatory myopathies.
The mechanism and precise location (nerve or muscle) of the
causative lesions are unclear.

The use of wide radiation fields including many spinal
segments with paraspinal muscles and the thoracolumbar
spine involved can lead to camptocormia [342], an invol-
untary forward flexion of the thoracolumbar spine, rarely
seen after radiation treatment.

Conclusion
Radiation therapy remains one of the most efficient
treatments of cancer and will probably become, through
the development of new irradiation techniques, a standard
option for treating some nonmalignant diseases. Famil-
iarity with its potential risks is thus essential in order to
prevent complications when possible as well as to be able
to inform the patients of their possible onset. The
development of RT-related neurotoxicity remains largely
unpredictable, and seems to depend on yet to be dis-
covered individual predispositions. As progress has been
made in understanding the pathophysiology of
radiation-induced injury and in determining “safe” doses
over the past few decades, many complications have
become rarer than a few years ago.
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PRES Posterior reversible encephalopathy syndrome
RBC Red blood cell
AML Acute myeloid leukemia
HDAC Histone deacetylase
MDS Myelodysplastic syndrome
GnRH Gonadotropin-releasing hormone
ITP Immune thrombocytopenia

Introduction

Neurotoxicity from chemotherapy is a common and likely
dose-limiting toxicity of cancer therapy. Several
chemotherapy agents can cause distinct neurological side
effects and there are often limited treatment options for these
toxicities. With significant advances in all modalities of
oncology care through advances in therapy, as well as new
combinations of therapy, overall survival has increased and
major toxicities, such as bone marrow toxicity, can be con-
trolled. Due to these advances the neurologic complications
of chemotherapy are being observed in higher frequency.
Chemotherapy can cause peripheral neurotoxicity, with
peripheral neuropathy being the most commonly manifested
toxicity. Central neurotoxicity can vary from patient to
patient with respect to symptoms and severity. These toxic-
ities can be due to direct toxic effects to neural tissues (e.g.,
vascular injury and ischemia), or secondary to systemic
causes (e.g., electrolyte disturbances, hepatotoxicity).

The vinca alkaloids, taxanes, platinums, and proteasome
inhibitors are the most common agents to cause peripheral
neuropathy. Peripheral neuropathy is generally
dose-dependent and persistent, with symptoms potentially
lasting for months to years after therapy is discontinued.
Unfortunately, therapies for prevention or treatment of
peripheral neuropathy are controversial, with positive and
negative results being reported.

Despite the protective role of the blood–brain barrier
(BBB), many chemotherapeutic agents have the ability to
cause central neurotoxic side effects. Methotrexate, ifos-
famide, and cytarabine are known for their central neuro-
toxic effects. This toxicity can range from fatigue and
headache to cognitive deficits, seizures, cerebellar dysfunc-
tion, and psychiatric syndromes. These toxicities can cause
significant treatment-related morbidity and even mortality in
some cases. The symptoms may have an acute, subacute, or
delayed presentation. Symptoms of CNS toxicity vary
widely from patient to patient, causing mild, transient, and

reversible effects in some and more severe, chronic, and
progressive dysfunction in others.

Intrathecal (IT) chemotherapy can be used for the treat-
ment of primary or metastatic brain tumors and forgoes the
protective role of the BBB. Toxicities of IT chemotherapy
can cause symptoms of aseptic meningitis with methotrexate
or cytarabine, and death if vinca alkaloids are inadvertently
administered intrathecally.

It is essential for oncologists and other clinicians pro-
viding care for patients with cancer to be aware of the
potential neurotoxicity associated with chemotherapy agents.
They must also be able to recognize the various syndromes
when they arise as the differential diagnosis can be broad,
including metastatic tumor spread, opportunistic infections,
metabolic disturbances, paraneoplastic syndromes, and
neurotoxicity from other medications or modalities of cancer
therapy. This chapter will review the central and peripheral
neurotoxicity associated with conventional chemotherapy
drugs, hormonal therapies, and supportive medications used
in cancer therapy. Tables 15.1 and 15.2 provide an overview
of the central and peripheral neurotoxicity associated with
conventional chemotherapy agents.

Alkylating Agents

Nitrogen Mustards

Mechlorethamine
Mechlorethamine is the original nitrogen mustard, which
inhibits DNA and RNA syntheses by producing interstrand
and intrastrand cross-links in DNA. It is used in lymphomas
and malignant effusions. When used at conventional intra-
venous (IV) doses, mechlorethamine does not cause neuro-
toxicity. When used in high-dose IV regimens, such as
preparation for bone marrow transplantation (BMT), the
drug has been reported to cause encephalopathy, headache,
and seizures [1, 2]. The symptom onset is usually within a
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Table 15.1 Chemotherapy
drugs that can cause central
neurotoxicity

Acute or subacute encephalopathy

Methotrexate Cisplatin Vinca alkaloids

Mechlorethamine Procarbazine Cytosine Arabinoside (Ara-C)

Fludarabine Gemcitabine Hydroxyurea

Pentostatin Chlorambuicil Thiotepa (high dose)

Ifosfamide Hexamethylmelamine Cyclophosphamide

Etoposide Paclitaxel Docetaxel

Doxorubicin (IT
administration)

Mitotane L-Asparaginase

Chronic encephalopathy

Methotrexate Cytosine Arabinoside (Ara-C)
(IT administration)

5-Fluorouracil

Carmustine (IA or high-dose
IV administration)

Ifosfamide Fludarabine

Cisplatin (IA administration) – –

Seizures

Methotrexate Cisplatin Vinca alkaloids

Mechlorethamine Nitrosoureas (IA or intracavitary
administration)

Chlorambuicil (overdose only)

Hexamethylmelamine Cyclophosphamide 5-Fluorouracil

Cytosine arabinoside (Ara-C) Fludarabine Gemcitabine

Pentostatin Dacarbazine Temozolomide

Ifosfamide Etoposide Paclitaxel

Docetaxel L-asparaginase –

Headache

Methotrexate (IT
administration)

5-Fluorouracil Cytosine arabinoside (Ara-C) (IT
administration)

Cladribine Gemcitabine Hydroxyurea

Dacarbazine Temozolomide Nitrosoureas (i.e., BCNU) (IA
administration)

Mechlorethamine Procarbazine Thiotepa (IT administration)

Hexamethylmelamine Retinoids Etoposide

Topotecan Mitomycin C L-Asparaginase

Thalidomide Lenalidomide Pomalidomide

Octreotide Mitotane –

Cerebrovascular complications

Cisplatin Doxorubicin (IA administration) Mitomycin C

L-Asparaginase – –

Visual loss

Fludarabine Cisplatin (IA and high-dose IV
administration)

Carmustine (BCNU) (IA and
high-dose administration)

Retinoids Chlorambucil Vinca alkaloids

Paclitaxel Mitotane –

Data derived and updated from Cavaliere and Schiff [189], Newton [3], and Hammack [414]
Abbreviations: IA Intra-arterial, IT Intrathecal, IV Intravenous
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few days of treatment; spontaneous recovery is typical.
Mechlorethamine has also been administered during
intra-arterial (IA) chemotherapy for treatment of recurrent
gliomas in the 1950s and 1960s, but was associated with
significant cerebral edema, seizure activity, focal neurolog-
ical deficits, and encephalopathy [3].

Chlorambucil
Chlorambucil is an orally administered nitrogen mustard
interfering with DNA replication and RNA transcription by
cross-linking DNA strands, used in the treatment of chronic
lymphocytic leukemia (CLL), Hodgkin’s lymphoma, and
non-Hodgkin’s lymphomas. Rarely, seizures may occur.
A history of nephrotic syndrome and high-dose chloram-
bucil pulses are risk factors for chlorambucil-induced sei-
zures [4, 5]. Ocular toxicities including retinal edema and
hemorrhage, as well as keratitis, have been described [6].
Uncommon central neurotoxicities include agitation, ataxia,
confusion, drug fever, hallucinations, encephalopathy, and
myoclonus [7, 8]. PNS toxicity of chlorambucil includes
neuropathy, tremor, and myoclonia [9, 10].

Cyclophosphamide
Cyclophosphamide is a prodrug that requires activation in
the liver. Antineoplastic properties are derived from
cross-linking DNA strands and decreasing DNA synthesis. It
is frequently used in combination chemotherapy regimens
for many solid and hematologic tumors. Neurotoxicity is
uncommon, especially compared to ifosfamide, but may
present during high-dose IV infusions used for hematopoi-
etic stem cell transplant. Toxicity at these doses includes a
mild, reversible encephalopathy with dizziness, blurred
vision, and confusion. Posterior reversible encephalopathy
has also been described [11].

Ifosfamide
Ifosfamide is an alkylating agent structurally similar to
cyclophosphamide that is used for treatment of many solid
and hematopoietic tumors, known to frequently cause CNS
toxicity. Central neurotoxicity occurs in 10–30% of all
patients that receive high-dose IV ifosfamide treatment
[12–15]. The toxicity is more likely to occur when IV
therapy is continuous over several days or given in a large
bolus dose, as opposed to fractionated schedules. Other risk
factors include low serum albumin [12, 13], renal dysfunc-
tion [12, 13], use of the antiemetic aprepitant [16–19],
underlying brain disease [20], concurrent phenobarbital
treatment [21], previous neurotoxicity with ifosfamide [12],
and prior cisplatin therapy [12, 13]. Accumulation of
chloroacetaldehyde, a metabolite of ifosfamide, is thought to
cause the encephalopathy. Neurotoxicity can occur hours to
days into the treatment and the majority of patients do not
require treatment; the encephalopathy resolves completely
within days [22]. Small studies have used dexmedetomidine,
thiamine, and/or methylene blue as treatment of prevention
of ifosfamide-induced encephalopathy [23–26]. The most
common symptoms include delirium, mutism, visual hallu-
cinations, seizures, focal motor deficits, facial nerve palsy,
and aphasia. Cases of death [27, 28] and irreversible neu-
rologic deficits have been reported [22]. Electroen-
cephalography (EEG) generally reveals diffuse, slow-wave
activity, without epileptiform discharges. Other neurotoxic-
ity with ifosfamide is typically described in the setting of
encephalopathy but includes seizures [29, 30], ataxia [29],
neuropathy [31], extrapyramidal symptoms [32, 33], and
cranial nerve dysfunction [13].

Melphalan
Melphalan inhibits DNA and RNA syntheses by creating
cross-links in DNA. It is used in multiple myeloma, ovarian
cancer, and as a conditioning regimen for autologous
hematopoietic stem cell transplantation. Neurotoxicity is
uncommon, although cases of encephalopathy and seizures
have been reported [34–36].

Bendamustine
Bendamustine is a nitrogen mustard derivative that causes
single- and double-strand breaks leading to cell death. It is
used in the treatment of chronic lymphocytic leukemia
(CLL) and non-Hodgkin’s lymphoma. Neurotoxicity is
uncommon with fatigue, headache, vertigo, anxiety, and
depression described [37, 38].

Estramustine
Estramustine, a nitrogen mustard linked to estradiol, has
both antiandrogen and anti-microtubular effects. It is mainly
used for refractory prostate cancer and is not associated with
significant CNS toxicity. Trials report uncommon

Table 15.2 Chemotherapy drugs that can cause peripheral
neurotoxicity

Sensory neuropathy

Cisplatin Carboplatin Oxaliplatin

Vinca alkaloids Taxanes Bortezomib

Carfilzomib Ixabepilone Thalidomide

Lenalidomide Pomalidomide –

Motor neuropathy

Oxaliplatin Vinca alkaloids Taxanes

Bortezomib Ixabepilone Thalidomide

Lenalidomide Pomalidomide –

Autonomic neuropathy

Vinca alkaloids Bortezomib Thalidomide

Lenalidomide Pomalidomide –

Data derived and updated from Cavaliere and Schiff [189] and from
Hammack [414]
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neurotoxicity such as lethargy, insomnia, emotional lability,
anxiety, and headache [39]. Approximately 25% of patients
experienced a thromboembolic event [40]. Rare cases of
thrombotic microangiopathy with cerebral infarction have
been described [41].

Nitrosoureas

The nitrosoureas are a class of drugs that alkylate DNA and
RNA, and include carmustine (BCNU), lomustine (CCNU),
semustine (methyl-CCNU), nimustine (ACNU), fote-
mustine, and streptozotocin. They are all very lipid soluble
and have excellent penetration of the BBB, with CSF drug
levels approximately 15–30% of simultaneous plasma
levels. Nitrosoureas are used predominantly for the treatment
of high-grade gliomas, melanoma, lymphoma, and in con-
ditioning regimens for allogeneic hematopoietic stem cell
transplantation. When used at conventional IV doses, the
incidence of CNS toxicity is minimal. High-dose BCNU has
been associated with optic neuropathy and leukoen-
cephalopathy in rare cases [42].

CNS toxicity is more likely to occur when nitrosoureas
are administered to the brain via the IA route [3]. IA BCNU
and ACNU have been used for the treatment of high-grade
gliomas, with a high incidence of cerebral and ocular toxi-
city. Ocular toxicity included acute orbital pain during drug
infusion, along with optic neuropathy and retinal injury.
These symptoms could be mitigated with supra-ophthalmic
delivery of the drug. Cerebral symptoms could include focal
or generalized seizures, encephalopathy, coma, focal weak-
ness, and stroke. In some patients this constellation of
symptoms and signs can be caused by necrotizing
leukoencephalopathy, a relatively uncommon and occa-
sionally fatal complication of IA BCNU [43]. Concurrent
irradiation increases the risk for development of the syn-
drome [43]. The onset of symptoms is often delayed after
drug administration, up to 6 months in some cases. Neu-
roimaging usually demonstrates prominent edema in the
ipsilateral hemisphere; gyral enhancement may be present.
Pathological evaluation reveals focal necrosis and mineral-
izing axonopathy in the affected hemisphere. The mecha-
nism of injury remains unknown but, similar to
methotrexate, may be related to a combination of a direct
neurotoxic effect of the drug and endothelial damage.

BCNU is also administered to brain tumor patients in
wafer form, implanted directly into the resection cavity [44].
In general, there is only a mild risk of neurotoxicity in this
setting, with the potential for increased cerebral edema,
seizure activity, and new focal neurological deficits after
BCNU wafer placement.

Alkyl Sulfonates

Busulfan
Busulfan is a non-cell-cycle-specific alkylating agent that
interferes with DNA replication and transcription of RNA. It
is used as an oral treatment for chronic myelogenous leu-
kemia (CML) and IV in hematopoietic stem cell transplant
conditioning regimens. Busulfan is known to cross the BBB
easily with a CSF-to-plasma ration of 1:1. Seizures have
been reported with IV busulfan and with high-dose oral
busulfan [45–47]. The seizures usually appear within 48 h of
drug administration. Seizures are more common in adults
compared to children [48]. When busulfan is used as a
conditioning regimen for transplant, prophylactic anticon-
vulsant therapy should be initiated (e.g., phenytoin, leve-
tiracetam, benzodiazepines, or valproic acid) prior to
treatment. It should be noted that phenytoin increases
busulfan clearance by greater than 15% and doses should be
adjusted accordingly. Busulfan should be used with caution
in patients predisposed to seizures, history of seizures, head
trauma, or with other medications associated with inducing
seizures. Dimethylacetamide is the solvent in IV busulfan
and has been associated with hallucinations, somnolence,
lethargy, and confusion. Other neurotoxic side effects of
busulfan include insomnia, fever, anxiety, headache, chills,
vertigo, depression, confusion, delirium, encephalopathy,
and cerebral hemorrhage [49].

Triazines

Dacarbazine
Dacarbazine causes DNA double-strand breaks leading to
cell apoptosis. It is commonly used in Hodgkin’s lymphoma,
melanoma, and many sarcoma histologies. Seizures,
encephalopathy, and dementia have rarely been reported
[50]. Mild neurotoxicy, such as headache and fatigue, are
more common and self-limiting.

Temozolomide
Temozolomide is a prodrug that is converted to the active
alkylating metabolite MTIC. It is used in the treatment of
Ewing’s sarcoma, melanoma, and many types of brain
tumors including astrocytoma and glioblastoma. Central
neurotoxicity appears to be very uncommon, with reports of
seizures and exacerbation of focal neurological deficits [51].
However, it is difficult to differentiate if these symptoms
might be related to the underlying brain tumor, the medi-
cation, or a combination of both. Transient neurological
deterioration may occur in the early stages of therapy in
glioma patients and has been referred to as “tumor flare”
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syndrome, “treatment effect,” and tumor “pseudoprogres-
sion” [52, 53]. The incidence of tumor “pseudoprogression”
ranges from 28 to 66% in glioblastoma patients and typically
occurs within 3 months post-completion of temozolomide
and concurrent radiation [53]. Neuroimaging shows an
increased area of contrast enhancement and enlargement of
noncontrast T2/FLAIR hyperintensities surrounding the
enhancement. Treatment of “pseudoprogression” may
include corticosteroids, bevacizumab, or watchful waiting
with short-interval brain MRI depending on the extent
radiological changes and neurological symptoms.

Ethylenimines

Thiotepa
Thiotepa is an alkylating agent that produces DNA
cross-links leading to inhibition of DNA, RNA, and protein
syntheses. It is used for ovarian cancer, intracavitary effu-
sions, intrathecally for leptomeningeal metastases, intraves-
ically for bladder cancer, and at high doses for hematopoietic
stem cell transplant in patients with active CNS malignancy.
It readily crosses the BBB [54]. Thiotepa may cause chills,
vertigo, fatigue, fever, and headache. Intrathecal use can
cause similar toxicity to that of MTX and Ara-C including a
mild, reversible aseptic meningitis and, in rare cases, a
transient or persistent myelopathy [55–57]. Neurotoxicity
from thiotepa is significantly increased in patients with
previous CNS radiation [58]. CNS toxicity is rare at con-
ventional IV doses. High doses of thiotepa IV have been
associated with neurotoxicity in the form of encephalopathy,
including fatal encephalopathy [59].

Hexamethylmelamine (Altretamine)
Hexamethylmelamine structurally resembles an alkylating
agent but has demonstrated activity in tumors resistant to
classic alkylating agents. Its mechanism is not fully
understood, but it is thought to bind and damage DNA. It is
used for recurrent ovarian cancer [60]. The parent drug does
not readily cross the BBB, but the metabolites readily enter
the CNS. Peripheral neuropathy with hexamethylmelamine
can occur, but the drug has been administered safely to
patients with pre-existing neuropathy due to cisplatin [61,
62]. It is recommended that a neurological examination be
done routinely before each cycle and throughout treatment.
The most common neurotoxic side effects include headache
and mild encephalopathy. Less frequent CNS toxicities
include seizures, ataxia, tremor, and Parkinsonism. These
usually occur in patients receiving high-dose daily treat-
ment, and in most cases are reversible after drug discon-
tinuation [59].

Platinum Compounds

Cisplatin (Cis-Diamminedichloroplatinum (II),
CDDP, DDP)
Cisplatin inhibits DNA synthesis by the formation of DNA
cross-links. It is utilized in a variety of oncologic and
hematologic malignancies. Cisplatin has a wide range of
neurotoxicity including peripheral neuropathy, ototoxicity,
vestibulopathy, and encephalopathy.

The peripheral neuropathy associated with cisplatin is a
sensory peripheral neuropathy. This typically begins devel-
oping at a cumulative dose of 300 mg/m2. Once a cumula-
tive dose of 500–600 mg/m2 has been achieved, almost all
patients have evidence ofperipheral neuropathy [63–65].
Increasing the dose intensity of cisplatin therapy has been
shown not to increase the severity of the peripheral neu-
ropathy [66]. There is significant variance among patients in
the susceptibility of peripheral neuropathy [64, 67, 68],
thought to be due to genetic polymorphisms in the enzymes
responsible for cisplatin metabolism [69, 70].

Cisplatin-induced peripheral neuropathy is an axonal
neuropathy that affects large myelinated sensory fibers [63,
67, 71, 72]. The major site of damage is the dorsal root
ganglion [73], where cisplatin promotes alterations in
cell-cycle kinetics leading to induction of apoptosis [74].
Oxidative stress and mitochondrial dysfunction may also
trigger neuronal apoptosis and could also play a role in
cisplatin-induced peripheral neuropathy [75–77].

Symptomatology of cisplatin-induced peripheral neu-
ropathy includes numbness, paresthesias, and pain. Nor-
mally these symptoms begin bilaterally in the toes and
fingers, spreading proximally to the arms and legs. Pinprick,
temperature sensation, and motor strength are usually intact
or less severely affected compared to proprioception and
reflexes [63]. Nerve conduction studies exhibit sensory
axonal damage, with decreased amplitude of sensory nerve
action potentials and prolonged sensory latencies [78].

After discontinuation, cisplatin-induced peripheral neu-
ropathy worsens in 30% of patients [71, 72], and symptoms
may even begin after therapy is discontinued. A large study
in patients with testicular cancer found that peripheral neu-
ropathy remained detectable on long-term follow-up (i.e.,
greater than 5 years) in approximately 20% of patients, and
caused significant symptoms in 10% of patients [65]. Once
developed, there is no effective therapy to reverse the neu-
ropathy and treatment is aimed at controlling symptoms.
Over time, the peripheral neuropathy improves but full
recovery is often not observed.

High-frequency sensorineural hearing loss with tinnitus is
a dose-dependent toxicity of cisplatin [79]. This has been
reported with both intravenous and rarely with
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intraperitoneal use [80]. Cisplatin-induced ototoxicity occurs
from damage to the outer hair cells in the organ of Corti and
the vascularized epithelium in the lateral wall of the cochlea
[81, 82]. Ototoxicity occurs in approximately 15–20% of
patients receiving cisplatin, and early detection with
audiometry is vital to prevention as there is no consensus on
pharmacologic agents to prevent or treat this toxicity.

The most frequent neurotoxic side effects of cisplatin
involve the peripheral nervous system. However, central
nervous system toxicity can also be very significant in
selected patients, and will depend on the dose and route of
administration (i.e., IV vs. IA). Seizures and diffuse
encephalopathy are the most common forms of CNS toxicity
associated with cisplatin [83–85], yet still rarely occur
(Fig. 15.1a, b). This occurs due to acute injury to neural
tissues, metabolic abnormalities, or a combination of both.
Hypomagnesaemia is common in patients receiving cis-
platin, noted in 55–60% of patients. It is caused by impaired
magnesium reabsorption in the proximal renal tubules [86].
Both seizure activity and encephalopathy can occur in the
setting of hypomagnesaemia, along with diffuse muscle
weakness, depending on the severity of the magnesium
deficit. Patients are also at risk for hyponatremia, which can
result from the syndrome of inappropriate antidiuretic hor-
mone (SIADH), excessive hydration with hypotonic fluids
during cisplatin infusion, or severe cisplatin-induced emesis
[87]. In rare cases, especially those with intracranial
space-occupying lesions, excessive hydration during cis-
platin therapy can result in cerebral edema, somnolence,
seizure activity, and tonsillar herniation [88]. Lhermitte’s
phenomenon, manifesting as paresthesias in the back and
extremities with neck flexion can be seen in patients
receiving cisplatin. This is most likely caused from transient
demyelination of the posterior columns [89]. Lhermitte’s
phenomenon is self-limiting after drug discontinuation [90,
91]. Encephalopathy may occur as a direct toxic effect
during IV treatment, but is even more common during IA
infusion [3, 92]. Other symptoms that can arise during or
within hours to days of IV cisplatin include stroke, seizures,
cortical blindness, retinal toxicity, dysphasia, and focal
motor deficits. The neurological injury usually resolves
without specific intervention and may not recur with sub-
sequent cycles of cisplatin. In patients with stroke, angiog-
raphy may reveal branch occlusion or, in some cases, be
completely normal. The cause of cisplatin-induced stroke
remains unclear; possible mechanisms include vasospasm in
the setting of hypomagnesaemia, coagulopathy, and
drug-induced endothelial injury.

Intra-arterial cisplatin is associated with a broad range of
CNS neurological complications, including encephalopathy,
confusional states, seizures, stroke, chronic leukoen-
cephalopathy, and ocular toxicity [3, 92]. The ocular injury

can manifest as optic neuropathy and/or retinopathy, and
may include retinal infarcts. The risk for ocular toxicity is
reduced if the catheter is advanced beyond the origin of the
ophthalmic artery. However, supra-ophthalmic delivery of

Fig. 15.1 a, b Acute cisplatin toxicity. The MRI with sagittal (a) and
axial (b) T1-weighted and gadolinium enhanced sequences shows
multiple small hemorrhages and small necrotic cysts with minor focal
contrast enhancement and small edema restricted to the corpus
callosum. The 38-year-old developed significant lethargy and confusion
after the second cycle of cisplatin chemotherapy (cisplatin, ifosfamide,
and etoposide) for testicular cancer (Generously provided by Dr.
Patrick Wen, Dana-Farber Cancer Institute, Boston, MA.)
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cisplatin has been associated with more frequent and severe
neurological toxicity.

Carboplatin
Carboplatin is a platinum alkylating agent that covalently
binds to DNA-producing interstrand DNA cross-links. It is
used in many different solid and hematologic malignancies,
as well as in high doses for hematopoietic stem cell trans-
plant. Peripheral neuropathy and CNS toxicity are uncom-
mon when carboplatin is given at conventional dosing.
A severe neuropathy can develop with higher than standard
dose carboplatin, in the setting of hematopoietic cell trans-
plantation [93]. Reversible posterior leukoencephalopathy
has been described with carboplatin [94] and retinal toxicity
after IA administration [95], along with stroke-like symp-
toms [96] and cortical blindness [97]. The incidence of
neuropathy is lower than with cisplatin [98]. Carboplatin, via
the IA route, has been used for the treatment of primary or
metastatic brain tumors and appears to have less neurotox-
icity compared to cisplatin [3].

Oxaliplatin
Oxaliplatin forms cross-links in DNA leading to inhibition
of DNA replication and transcription. It is commonly used in
colorectal cancer, gastric cancer, esophageal cancer, pan-
creatic cancer, and types of lymphomas. Peripheral neu-
ropathy is common with oxaliplatin and comprises two
distinct syndromes. The first is an acute peripheral neuro-
toxicity that can appear during or shortly after the first
couple of infusions. The second is a cumulative sensory
neuropathy, with distal loss of sensation and dysesthesias.
Oxaliplatin-induced peripheral neuropathy is extremely
common with greater than 85% of patients affected [99].

Acute symptoms are more frequently observed at single
doses � 130 mg/m2 than with doses � 85 mg/m2 [100].
Typical symptoms include cold intolerance with discomfort
swallowing cold beverages, throat discomfort, sensitivity to
touching cold items, paresthesias and dysesthesias of the
hands, feet, and perioral region, and muscle cramps. Pro-
longing the infusion time from 2 to 6 h decreases the incidence
of acute neuropathy including pseudolaryngospasm [101].

General consensus has been that oxaliplatin-induced
acute neuropathy resolves after two to three days; a more
recent report suggests that it may not completely resolve
between oxaliplatin doses with every two-week dosing
[102]. Symptoms are typically most severe with the first
cycle but recur with each cycle. In subsequent cycles, the
severity of the acute neuropathy is approximately half as

severe compared to the first cycle and maintains that severity
throughout treatment [102].

The mechanism of oxaliplatin-induced acute peripheral
neuropathy has been postulated to be a result of chelation of
calcium by oxalate, a metabolite of oxaliplatin. This causes a
transient activation of disinhibited peripheral nerve
voltage-gated calcium-dependent sodium channels, causing
hyperexcitability of peripheral nerves [103, 104]. As patients
progress through therapy, acute changes in axonal
excitability seem to become less pronounced. This is likely
due to chronic nerve dysfunction and sensory loss that mask
the acute effects at higher cumulative doses [105]. Calcium
and magnesium supplementations for treatment and pre-
vention are controversial. Several studies have shown benefit
[106–108] while others, including a prospective phase III
study, were not able to show benefit [109, 110].

The second distinct oxaliplatin-induced peripheral neu-
ropathy is a cumulative sensory neuropathy. It is
dose-limiting with a late onset comparable to that of cis-
platin. It presents as a symmetric distal axonal neuropathy
without motor involvement, and with rare autonomic
involvement. The mechanism of this neuropathy is similar to
cisplatin. Oxaliplatin forms fewer platinum-DNA adducts
compared to cisplatin, and thus is slightly less neurotoxic
[111]. Other rare manifestations of neurotoxicity include
urinary retention and Lhermitte’s phenomenon in patients
receiving high cumulative oxaliplatin doses [112, 113].
Reversible posterior leukoencephalopathy has also been
reported [114–116].

Other Alkylating Agents

Procarbazine-HCL (N-Methylhydrazine)
Procarbazine is a prodrug that is activated in the liver. It
inhibits transmethylation of methionine into transfer RNA
and thus inhibits DNA, RNA, and protein syntheses. It
penetrates the BBB and is used for the treatment of lym-
phomas and brain tumors. Procarbazine can cause a mild
reversible encephalopathy at normal doses (100 mg/m2 for
14 days every 28 days). At this dose it may also rarely cause
psychosis and stupor [117]. The incidence of encephalopa-
thy may be higher in patients receiving higher doses for
gliomas [118]. In addition, due to its weak activity as an
MAO inhibitor, procarbazine can cause hypertensive
encephalopathy, headache, and delirium when administered
in combination with sympathomimetic agents or after con-
sumption of tyramine-containing foods.
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Antimetabolites

5-Fluorouracil (5-FU)

5-FU is a pyrimidine analog metabolite that interferes with
DNA and RNA syntheses. It is a prodrug that inhibits
thymidylate synthetase, depleting thymidine triphosphate,
which is a necessary component of DNA synthesis. It is used
in many oncologic settings including breast cancer, colon
cancer, rectal cancer, pancreatic cancer, gastric cancer, and
others.

5-FU rarely causes an acute cerebellar syndrome mani-
festing as acute onset of ataxia, dysmetria, dysarthria, and
nystagmus [119, 120]. It can developweeks tomonths after the
initiation of therapy. 5-FU is known to readily cross the BBB
and has been found to have the highest concentration in the
cerebellum, potentially explaining the acute cerebellar
syndrome. Clinical investigations with CT, MRI, and CSF
evaluation are generally unremarkable. 5-FU should be dis-
continued if patients experience cerebellar toxicity and over
time signs and symptoms usually resolve completely.
Encephalopathy has also been described with 5-FU
chemotherapy [121–124]. In these cases, elevated serum
ammonia levels without evidence of decompensated liver have
been observed. Risk factors associated with encephalopathy
include renal dysfunction, weight loss, and constipation.

Other rare neurologic side effects of 5-FU include seizure
[125], peripheral neuropathy [126], a parkinsonian syndrome
[127], cerebrovascular disorders [128], focal dystonia [129],
eye movement abnormalities [130], and optic neuropathy
[131]. Approximately 3–5% of the general population has a
deficiency in the enzyme responsible for 5-FU metabolism,
dihydropyrimidine dehydrogenase (DPD) [132, 133].
Patients with a DPD deficiency are at increased risk of
developing severe neurologic toxicity, including cerebellar
toxicity [134].

The biochemical basis of 5-FU neurotoxicity remains
unknown [125, 135]. Pathological examination of the brains
of patients with 5-FU neurotoxicity is usually benign, with
minimal if any abnormality. Numerous theories have been
proposed, including blockade of the Kreb’s cycle by
fluoroacetate, a by-product of 5-FU catabolism that is able to
inhibit the Kreb’s cycle enzyme aconitase. Another proposal
suggests that the drug may induce neurological toxicity via
an acute deficiency of thiamine, since 5-FU is able to block
the production of thiamine phosphate, the active form of the
vitamin [136].

The differential diagnosis of 5-FU neurotoxicity is broad,
and covers a wide range of disease processes, including
cerebellar metastases, paraneoplastic cerebellar syndromes,
vertebrobasilar ischemia, and intoxication by other
medications.

Capecitabine

Capecitabine is an oral prodrug that is converted to fluor-
ouracil in the liver and tissue. It is commonly used in breast
cancer, colorectal cancer, and many other malignancies.
Neurotoxicity includes fatigue, paresthesia, lethargy, neu-
ropathy, headache, insomnia, vertigo, depression, and mood
changes [137–139]. A subacute encephalopathy is rare with
symptoms of confusion, memory loss, and white matter
changes on MRI [140, 141]. Symptoms resolve within days
following discontinuation of therapy. Cranial MRI showed
some nonspecific white matter changes [140], while other
reports detail more pronounced white matter changes on
MRI in patients with capcitabine-induced encephalopathy
[140, 141]. Pure syndromes causing only encephalopathy
or a cerebellar syndrome have also been described
[142, 143].

Mercaptopurine

Mercaptopurine is used in the maintenance phase for acute
lymphoblastic leukemia. It is a purine antagonist that inhibits
DNA and RNA syntheses. Neurotoxicity is rare and mainly
includes fatigue. Cases of drug fever have been reported
[144].

Cytosine Arabinoside (Ara-C, Cytarabine)

Cytosine arabinoside (Ara-C) is a pyrimidine analog that is
phosphorylated within tumor cells into aracytidine triphos-
phate (Ara-CTP), the active moiety that inhibits DNA
polymerase. It is commonly used in multi-agent
chemotherapy regimens for the treatment of leukemia and
lymphoma, as well as for carcinomatous meningitis. Central
neurotoxicity from Ara-C is usually noted in the context of
high-dose IV therapy (� 3 g/m2 every 12 h � 4–6 days),
and typically presents with a subacute, pancerebellar syn-
drome [145–147]. In most cases, the onset of symptoms is
within hours to days of completion of the infusion but can
rarely occur during the infusion. The size of an individual
dose may be more important than the cumulative dose of the
drug. Patients with renal failure are at increased risk of
developing the syndrome. The decrease in use of high-dose
Ara-C in patients with renal dysfunction has led to a
decrease in the incidence of cerebellar syndrome [148].
Symptoms include dysarthria, dysmetria, ataxia, nystagmus,
and dysdiadochokinesia. Signs of cerebral dysfunction, such
as somnolence, altered mentation, headache, and seizures
[149], can also be noted in some patients. Symptoms usually
resolve after complete discontinuation of Ara-C.
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MRI shows T2/FLAIR hyperintensities, with white mat-
ter abnormalities and cerebellar atrophy almost resembling
reversible posterior leukoencephalopathy [150] (Fig. 15.2).
CSF analysis is usually unremarkable and EEG may show
slowing. On neuropathological examination, the most
common findings are cerebellar cortical atrophy and
Purkinje cell loss.

Other central neurotoxic effects of IV Ara-C include
Horner’s syndrome, parkinsonism [151], and anosmia [152,
153]. Peripheral neurotoxicy is rare. Neuropathies have been
described with high doses [154–156] but are most com-
monly described in the setting of other neurotoxic agents
[157, 158]. Demyelinating [152, 159], axonal [160], and
fatal cases of neuropathy [158, 160] have been reported.

Intrathecal use of Ara-C can produce a mild chemical
meningitis, similar to methotrexate [161]. Myelopathy

[162, 163], seizure [149], papilledema [164], and locked-in
syndrome [165] have been associated with intrathecal use.
Neurotoxicity is more common with the liposomal,
sustained-release preparation of Ara-C (i.e., DepoCyt®,
Sigma-Tau Pharmaceuticals, Gaithersburg, MD), and can
recur with subsequent doses of the drug. Dexamethasone
prophylaxis should be used in all patients receiving IT
liposomal Ara-C to decrease the incidence and severity of
chemical meningitis. Rarely, seizures, and confusional syn-
dromes occur with IT usage.

Floxuridine

Floxuridine is catabolized to fluorouracil after IA adminis-
tration, inhibiting thymidylate synthetase and interrupting

Fig. 15.2 Leukoencephalopathy
after high-dose Ara-C and
idarubicin. The axial MRI reveals
extensive and diffuse T2/FLAIR
air hyperintensities affecting
bilateral subcortical white matter
consistent with diffuse
leukoencephalopathy. Two years
earlier, this 44-year-old patient
received chemotherapy with
cytosine arabinoside/idarubicin
and bone marrow transplant for
AML. The patient became
increasingly symptomatic with
progressive cognitive impairment
and recurrent falls (Generously
provided by Dr. Patrick Wen,
Dana-Farber Cancer Institute,
Boston, MA.)
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DNA and RNA synthesis. It is administered intra-arterially
for hepatic metastases from colorectal cancer. Due to the
local administration, neurotoxicity is rare.

Fludarabine

Fludarabine inhibits DNA synthesis by blocking DNA
polymerase and ribonucleotide reductase, leading to cell
apoptosis. It is mainly used in chronic lymphocytic leukemia
(CLL) . Serious neurotoxicity has been observed at higher
than recommended doses (up to 96 mg/m2/day for 5–7 days)
including delayed blindness, coma, and death [166]. After
high-dose fludarabine, neurotoxicity generally appeared
from 21 to 60 days following the last dose of fludarabine,
and has been reported as early as 7 days and as late as
225 days after treatment. At the standard dose of 40 mg/m2,
severe neurotoxicity is observed in less than 1% of patients
[167]. Other neurotoxicity including agitation, coma, con-
fusion, and seizure has been reported with standard CLL
doses [167].

Reports of fludarabine neurotoxicity have relied on brain
CT or have described MRI abnormalities without detail
[166–171]. One series of three patients describes variable,
ill-defined, mildly hyperintense lesions on the periventricular
and periarterial cerebral white matter on T2 and FLAIR
sequences with restricted diffusion but no enhancement.
The MRI abnormalities were minimal compared to the
profound clinical deficits of the patients. Abnormalities
reportedly increased in intensity and size over time, further
emphasizing the point that fludarabine neurotoxicity appears
to be delayed with progressive lesions many weeks after
drug cessation [172].

Progressive multifocal leukoencephalopathy (PML) has
been reported with the use of fludarabine [173–180]
(Fig. 15.3a–d). The majority of these patients had received
previous chemotherapy and/or other concurrent chemother-
apy. The onset of PML may be within a few weeks or can be
delayed up to one year [167, 170]. PML may be confused
with fludarabine neurotoxicity as described above; however,
imaging should differentiate the two. PML lesions involve
the subcortical white matter and do not show restricted dif-
fusion with lesion size correlating with clinical symptoms.
Both PML and fludarabine neurotoxicity generally lack
enhancement and mass effect.

Neuropathological examination shows multifocal
demyelination and necrosis [169, 173].

Gemcitabine

Gemcitabine, a pyrimidine antimetabolite, inhibits DNA
synthesis by inhibition of DNA polymerase and

ribonucleotide reductase. It is used in breast, lung, ovarian,
pancreatic, cervical, bladder, sarcoma, and head and neck
cancer. Posterior reversible encephalopathy syndrome
(PRES) has been reported both with single-agent and with
combination chemotherapy [181–184]. PRES may manifest
with blindness, confusion, headache, hypertension, lethargy,
seizure, and other visual and neurologic disturbances.
Therapy should be discontinued if PRES is confirmed. Other
neurotoxicity includes drowsiness and paresthesias. Periph-
eral neurotoxicity can occur, with studies showing that
approximately 20% of patients treated with gemcitabine
experience sensory neuropathy; however, it should be noted
that in these studies gemcitabine was administered with
oxaliplatin [185, 186].

Hydroxyurea

Hydroxyurea is an antimetabolite that inhibits ribonucleotide
reductase thus halting the cell cycle at the G1/S phase. For
sickle cell anemia, hydroxyurea increased red blood cell
(RBC) hemoglobin F levels, RBC water content, deforma-
bility of sickled cells, and alters the adhesion of RBCs to
endothelium. It is used for chronic myelocytic leukemia, in
solid tumors in conjunction with radiation, and sickle cell
anemia. Significant neurotoxicity is rare with only scattered
reports of mild encephalopathy and headaches [187].

Methotrexate (Amethopterin, MTX)

Methotrexate (MTX) is an antimetabolite drug that inhibits
the enzyme dihydrofolate reductase. This inhibition prevents
the conversion of folic acid into tetrahydrofolate, and inhibits
DNA synthesis in the S phase of the cell cycle. MTX is often
used for systemic malignancies such as leukemia, lym-
phoma, and sarcoma, and is also the most effective
chemotherapeutic agent for primary CNS lymphoma [188].
The drug does not cross the BBB very well, as it is highly
ionized and somewhat hydrophobic. Therefore, CNS toxic-
ity is uncommon unless MTX is administered IV at high
doses or via the IT route. MTX-induced neurotoxicity can be
divided into acute (during or within hours of administration),
subacute (days to weeks after administration), and chronic
(months to years after administration) effects.

Acute/Subacute Effects
After IT administration, MTX induces a chemical meningitis
in approximately 10% of patients [189, 190]. Symptoms
include headache, stiff neck, photophobia, and low-grade
fever, arising within hours of drug administration and
potentially lasting for days. CSF analysis will typically
demonstrate a mild pleocytosis, with no evidence of a viral
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and/or bacterial process. The reaction appears to be
idiosyncratic, does not usually recur with subsequent cycles
of IT treatment, and does not seem to be dose-related. Oral
corticosteroids or hydrocortisone along with the MTX may
decrease the severity and incidence of chemical meningitis.
The symptoms are usually self-limiting and require no
treatment. Patients that have had an acute reaction to
IT MTX do not appear to be predisposed to developing a late
or chronic effect of the drug.

Less common acute and subacute side effects of IT and
systemic MTX include seizures, encephalopathy, transient
focal neurologic deficits, and transverse myelopathy [189,

190]. Seizures rarely occur as an acute toxicity after IT
administration and are self-limiting. The most extensive
experience with this complication has been in pediatric
patients receiving IT MTX for treatment of acute leukemia
[191]. Acute and subacute encephalopathy can occur in the
setting of high-dose IV MTX (3–12.5 g/m2; 2.5–15% of
patients), most often administered in combination with other
chemotherapy agents for CNS lymphoma [188]. The clinical
presentation typically includes somnolence, the acute onset
of focal signs such as hemiparesis, dysphasia, dysarthria, and
occasional seizure activity. Brain CT and MRI may
demonstrate transient white matter abnormalities, or can be

Fig. 15.3 a–d This 78-year-old woman with an 8-year history of CLL
developed slowly progressive right hemiparesis and hand twitching
over several months. She had received rituximab and fludarabine within
one year of onset of these symptoms. FLAIR MR sequences
demonstrated multiple hyperintense lesions (a, b). Brain biopsy

revealed prominent gliosis with scattered cells with enlarged nuclei
and stippled, rim-like chromatin patter suggestive of viral inclusions
(c). Immunohistochemistry for JC virus showed positive staining of
these cells (d) (Generously provided by Dr. David Schiff, University of
Virginia, Charlottessville, VA.)
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normal in some cases (Fig. 15.4). One report discussed the
use of MRI within 1 h of onset of the syndrome. This
revealed bilateral, symmetrical restricted diffusion involving
white matter of the cerebral hemispheres, without evidence
of vasospasm or perfusion defect [192]. The authors sug-
gested that transient cytotoxic edema in the white matter was
the likely mechanism of MTX-induced neurotoxicity. EEG
evaluation usually reveals an abnormal study, with diffuse
slowing of the background. The syndrome is not likely to
correlate with serum or CSF MTX concentrations, and
symptoms can occasionally recur with subsequent courses of
treatment. In most cases, there is complete resolution of the
clinical and imaging abnormalities but, rarely, a chronic
leukoencephalopathy can be noted. Transverse myelopathy
can occur after IT MTX, often within hours to weeks of
administration of the drug [190, 193]. In most cases, the
toxicity develops after the patient has received multiple
doses of MTX. The clinical examination reveals bilateral leg
weakness, pain, spasticity, sensory loss, bladder dysfunction,
and gait difficulty. MRI of the spinal cord may be normal or
show T2 high signal abnormalities with patchy enhancement
[194]. Pathological examination is often unrevealing,
although one case has been reported with vacuolar degen-
eration and necrosis, without inflammation [195]. The
symptoms improve after drug discontinuation but the extent
of improvement is variable [196]. Accidental overdosage of
IT MTX is extremely uncommon, with cases describing no
neurologic injury [197] and others reporting severe reactions
to overdosage, with rapidly progressive encephalopathy and
death [198]. Potential treatment options for patients with an
overdose of IT MTX include CSF drainage,
ventriculo-lumbar perfusion, and administration of IT

carboxypeptidase-G2, an enzyme that hydrolyzes MTX into
inactive metabolites [199, 200].

Chronic Effects
Chronic and/or late side effects of IT and IV MTX occur at
least six months after initial drug administration [189, 190].
The most common chronic effect is a leukoencephalopathy,
which is well described in children with acute leukemia, but
can also occur in adults [201]. In children, the clinical pre-
sentation includes progressive learning disorders, develop-
mental delay, memory loss, gait difficulty, and urinary
incontinence. These symptoms are similar in adults, with
confusion and memory loss that often progresses to
dementia, as well as somnolence, irritability, impaired
vision, dysphasia, seizures, and ataxia. Imaging with CT and
MR reveals diffuse white matter damage, cortical atrophy,
ventricular enlargement, and punctate areas of calcification
within the basal ganglia and deep white matter (Fig. 15.5).
In addition, asymptomatic patients who have only received
high-dose IV or IT MTX may demonstrate similar, but much
milder, damage to the white matter on imaging studies.

The leukoencephalopathy is most likely to occur after
combination treatment with high-dose IV MTX, IT MTX,
and cranial irradiation (45%), with a much lower incidence
following high-dose MTX and/or IT MTX alone (2% or
less) [190, 202]. Neurotoxicity is especially enhanced when
the patient receives irradiation before the administration of
MTX (Fig. 15.6). The mechanisms underlying this syner-
gistic toxicity remain unclear. It may be due to a
radiation-induced increase in the permeability of the BBB,
reduced clearance of MTX from the CSF, increased passage
of MTX into the white matter through the ependymal–brain

Fig. 15.4 Acute methotrexate toxicity. The axial MRI shows bihemi-
spheric T2/FLAIR hyperintensities with frontal and occipital accentu-
ation after intrathecal methotrexate injection in a 19-year old with

AML. The patient developed mental status changes and confusion 1–
2 h after methotrexate injection (Generously provided by Dr. Patrick
Wen, Dana-Farber Cancer Institute, Boston, MA.)
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barrier, and potential direct cellular toxicity caused by irra-
diation [190]. Neuropathological changes are most notable
around the periventricular white matter and deep centrum
semiovale, and include demyelination, multifocal white
matter necrosis, astrocytosis, dystrophic calcification of deep
cerebral vessels, and axonal damage. Inflammatory cellular
infiltration is typically not present.

Pemetrexed

Pemetrexed acts as an antifolate by disrupting
folate-dependent metabolic processes essential for cell
replication. It is indicated in the treatment of pleural
mesothelioma and non-small cell lung cancer. It has little
associated neurotoxicity. Fatigue is a dose-limiting toxicity
and depression has been rarely reported [203].

Pralatrexate

Pralatrexate is an antifolate analog used for cutaneous and
peripheral T-cell lymphoma. It competes for the
folate-binding site to inhibit dihydrofolate reductase and

therefore inhibits DNA, RNA, and protein syntheses. Fati-
gue is the only CNS complication that has been reported
[204, 205].

Nelarabine

Nelarabine is a prodrug that incorporates into DNA of leu-
kemic blasts and inhibits DNA synthesis inducing cell
apoptosis. It is used in the treatment of T-cell acute lym-
phoblastic leukemia (ALL) . When first studied, a higher
dose was utilized that produced significant neurotoxicity. In
phase II trials, 40–72% of patients have had neurotoxicity of
any grade attributed to nelarabine, and 15–20% had severe
neurotoxicity [206–208]. CNS toxicity can manifest in
numerous ways including somnolence, vertigo, headache,

Fig. 15.5 Leukoencephalopathy. A 75-year-old woman with primary
central nervous system lymphoma was treated with CHOP, ten doses of
intraventricular methotrexate, and fractionated whole brain radiother-
apy (5040 cGy in 28 fractions). Her tumor responded and never
recurred. Three years later, she noted moderate short-term memory
deficits and gait unsteadiness. MRI (axial T2-weighted image) demon-
strated extensive periventricular white matter changes. The patient’s
dementia progressed, and she developed rigidity and mutism prior to
her death one year later (Generously provided by Dr. Patrick Wen,
Dana-Farber Cancer Institute, Boston, MA.)

Fig. 15.6 Disseminated necrotizing leukoencephalopathy. This
44-year-old man with Burkitt’s lymphoma developed progressive
lethargy and subsequent coma weeks after receiving fractionated
radiotherapy to the skull base and eight doses of intraventricular
methotrexate for lymphomatous involvement of the right cavernous
sinus. Multiple CSF exams demonstrated no leptomeningeal lymphoma
despite his neurologic deterioration. Persistent vegetative state ensued,
and he died 2 months later from systemic relapse. MRI (coronal, T1
with gadolinium) demonstrated multiple scattered punctate foci and
abnormal signal, particularly in the deep gray nuclei, with contrast
enhancement. Postmortem analysis revealed multiple discrete, micro-
scopic foci of demyelination, axonal loss, and necrosis distributed in a
random manner throughout the white matter and gray/white interface.
The foci contained a moderate to large number of
CD68-immunoreactive foamy macrophages and a scant number of
perivascular lymphocytes. Although there was no evidence of dural
lymphoma, there was no leptomeningeal tumor identified (Generously
provided by Dr. Patrick Wen, Dana-Farber Cancer Institute, Boston,
MA.)
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hypoesthesia, ataxia, confusion, depressed level of con-
sciousness, seizure, motor dysfunction, amnesia, gait disor-
ders, sensory loss, aphasia, encephalopathy, etc. One series
described three patients post-stem-cell transplant that
developed irreversible paresthesias and muscle weakness in
both lower extremities after neutrophil engraftment [209].

Dosing should occur on alternate days to decrease neu-
rotoxicity, as early studies found that daily administration
can result in 72% of patients experiencing some form of
neurotoxicity [210]. A demyelination syndrome similar to
Guillain-Barre syndrome, with an ascending peripheral
neuropathy, has also been reported [206]. Neurologic toxi-
city may not fully resolve even after treatment cessation.
Studies have shown that concurrent or previous intrathecal
chemotherapy or crainospinal irradiation increase the risk of
nelarabine-induced neurotoxicity [211].

Many antimetobolite chemotherapy agents cause neuro-
toxicity, and the mechanism for nelarabine-induced neuro-
toxicity remains unknown. CNS consequences of abnormal
purine metabolism can occur in patients with a purine
nucleoside phophorylase deficiency that is associated with
spasticity and other neurologic abnormalities [212, 213].
Cytotoxic ara-GTP, the prodrug of nelarabine, has been
postulated to be in high concentrations in brain and nerve
tissue due to the high levels of deoyguanosine kinase
activity. Further studies are needed to determine the risk
factors and pathogenesis of nelarabine-induced
neurotoxicity.

Clofarabine

Clofarabine is a purine nucleoside analog used for acute
lymphoblastic leukemia (ALL). Hemorrhage, including
intracranial hemorrhage, has been seen due to the profound
thrombocytopenia that is associated with therapy. CNS
toxicity includes headache, chills, fatigue, anxiety, irritabil-
ity, lethargy, agitation, mental status changes, and confusion
[214, 215].

Thioguanine (6-TG)

Thioguanine is a purine analog that incorporates into DNA
and RNA blocking the synthesis of purine nucleotides. It is
used in the treatment of pediatric patients with ALL. No
central or peripheral neurotoxicity has been reported.

Cladribine (2-Chlorodeoxyadenosine)

Cladribine is a purine nucleoside analog that incorporates
into DNA and results in DNA strand breaks, shutting down

DNA synthesis and repair. It is utilized in the treatment of
hairy cell leukemia. Cladribine is associated with
dose-related neurologic toxicity including irreversible para-
paresis and quadriparesis. This was reported with continuous
infusion or higher doses (4–9 times conventional dosing),
but may still rarely occur at the normal dose. This neuro-
toxicity may be delayed and present as progressive, irre-
versible weakness. Diagnostics with electromyography and
nerve conduction studies are consistent with demyelinating
disease. Treatment with cladribine is also associated with
fever with or without neutropenia. Other central neurotoxi-
city includes fatigue, headache, dizziness, insomnia, and
anxiety. Cases of confusion and progressive multifocal
leukoencephalopathy have also been reported [216].

Pentostatin (2′-Deoxycoformycin)

Pentostatin is a purine antimetabolite that inhibits adenosine
deaminase. The anti-tumor effects occur due to a reduction in
purine metabolism which blocks DNA synthase and ulti-
mately leads to cell death. It is used in hairy cell leukemia.
Phase I dose findings studies showed increased neurotoxicity
at higher doses (5–30 mg/m2/day for 1–5 days) [217].
Toxicity included somnolence, lethargy, and one case of
fatal coma. CNS toxicity was described as delayed onset and
prolonged lasting as long as three weeks. Neurotoxicity is
infrequent when used within the typical dose range. Ocular
toxicity has also been reported as blurred vision, photo-
phobia, and retinopathy [217, 218].

Anti-Tumor Antibiotics

Anthracyclines

Doxorubicin, Daunorubicin, Epirubicin, Idarubicin
Doxorubicin and daunorubicin are anthracycline antibiotics
that bind nucleic acids, disrupting the structural integrity of
DNA, and are used for the treatment of numerous hemato-
logic and solid malignancies. Following IV infusion, neither
drug penetrates the BBB to any significant degree; central
neurotoxicity has not been reported. Doxorubicin when
administered with cyclosporine has resulted in neurological
symptoms and coma [219]. However, when administered IA
for brain tumors, doxorubicin has been linked to cerebral
infarcts and hemorrhagic necrosis [220]. Inadvertent IT
injection of either drug can lead to an acute or subacute
ascending myelopathy and encephalopathy, which can be
fatal [221].

Epirubicin is an anthracycline known to inhibit DNA and
RNA syntheses by intercalating between DNA base pairs
used in breast cancer, gastric cancer, and types of sarcoma.
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Neurotoxicity is rare though studies have reported lethargy
and fever.

Idarubicin is mainly used in the treatment of acute mye-
loid leukemia (AML) . Like other anthracyclines, it inhibits
DNA and RNA syntheses by intercalation between DNA
base pairs. Neurotoxicity is rare with headache and seizure
described. All anthracyclines can cause arrhythmias and
cardiomyopathies that can lead to cerebrovascular
complications.

Other Anti-Tumor Antibiotics

Dactinomycin
Dactinomycin is used in testicular cancer, gestational tro-
phoblastic neoplasm, and several types of sarcomas. It
intercalates DNA inhibiting DNA, RNA, and protein syn-
theses. Neurotoxicity is rare including fatigue, lethargy, and
malaise [222, 223].

Bleomycin Sulfate
Bleomycin acts by directly binding to DNA, leading to both
single- and double-strand breaks, as well as inhibiting RNA
and protein synthesis. Bleomycin is utilized in the treatment
of testicular cancer, and Hodgkin’s lymphoma. Generally,
neurotoxicity is uncommon. An idiosyncratic reaction has
been reported in 1% of lymphoma patients treated with
bleomycin that is similar to anaphylaxis, but can include
symptoms of confusion, fever, and chills along with other
non-CNS toxicity. Cerebral infarction has been described
following the combination of bleomycin and cisplatin
[224].

Mitomycin C
Mitomycin acts as an alkylating agent by producing DNA
cross-links and therefore inhibiting DNA and RNA synthe-
ses. It is used for gastric and pancreatic cancer. It is only
known to cause central neurotoxicity in the context of
mitomycin-induced disseminated intravascular coagulation
and thrombotic microangiopathy, which can lead to head-
aches and other CNS complications [225].

Mitoxantrone
Mitoxantrone has a mechanism similar to anthracyclines by
intercalating into DNA, resulting in cross-links and strand
breaks. It is utilized in the treatment of acute myeloid leu-
kemia (AML) and multiple sclerosis. Like anthracyclines,
neurotoxicity is uncommon with headache, anxiety,
depression, and seizures reported [226]. Radiculopathy and
myelopathy have been reported following intrathecal
administration [227].

Topoisomerase Inhibitors

Topoisomerase I Inhibitors

Topotecan
Topotecan is a topoisomerase I inhibitor and derives its
activity from binding to topoisomerase I and stabilizing the
cleavable complex so that relegation of the cleaved DNA
strand cannot occur. It is used in cervical, ovarian, small cell
lung cancer, and sarcoma. Neurotoxicity is rare with fatigue
and headache reported [228, 229].

Irinotecan (CPT-11)
Irinotecan is a topoisomerase I inhibitor resulting in the
prevention of re-ligation of single-strand breaks in DNA
during DNA synthesis. It is used in colon, lung, cervical,
ovarian, pancreatic, glioblastoma, and skin cancer. Irinote-
can has been associated with nonspecific dizziness and
insomnia, as well as occasional episodes of dysarthria, either
alone or in combination with other drugs. The dysarthria
resolves after discontinuation of the drug.

Topoisomerase II Inhibitors

Etoposide (VP-16)
Etoposide, a topoisomerase II inhibitor, delays transit of
cells through the S phase and arrests cells in late S or early
G2 phase, halting the cell cycle and leading to apoptosis.
Etoposide is commonly used in lung cancer, testicular can-
cer, hematopoietic stem cell transplant, and mobilization.
Neurotoxicity is uncommon, with rare reports of peripheral
neuropathy, transient cortical blindness, and optic neuritis.
Hypersensitivity reactions can occur during the infusion that
can manifest with chills, fever, and loss of consciousness. It
is important to note that the injectable formulation contains
ethanol (approximately 33% v/v) and may contribute to
neurotoxicity due to ethanol toxicity, especially at higher
doses used for stem cell mobilization. Rarely, confusion,
papilledema, somnolence, worsening motor deficits, and
seizures have been described [230].

Teniposide (VM-26)
Teniposide (VM-26) is a topoisomerase II inhibitor that
induces single- and double-strand breaks in DNA and DNA–
protein cross-links. Teniposide is used in refractory acute
lymphoblastic leukemia (ALL). It is highly protein bound
and poorly penetrates the BBB. Hypersensitivity reactions
can occur and include chills and fever. Acute CNS depres-
sion has been reported with high IV dosing [231]. Like in
etoposide, there is an ethanol component to the diluent used
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in the medication, which can cause acute ethanol toxicity
leading to CNS depression.

Mitotic Inhibitors

Paclitaxel

Paclitaxel is a semisynthetic derivative of the Western yew
tree. It is a microtubule-inhibiting compound that is widely
used in solid tumors, including breast and ovarian cancer.
Paclitaxel stabilizes microtubules leading to mitotic arrest
and apoptosis in dividing cells. The neurotoxicity of pacli-
taxel is manifested by a motor and sensory polyneuropathy
[232]. The major manifestations are burning paresthesias of
the hands and feet, as well as loss of reflexes. The main risk
factor that contributes to the peripheral neuropathy is
cumulative dose of approximately 1000 mg/m2 [233].
Paclitaxel may induce peripheral neuropathy after the first
cycle of treatment with higher doses (>250 mg/m2) [234].
Paclitaxel also causes a motor neuropathy affecting proximal
muscles [234].

There are conflicting data regarding the impact of the
dosing schedule on paclitaxel-induced peripheral neuropa-
thy. Studies have reported less neuropathy with weekly
paclitaxel [235, 236], while others have found no difference
[237]. The length of infusion has also been studied with
conflicting results. Studies have found that increasing the
infusion from 3 to 24 h decreases the incidence of neu-
ropathy [238], while others did not find a difference in rates
of severe neuropathy [239].

Less common paclitaxel neurotoxicity includes perioral
numbness, autonomic neuropathies [232], seizure [240],
transient encephalopathy [240, 241], and phantom limb pain
[242]. There are reports of transient scintillating scotomas
and occasional visual loss [243]. An acute pain syndrome
associated with paclitaxel has been described. It is charac-
terized by severe arthralgias and myalgias with numbness
and tingling, beginning one to two days after treatment and
lasting four to five days. Recent data suggest that this is a
form of an acute neuropathy rather than a joint and/or
muscle disorder [244–246].

Protein-Bound Paclitaxel

Protein-bound paclitaxel is an albumin-bound paclitaxel that
promotes microtubule assembly and stabilizes the micro-
tubules interfering with the mitotic phase and inhibiting cell
replication. It is used in metastatic breast cancer, non-small
cell lung cancer, and pancreatic adenocarcinoma. Like
paclitaxel, this formulation commonly produces a sensory
neuropathy. Rarely, autonomic neuropathy and cranial nerve

palsy have been described [247]. Other neurotoxicity
includes fatigue, headache, decreased visual acuity, optic
nerve damage, and depression [248, 249].

Docetaxel

Docetaxel is derived from the needles of the European yew
tree. Like paclitaxel, docetaxel promotes the assembly of
microtubules and inhibits the depolymerization of tubulin
which stabilizes the mircotubules, inhibiting DNA, RNA,
and protein synthesis. It is commonly used in breast,
non-small cell lung, prostate cancer, and sarcomas. Doc-
etaxel, like paclitaxel, causes both sensory and motor neu-
ropathies, although both occur less frequently in comparison
to paclitaxel [236]. Peripheral neurotoxicity is directly rela-
ted to the cumulative docetaxel dose with the threshold
being approximately 400 mg/m2 [233]. A phase III trial in
women with breast cancer patients used a dose of docetaxel
of 100 mg/m2 every three weeks. The onset of moderate to
severe neuropathy occurred at a median cumulative dose of
371 mg/m2 [250].

There are conflicting data as to the effect of the admin-
istration schedule on docetaxel-induced peripheral neu-
ropathy. A trial in breast cancer patients compared docetaxel
75 mg/m2 every three weeks to 35 mg/m2 weekly and rates
of severe peripheral neuropathy were higher with every
three-week docetaxel administration (10% vs. 5%) [251].
Conversely, a meta-analysis of randomized trials in
non-small cell lung cancer comparing the two dosing regi-
mens found similar rates of moderate to severe peripheral
neuropathy with both schedules (2.5% with every
three-week administration versus 3% with weekly adminis-
tration) [252]. Docetaxel has also been associated with
Lhermitte’s phenomenon [253].

Cabazitaxel

Cabazitaxel is a taxane derivative that acts as a microtubule
inhibitor by stabilizing microtubules and thus inhibiting
tumor proliferation. It is used in castration-resistant prostate
cancer. Central nervous system toxicity includes fatigue,
vertigo, and headache [254]. Peripherally, cabazitaxel can
cause peripheral neuropathy but a recent report indicated that
there is significantly less peripheral neuropathy compared to
docetaxel [255].

Eribulin

Eribulin is a non-taxane microtubule inhibitor used for
metastatic breast cancer. It inhibits the growth phase of the
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microtubule by inhibiting the formation of mitotic spindles,
thus arresting the cell cycle. Centrally, eribulin can cause
fatigue, headache, depression, dizziness, insomnia, and
myasthenia. 35% of patients report peripheral neuropathy,
with 8% reporting severe neuropathy symptoms. The
peripheral neuropathy associated with eribulin may be pro-
longed and lasts greater than one year in approximately 5%
of patients [256–258].

Ixabepilone

Ixabepilone is a microtubuluar stabilizing agent that pro-
motes tubulin polymerization and stabilizing the micro-
tubular function, arresting the cell cycle, and inducing
apoptosis. It is approved for metastatic breast cancer. The
diluent of ixabepilone contains ethanol and patients should
be cautioned about performing tasks that require alertness
after treatment. Headache, vertigo, and insomnia have also
been reported.

Peripheral sensory neuropathy is common (up to 63% of
patients) and dose-limiting. The peripheral neuropathy typ-
ically occurs during the first three cycles of therapy. A pe-
ripheral motor neuropathy can also occur in approximately
10% of patients. Small studies have shown that ixabepilone
exposure induces a dose-dependent toxicity on small sensory
fibers and progression axonal loss where mitochondria
appear to bear the cumulative toxic effect [259]. Cases of
autonomic neuropathy have also been reported [260, 261].

Vincristine, Vinblastine, Vinorelbine

Vincristine binds to tubulin and inhibits microtubule for-
mation arresting the cell at metaphase causing cell apoptosis.
It is widely used in both solid and hematologic malignancies.
Vincristine has poor penetration of the BBB and therefore is
not commonly associated with central neurotoxicity. Mental
status changes, depression, confusion, and insomnia rarely
occur. These neurotoxicities occur more frequently in the
presence of other neurotoxic agents and spinal cord irradi-
ation. Ataxia, coma, dizziness, headache, seizures, and ver-
tigo may also occur. Cranial nerve dysfunction manifesting
as auditory damage, extraocular muscle impairment, laryn-
geal muscle impairment, paralysis, paresis, vestibular dam-
age, and vocal cord paralysis can also occur.

The dose-limiting toxicity of vincristine is an axonal
neuropathy. Vincristine disrupts the microtubules within the
axons and interferes with axonal transport [262, 263]. These
neuropathies include both sensory and motor fibers, with

small sensory fibers being especially affected. Almost all
patients treated with vincristine with have signs and symp-
toms of neuropathy. Early neuropathy manifests as pares-
thesias in the fingers and feet with or without pain. These
symptoms develop at a cumulative dose of approximately
30–50 mg [264] but may occur after the first dose. Symptoms
may also appear after the medication has been discontinued.
Like other chemotherapy-induced peripheral neuropathy, the
neuropathy improves over time but may not completely
resolve. Risk factors for severe vincristine neuropathies
include age, nutritional status, prior irradiation to peripheral
nerves, concomitant hematopoietic colony-stimulating fac-
tors [265], use of azole antifungal agents or other CYP3A4
inhibitors [266, 267], and those with pre-existing neurologic
conditions such as Charcot–Marie–Tooth syndrome [268,
269], and high-dose liposomal vincristine [270].

Autonomic neuropathies are common in patients who are
treated with vincristine and may precede paresthesias or loss
of deep tendon reflexes. Abdominal pain and constipation
occur in almost 50% of patients; paralytic ileus can occur
rarely [262]. Vincristine may also cause focal mononeu-
ropathies, at times involving the cranial nerves [271], with
the oculomotor nerve most commonly affected. Other nerves
may be involved include recurrent laryngeal nerve, optic
nerve, facial nerve, and the auditory nerve. Vincristine may
also cause retinal damage and night blindness, and patients
may experience jaw and/or parotid pain.

Vincristine can rarely cause inappropriate secretion of
antidiuretic hormone (SIADH), resulting in hyponatremia,
confusion, and seizures [272]. Other rare neurotoxicities
include seizures [273], reversible posterior leukoen-
cephalopathy [274, 275], transient cortical blindness [276],
ataxia, athetosis, and parkinsonism.

Liposomal vincristine is approved for acute lym-
phoblastic leukemia and can also cause significant peripheral
neuropathy [277–279]. Vincristine and liposomal vincristine
are not interchangeable. With both agents intrathecal
administration is associated with ascending myelopathy,
coma, and death [280–282]. Pathological analysis after IT
administration demonstrates diffuse necrosis in the brain and
spinal cord in regions exposed to the CSF.

Vinblastine is used in many lymphomas, mycosis fun-
goides, testicular cancer, and Kaposi sarcoma.
Vinblastine-induced peripheral neuropathy is less severe
than that of vincristine, but occurs in the majority of patients.
Vinorelbine is utilized in the treatment of lung and breast
cancer. It is associated with mild distal neuropathy, mainly
paresthesias in approximately 20% of patients. Severe neu-
ropathies are rare and most often manifest in patients with
prior paclitaxel exposure [283, 284].
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Proteasome Inhibitors

Bortezomib

Bortezomib reversibly inhibits the 26S proteasome activat-
ing signaling cascades leading to cell-cycle arrest and
apoptosis. It is used in multiple myeloma as well as many
lymphomas and amyloidosis. Peripheral neuropathy is the
major dose-limiting toxicity associated with bortezomib
[285–287]. Peripheral neuropathy manifests early, normally
within the first course of therapy, and generally worsens
through the fifth cycle. After five cycles of therapy the
peripheral neuropathy does not seem to worsen [288]. It is
typically reversible within months of discontinuation, but
can persist for years or even indefinitely [287, 289, 290].

Many mechanisms of bortezomib-induced peripheral
neuropathy have been proposed but the precise mechanism
is unclear [288]. It has been shown to cause direct toxicity to
the dorsal root ganglion [291]. Bortezomib is able to activate
the mitochondrial apoptotic pathway that leads to mito-
chondrial and endoplasmic reticulum damage potentially
playing a role in the peripheral neuropathy [292]. Dysreg-
ulation of intracellular calcium and/or neurotrophins has also
been shown to be a potential determinant of
bortezomib-induced peripheral neuropathy [293, 294].

Bortezomib-induced neurotoxicity manifests as painful
sensory neuropathy with dysesthesias of the fingers and toes.
On exam, there is distal sensory loss to all modalities and
changes in proprioception, with absent or suppressed deep
tendon reflexes [286, 295]. Motor neuropathy is less com-
mon and manifests as distal weakness in the lower extrem-
ities. Autonomic neuropathies have also been described,
leading to diarrhea, constipation, and orthostatic hypotension
[294, 296, 297]. Demyelinating neuropathies have also been
reported [286, 298].

Studies have examined strategies to prevent the incidence
and severity of bortezomib peripheral neuropathy. When
compared to twice weekly administration, weekly adminis-
tration of bortezomib resulted in significantly less severe
neuropathy and fewer patients discontinued therapy due to
neuropathy [299]. Studies have also shown that subcuta-
neous administration significantly reduces the overall
occurrence and severity of peripheral neuropathy compared
to intravenous administration [300, 301]. This is thought to
be due to the decrease in peak concentrations with subcu-
taneous dosing compared to intravenous administration.
Dose reductions at the onset of peripheral neuropathy have
been associated with an improvement or reversal in many
patients [285, 289, 294, 302].

Central neurotoxicity with bortezomib is rare but includes
headache, fatigue, dizziness, agitation, and insomnia. Rev-
ersible posterior leukoencephalopathy has also been descri-
bed [303–305].

Carfilzomib

Carfilzomib is a second-generation proteasome inhibitor that
binds the 20S proteasome, leading to cell-cycle arrest and
apoptosis. It is used in refractory multiple myeloma.
Peripheral neuropathy can still occur but the incidence and
severity seems less than that of bortezomib [306–308].
Centrally, carfilzomib causes fatigue, headache, insomnia,
and dizziness.

Histone Deacetylase (HDAC) Inhibitors

Belinostat, Panobinostat, Romidepsin, Vorinostat

Histone deacetylase inhibitors increase acetylation of histone
proteins causing cell-cycle arrest and apoptosis. They are
used for peripheral and cutaneous T-cell lymphoma as well
as multiple myeloma. CNS toxicity is uncommon with
fatigue, headache, and dizziness reported [309–312].
Ischemic stroke has been reported with vorinostat [313].

DNA Methylation Inhibitors

Decitabine

Decitabine is a prodrug that incorporates into DNA and causes
DNA hypomethylation leading to cell death. It is used in
myelodysplastic syndrome (MDS) and acute myelogenous
leukemia (AML). Neurotoxicity is uncommon but may
include headache, insomnia, dizziness, and fatigue [314, 315].

Azacitidine (5-Azacytidine)

Azacitidine, like decitabine, is a hypomethylating agent,
incorporating into DNA, inhibiting DNA methylation,
leading to cell death. Azacitidine is used for MDS and AML.
Central nervous system toxicities include fatigue, rigors,
headache, vertigo, anxiety, depression, insomnia, malaise,
and hypoesthesia. Rare reports of hepatic coma [316] and
seizure have been described [317, 318].
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Miscellaneous Chemotherapy Agents

Thalidomide

Thalidomide is a drug with anti-angiogenesis and
immunomodulatory properties, mainly used for the treatment
of myeloma and Kaposi’s sarcoma. Peripheral neuropathy is
a dose-limiting toxicity of thalidomide. Clinically, patients
present with symmetric paresthesias and or dysesthesias,
with or without sensory loss. Motor neuropathy is also
common [319–325]. Neuropathy was more common and
severe when high doses were given (greater than 200 mg per
day) [326]. With newer dosing regimens peripheral neu-
ropathy is present in about half of patients treated with
thalidomide, but the severity of the neuropathy is signifi-
cantly decreased [322, 327, 328]. Mechanistically, toxic
axonopathy and dysregulation of neurotrophin activity may
play a role with the pathogenesis of the neuropathy
[321, 329].

Central neurotoxicity is generally mild, with varying
degrees of somnolence as the most common manifestation.
At high doses (i.e., 400 mg/day or above), the somnolence
can be quite severe in some patients. Headache can also be
noted on occasion. Seizures have been reported, but gener-
ally occur in patients with an underlying epileptogenic brain
disorder (i.e., brain tumor) [330]. Dizziness [320], tremor
[322, 324], and unresponsiveness leading to coma [331]
have also been reported.

Lenalidomide

Lenalidomide, a second-generation agent, has
immunomodulatory, antiangiogenic, and antineoplastic
properties due to multiple mechanisms. It is used in mantle
cell lymphoma, multiple myeloma, and myelodysplastic
syndromes. Like thalidomide, it can cause peripheral neu-
ropathy but the incidence and severity is significantly less
compared to thalidomide [332]. It has been used in patients
with pre-existing peripheral neuropathies [333]. Cognitive
decline and expressive aphasia have been described with
resolution after drug discontinuation [331]. A case of
short-term memory loss is also described [331].

Pomalidomide

Pomalidomide is a second-generation agent used to treat
refractory multiple myeloma. It has a similar mechanism to
that of thalidomide and lenalidomide causing antiangio-
genic, immunomodulatory, and antineoplastic effects. In the
large phase III trials, peripheral neuropathy was seen in 9%
of patients but severe peripheral neuropathy was not

observed [334, 335]. A case of dysarthria has been described
[331].

Arsenic Trioxide

Arsenic trioxide induces apoptosis and damages and
degrades the fusion protein PML–RAR alpha. It is used for
acute promyelocytic leukemia. Common CNS toxicity
includes fatigue, fever, headache, insomnia, anxiety, tremor,
and vertigo. Less common side effects include seizures that
occur in 8% of patients. Agitation, coma, and confusion
have also been described [336].

Bexarotene

Bexarotene binds and activates the retinoid X receptors,
which function as the regulation pathway to express genes
which control cell proliferation. It is used in cutaneous T-cell
lymphoma. It can cause headache, fever, and insomnia [337].

L-Asparaginase

L-asparagine is an amino acid required for the synthesis of
many cellular proteins in normal human cells. Many tumors
lack the enzyme L-asparagine synthetase and are unable to
synthesize cellular proteins, and therefore require an
exogenous supply of the amino acid. L-asparaginase is a
bacterial-derived enzyme that hydrolyzes L-asparagine into
aspartic acid and ammonia. It is capable of depleting the
extracellular supply of L-asparagine, thereby depleting tumor
cells of the amino acid and inhibiting protein synthesis
[338]. L-asparaginase is a large molecule with poor BBB
penetration as negligible CSF levels are noted after an IV
infusion. However, even though the drug does not readily
cross the BBB it is associated with several forms of central
neurotoxicity, including diffuse encephalopathy, cerebral
venous thrombosis with venous infarction, and cerebral
hemorrhage [339] (Fig. 15.7). The encephalopathy can be
acute or subacute and appears to be dose-related. Although
the mechanism remains unclear, it may be due to hepatic
toxicity and hyperammonemia [340, 341]. Symptoms are
variable, and can range from mild lethargy and personality
changes to coma. Focal neurological deficits and seizures
may also be noted [342]. EEGs usually demonstrate diffuse
slowing with triphasic waves. The majority of patients with
encephalopathy have elevated levels of ammonia. Improve-
ment in symptoms usually occurs within a few days of
discontinuing L-asparaginase. More modern protocols use
lower doses of L-asparaginase and are much less likely to
induce encephalopathy.
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Cerebrovascular complications related to L-asparaginase
can be severe in some patients, but are less common. The
drug depletes serum levels of numerous hemostatic factors,
including fibrinogen, antithrombin III, protein C, protein S,
factors IX and X, and fibrinolytic enzymes. As a result, the
serum prothrombin time and partial thromboplastin time are
typically elevated during treatment, even in asymptomatic
patients [343]. The most common cerebrovascular compli-
cation of L-asparaginase is cerebral venous or dural sinus
thrombosis, with secondary venous infarction [344–346].
Headache is typically the first symptom, often associated
with nausea, emesis, and visual obscuration. Generalized or
partial seizures and somnolence can also be noted. Focal
neurological deficits and papilledema may be present. Cra-
nial CT and MRI may be able to demonstrate venous
infarction adjacent to the thrombosed vein or dural sinus.
MRI is more sensitive than CT, especially in conjunction
with a magnetic resonance venogram (MRV), which will be
able to clearly demonstrate the filling void of the involved
sinus. Initial treatment consists of discontinuation of
L-asparaginase and therapeutic anticoagulation, if there is no

evidence of hemorrhage. Fresh-frozen plasma may also be of
benefit to prevent extension of the thrombus [339]. The
pegylated formulation, peg-asparaginase, has a similar neu-
rotoxicity profile as L-asparaginase.

Retinoic Acid

The retinoids, tretinoin and aliretinoin, are synthetic analogs
of vitamin A that induce cellular differentiation in tumors
such as Kaposi’s sarcoma and acute promyelocytic leukemia
[347]. All of the retinoids readily cross the BBB. The most
common central neurotoxicity is headache, which is seen in
approximately 50–80% of patients on higher dose regimens.
Headache can be a dose-limiting toxicity of therapy. In most
patients, there is no clinical evidence of elevated intracranial
pressure. However, a small percentage of these patients
develop the syndrome of retinoid-induced pseudotumor
cerebri, with symptoms of severe headache and visual
impairment [348]. The mechanism of retinoid-induced
pseudotumor cerebri is thought to be the reduction of CSF
resorption at the level of the arachnoid granulations. Dis-
continuation of the offending medication will result in res-
olution of the headaches, even if associated with
pseudotumor cerebri. For patients that require continued
treatment with retinoids, serial lumbar punctures and CSF
drainage may provide benefit. Other less common neuro-
logical side effects of retinoids include abnormal color
vision, transient visual loss, oculogyric crisis, and ataxia.

Omacetaxane

Omacetaxane is a reversible protein synthesis inhibitor that
interferes with chain elongation and inhibits protein syn-
thesis. It is approved for CML and has activity against many
known mutations of the disease. Many CNS toxicities have
been reported—most commonly fatigue, headache, and
insomnia. Less common toxicities include anxiety, agitation,
confusion, depression, vertigo, dysphonia, hyperthermia,
hypoesthesia, lethargy, mental status changes, and seizures.
Peripherally, paresthesias, sciatica, and tremor have been
reported [349].

Radium 223 Dichloride

Radium 223 dichloride is a radiopharmaceutical used for the
treatment of patients with castration-resistant prostate can-
cer. It is an alpha particle-emitting isotope that mimics cal-
cium to form complexes with bone to target bone metastases.
Radium 223 dichloride has no known neurotoxicity.

Fig. 15.7 Acute L-Asparaginase toxicity. Intracerebral hemorrhage
after cortical vein thrombosis in a 41-year-old female during induction
chemotherapy with L-asparaginase for ALL. The patient developed
dizziness, left-sided weakness, and headaches. CT imaging (without
contrast) revealed a right fronto-parietal hemorrhage. Additional
imaging with CT angiography and CT venogram demonstrated the
presence of a right cortical vein thrombosis and left vertebral artery
occlusion (not shown) (Generously provided by Dr. Darren Volpe,
Brigham and Women’s Hospital, Boston, MA.)
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Hormonal Agents

Selective Estrogen Receptor Modulators

Tamoxifen
Tamoxifen acts as an antiestrogen by binding the estrogen
receptors on tumors and other tissues and decreasing DNA
synthesis and inhibiting the effects of estrogen. It is used in
hormone receptor positive breast cancer [350]. Tamoxifen
can cause ocular effects including retinal vein thrombosis,
retinopathy, keratopathy, and color perception changes
[351–356]. Rarely encephalopathy can occur [357]. Mood
changes, depression, insomnia, headache, dizziness, and
fatigue are also described. Tamoxifen is known to increase
the risk of thromboembolic events but the risk for stroke was
not as high as the risk for deep vein thrombosis or pul-
monary embolism [358–361].

Toremifene Citrate
Toremifene is a potent antiestrogen compound that com-
petitively binds to estrogen receptors on tissue and tumors,
decreasing the effects of estrogen and decreasing DNA
synthesis. It is used in refractory breast cancer. Dizziness,
vision changes, fatigue, and depression have been reported
[362, 363].

Raloxifene Hydrochloride
Raloxifene acts as a selective estrogen receptor modulator
preventing bone loss and blocking estrogen effects in breast
and uterine tissues. Raloxifene is utilized in invasive breast
cancer risk reduction as well as osteoporosis. It has been
associated with increased clotting risk and was shown to
increase the risk of fatal stroke [364].

Estrogen Receptor Antagonists

Faslodex
Faslodex is an antiestrogen that acts as a direct estrogen
receptor antagonist by binding to estrogen receptors on
tumors and other tissues used for metastatic breast cancer. It
rarely causes headache and fatigue [365].

Aromatase Inhibitors

Anastrozole, Letrozole, and Exemestane
Anastrozole and letrozole are nonsteroidal aromatase inhi-
bitors that prevent the conversion of androgens to estradiol.
Exemestane has a similar mechanism of action but is a
steroidal aromatase inhibitor. They are used in hormone
receptor positive breast cancer. As a drug class, these med-
ications can cause fatigue, mood changes, somnolence,

anxiety, headache, and depression [366–371]. Anastrazole
has been associated with cerebral infarction [372].

Gonadotropin-Releasing Hormone (GnRH)
Agonists

Goserelin, Leuprolide Acetate, Histrelin
Gonadotropin-releasing hormone (GNRH) agonists, with
continuous administration, suppress the release to luteinizing
hormone and follicle-stimulating hormone, decreasing
testosterone levels in males and estrogen levels in women.
They are utilized in the treatment of breast cancer and
prostate cancer. As a class, they can cause tumor flare with
an initial surge of testosterone or estrogen levels before
suppression. This surge can potentially exacerbate symp-
toms of bone disease, including spinal disease, leading to
spinal cord compression. Cases of pituitary apoplexy have
been described and are a class effect. Symptoms include
headache, vomiting, and visual or mental status changes
[373–378]. Neurotoxicity of these agents includes headache,
emotional lability, depression, insomnia, and lethargy [379–
381]. Seizure has been reported with goserelin and leupro-
lide acetate therapy [382, 383].

Antiandrogens

Bicalutamide, Flutamide, Nilutamide
Antiandrogens bind to androgen receptors preventing the
ability of testosterone to stimulate prostate cancer cell
growth. Neurotoxicity is uncommon with all three agents,
with headache, neuropathy, confusion, depression, dizziness,
and fatigue being described [384]. These medications are
hepatotoxic and cases of hepatic encephalopathy have been
reported [385, 386]. Vision changes including a delayed
adaptation to dark have been reported with nilutamide [387,
388].

Miscellaneous Hormone Agents

Mitotane
Mitotane is an adrenolytic agent which directly leads to
adrenal cortical atrophy. It is used for the treatment of
inoperable adrenocortical carcinoma and Cushing’s syn-
drome. Central CNS toxicity includes confusion, ataxia, and
vertigo [389]. Long-term use, defined as greater than 2 years,
may lead to brain damage and/or functional impairment
which may be reversible upon drug discontinuation [390].
This neurotoxicity has been associated with plasma con-
centrations >16 mcg/mL in some cases [391] and >20
mcg/mL in others [390]. Myasthenia due to damage of
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neuromuscular junctions, requiring dose reductions or dis-
continuation, has been observed [392].

Octreotide
Octreotide mimics the natural effects of somatostatin through
inhibition of serotonin release and secretion of gastrin,
vasoactive intestinal peptide, insulin, glucagon, secretin,
motilin, and pancreatic polypeptide. It is used to control the
symptoms of carcinoid tumors and to treat diarrhea associ-
ated with vasoactive intestinal peptide-secreting tumors. It
can cause fatigue, headache, and dizziness. Seizure activity
has also been rarely described [393].

Megestrol
Megestrol is a hormonal agent used for advanced breast and
ovarian cancer as well as an appetite stimulant for
cancer-related anorexia and/or cachexia. It is a synthetic
progestin with antiestrogenic properties. Neurotoxicity is not
common with headache, insomnia, confusion, depression,
and neuropathy rarely being reported [394, 395].

Degarelix
Degarelix acts as a gonadotropin-releasing hormone (GnRH)
antagonist by binding GnRH receptors in the anterior pitu-
itary gland decreasing secretion of luteinizing hormone
(LH) and follicle stimulation hormone (FSH). This results in
a rapid decrease in androgens through a decrease in testos-
terone production. It is used in prostate cancer. Neurotoxi-
city is not common with fatigue, headache, chills, dizziness,
insomnia, and stroke being reported [396–398].

Enzalutamide
Enzalutamide is a novel pure androgen receptor signaling
inhibitor used for prostate cancer. It has been associated with
seizures that may occur early or late in therapy with an onset
ranging from 1 to 20 months after treatment. Seizures
associated with enzalutamide therapy resolve upon therapy
cessation [399, 400]. Predisposing factors included seizure
history, underlying brain injury with loss of consciousness,
TIA within past 12 months, stroke, and brain metastases. It
is recommended that enzalutamide be permanently discon-
tinued if seizures develop during therapy. Other CNS toxi-
city includes fatigue, falling, headache, vertigo, myasthenia,
insomnia, anxiety, paresthesias, cauda equine syndrome,
altered mental status, hypoesthesia, hallucination, and rest-
less leg syndrome [400].

Abiraterone
Abiraterone irreversibly inhibits CYP 17 inhibiting the
conversion of precursors to testosterone. It is used for
metastatic prostate cancer. It can cause adrenocortical
insufficiency; prednisone is administered along with

abiraterone to mitigate this side effect. Neurologically,
adrenocortical insufficiency can manifest as weakness, dis-
orientation, fatigue, and dizziness. Insomnia and falling have
also been reported [401, 402].

Supportive Care Agents

Dexrazoxane

Dexrazoxane is an intracellular chelating agent used to
prevent anthracycline-induced cardiomyopathy as well as for
extravasation of anthracyclines. There is little neurotoxicity,
with fatigue and fever being described [403].

Rasburicase

Rasburicase is a recombinant urate-oxidase enzyme which
converts uric acid to an inactive and soluble metabolite
allantoin. It is used for treatment and prevention of hyper-
urecemia that is seen from tumor lysis in different types of
malignancies. Neurotoxicity is rare with headache and fever
reported [404].

Glucarpidase

Glucarpidase is a recombinant enzyme which rapidly
metabolizes methotrexate into inactive metabolites, quickly
reducing methotrexate concentrations. It is utilized for
methotrexate toxicity. Neurotoxicity is rare. Glucarpidase
has been administered intrathecally for accidental intrathecal
methotrexate overdose and was shown to be effective
without causing neurotoxicity [196, 197].

Eltrombopag Olamine

Eltrombopag, a thrombopoietin agonist, increases platelet
count by activating the human thrombopoietin receptor. It is
utilized in chronic immune thrombocytopenia (ITP), hep-
atitis C-associated thrombocytopenia, and aplastic anemia.
Fatigue, headache, insomnia, and dizziness have been
reported [405–407].

Filgrastim

Filgrastim is a granulocyte colony-stimulating factor that
promotes production, maturation, and activation of neu-
trophils. It is used in numerous malignancies for prevention
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of febrile neutropenia, to aid in neutrophil recovery after
cytotoxic therapy, and mobilization for stem cell transplant.
No known neurotoxic effects have been described.

Sargramostim

Sargramostim is a growth factor that stimulates the prolif-
eration, differentiation, and functional activity of neu-
trophils, eosinophils, monocytes, and macrophages. It is
used to shorten the time of neutropenia post-chemotherapy
or hematopoietic stem cell transplant. Neurotoxicity is
uncommon with headache and fatigue described.

Palifermin

Palifermin is a recombinant keratinocyte growth factor that
induces proliferation, differentiation, and migration of
epithelial cells. It has been shown to decrease the oral
mucositis associated with hematopoietic stem cell transplant
conditioning regimens. Fever, pain, and oral dysesthesias
were described in trials [408, 409].

Amifostine

Amifostine is a supportive agent that can be used for
cisplatin-induced renal toxicity as well as to reduce the risk
of xerostomia from head and neck cancer radiation treat-
ment. Amifostine is a prodrug that is converted to a free thiol
metabolite that acts as a free radical scavenger. Anxiety,
fatigue, and fever have been reported [410].

Denosumab

Denosumab is a monoclonal antibody that targets nuclear
factor kappa ligand (RANKL), which prevents osteoclast
formation leading to decreased bone resorption and
increased bone mass. It is used for hypercalcemia of
malignancy, prevention of skeletal-related events, and
treatment of giant cell tumor of the bone. Neurotoxicity is
rare but headache and fatigue have been reported [411].

Zolendronic Acid and Pamidronate

Zolendronic acid and pamidronate are bisphosphonates
which inhibit bone resorption by inhibiting osteoclastic
activity. They are used for hypercalcemia of malignancy and
prevention of skeletal-related events in patients with bone
metastases. Neurotoxicity is rare with each agent.

Romiplostim

Romiplostim is a thrombopoietin peptide mimetic increasing
platelet counts by activating the human TPO receptor. Its
main use is in chronic immune thrombocytopenia (ITP).
Neurotoxicity includes headache, dizziness, and insomnia.
Romiplostim is known to increase the risk of thromboem-
bolic events, but increased stroke risk was not reported in the
clinical studies [412, 413].

Conclusion
Chemotherapy-induced neurotoxicity is a common com-
plication of cancer therapy that can result in both
peripheral and central nervous system toxicity. Direct and
secondary toxicity can occur from these medications, and
can result in severe and potentially permanent neurolog-
ical symptoms. These toxicities can affect the overall
cancer therapy as dose-limiting effects, thereby poten-
tially impacting further chemotherapy. Clinicians caring
for patients with cancer must recognize the risks of
drug-related neurotoxicity, in order to appropriately dif-
ferentiate them from other potential causes of neurotox-
icity associated with cancer.
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16Neurological Complications of Targeted
Therapies

Deborah A. Forst and Patrick Y. Wen

Introduction

As our understanding of the molecular drivers of cancers has
grown, drug development in oncology has increasingly
shifted from a focus on cytotoxic chemotherapy to the pro-
duction of targeted agents designed to address specific
molecular targets that drive tumor growth. Targeted agents
include monoclonal antibodies and antibody–drug conju-
gates, as well as small molecule inhibitors; they are typically
more tolerable than their cytotoxic counterparts, but carry
their own unique toxicities [1, 2]. Most targeted therapies are
well tolerated from the neurologic standpoint, in part
because many of them penetrate across the blood–brain
barrier poorly, and serious neurologic complications are
fortunately uncommon. In this chapter, we will discuss the
neurologic complications that have been described with the
use of these targeted therapies, including small molecule
inhibitors, antibodies/antibody–drug conjugates, and
antiangiogenic agents.

Antiangiogenic Agents

Angiogenesis is an inherent feature of malignant neoplasms,
and has been correlated with tumor growth, invasiveness,
metastatic potential, and prognosis [3, 4]. The concept of
anti-angiogenesis as a potential therapeutic target in cancer
treatment was introduced by Judah Folkman more than
40 years ago, and the 1990s saw a boom in the development
of anti-angiogenic agents, with primary targets including
vascular endothelial growth factor (VEGF) and the vascular

endothelial growth factor receptor (VEGFR) [5, 6]. This
section will discuss the neurologic complications associated
with the use of anti-angiogenic agents, including monoclonal
antibodies, small molecule inhibitors, and immunomodula-
tory anti-angiogenic agents (thalidomide and its analogs);
this information is summarized in Table 16.1.

Monoclonal Antibodies

Bevacizumab
Bevacizumab is a recombinant, humanized monoclonal
antibody against VEGF-A, and is approved by the United
States Food and Drug Administration (U.S. FDA) for use in
the treatment of metastatic colorectal cancer, advanced
nonsquamous non-small cell lung cancer, platinum-resistant
ovarian cancer, advanced cervical cancer, metastatic renal
cell carcinoma, and recurrent glioblastoma [7]. Although
bevacizumab is generally well tolerated, there are a few rare
but serious neurologic complications. Use of bevacizumab is
associated with an increased rate of intracranial hemorrhage,
with incidence ranging from 0.3 to 0.7% in patients with
systemic tumors [8, 9]. In patients with brain metastases or
primary brain tumors, the incidence is increased and ranges
from 0.8 to 3.3%; this is slightly increased from the baseline
rate of spontaneous intracranial hemorrhage in patients with
these tumors not treated with anti-angiogenic agents
(Fig. 16.1) [8, 10, 11]. Patients receiving bevacizumab are
thought to have an increased risk of arterial thromboembolic
events, including ischemic stroke (Fig. 16.2). In a
meta-analysis of 1745 patients with metastatic cancer,
treatment with bevacizumab plus chemotherapy in compar-
ison with chemotherapy alone resulted in an increased risk of
an arterial thromboembolic event with a hazard ratio of 2.0
and an absolute rate of 5.5 events per 100 person-years. Of
37 patients with thromboembolic events noted in this study,
there were 16 cerebrovascular events (stroke or TIA); rates
were higher in patients over 65 years old or with a prior
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Table 16.1 Neurological complications of antiangiogenic agents

Agent Therapeutic target(s)/
mechanism of action

Use(s) in cancer treatment Common neurologic
toxicities (� 10% of
patients)

Rare neurologic toxicities
(<10%)

Monoclonal antibodies

Bevacizumab VEGF-A Metastatic colorectal cancer, nonsquamous
NSCLC, platinum-resistant ovarian cancer,
advanced cervical cancer, metastatic renal
cell carcinoma, recurrent glioblastoma

– Ischemic stroke,
intracranial hemorrhage,
RPLS, optic neuropathy

Ramucirumab VEGFR2 Metastatic NSCLC, advanced or metastatic
gastric or GE junction cancer

– Headache, cerebral
ischemia, RPLS

Ziv-aflibercept VGFR-1/2 + IgG1 Fc fusion
protein

Metastatic colorectal cancer Headache Arterial thrombotic
events; RPLS

Tyrosine kinase inhibitors

Lenvatinib
mesylate

VEGFR, FGFR, RET, KIT,
PDGFRa

Progressive radioactive iodine-refractory
differentiated thyroid cancer

Headache Cerebrovascular ischemic
event, TIA, intracranial
hemorrhage, seizures,
RPLS

Sorafenib
tosylate

VEGFR, PDGFR, Raf
kinase, KIT, FLT-3

Renal cell carcinoma, hepatocellular
carcinoma, radioactive iodine-refractory
thyroid cancer

– Ischemic stroke

Sunitinib VEGFR, PDGFR, KIT Renal cell carcinoma, pancreatic
neuroendocrine tumors, imatinib-resistant
GIST

– Ischemic stroke,
reversible cognitive
dysfunction with
extrapyramidal
symptoms, RPLS

Pazopanib VEGFR, PDGFR, FGFR, Itk,
c-Fms

Renal cell carcinoma, soft tissue sarcoma Headache Stroke, TIA, intracranial
hemorrhage, RPLS

Ponatinib BCR-ABL, VEGFR,
PDGFR, FGFR, ephrin
receptor, Src family kinases,
c-Kit, RET, TIE2, FLT-3

CML, Philadelphia chromosome-positive
ALL

Headache, venous and
arterial thrombotic events
including stroke,
peripheral neuropathy

–

Regorafenib VEGFR, PDGFR, FGFR,
TIE2, KIT, RET, RAF1,
BRAF, mutant BRAF

Advanced GIST, metastatic colorectal cancer – Sensory neuropathy,
headache, RPLS,
transverse myelopathy

Axitinib VEGFR Renal cell carcinoma – Arterial thrombotic
events, RPLS

Immunomodulatory agents

Thalidomide Immune mediating and
anti-angiogenic properties

Multiple myeloma Somnolence,
Treatment-emergent
peripheral neuropathy
(dose-dependent and
cumulative)

Reversible altered mental
status, worsening of
preexisting Parkinson’s
disease

Lenalidomide Second-generation
thalidomide analog

Multiple myeloma, mantle cell lymphoma,
transfusion-dependent anemia in MDS

– Peripheral neuropathy,
reversible
cognitive/memory
deficits and aphasia

Pomalidomide Second-generation
thalidomide analog

Multiple myeloma – Peripheral neuropathy,
reversible aphasia

AIDP acute inflammatory demyelinating polyneuropathy, ALL acute lymphoblastic leukemia, ALK anaplastic lymphoma kinase, BCR-ABL breakpoint
cluster region-Abelson murine leukemia viral oncogene homolog 1, BTK Bruton’s tyrosine kinase, CDK cyclin-dependent kinase, c-Fms
colony-stimulating factor 1 receptor , CLL chronic lymphocytic leukemia, CML chronic myelogenous leukemia, EGFR epidermal growth factor receptor,
ER estrogen receptor, FLT-3 FMS-like tyrosine kinase 3, GIST gastrointestinal stromal tumor, HDAC histone deacetylase, HER human epidermal growth
factor receptor, JAK Janus kinase, MDS myelodysplastic syndrome, MEK mitogen-activated protein kinase kinase, MPD myeloproliferative disorder,
mTORmammalian target of rapamycin, NHL non-Hodgkin lymphoma, NSCLC non-small cell lung cancer, PARP poly (ADP-ribose) polymerase, PDGFR
platelet-derived growth factor receptor, PI3K phosphoinositide-3-kinase, RCC renal cell carcinoma, RET REarranged during Transfection, RPLS
reversible posterior leukoencephalopathy syndrome, SEGA subependymal giant cell astrocytoma, SMO smoothened, TIA transient ischemic attack,
VEGFR vascular endothelial growth factor receptor
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arterial thrombotic event. [12]. A retrospective study of
recurrent high-grade glioma patients treated with beva-
cizumab in clinical trials found the incidence of ischemic
stroke to be 1.9%, or 0.38 cases per 100 patient-months [13].
Bevacizumab administration also has been associated with

the development of the rare clinical-radiologic Posterior
Reversible Encephalopathy Syndrome (PRES), also known
as the Reversible Posterior Leukoencephalopathy Syndrome
(RPLS). This syndrome has been described in association
with a variety of medications, including angiogenesis

Fig. 16.1 Bevacizumab-related intracranial hemorrhage. MRI of the
brain in a 72-year-old man with a left parietotemporal glioblastoma on
bevacizumab therapy, who was found to have evidence of subacute
hemorrhage on MRI. The T1-weighted image on the left shows a

hyperintense signal abnormality in the left posterior periventricular
area, consistent with blood. In the susceptibility weighted imaging
(SWI) sequence on the right, there are hypointense signal changes in
the left posterior periventricular region, consistent with blood products

Fig. 16.2 Bevacizumab-related ischemic stroke. MRI of the brain in a
71-year-old woman with a left frontal anaplastic astrocytoma on
bevacizumab therapy, who presented with an episode of slurred speech.
The diffusion weighted imaging (DWI) sequences show hyperintense

signal abnormalities in the right basal ganglia, consistent with acute
ischemia. (Image courtesy of Ivana Vodopivec, M.D., Ph.D., Brigham
and Women’s Hospital.)
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inhibitors, and is characterized by neurological symptoms
including headache, visual disturbance, confusion, and sei-
zures, in conjunction with subcortical/white matter abnor-
malities, including prominent vasogenic edema, especially in
the parietal and occipital lobes, on MRI [14, 15]. These
symptoms usually resolve with supportive care. Rarely, optic
neuropathy has been described in association with beva-
cizumab, with an incidence of 1.2% in one study [16]. Of
note, all of the patients in that study had also received
radiation to the brain for glioblastoma, but at doses felt to be
safe to the optic nerves; in comparison, the incidence of
severe optic neuropathy in patients receiving radiation but
not bevacizumab was 0.2% [16]. Another case series
reported three patients with glioblastoma previously treated
with radiation therapy who developed optic neuropathy
following bevacizumab use [17].

Ramucirumab

Ramucirumab is a humanized monoclonal antibody against
VEGFR2 and was approved by the FDA in 2014 for the
treatment of progressive metastatic non-small cell lung
cancer (NSCLC) and for the treatment of advanced or
metastatic gastric or gastroesophageal junction cancer.
Neurologic complications are rare, and include headache in
9% of patients, arterial thromboembolic events (including
cerebrovascular accident, cerebral ischemia, cardiac arrest,
myocardial infarction) in 1.7%, and RPLS in <0.1% [18].

Ziv-Aflibercept
Ziv-aflibercept is a recombinant fusion protein comprised of
VEGF-binding portions from VEGFR-1 and -2 fused to the
Fc portion of the human immunoglobulin IgG1. In August
2012, it received FDA approval for use in combination with
5-fluorouracil, leucovorin and irinotecan (the FOLFIRI
regimen) in patients with progressive metastatic colorectal
cancer after oxaliplatin therapy. Headache is a common side
effect; rare but potentially serious neurologic complications
include arterial thrombotic events and RPLS [19].

VEGF Receptor Tyrosine Kinase Inhibitors

Lenvatinib Mesylate
Lenvatinib is an oral inhibitor of VEGFR 1, 2, and 3, as well
as an inhibitor of fibroblast growth factor receptors (FGFR)
1, 2, 3, and 4, REarranged during Transfection (RET), KIT,
and platelet-derived growth factor receptor alpha
(PDGFRa). It was approved by the U.S. FDA in February
2015 for the treatment of locally recurrent or metastatic
radioactive iodine-refractory differentiated thyroid cancer. In
the Phase III clinical trial, headache was common,

experienced in 27.6% of treated patients versus 6.1% of
patients receiving placebo. About 3.6% of patients experi-
enced a serious neurologic complication, including cere-
brovascular ischemic event, TIA, intracranial hemorrhage,
seizures or RPLS [20].

Sorafenib Tosylate
Sorafenib is a multikinase inhibitor active against numerous
targets, including VEGFR-2 and -3, PDGFR, Raf kinase, KIT
and FMS-like tyrosine kinase 3 (FLT-3), and is used in the
treatment of renal cell carcinoma, hepatocellular carcinoma,
and radioactive iodine-refractory thyroid cancer. The most
concerning potential neurologic complication associated with
sorafenib use is stroke; a meta-analysis of clinical trials using
sorafenib and sunitinib found a threefold increased risk of
arterial thrombotic events, including ischemic stroke [21].

Sunitinib
Sunitinib is a multikinase inhibitor with targets including
VEGFR, PDGFR, and KIT, and is approved for use in
metastatic renal cell carcinoma, progressive pancreatic neu-
roendocrine tumors, and imatinib-resistant gastrointestinal
stromal tumor. Sunitinib has been associated with increased
risk of ischemic stroke, with threefold increased risk of
arterial thrombotic events, including ischemic stroke, in a
meta-analysis of clinical trials using sorafenib and sunitinib
[21]. A reversible syndrome of cognitive dysfunction has
been described, with symptoms including confusion, lan-
guage problems, extrapyramidal symptoms, and gait abnor-
malities [22]. RPLS also has been reported in association
with sunitinib therapy [23].

Pazopanib
Pazopanib is a multi-tyrosine kinase inhibitor of VEGFR,
PDGFR, KIT, fibroblast growth factor receptor (FGFR),
interleukin-2 receptor inducible T-cell kinase (Itk), and
colony-stimulating factor 1 receptor (c-Fms) that is FDA
approved for the treatment of advanced renal cell carcinoma
and advanced soft tissue sarcoma. Headache has been in
reported in 10–23% of patients; serious adverse events are
rare, including arterial thrombotic events [stroke and tran-
sient ischemic attack (TIA)] and central nervous system
(CNS) hemorrhage (subarachnoid hemorrhage, intracranial
hemorrhage) [24–26]. Cases of RPLS also have been
described [27–29].

Ponatinib
Ponatinib is an oral multi-target tyrosine kinase inhibitor
designed as a pan-BCR-ABL inhibitor but also targeting
VEGFR, PDGFR, FGFR, ephrin receptor, Src family kina-
ses, c-Kit, RET, tunica interna endothelial cell kinase 2
(TIE2), and FLT-3 [30]. It received accelerated FDA
approval in 2012 for the treatment of patients with chronic
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myeloid leukemia (CML) or Philadelphia
chromosome-positive acute lymphoblastic leukemia, whose
disease was resistant or intolerant to prior tyrosine kinase
inhibitor therapy [30]. Headache was common in clinical
trial participants, and arterial thrombotic events were noted,
with cerebrovascular events considered to be at least possi-
bly attributable to the drug in 0.7% of patients in the initial
study [31]. Additional data gathered after initial FDA
approval showed a high incidence of venous and arterial
thrombotic events, some of which were fatal or
life-threatening, noted in approximately 24% of patients in
the phase II trial and 48% of patients in the phase I trial. This
led to temporary suspension of ponatinib marketing and
sales by the FDA, a black box warning on the drug, and
cancelation of a planned randomized trial of imatinib versus
ponatinib [31, 32]. Peripheral neuropathy has been reported
in 13% of ponatinib-treated patients (2% grade 3–4) [33].

Regorafenib

Regorafenib is an oral multikinase inhibitor active against
VEGFR, PDGFR, FGFR, TIE2, KIT, RET, RAF1, BRAF,
and mutant BRAF [34]. It is approved by the U.S. Food and
Drug Administration for the treatment of advanced gas-
trointestinal stromal tumors and previously treated metastatic
colorectal cancer. Neurologic side effects are rare; in the
colorectal cancer trials, sensory neuropathy was reported in
7% of patients receiving regorafenib (vs. 4% receiving pla-
cebo) and headache in 5% of regorafenib patients (vs. 3%
with placebo) [34]. There are isolated case reports of RPLS
[35] and transverse myelopathy (in a patient previously
treated with stereotactic body radiation therapy) [36].

Axitinib
Axitinib is a potent, selective, second-generation inhibitor of
VEGFR-1, -2, and -3 [37]. It is FDA approved for the
treatment of advanced renal cell carcinoma. Neurologic side
effects are rare, but as with other agents of this class, serious
adverse effects including arterial thrombotic events and
RPLS have been described [38].

Immunomodulatory Anti-angiogenic Agents
(Thalidomide and Its Analogs)

Thalidomide
Thalidomide was the first immunomodulatory drug
approved for use in multiple myeloma, and has potent
immune mediating and antiangiogenic properties [39]. Fre-
quent but mild (grade 1–2) neurologic side effects in the
phase II multiple myeloma trial included (at the 200 mg/day
dose) somnolence in 34%, tingling or numbness in 12%,

incoordination in 16%, tremors in 10%, and headache in
12% [40]. The most prominent neurologic complication
associated with thalidomide use is peripheral neuropathy,
which has been reported in 23–70% of patients, and appears
to be dose-dependent (worse with doses in excess of 200 mg
per day) and cumulative with longer duration of treatment.
Length-dependent sensory neuropathy is most commonly
reported, and autonomic neuropathy is thought to mediate
some thalidomide-related side effects including constipation,
orthostatic hypotension, bradycardia and sexual dysfunction;
motor symptoms are rare [41]. Other than somnolence, CNS
toxicity is uncommon. There is a reported case of
thalidomide-induced altered mental status progressing to
coma, promptly reversed with drug discontinuation [42].
Thalidomide has also been associated with worsening of
preexisting Parkinson’s disease [43].

Lenalidomide
Lenalidomide is a second-generation immunomodulatory
agent derived from thalidomide, initially approved for use in
transfusion-dependent anemia in patients with myelodys-
plastic syndrome, and subsequently approved for use in
multiple myeloma and mantle cell lymphoma. In addition to
its immunomodulatory effects, it has direct cytotoxic and
antiangiogenic properties [39]. In contrast to thalidomide,
lenalidomide is much less neurotoxic; although mild to
moderate neuropathy during treatment has been reported, the
phase III trial of lenalidomide plus dexamethasone in com-
parison with lenalidomide alone in relapsed multiple mye-
loma showed no significant increase in the incidence of
peripheral neuropathy in lenalidomide-treated patients [41].
Lenalidomide use rarely has been associated with CNS
toxicity, with case reports of reversible cognitive decline,
memory problems and expressive language difficulties [42].

Pomalidomide
Pomalidomide is a second-generation thalidomide analog
approved for the treatment of progressive multiple myeloma.
From the neurologic standpoint, it is generally well tolerated,
with 9% of patients experiencing grades 1–2 peripheral
neuropathy and no reported cases of grades 3–4 neuropathy
in clinical trials [44, 45]. CNS toxicity is uncommon, with
one case report of reversible expressive language difficulties
associated with pomalidomide use [42].

Small Molecule Inhibitors that Do not Target
VEGFR

The growing shift from cytotoxic chemotherapy toward
targeted molecular therapy has led to a revolution in drug
development, with the rise of many new small molecule
drugs designed to inhibit specific cancer targets. This was
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particularly spurred by the discovery of the BCR-ABL
translocation [breakpoint cluster region (BCR)—Abelson
murine leukemia viral oncogene homolog 1 (ABL)] as a
driver of chronic myeloid leukemia, and the successful
use of imatinib, a BCR-ABL inhibitor, to treat these
patients [46]. Since then, small molecules have been
developed to inhibit varied targets that play a role in
oncogenesis in different cancers, many of which are
kinase inhibitors. Overall, small molecule inhibitors have

relatively few neurologic complications as a class. This
section will review the neurologic complications that have
been described with treatment using these small mole-
cules, including tyrosine kinase inhibitors,
serine/threonine kinase inhibitors, lipid kinase inhibitors,
histone deacetylase inhibitors, poly (ADP-ribose) poly-
merase (PARP) inhibitors, smoothened (SMO) inhibitors,
and proteasome inhibitors. This information is summa-
rized in Table 16.2.

Table 16.2 Neurological complications of small molecule inhibitors

Agent Therapeutic target(s)/
mechanism of action

Use(s) in cancer treatment Common neurologic toxicities
(� 10% of patients)

Rare neurologic
toxicities (<10%)

Proteasome inhibitors

Bortezomib Reversible inhibitor of 26S
proteasome

Multiple myeloma; mantle cell
lymphoma

Peripheral neuropathy
(sensory > autonomic > motor)

RPLS

Carfilzomib Second-generation
proteasome inhibitor

Progressive multiple myeloma Peripheral neuropathy –

Tyrosine kinase inhibitors

Erlotinib
Hydrochloride

EGFR NSCLC None Stroke (in
combination with
gemcitabine)

Gefitinib EGFR NSCLC None –

Afatinib
Dimaleate

EGFR, HER2, HER4 NSCLC None –

Lapatinib
Ditosylate

EGFR1, HER2 HER2 overexpressing breast
cancer

Headache –

Vandetanib EGFR, RET, VEGFR2 Medullary thyroid cancer Headache Back pain, RPLS,
cerebral ischemia,
TIA

Crizotinib ALK, MET, ROS1 ALK-rearranged NSCLC Visual changes, dizziness –

Ceritinib ALK ALK-rearranged NSCLC Headache, dizziness Muscle spasms,
dysphonia,
tremor,
convulsion

Cabozantinib MET, VEGFR2, RET Medullary thyroid cancer Dysphonia, back pain,
headache, dizziness

RPLS,
hemorrhage,
venous and
arterial
thrombosis

Imatinib BCR-ABL, PDGFR,
c-Fms, c-Kit

CML, ALL, chronic eosinophilic
leukemia, dermatofibrosarcoma
protuberans, GIST, MDS/MPD,
systemic mastocytosis

Headache, muscle spasms Intraparenchymal
hemorrhage,
subdural
hemorrhage

Nilotinib BCR-ABL CML Headache Muscle spasm,
CNS hemorrhage

Dasatinib BCR-ABL, SRC family
kinases (Lyn, Src)

ALL, CML Headache Subdural
hemorrhage

Bosutinib SRC/ABL1 CML Headache Muscle spasms

Ponatinib BCR-ABL, VEGFR,
PDGFR, FGFR, ephrin
receptor, Src family
kinases, c-Kit, RET, TIE2,
FLT-3

CML, Philadelphia
chromosome-positive ALL

Headache, venous and arterial
thrombotic events including
stroke, peripheral neuropathy

–

(continued)
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Table 16.2 (continued)

Agent Therapeutic target(s)/
mechanism of action

Use(s) in cancer treatment Common neurologic toxicities
(� 10% of patients)

Rare neurologic
toxicities (<10%)

Ibrutinib BTK CLL, mantle cell lymphoma,
Waldenström’s
macroglobulinemia

Back pain Subdural
hematoma,
confusional state

Ruxolitinib JAK1 and 2 Polycythemia vera, myelofibrosis Headache, muscle spasms,
dizziness

–

Serine/threonine kinase inhibitors

Vemurafenib BRAF Melanoma Headache Facial palsy,
AIDP

Dabrafenib BRAF Melanoma – Headache

Sorafenib VEGFR, PDGFR, Raf
kinase, KIT, FLT-3

Renal cell carcinoma,
hepatocellular carcinoma,
radioactive iodine-refractory
thyroid cancer

– Ischemic stroke

Trametinib MEK Melanoma – Ocular toxicity
(blurred vision,
chorioretinopathy)

Palbociclib CDK4, CDK6 ER+ metastatic breast cancer Headache, dizziness, peripheral
neuropathy

–

Lipid kinase inhibitors

Idelalisib PI3K delta CLL, follicular B-cell NHL,
small lymphocytic lymphoma

Headache –

Histone deacetylase inhibitors

Vorinostat HDAC Cutaneous T-cell lymphoma Muscle spasms, headache –

Belinostat HDAC Peripheral T-cell lymphoma Dizziness, headache Apraxia

Romidepsin HDAC Cutaneous T-cell lymphoma Headache –

Panobinostat HDAC Multiple myeloma Headache, dizziness, back pain,
peripheral neuropathy

–

mTOR inhibitors

Everolimus mTOR Breast cancer, pancreatic cancer,
RCC, SEGA in tuberous sclerosis
patients

Convulsionsa, headache –

Sirolimus mTOR Immunosuppression in solid
organ transplant,
lymphangioleiomyomatosis

– RPLS

Temsirolimus mTOR Advanced RCC – CNS hemorrhage

Smoothened inhibitors

Vismodegib SMO Basal Cell Carcinoma Muscle spasms –

Sonidegib SMO Basal Cell Carcinoma Muscle spasms, headache –

PARP inhibitors

Olaparib PARP Ovarian cancer Headache, peripheral
neuropathy

Hemorrhagic
stroke

aIn tuberous sclerosis patients; frequency not increased in comparison with placebo
AIDP acute inflammatory demyelinating polyneuropathy, ALL acute lymphoblastic leukemia, ALK anaplastic lymphoma kinase, BCR-ABL
breakpoint cluster region-Abelson murine leukemia viral oncogene homolog 1, BTK Bruton’s tyrosine kinase, CDK cyclin-dependent kinase,
c-Fms colony-stimulating factor 1 receptor , CLL chronic lymphocytic leukemia, CML chronic myelogenous leukemia, CNS central nervous
system, EGFR epidermal growth factor receptor, ER estrogen receptor, FLT-3 FMS-like tyrosine kinase 3, GIST gastrointestinal stromal tumor,
HDAC histone deacetylase, HER human epidermal growth factor receptor, JAK Janus kinase, MDS myelodysplastic syndrome, MEK
mitogen-activated protein kinase kinase, MPD Myeloproliferative disorder, mTOR mammalian target of rapamycin, NHL non-Hodgkin
lymphoma, NSCLC non-small cell lung cancer, PARP poly (ADP-ribose) polymerase, PDGFR platelet-derived growth factor receptor, PI3K
phosphoinositide-3-kinase, RCC renal cell carcinoma, RET REarranged during Transfection, RPLS reversible posterior leukoencephalopathy
syndrome, SEGA subependymal giant cell astrocytoma, SMO smoothened, TIA transient ischemic attack, TIE2 tunica interna endothelial cell
kinase, VEGFR vascular endothelial growth factor receptor
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Proteasome Inhibitors

Bortezomib
Bortezomib is a reversible inhibitor of the 26S proteasome,
and is FDA approved for the treatment of multiple myeloma
and patients with mantle cell lymphoma who have received
at least one prior therapy [47]. The most significant neuro-
toxicity associated with bortezomib is treatment-emergent
peripheral neuropathy. In studies of treatment-naïve multiple
myeloma patients receiving bortezomib, 40–64% of patients
experienced peripheral neuropathy, with 14–30% requiring
dose decrease or discontinuation; it was the most common
reason for drug discontinuation [48]. There is a cumulative
dose effect through the first five cycles of treatment, and
there has been some suggestion that the route of adminis-
tration may have an impact, with one study showing sig-
nificantly decreased incidence of neuropathy with
subcutaneous versus intravenous administration [49].
Bortezomib typically causes a painful, length-dependent,
axonal sensory neuropathy which is often at least partly
reversible upon discontinuation of treatment [47]. Neuro-
logic examination, nerve conduction studies and elec-
tromyography are often normal except in severe cases [50].
Constipation and orthostasis, noted in 10–15% of patients
receiving bortezomib, are thought to be largely mediated by
autonomic neuropathy. Motor nerve involvement is rare
[41]. Other than neuropathy, neurologic complications are

rare, although isolated cases of bortezomib-induced PRES
have been reported (Fig. 16.3) [51, 52].

Carfilzomib
Carfilzomib is a second-generation proteasome inhibitor that
is FDA approved as monotherapy for the treatment of pro-
gressive multiple myeloma in patients previously on treat-
ment with bortezomib and an immunomodulatory agent, and
in combination with lenalidomide and dexamethasone in
patients with recurrent multiple myeloma previously treated
with one to three other regimens. Carfilzomib has signifi-
cantly less neurotoxicity than bortezomib; this is felt to be
possibly explained by the off-target effects on
non-proteasome serine proteases seen with bortezomib but
not carfilzomib [53]. In an integrated safety analysis of four
phase II clinical trials using single-agent carfilzomib, 84.8%
of patients had a history of treatment-related peripheral
neuropathy (from bortezomib or thalidomide), with 71.9% of
patients with active peripheral neuropathy at the time of trial
enrollment (all grades 1 or 2). However, there were infre-
quent reports of neuropathy as an adverse side effect in these
trials, reported in 13.9% of patients overall, the majority of
which were grades 1–2 (1.3% of patients experienced grade
3 peripheral neuropathy, all in patients with preexisting
grade 1–2 neuropathy at baseline). There was no grade 4
neuropathy and as neuropathy appeared to arise early in
treatment, there was no evidence of cumulative toxicity [54].

Fig. 16.3 Bortezomib-Induced Posterior Reversible Encephalopathy
Syndrome MRI of the brain in a 66-year-old woman recently treated
with bortezomib for multiple myeloma, who presented with new onset
of seizures. The T2/FLAIR images shown are notable for fairly

symmetric cortical and subcortical hyperintense signal abnormalities
with a posterior predominance (Image courtesy of Aaron Berkowitz, M.
D., Ph.D., Brigham and Women’s Hospital.)
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Tyrosine Kinase Inhibitors

Epidermal Growth Factor Receptor Inhibitors

Erlotinib Hydrochloride
Erlotinib is an EGFR tyrosine kinase inhibitor that is FDA
approved for use as first-line treatment of EGFR mutant,
metastatic non-small cell lung cancer, as well as for pre-
treated advanced or metastatic non-small cell lung cancer. It
is also approved for use in conjunction with gemcitabine
hydrochloride in the treatment of pancreatic cancer. In the
original lung cancer trials, neurologic side effects were
uncommon [55]. Death related to stroke was reported in a
phase III trial using erlotinib in combination with gemc-
itabine in patients with advanced pancreatic cancer; this was
ultimately attributed to a combination of cancer and
treatment-related complications [56].

Gefitinib
The EGFR inhibitor gefitinib received accelerated FDA
approval in 2003 for the treatment of locally advanced or
metastatic non-small cell lung cancer, based on the use of
tumor response rate as a surrogate endpoint for clinical
efficacy in clinical trials. In 2005, after follow-up studies
failed to show an overall survival benefit, its use in the
United States was subsequently limited to patients who were
currently or previously benefiting from its use [57]. In 2015,
it received additional FDA approval for use in metastatic
non-small cell lung cancer with specified epidermal growth
factor receptor gene mutations [58]. It remains the more
widely used EGFR tyrosine kinase inhibitor in Europe and
Asia, and is under ongoing investigation in lung cancer and
other malignancies [59]. Gefitinib is well tolerated from the
neurologic perspective, with no significant adverse neuro-
logic side effects [60].

Afatinib Dimaleate
Afatinib, an irreversible inhibitor of EGFR, human epider-
mal growth factor receptor 2 (HER2) and HER4, is FDA
approved for the treatment of EGFR mutant, metastatic
non-small cell lung cancer. There are no significant neuro-
logic side effects commonly associated with afatinib therapy
[61, 62]

Lapatinib Ditosylate
Lapatinib is an oral small molecule HER2 and EGFR1 tyr-
osine kinase inhibitor. It is FDA approved for use in com-
bination with letrozole or capecitabine in the treatment of
patients with HER2 overexpressing breast cancer. Other than
headache, neurologic complications are not commonly
described [63, 64].

Vandetanib
Vandetanib, an oral selective inhibitor of EGFR, RET and
VEGFR2 signaling, is FDA approved for the treatment of
unresectable, locally advanced, or metastatic medullary
thyroid cancer. In a randomized, double-blind, phase III trial
of vandetanib versus placebo in patients with locally
advanced or metastatic thyroid cancer, headache was com-
mon, noted in 26% of patients, and back pain was experi-
enced by 9% of patients receiving vandetanib (vs. 20% in
the placebo arm) [65]. Serious neurologic events were sim-
ilar to those seen with other anti-VEGF agents, including
RPLS and an increased risk of cerebrovascular events
(cerebral ischemia or transient ischemic attack were noted in
1.3% of patients in the vandetanib arm and no patients in the
control arm) [66].

Anaplastic Lymphoma Kinase (ALK) Inhibitors

Crizotinib
Rearrangements of the ALK gene with the echinoderm
microtubule associated protein like 4 (EML4) result in a
fusion oncogene EML4-ALK which is present in 3–5% of
non-small cell lung cancer. Crizotinib, a small molecule
inhibitor of ALK, MET and ROS1 tyrosine kinases, is FDA
approved for the treatment of ALK-rearranged non-small
cell lung cancer, with clinical trials showing superiority to
standard chemotherapy in patients with progressive tumors.
It is generally neurologically well tolerated, although visual
side effects are common and may include diplopia, pho-
topsia, chromatopsia, blurred vision, impaired vision, and
vitreous floaters. Dizziness, generally mild, occurred in
about 20% of patients in clinical studies [67, 68].

Ceritinib
In April 2014, certinib, an oral, small molecule tyrosine
kinase inhibitor of ALK, received accelerated FDA approval
for the treatment of ALK-rearranged non-small cell lung
cancer with progression on (or intolerance to) crizotinib, due
to evidence of significant and durable treatment responses
[69]. Neurologic adverse events (regardless of attribution to
study drug) in phase I clinical trial data included headache
(15%), dizziness (11%), muscle spasms (8%), dysphonia
(7%), tremor (7%), and convulsion (6%) [70].

MET Inhibitors

Cabozantinib
Cabozantinib is an inhibitor of MET, VEGFR2, and RET that
is FDA approved for the treatment of metastatic medullary
thyroid cancer. It is associated with significant toxicity,
requiring dose reduction in 79%of patients in the phase III trial.
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With regard to neurologic toxicity, side effects noted in 10% or
more of patients included dysphonia, back pain, headache, and
dizziness. RPLS was reported in one patient, and other VEGF
inhibitor-associated complications were seen, including hem-
orrhage, venous thrombosis, and arterial thrombosis [71].

Crizotinib
Crizotinib, a small molecule inhibitor of ALK, MET and
ROS1 tyrosine kinases, is FDA approved for the treatment of
ALK-rearranged non-small cell lung cancer. Neurologic
complications associated with this agent are discussed in
greater detail earlier in this chapter.

BCR-ABL Inhibitors

Imatinib Mesylate
Imatinib is a potent inhibitor of BCR-ABL, PDGFRa,
PDGFRb, c-Fms, and c-Kit tyrosine kinases. Initially pioneered
in the treatment of Philadelphia chromosome-positive chronic
myelogenous leukemia (CML), it is also FDA approved for the
treatment of Philadelphia chromosome-positive acute lym-
phoblastic leukemia (ALL), chronic eosinophilic leukemia,
dermatofibrosarcoma protuberans, gastrointestinal stromal
tumor, myelodysplastic/myeloproliferative neoplasms, and
systemic mastocytosis. Neurologic adverse effects include
headache, which may be severe, and muscle spasms, which are
generally mild and respond to treatment with quinine, calcium
or magnesium [72–74]. In a phase I/II study of imatinib for the
treatment of recurrent malignant gliomas, central nervous sys-
tem hemorrhagewas observed at a rate higher than the expected
spontaneous hemorrhage rate in these patients [75]. Subdural
hemorrhage in association with imatinib use also has been
described [74, 76].

Nilotinib
The second-generation BCR-ABL tyrosine kinase inhibitor
nilotinib has a higher selectivity and binding affinity than
imatinib, and is FDA approved for the treatment of newly
diagnosed and previously treated patients with CML [77].
Headaches (grade 3 or 4 in some cases, at higher incidence
than with imatinib) and less commonly muscle spasm have
been associated with nilotinib therapy. Rare cases of CNS
hemorrhage have been described [72, 73].

Dasatinib
Dasatinib is a second-generation oral BCL-ABL inhibitor
that also has activity against the SRC family kinases Lyn and
Src. It is used in the treatment of Philadelphia
chromosome-positive ALL and Philadelphia
chromosome-positive CML. [78]. Headache, generally mild,
is reported in 12–27% of patients [72, 79]. There have been
several reported cases of spontaneous subdural hemorrhage

in patients on dasatinib treatment, including one case in the
absence of thrombocytopenia; dasatinib-induced platelet
dysfunction has been implicated as the putative mechanism
[80, 81].

Bosutinib
Bosutinib is an oral, dual SRC/ABL1 tyrosine kinase inhi-
bitor that is FDA approved for the treatment of patients with
Philadelphia chromosome-positive CML, resistant to or
intolerant of prior therapy. In long-term follow-up of the
Bosutinib Efficacy and Safety in Newly Diagnosed CML
trial (BELA trial), neurologic side effects included headache
in 13% of bosutinib-treated patients (vs. 11% with imatinib)
and muscle spasms in 4% of bosutinib-treated patients (vs.
22% of those treated with imatinib) [82].

Ponatinib
Ponatinib is an oral multi-target tyrosine kinase inhibitor
designed as a pan-BCR-ABL inhibitor but also effective
against VEGFR, PDGFR, FGFR, ephrin receptor, Src family
kinases, c-Kit, RET, TIE2, and FLT-3 [30]. It is used in the
treatment of patients with chronic myeloid leukemia
(CML) or Philadelphia chromosome-positive acute lym-
phoblastic leukemia. Neurologic complications of this agent
are described in greater detail earlier in this chapter.

Bruton’s Tyrosine Kinase (BTK) Inhibitors

Ibrutinib
Ibrutinib is an irreversible non-receptor tyrosine kinase
inhibitor that targets Bruton’s tyrosine kinase, a B-cell
receptor signaling component which plays a role in the
pathogenesis of chronic lymphocytic leukemia [83]. It is
FDA approved for use in the treatment of chronic lympho-
cytic leukemia, mantle cell lymphoma, and Waldenström’s
macroglobulinemia. In long-term follow-up of a phase II
trial of 111 mantle cell lymphoma patients treated with
single-agent ibrutinib, bleeding (including bruising) occur-
red in 50% of patients during the total study period, the
majority of which were not neurologic. Subdural hematomas
were reported in four patients, all of which were associated
with head trauma and/or falls, and all four patients had
received anti-platelet (aspirin) or anticoagulant (warfarin)
agents in close proximity to the event. Other neurologic
adverse events included confusional state in 3% of patients,
and back pain [84].

Janus Kinase (JAK) Inhibitors

Ruxolitinib
The potent and selective JAK 1 and 2 inhibitor ruxolitinib is
FDA approved for the treatment of polycythemia vera and
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for the treatment of intermediate and high-risk myelofibrosis.
It is well tolerated from the neurologic standpoint. Although
headache, dizziness, and muscle spasms have been described
with its use, the phase III trial examining ruxolitinib in
comparison with standard therapy in polycythemia vera
found that 49% of patients treated with ruxolitinib had an at
least 50% reduction in their Myeloproliferative Neoplasm
Symptom Assessment Form (MPN-SAF), with decrease in
hyperviscosity-related neurologic symptoms including
vision problems, dizziness, concentration problems, head-
ache, numbness or tingling in the hands or feet, and tinnitus
[85, 86].

Serine/Threonine Kinase Inhibitors

BRAF Inhibitors

Vemurafenib
40–60% of cutaneous melanomas have activating mutations
in BRAF at codon 600; 80–90% of these are the V600E
valine to glutamic acid substitution. These mutations result
in constitutive activation of the MAPK pathway and are
thought to be a driver of melanoma proliferation [87, 88].
Vemurafenib is a potent BRAF inhibitor, and is FDA
approved for the treatment of unresectable or metastatic
melanoma with the BRAF V600E mutation. In the ran-
domized trial which led to its approval, 675 previously
untreated patients with BRAF V600E mutation positive
metastatic or unresectable melanoma were randomized to
treatment with vemurafenib versus dacarbazine. Headaches
were common in the vemurafenib group (23.2% vs. 10.4%
in the dacarbazine group). Otherwise, neurologic side effects
were uncommon [89]. Rarely, there have been cases of facial
palsy attributed to vemurafenib therapy [90]. There is an
isolated case report of acute inflammatory demyelinating
polyneuropathy (AIDP) in the setting of vemurafenib treat-
ment, in a patient previously treated with nivolumab [91].

Dabrafenib
Dabrafenib is a reversible, competitive inhibitor of BRAF
with selective inhibition of the BRAF V600E kinase. It is
FDA approved alone or in conjunction with trametinib for
the treatment of unresectable or metastatic melanoma with
the BRAF V600E or V600 K mutation. There are no serious
neurologic complications; in the phase III trial comparing
dabrafenib with dacarbazine in melanoma patients, headache
was noted in 5% of dabrafenib patients (vs. 0% with
dacarbazine) but it was otherwise well tolerated from the
neurologic standpoint [88].

Sorafenib
Sorafenib is a multikinase inhibitor active against numerous
targets, including VEGFR-2 and -3, a PDGFR, Raf kinase,
KIT and FLT-3, and is used in the treatment of renal cell
carcinoma, hepatocellular carcinoma, and radioactive
iodine-refractory thyroid cancer. Neurologic complications
associated with this agent are described in detail earlier in
this chapter.

Mitogen-Activated Protein Kinase Kinase
(MEK) Inhibitors

Trametinib
Trametinib is a MEK inhibitor that is FDA approved for use
in the treatment of patients with unresectable or metastatic
melanoma with a BRAF V600E or V600K mutation. Ocular
toxicities have been noted with trametinib administration,
including blurred vision and chorioretinopathy. Neurologic
side effects are uncommon [92].

Cyclin-Dependent Kinase (CDK) Inhibitors

Palbociclib
CDK4 and CDK6 signaling play a critical role in the G1 to S
transition in the cell cycle; CDK inhibitors have been
developed in an attempt to disrupt tumor cell growth and
division. Palbociclib is FDA approved for the treatment of
estrogen receptor-positive (ER+) metastatic breast cancer in
postmenopausal women, in conjunction with letrozole, an
aromatase inhibitor. In a phase II trial evaluating letrozole
versus letrozole plus palbociclib, neurologic complications
were relatively infrequent and mild (grades 1–2 only);
headache was reported in 14% of patients in the combined
therapy group (vs. 10% with letrozole alone), dizziness in
10% (vs. 4% with letrozole alone), and peripheral neu-
ropathy in 10% of patients in the combined therapy group
(vs. 5% with letrozole alone) [93].

Lipid Kinase Inhibitors

Phosphoinositide-3-Kinase (PI3K) Inhibitors

Idelalisib
PI3K delta plays a critical role in the growth and survival of
malignant B lymphocytes [94]. Idelalisib is a selective PI3K
delta inhibitor approved for the treatment of chronic lym-
phocytic leukemia (CLL) in conjunction with rituximab, as
well as for the treatment of recurrent follicular B-cell
non-Hodgkin lymphoma and small lymphocytic lymphoma.
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In a phase II trial of 125 patients with indolent non-Hodgkin
lymphoma treated with this agent, neurologic side effects
were uncommon; headache was reported by 10% of patients
receiving idelalisib [94]. Other PI3K inhibitors including
buparlisib (BKM120), which produces reversible anxiety
and irritability, are being tested in clinical trials, but have yet
to receive FDA approval.

Histone Deacetylase (HDAC) Inhibitors

Vorinostat
Histone deacetylase inhibitors are thought to work in cancer
treatment by interfering with epigenetic regulation of gene
expression in tumor cells [95]. Vorinostat is a histone
deacetylase (HDAC) inhibitor that is FDA approved for the
treatment of cutaneous manifestations of cutaneous T-cell
lymphoma, and its use is under investigation in other cancers
including B-cell lymphoma, leukemia, non-small cell lung
cancer, and multiple myeloma. There were no serious neu-
rologic complications in the trial leading to its approval;
muscle spasms were reported in 19.8% of patients and
headaches in 11.6% of patients [95].

Belinostat
The second-generation, pan-HDAC inhibitor belinostat was
granted accelerated FDA approval in July 2014 for the
treatment of relapsed or refractory peripheral T-cell lym-
phoma. Belinostat has anti-angiogenic and antitumor effects.
In the open-label phase II trial in which 53 patients were
treated with this agent, neurologic side effects included
dizziness in 20.8%, and headache in 13.2%. One patient
experienced grade 3 apraxia felt to be related to the drug
[96].

Romidepsin
Romidepsin is an HDAC inhibitor used in the treatment of
cutaneous T-cell lymphoma. Other than headache (reported
in 14% of patients in one study and 15% in another study
(11% felt to be drug-related), all grades 1–2), there are no
notable neurologic side effects attributed to this agent [97,
98].

Panobinostat
Panobinostat is a pan-HDAC inhibitor approved by the FDA
in February 2015 for the treatment of multiple myeloma, in
combination with bortezomib and dexamethasone. In a
phase III randomized, placebo-controlled trial of 768
relapsed or refractory multiple myeloma patients treated with
panobinostat versus placebo in combination with bortezomib
and dexamethasone, neurologic complications seen at
increased frequency in the patients treated with panobinostat

in comparison with those treated with placebo included
headache (14% vs. 11%), dizziness (19% vs. 16%), and back
pain (13% vs. 12%). Peripheral neuropathy was reported in
61% of patients; this was slightly less frequent than in the
placebo group (61% vs. 67%), although there was a slightly
higher incidence of grades 3–4 neuropathy in
panobinostat-treated patients (18% vs. 15%) [99].

Mammalian Target of Rapamycin (MTOR)
Inhibitors

Everolimus
The mTOR signaling pathway is dysregulated in many types
of cancers, and mTOR inhibitors are designed to interfere
with this aberrant signaling. Everolimus is an mTOR inhi-
bitor that is FDA approved for use in the treatment of
advanced hormone receptor-positive, HER2 negative breast
cancer, progressive pancreatic cancer, advanced renal cell
carcinoma, and subependymal giant cell astrocytoma in
tuberous sclerosis patients. There are few neurologic side
effects other than headache; everolimus-treated tuberous
sclerosis patients have a high incidence of convulsions, but
at a rate that is not increased in comparison with placebo
[100, 101].

Sirolimus
Sirolimus is an mTOR inhibitor used as an immunosup-
pressant in solid organ transplant patients and recently
approved for the treatment of lymphangioleiomyomatosis.
There are studies suggesting no significant neurologic
complications with sirolimus use in heart, kidney, liver, and
combined multi-organ transplants, but cases of possibly
associated PRES have been described [102].

Temsirolimus
Temsirolimus is an mTOR inhibitor indicated for the treat-
ment of advanced renal cell carcinoma. It is generally well
tolerated from the neurologic standpoint; however, there is
an increased risk of CNS hemorrhage in patients with pri-
mary or metastatic brain tumors and/or patients on antico-
agulation [103].

Smoothened (SMO) Inhibitors

Vismodegib
Alterations in the hedgehog signaling pathway are a driver
of basal cell carcinoma pathogenesis, with about 10% inci-
dence of activating mutations in SMO, leading to constitu-
tive activation of the hedgehog pathway. Vismodegib is an
SMO inhibitor approved for the treatment of metastatic or
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recurrent locally advanced basal cell carcinoma. There are
no associated serious neurologic complications. Muscle
spasms are common, reported in 64% of patients in a large
safety analysis [104].

Sonidegib
Sonidegib is an oral, selective SMO inhibitor that is FDA
approved for the treatment of locally advanced basal cell
carcinoma in patients not suitable for surgery or radiation
therapy, or those whose disease has recurred after surgery
or radiation therapy. In the randomized, double-blind
phase II trial leading to its approval, the recommended
200 mg dose was associated with muscle spasms in 49%
of patients (3% grade 3–4) and headache in 15% of
patients [105].

Poly (ADP-Ribose) Polymerase (PARP) Inhibitors

Olaparib
The first-in-class FDA approved PARP inhibitor olaparib is
indicated for the treatment of progressive BRCA mutant
ovarian cancer. By interfering with the poly (ADP-ribose)
polymerase enzyme, PARP inhibitors interfere with tumor
cells’ ability to repair DNA damage caused by other
chemotherapeutic agents. Significant neurologic complica-
tions are few. In an ovarian cancer trial of olaparib plus
paclitaxel and carboplatin followed by olaparib maintenance
monotherapy versus paclitaxel and carboplatin alone (with
no maintenance therapy), headache during combination
therapy was reported in 33% of patients in the olaparib
group versus 9% in the chemotherapy only group, and
during the maintenance therapy phase, headache was
reported in 12% of the olaparib group, versus 2% in the
group receiving no maintenance treatment. Peripheral neu-
ropathy was reported in 31% of patients in the olaparib
group during combination therapy (vs. 19% in the chemo
alone group) but only 2% in the olaparib group during
maintenance treatment (vs. 7% in the no treatment group)
[106]. Another trial looking at olaparib maintenance therapy
versus placebo in platinum-responsive ovarian cancer
reported headaches in 21% of olaparib-treated patients (vs.
13% of placebo-treated patients). One patient in this trial
experienced a grade 5 hemorrhagic stroke [107].

Antibodies and Antibody–Drug Conjugates

Monoclonal antibodies have become an important compo-
nent of treatment for many different cancer types. They may
be of murine, chimeric (65% human), humanized (95%
human) or human (100% human) forms, and are designed to
bind to specific target antigens on cancer cells. Once bound

to their target, they may disrupt necessary cancer cell
functions by binding to ligands or receptors, or may recruit
the immune system of the host to fight against the tumor [2].
Monoclonal antibodies are most commonly naked (uncon-
jugated) but more recently, there has been growing interest
in the development of conjugated monoclonal antibodies, in
which a monoclonal antibody is combined with a cytotoxic
agent to form an antibody–drug conjugate, or combined with
a radioactive particle, in an attempt to deliver cytotoxic
therapies or radiation directly to cells targeted by the mon-
oclonal antibody [108]. A new class of drugs known as
bi-specific T-cell engagers (BiTE®, Amgen, Thousand
Oaks, CA, USA) has emerged, and is discussed in greater
detail later in this chapter. Neurologic complications asso-
ciated with antibodies and antibody–drug conjugates are
summarized in Table 16.3.

Naked Monoclonal Antibodies

Anti-CD20 Antibodies

Rituximab
Rituximab is a chimeric monoclonal antibody against CD20
on the surface of B cells. It is FDA approved for the treat-
ment of B-cell non-Hodgkin lymphoma and chronic lym-
phocytic leukemia (CLL) but there is also growing use of
rituximab in the treatment of a variety of autoimmune dis-
eases. Neurologic side effects of rituximab include mild to
moderate headache, dizziness, and paresthesias [109].
Rituximab, like other monoclonal antibodies, has been
associated with increased risk for the development of pro-
gressive multifocal leukoencephalopathy (PML). PML is a
rare demyelinating disease associated with reactivation of
latent JC polyoma virus, seen in immunocompromised
patients including patients with HIV/AIDS and lymphopro-
liferative disorders. Patients may present with a variety of
neurologic signs and symptoms, and brain MRI typically
shows multiple non-enhancing lesions which may be sym-
metric or asymmetric and are often seen in subcortical and
periventricular white matter. The only proven effective
treatment is reconstitution of the host’s immune system, and
the condition is usually fatal [110, 111].

Ofatumumab
The fully human anti-CD20 monoclonal antibody ofatu-
mumab is FDA approved for the treatment of previously
treated chronic lymphocytic leukemia, and also approved in
combination with chlorambucil for previously untreated
chronic lymphocytic leukemia. It is generally well tolerated
from the neurologic standpoint. However, as with other
anti-CD20 monoclonal antibodies, rare cases of PML have
been reported [112].
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Table 16.3 Neurological complications of antibodies and antibody–drug conjugates

Agent Therapeutic target(s)/
mechanism of action

Use(s) in cancer treatment Common neurologic
toxicities (� 10% of
patients)

Rare neurologic toxicities (<10%)

Naked monoclonal antibodies

Rituximab CD20 B-cell NHL, CLL Headache Dizziness, paresthesias, PML

Ofatumumab CD20 CLL – PML

Obinutuzumab CD20 CLL – Headache, stroke

Cetuximab EGFR Colorectal cancer, head and neck
cancer

Headache Aseptic meningitis, RPLS

Panitumumab EGFR Colorectal cancer None –

Ipilimumab CTLA-4 Melanoma Hypophysitis RPLS, Myasthenia gravis-like
syndrome, Guillain–Barre Syndrome,
temporal arteritis, transverse myelitis,
CIDP, aseptic meningitis,
inflammatory myopathy,
meningo-radiculo-neuritis,
encephalopathy

Pembrolizumab PD-1 Melanoma – Dizziness, headache, muscle spasm,
hypoesthesia, lethargy, peripheral
neuropathy, paresthesias,
encephalopathy/confusion,
hypophysitis

Nivolumab PD-1 Squamous NSCLC, melanoma – Headache, paresthesias, vertigo,
hypophysitis

Trastuzumab HER2 HER2 positive breast cancer, HER2
positive gastric or GE junction
adenocarcinoma

Headache RPLS

Pertuzumab HER2 HER2 positive breast cancer Headache, muscle spasms Peripheral neuropathy

Alemtuzumab CD52 B-cell CLL, cutaneous T-cell
lymphoma

– PML, HHV-6 encephalitis,
polyneuropathy, myelitis,
extrapyramidal symptoms, guillain–
barre syndrome

Siltuximab IL-6 Multicentric castleman disease – Headache

Denosumab RANKL Giant cell tumor of bone,
osteoporosis, bone metastasis,
patients with high fracture risk, e.g.,
due to hormone deprivation therapy

Headache –

Dinutuximab Ganglioside GD2 Pediatric high-risk neuroblastoma Neuropathic pain –

Bi-specific monoclonal antibodies

Blinatumomab Anti-CD19/anti-CD3
BiTE® (Amgen,
Thousand Oaks, CA,
USA) antibody
construct

B-cell ALL Headache, tremor,
dizziness,
confusion/encephalopathy

Ataxia, psychosis, convulsions,
aphasia, dysarthria, dysesthesia,
bradyphrenia, hemiparesis

Antibody–drug conjugates

Ado-trastuzumab
emtansine

Anti-HER2
mAb + cytotoxic agent

HER2 positive breast cancer Headache, peripheral
neuropathy

Subarachnoid hemorrhage

Brentuximab
vedotin

Anti-CD30
mAb + cytotoxic agent

Hodgkin lymphoma, anaplastic
large cell lymphoma

Peripheral neuropathy
(sensory > motor)

PML

Radiolabeled antibodies
90Y-Ibritumomab
tiuxetan

Anti-CD20
mAb + radionuclide

B-cell NHL Headache, dizziness PML

ALL acute lymphoblastic leukemia, BiTE® Bi-specific T-cell Engager, CIDP chronic inflammatory demyelinating polyneuropathy, CLL chronic
lymphocytic leukemia, CTLA-4 cytotoxic T-lymphocyte-associated antigen-4, EGFR epidermal growth factor receptor, GE junction gastroesophageal
junction, HER human epidermal growth factor receptor, IL-6 interleukin-6, mAb monoclonal antibody, NHL non-Hodgkin lymphoma, NSCLC non-small
cell lung cancer, PD-1 programmed cell death 1 receptor, PML progressive multifocal leukoencephalopathy, RANKL receptor activator of nuclear
factor-kappa B ligand
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Obinutuzumab
Obinutuzumab is a glycoengineered, humanized type II
anti-CD20 antibody FDA approved for use in conjunction
with chlorambucil in the treatment of previously untreated
chronic lymphocytic leukemia (CLL). The drug was
approved based on the results of an open-label, three-group
study of patients with CD20-positive CLL in which patients
were assigned to treatment with chlorambucil alone, chlo-
rambucil plus obinutuzumab, or chlorambucil plus ritux-
imab. There were no neurologic complications unique to
obinutuzumab therapy. Headache was reported in 6–7% of
all patients, across the three groups. Stroke/cerebrovascular
accident was an extremely rare complication, reported in
none of the chlorambucil-only patients and in <1% of both
the obinutuzumab and rituximab arms [113].

Anti-epidermal Growth Factor Receptor (EGFR)
Antibodies

Cetuximab
Cetuximab is a recombinant chimeric monoclonal antibody
targeting the epidermal growth factor receptor (EGFR). It is
FDA approved for the treatment of colorectal cancer and
head and neck cancer. Other than headaches, neurologic
complications are uncommon [114]. Cetuximab rarely has
been associated with aseptic meningitis occurring after the
first cetuximab dose, which may recur with drug rechallenge,
even at a decreased dose [115]. PRES has also been
described in association with cetuximab use [116].

Panitumumab
Panitumumab is a fully human monoclonal antibody against
the epidermal growth factor receptor (EGFR), FDA
approved for the treatment of patients with
EGFR-expressing, metastatic colorectal cancer with disease
progression on or following fluoropyrimidine-, oxaliplatin-,
and irinotecan-containing chemotherapy regimens. Its
approval was based on a phase III study of panitumumab
plus best supportive care versus best supportive care alone in
patients with chemotherapy-refractory metastatic colorectal
cancer. In this study, no significant neurologic side effects
were reported [117].

Anti-human Epidermal Growth Factor Receptor 2
(HER2) Antibodies

Trastuzumab
Trastuzumab is a monoclonal antibody against human epi-
dermal growth factor receptor 2 (HER2) that is FDA
approved for the treatment of HER2-overexpressing meta-
static gastric or gastroesophageal junction adenocarcinoma,
and the treatment of HER2-overexpressing breast cancer.

Neurologic complications are few, likely because trastuzu-
mab is thought to have limited blood–brain barrier pene-
tration, although data surrounding this are conflicting [118].
Headaches have been described in 10% of patients on tras-
tuzumab monotherapy [119]. An isolated case of RPLS has
been reported, possibly related to trastuzumab’s antiangio-
genic properties [120].

Pertuzumab
The anti-HER2 humanized monoclonal antibody per-
tuzumab is approved for use in combination with trastuzu-
mab and docetaxel for neoadjuvant treatment of
HER2-positive breast cancer, and in combination with tras-
tuzumab and docetaxel to treat HER 2-positive metastatic
breast cancer. In a randomized, double-blind,
placebo-controlled, phase III trial comparing pertuzumab,
trastuzumab, and docetaxel versus placebo, trastuzumab and
docetaxel, neurologic complications noted with increased
incidence in the pertuzumab-containing regimen included
headache (25.7% vs. 19.2%) and muscle spasms (10.3% vs.
5.1%). Grade 3 or higher peripheral neuropathy was noted in
2.7% of pertuzumab treated patients versus 1.8% in the
placebo group [121].

Immune Checkpoint Inhibitors
Immunotherapy is a rapidly growing area of research in
cancer treatment, and immune checkpoint inhibitors, a rel-
atively new class of drugs, have shown significant promise
in the treatment of numerous cancer types. Immune check-
point inhibitors are designed to interfere with T-cell inhibi-
tory signals, thereby facilitating T-cell antitumor activity
[122]. Neurologic complications associated with the three
FDA approved immune checkpoint inhibitors, ipilimumab,
pembrolizumab and nivolumab, will be discussed briefly in
the following section. These agents are discussed in greater
detail in Chap. 17.

Ipilimumab
Ipilimumab is a monoclonal antibody directed against
cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4), and
is approved for the treatment of unresectable or metastatic
melanoma. Overall, serious neurologic complications are
rare, but cases of myasthenia gravis-like syndrome, Guil-
lain–Barre syndrome, temporal arteritis, transverse myelitis,
chronic inflammatory demyelinating polyneuropathy
(CIDP), aseptic meningitis, inflammatory myopathy, RPLS
and meningo-radiculo-neuritis have been described [123,
124]. A case of ipilimumab-induced encephalopathy with a
reversible splenial lesion has also been reported [125].
Ipilimumab has also been associated with the development
of hypophysitis, seen in 11% of patients in one retrospective
series, and associated with pituitary enlargement on brain

16 Neurological Complications of Targeted Therapies 325



imaging and clinical hypopituitarism [126]. Ipilimumab is
discussed in greater detail in Chap. 17.

Pembrolizumab
Pembrolizumab is a monoclonal antibody against the pro-
grammed cell death 1 (PD-1) receptor, and is FDA approved
for the treatment of unresectable or metastatic melanoma
with disease progression following ipilimumab and, if
BRAF V600 mutation positive, a BRAF inhibitor.
Drug-related neurologic complications in the trial leading to
its approval were very rare, including grades 1–2 dizziness
(1.2%), headache (4%), muscle spasms (2.3%), hypoesthesia
(1.7%), lethargy (2.3%), peripheral neuropathy (1.7%) and
paresthesias (1.2%); only lethargy was deemed
immune-related. Rare grades 3–4 toxicity included
encephalopathy, confusion, and peripheral motor neuropa-
thy, each in <1% of patients. Hypophysitis was noted in
1.2% of patients [127]. Pembrolizumab is discussed in
greater detail in Chap. 17.

Nivolumab
The PD-1 inhibitor nivolumab is approved for the treatment
of progressive metastatic squamous non-small cell lung
cancer, and nonoperative or metastatic melanoma. Neuro-
logic complications are very uncommon. In a phase III study
comparing nivolumab with dacarbazine in previously
untreated melanoma, neurologic side effects were quite rare,
with headache in 4.4%, paresthesia in 1% and vertigo in 1%.
Hypophysitis was noted in 0.5% of patients [128]. Nivolu-
mab is discussed in greater detail in Chap. 17.

Other Naked Monoclonal Antibodies

Alemtuzumab
Alemtuzumab is an anti-CD52 humanized monoclonal
antibody approved for the treatment of B-cell chronic lym-
phocytic leukemia as well as other hematologic malignan-
cies, including cutaneous T-cell lymphomas. It binds to
CD52 on the surface of B and T lymphocytes, natural killer
cells, monocytes and macrophages, and some granulocytes
[129]. It is also used for immunosuppression in solid organ
transplantation. Neurologic adverse effects are rare. How-
ever, one series of patients undergoing alemtuzumab-based
reduced intensity allogeneic transplantation reported a vari-
ety of severe neurologic complications in the first year after
transplant, including progressive peripheral sensorimotor
polyneuropathy, HHV-7 related transverse myelitis,
extrapyramidal symptoms with enhancing basal ganglia
lesions, Guillain–Barre Syndrome, axonal polyneuropathy
with sensory ataxia, and myelitis plus optic neuritis

following varicella zoster virus infection. Viral infections
appeared to be a risk factor for the development of neuro-
logic complications, with immune dysfunction caused by
T-cell depletion secondary to alemtuzumab as a possible
contributing factor [130]. Other neurologic adverse events
associated with alemtuzumab use have included cases of
PML and human herpes virus-6 (HHV-6) encephalitis [131,
132].

Siltuximab
Siltuximab is a chimeric murine-human monoclonal anti-
body against IL-6, approved by the FDA for the treatment of
multicentric Castleman disease in HIV-negative,
HHV8-negative patients. In clinical trials, grade 1–2 head-
ache was reported in 8% of patients receiving siltuximab, in
comparison with 4% of patients receiving placebo. There
have been no serious neurologic complications associated
with this medication [133].

Denosumab
Denosumab is a fully human monoclonal antibody against
the receptor activator of nuclear factor-kappa B ligand
(RANKL). It is FDA approved for the treatment of
unresectable giant cell tumor of bone, high-risk osteo-
porosis in postmenopausal women, skeletal-related events
in patients with bone metastases in solid tumors, and to
increase bone mass in patients with high fracture risk
(including those receiving androgen deprivation therapy
for nonmetastatic prostate cancer or adjuvant aromatase
inhibitor therapy for breast cancer). In the interim safety
and efficacy analysis of a phase II open-label study of 281
patients with giant cell tumor of bone receiving this drug,
headache was common, reported in 18% of patients, but
generally mild, with grade 3 or 4 headache reported in
only 2 patients (1%) [134].

Dinutuximab
Dinutuximab is a chimeric murine/human monoclonal anti-
body against ganglioside GD2, a tumor cell surface glycolipid
overexpressed in neuroblastoma, malignant melanoma,
osteosarcoma, and small cell carcinoma of the lung. It was
FDA approved in March 2015 for the treatment of pediatric
high-risk neuroblastoma. A phase III study of dinituximab in
combination with granulocyte-macrophage colony-
stimulating factor (GM-CSF), interleukin-2 (IL-2), and iso-
tretinoin was associated with a high incidence of grades 3 and
4 neuropathic pain (52% vs. 6% in isotretinoin-only arm), for
which premedication with analgesics, including intravenous
opioids, is recommended before, during and for 2 hours after
dinutuximab administration [135, 136].
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Bi-Specific Monoclonal Antibodies

Blinatumomab
Blinatumomab is an anti-CD19/anti-CD3 bi-specific T-cell
engager (BiTE®) antibody construct, which is FDA
approved for the treatment of recurrent or refractory
Philadelphia chromosome negative B-cell acute lym-
phoblastic leukemia (ALL). Blinatumomab simultaneously
binds CD3-positive cytotoxic T-cells that are part of the
patient’s endogenous immune system and CD19-positive B
cells, in an attempt to recruit the patient’s own immune
system in the fight against CD19 positive B-precursor ALL
blasts. In a multicenter, single-arm, phase II, open-label
study in which 189 patients were treated with blinatumomab,
headaches were frequently reported, experienced by 34% of
patients. Overall, neurologic complications were very com-
mon in this study, reported in 52% of patients, and were
generally mild (grade 1–2 in severity), including most
commonly tremor (17% of patients), dizziness (14%), and
confusion or encephalopathy (12%); less common neuro-
logic side effects included ataxia, aphasia, dysarthria, con-
vulsion, dysesthesia, bradyphrenia, and hemiparesis.
Neurologic complications were at times severe, with grade 3
neurologic complications in 11% of patients and grade 4
complications in 2% of patients. Most common among these
were encephalopathy or confusional state, ataxia, and
unspecified “nervous system disorder.” There were no fatal
neurologic events [137]. An earlier phase II study of 36
blinatumomab-treated patients reported six patients with
significant nervous system and/or psychiatric adverse events
leading to treatment interruption or discontinuation, includ-
ing encephalopathy, psychosis and convulsions [138].

Antibody–Drug Conjugates

Ado-Trastuzumab Emtansine
Ado-trastuzumab emtansine is an antibody–drug conjungate
linking the HER2-targeted agent trastuzumab with the
cytotoxic, anti-microtubule agent DM1 (derivative of may-
tansine) [139]. In a randomized controlled trial comparing
trastuzumab emtansine (T-DM1) versus lapatinib plus
capecitabine (LC) in patients with advanced HER2 positive
breast cancer, headache was common, reported in 28.2% of
T-DM1 treated patients, in comparison with 14.5% in the LC
arm. Peripheral neuropathy was also common but rarely
severe; grade 3–4 peripheral neuropathy occurred in 2.2% of
T-DM1 treated patients, in comparison with 0.2% in the LC
arm, and resolved in all but one of the affected T-DM1
treated patients [139, 140]. In a phase III trial comparing
trastuzumab emtansine with treatment of physician’s choice
in patients with pretreated HER2-positive advanced breast
cancer, there was one grade 5 subarachnoid hemorrhage;

however, this occurred in a patient with grade 4 thrombo-
cytopenia on concurrent anticoagulation [141].

Brentuximab Vedotin
Brentuximab vedotin is an antibody–drug conjugate com-
posed of an anti-CD30 monoclonal antibody linked to
monomethyl auristatin E, a cytotoxic agent; this drug design
is intended to facilitate delivery of a cytotoxic agent directly
into tumor cells in patients with CD30-positive lymphomas
[142]. It is FDA approved for the treatment of recurrent
Hodgkin lymphoma after autologous stem cell transplant,
and the treatment of systemic anaplastic large cell lymphoma
after multi-agent chemotherapy failure [143]. Brentuximab
vedotin therapy is associated with a high rate of neuropathy;
in a phase II study in which the drug was given to 102
patients with relapsed or refractory Hodgkin’s lymphoma,
peripheral sensory neuropathy was experienced by 42% of
patients and peripheral motor neuropathy in 11% of patients;
neuropathy was also the most common reason for treatment
discontinuation or dose reduction, and the second most
common cause of dose delays. 80% of patients affected by
neuropathy did have either resolution or some improvement
(of one or more grades), with median time to improvement
or resolution of 13.2 weeks. The high incidence of neu-
ropathy was not unexpected, as the cytotoxic component of
the drug has potent anti-microtubule effects [142]. Bren-
tuximab is also associated with an increased risk of PML,
leading the FDA to issue a Boxed Warning on brentuximab
vedotin in January 2012 [143].

Radiolabeled Antibodies

Ibritumomab Tiuxetan (90Y-Ibritumomab
Tiuxetan)
90Y-Ibritumomab tiuxetan is a radioimmunotherapy agent
combining an anti-CD20 murine IgG1 monoclonal antibody
with the chelator tiuxetan, which provides a high-affinity site
for binding of a radionuclide (indium-111 or yttrium-90).
This allows for the combination of radiation, which is
effective in treating lymphoma cells, with B-cell directed
immunotherapy. It is FDA approved for use in patients with
relapsed B-cell non-Hodgkin lymphoma. In a randomized
controlled trial of yttrium-90–labeled ibritumomab tiuxetan
versus rituximab in patients with relapsed or refractory
low-grade, follicular, or transformed B-cell non-Hodgkin’s
lymphoma, 90Y-Ibritumomab tiuxetan (which is given after
pretreatment with two rituximab doses) was fairly well tol-
erated from the neurologic standpoint, with grade 1 or 2
headache in 16% of patients (in comparison with 23% in the
rituximab group) and dizziness in 15% of patients (in
comparison with 7% in the rituximab group). There were no
grades 3 or 4 neurologic toxicities reported [144]. There is a
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case report of a patient with follicular lymphoma who
developed PML one year after treatment with bendamustine,
rituximab, and ibritumomab tiuxetan [111].

Summary

Advances in our molecular understanding of cancer have led
to the approval by the FDA of an increasing number of
targeted molecular therapies. Neurotoxicities are relatively
uncommon, in part because most of these agents do not pass
through the blood–brain barrier to any significant extent.
VEGF and VEGFR inhibitors are associated with the highest
incidence of CNS toxicity, including a slightly increased risk
of bleeding, stroke and RPLS. Neuropathies are common
with the first-generation proteasome inhibitor bortezomib
and with thalidomide, but uncommon with most targeted
agents. Experience with many of the newer agents is rela-
tively short and it is possible that with time, more neurologic
complications will be identified.
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Introduction

FDA approval of the Sipuleucel-T (APC8015) prostate
cancer vaccine, and the immune checkpoint inhibitors ipili-
mumab, pembrolizumab, and nivolumab for treatment of
melanoma and non-small cell lung cancer (NSCLC), as well
as success in treating refractory leukemias with engineered
chimeric antigen receptor (CAR) autologous T cells have
completely changed the landscape of cancer treatment [1–4],
leading to an ever-growing number of FDA-approved
immune-based cancer therapies. Immune-based therapies
encompass active therapies consisting of anti-tumor vaccines
and cellular-based therapies including CAR T cells as well
as passive therapies in the form of monoclonal antibodies
blocking immune checkpoints. While they are generally
more easily tolerated than cytotoxic or targeted therapies,
they carry their own unique toxicities. It will become
increasingly important for oncologists and neurooncologists
to become familiar with the toxicity profiles of these agents,
especially with approaches combining immunotherapy with
targeted agents, cytotoxic chemotherapies, and/or radio-
therapy on the horizon. Immune therapies are generally well
tolerated from the neurologic standpoint, and serious neu-
rological sequelae are rare. This chapter highlights the
neurologic complications described with the use of cancer
vaccines, cytokines, and immune-active antibodies including
checkpoint blockade.

Tumor Vaccines

Vaccines direct multiple branches of the immune system
against target antigens, thereby providing both specificity
and durability of anti-tumor responses through immunolog-
ical editing and memory. The FDA approval of the
Sipuleucel-T (APC8015, Provenge®, Dendreon Corp, Seat-
tle, WA, USA) prostate cancer vaccine heralds the potential
for using vaccines in cancer eradication [3]. Vaccines are a
form of active immunotherapy since they activate and edu-
cate an immune response, with repeated exposures leading to
a refinement in both quality and speed of the response that is
in general associated with a favorable safety and low side
effect profile.

Therapeutic Tumor Vaccines

Sipuleucel-T (Provenge®)
Sipuleucel-T is a cell-based prostate cancer vaccine that
received FDA approved for the treatment of metastatic
castration-resistant prostate cancer [3] after showing a
four-month improved survival in a phase III trial. The vac-
cine consists of patient’s autologous peripheral blood
mononuclear cells (including dendritic and other
antigen-presenting cells) activated ex vivo with a recombi-
nant fusion protein (PA2024) of the tumor-specific antigen
prostatic acid phosphatase fused to granulocyte–macrophage
colony-stimulating factor (GM-CSF), an immune cell acti-
vator [3]. Overall, the vaccine was well tolerated and the
most common complication reported was an acute, but mild,
infusion reaction. Common adverse events included chills,
fever, and fatigue in 20% of patients with few grade III or IV
adverse events reported [3, 5]. Neurological complications
were rare and when present generally mild (Grade 1 and 2),
with headache reported in 18% of Provenge-treated patients
compared to 6.6% in the control patients. Asthenia and
tremor were reported by 10.8 and 5% of patients, respec-
tively, in the treatment group compared to 6.6 and 3%,
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respectively, in the control group [3, 5]. Other neuromus-
cular events such as paresthesias and muscle cramps were
comparable between Sipuleucel-T-treated and control-
treated patients, while depression rates were higher in
patients receiving control treatment [3, 5]. In the initial
randomized phase III trial, cerebrovascular events were
observed in 2.4% of patients in the Provenge group com-
pared with 1.8% of patients in controls, which was neither
statistically significant (P = 1.00, Fisher’s exact test) nor
clearly temporally related. Given multiple preexisting stroke
risk factors in both groups, a causal relationship is unlikely
[3, 5].

Talimogene Laherparepvec (T-VEC, Imlygic®,
Amgen, Thousand Oaks, CA, USA)
In October 2015, the FDA approved the first oncolytic virus
therapy, talimogene laherparepvec (T-VEC, or Imlygic®),
for the treatment of unresectable stage IIIb to IV metastatic
melanoma [6, 7]. It went on to approval in Europe by the
European Medicines Association (EMA) in January of 2016
[8]. This global approval was based on significant
improvement in durable response rate and improvement in
overall survival combined with a favorable safety profile [6,
7]. Imlygic consists of a live-attenuated herpes simplex virus
1 strain genetically modified to express GM-CSF [7], and is
injected directly into unresectable cutaneous, subcutaneous,
or nodal melanoma lesions. T-VEC is engineered to promote
replication and lysis of infected cancer cells (but not healthy
cells) at the injection site. Infected cells then produce
GM-CSF, allowing recruited dendritic cells to activate
cytotoxic T lymphocytes that in turn induce an anti-tumor
immune response in distant lesions, reminiscent of tumor
vaccine function [7]. Imlygic safety was evaluated among
419 patients and compared to 127 patients receiving
GM-CSF control only in a phase III trial [6, 7]. Overall, it
was very well tolerated, with the most common adverse
events related to injection site reaction and quickly resolving
fever, chills, and flu-like symptoms [7]. Neurological side
effects were limited to headache (18.8% of Imlygic-treated
patients compared to 9.5% of patients treated with GM-CSF
alone) and dizziness (9.6% of Imlygic-treated patients
compared to 3.2% of controls) [6, 7]. The EMA also lists
occasional confusional state, anxiety, depression, dizziness,
and insomnia [8] as potential side effects.

Bacillus Calmette-Guerin (BCG)
BCG is an attenuated strain of mycobacterium tuberculosis
that was used in pioneering immunotherapy experiments to
show that a vaccine could inhibit tumor growth in experi-
mental animals [9]. Marketed as TheraCysR®

(Sanofi-Pasteur, Swiftwater, PA USA), intravesical BCG
was FDA approved in 1990 [10, 11] after having proven to
significantly reduce the recurrence of non-muscle invasive

bladder cancer (NMIBC); it remains a cornerstone in treat-
ment of NMIBC [11–13]. The majority of patients report
local side effects including cystitis and some report systemic
side effects including BCG infection and generalized BCG
reaction. Neurological side effects are negligible, limited to
grade 1–2 headache and dizziness in 1.8 and 0.9% of
patients treated with intravesical BCG, respectively, com-
pared to 3.8 and 0.8% in the control arm treated with
intravesical doxorubicin [10, 11]. Subsequent studies
focused on side effect improvement with dose or schedule
alterations do not mention neurological side effects [12, 14].

Prophylactic Tumor Vaccines

Human Papillomavirus Quadrivalent (Types 6, 11,
16, 18) Vaccine, Recombinant (Gardasil®, Merck,
Kenilworth, NJ, USA, Silgard®, Merck, Kenilworth,
NJ, USA)
The cervical cancer vaccine, Gardasil®, FDA approved in
2006 as a cancer prevention vaccine, offers protection from
those HPV strains accounting for approximately 90% of all
cases of cervical cancer [15–19]. Despite remarkable results
with prevalence reduction in cancer-causing HPV serotypes
from 11.5 to 4.3% among women aged 14–19 years and
from 18.5 to 12.1% among 20–24-year-olds when compar-
ing the pre-vaccine era (2003–2006) to 4 years of the vac-
cine era (2009–2012) [16], Gardasil® has been highly
politicized. The FDA analyzed its safety data across 7
clinical trials (18,983 individuals), and aside from minor
injection site reactions, the vaccine has been found to have
an excellent safety profile. The most common reported side
effect in both Gardasil (28.2%) and control/placebo (28.4%)
was headache in females aged 9–26 years. In males aged 9–
26, the same held true although headaches were only
reported in 12.3% in the Gardasil group and 11.2% in the
control/placebo group [15]. There were a small number of
autoimmune events including two multiple sclerosis
(MS) cases in 10,706 women in the Gardasil group and four
MS cases reported in the 9412 control/placebo group [15].
A thorough summary of published, post-licensure safety data
spanning 9 years failed to find any increase in incidence of
serious adverse events including Guillain–Barre Syndrome,
MS, or stroke and showed an excellent safety profile for
Gardasil® [19].

Cytokines

With the notable exception of melanoma and renal cell
carcinoma (RCC) treatment, cytokine cancer immunother-
apy has met with little success due to systemic toxicity,
difficulty in obtaining sufficient intratumoral cytokine
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concentrations, and the ability of tumors to suppress the
transient immune activation induced by cytokines therapy
[20, 21]. Falling into the category of interleukins, interfer-
ons, and colony-stimulating factors (used as immune adju-
vants for vaccines), cytokines are the main modulators and
messengers of the immune system. Thus, they have a rich,
albeit somewhat disappointing, history in cancer
immunotherapy [20, 21].

Interleukin 2 (IL-2)

Interleukin-2 (IL-2) is a potent activator of cellular immu-
nity, acting as a growth factor and activator of natural killer
(NK) and T cells. IL-2 is FDA approved for the treatment of
metastatic melanoma and RCC; it induces a clinical response
in up to 20 and 25% of patients for melanoma and RCC,
respectively, with durable responses in less than 7% of
treated patients [22–24]. Due to its potent systemic activity,
IL-2 is poorly tolerated potentially causing extensive sys-
temic toxicity including vascular leak syndrome as well as
immune exhaustion at high doses through preferential acti-
vation of T regs and subsequent elimination of T cell
effectors, limiting its use [21, 22]. Treatment with IL-2
commonly causes dose-dependent neuropsychiatric compli-
cations in 30–50% of patients [23, 24], which usually
resolve upon treatment cessation. IL-2 can cause mental
status changes ranging from cognitive impairment, depres-
sion, confusion, disorientation, delusions, and visual hallu-
cinations to coma in very rare instances (two patients in 270
treated melanoma patients, 1% [25]) [23, 24]. While com-
bination of IL-2 with other chemotherapies seems to result in
less confusion than high-dose monotherapy [26], combina-
tion of IL-2 with the immunologically active GM-CSF
resulted in one report of fatal intracranial hemorrhage sec-
ondary to multifocal venous sinus thrombosis [27],
although a causal relationship remains unclear [28, 29].
Additional case reports highlight brachial plexopathy [30],
myositis [31], myasthenia gravis [32], and one case of fatal
acute leukoencephalopathy [33].

Tumor Necrosis Factor Alpha (TNF-a)

The acute phase reactant and pro-inflammatory cytokine,
TNF-a, is a central player in inflammation-induced car-
cinogenesis and tumor control. Through complex mecha-
nisms, it effects changes in vascular permeability, activating
natural killer and cytotoxic T cells, and controls apoptotic
and growth pathways in multiple cell types [34, 35]. Despite
its biological importance in cancer, TNF-a use is limited due
to systemic toxicity [36] including encephalopathy, transient
focal neurological symptoms, headaches, and aphasia [36].

TNF-a is used in isolated limb perfusion for soft tissue
sarcoma or melanoma patients. Here, it is instilled in closed
systems with limited systemic or central nervous system
diffusion, limiting neurological complications to a mild,
mainly sensory peripheral neuropathy within two weeks
after treatment that resolved by 8 weeks [37].

Interferon Alpha (IFN-a)

Produced largely by antigen-presenting cells, IFN-a has
diverse immunomodulatory effects and an extensive track
record in cancer treatment [20, 21]. IFN-a has direct
anti-tumor effects, inhibiting tumor proliferation and aug-
menting immune recognition through activation of resident
antigen-presenting cells [20, 21] and in 1986 was the first
immunotherapeutic approved by the US FDA. Initially uti-
lized for hairy cell leukemia, it has since found use in
multiple cancers including melanoma, chronic myelogenous
leukemia, advanced renal cell cancer, Kaposi’s sarcoma, and
other hematologic cancers (e.g., non-Hodgkin lymphoma,
low-grade lymphoma) [38–40] as well as cervical intraep-
ithelial neoplasia [20].

Unfortunately, IFN-a has a broad toxicity profile that is in
general dose-dependent. The extensive experience with its
use in cancer therapy has resulted in established guidelines
for diagnosis and treatment of complications. More than
80% of patients will suffer constitutional symptoms such as
fever, fatigue, headaches, gastrointestinal symptoms, and
myalgias as well as increased liver enzymes with high-dose
therapy. Cytopenias are also common and managed with
dose reduction [41, 42].

Neuropsychiatric symptoms are dose related and com-
mon, especially during high-dose administration. They
include depression (45% patients), confusion (10%), and
mania (<1%) [43]. Depression develops over weeks to
months and resolves within weeks of IFN-a discontinuation;
it responds well to selective serotonin reuptake inhibitors,
although rare cases of suicide while on IFN-a have been
reported [43, 44]. Confusion ranges from reports of cogni-
tive and memory dysfunction, encephalopathy, and lethargy.
While once again generally reversible with discontinuation
of IFN-a [43], reports of permanent dementia as well as
persistent vegetative states exist [45]. Hallucinations and
seizures have also been observed [46]. The most common
neurotoxicity with lower doses is tremor (22%) [43]. Other
more rare reported neurological complications fall in the
autoimmune spectrum and include oculomotor palsy [43],
neuropathy [47], myasthenia gravis [48], brachial plexopa-
thy, and polyradiculopathy [43].

Due to the extensive experience with IFN-a in cancer
treatment, many neurological and neurobehavioral symp-
toms have been noted that differ only slightly between the
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two preparations (IFN-a 2a and 2b) in clinical use and span
irritability (15%), dizziness (21%) and vertigo (19%),
insomnia (14%), mental status changes (12%) as well as
somnolence, lethargy, cognitive complications, and confu-
sion, and rare motor weakness with high-dose IFN-a 2a [49].
Similarly, IFN-a 2b treatment has been associated with
emotional and mood symptoms (irritability, emotional lia-
bility, anxiety, depression) (4–40%), insomnia (1–12%),
somnolence (1–33%), confusion (1–12%), decreased con-
centration (1–14%), dizziness (7–23%) and vertigo (8%)
paresthesias (1–21%), and hypertonia (5%), although neu-
ropsychiatric effects may be more prominent with IFN-a 2b
[50, 51].

For the special case of intrathecal administration of
IFN-a, which was occasionally used for neoplastic menin-
gitis associated with melanoma [52], acute headache, nau-
sea, vomiting, and dizziness can develop within hours of
administration as is common for intrathecal administration of
many agents with symptoms typically resolving 12–24 h
thereafter. Patients can also develop severe, dose-dependent
encephalopathy days after treatment, particularly in the set-
ting of prior CNS radiotherapy [53].

Immune-Active Antibodies

Monoclonal antibodies are used in the treatment of various
different cancer types. In addition to binding specific growth
or survival-related target antigens on cancer cells, they can
be also designed to bind antigens on cancer, immune, or
endothelial cells; once bound to their target, these antibodies
modulate the tumor immune environment [54]. Monoclonal
antibodies are most commonly naked (unconjugated), but
increasingly sophisticated modifications have led to new
cancer therapies including bispecific T cell engagers (BiTE®,
Amgen, Thousand Oaks, CA, USA) with the ability to
specifically target cytotoxic T cells to cancer cells [55].

Naked Monoclonal and Bispecifc Antibodies

Bevacizumab (Avastin®, Genentech, South San
Francisco, CA, USA)
Bevacizumab, a recombinant, humanized monoclonal anti-
body against vascular endothelial growth factor A
(VEGF-A) is emerging as an interesting molecule in
immunotherapy as it seems to be a highly immune-active
anti-angiogenic drug [56]. In addition to effects on tumor
vascularization, VEGF signaling is profoundly immuno-
suppressive [56]. With oxygen starvation, tumor-elaborated
VEGF-A effects on the tumor immune environment range
from restriction of activated T cell migration through tumor
vasculature, to enhancement of regulatory T cell activity and

preferential recruitment into the tumor, inhibition of den-
dritic cell maturation, and induction of apoptosis in CD8
cells [56–58]. Since VEGF signaling is an inhibitory
immune modulator, VEGF blockade can enhance anti-tumor
immune responses [57] and trials combining bevacizumab
with checkpoint blockade are underway for multiple cancers
[59].

Neurological complications of bevacizumab are discussed
in detail in Chap. 16. Like most antibodies, bevacizumab is
well tolerated. Its vascular effects, however, can promote
both increased hemorrhage and increased thrombosis,
reflected neurologically in an increased rate of intracranial
hemorrhage and stroke. Incidence of intracranial hemorrhage
with bevacizumab treatment was increased both in patients
with CNS cancer (primary or metastatic) (0.8–3.3%) and
those with systemic cancers and no CNS involvement (0.3–
0.7%) [60–63]. The risk of serious thromboembolic events
such as ischemic stroke is also increased with bevacizumab
treatment [64] with the incidence of ischemic stroke at 1.9%
in one study [65]. Microvascular dysfunction can also occur,
and <0.1% of patients develop posterior reversible
encephalopathy syndrome (PRES). While the etiology of
this syndrome is unknown, it is characterized by pathog-
nomonic findings on MRI and presents with headache,
confusion, visual symptoms, and seizures. With supportive
treatment, PRES resolves [66]. Optic neuropathy was a
complication described in 1.2% of bevacizumab-treated
glioblastoma patients [67].

Blinatumomab (Blincyt, BiTE®)
The first of its kind, blinatumomab, a bispecific T cell
engager antibody construct (BiTE®) designed to target the
CD19 antigen on B cell leukemia and the CD3 antigen on T
cells, was FDA approved in 2014 for the treatment of
recurrent or refractory Philadelphia chromosome-negative B
cell acute lymphoblastic leukemia [68]. BiTE®s recruit the
patient’s own polyclonal cytotoxic T cells to antigen tar-
geting cells (including tumor cells) both providing speci-
ficity and activating the T cells to kill tumor cells [68].
Adverse neurological events were reported in >50% of 189
blinatumomab-treated patients in a multicenter phase II
study [69]. While the majority were mild and included
headaches (34%), tremor (17%), dizziness (14%), and con-
fusion (12%), there were grade 3 and 4 neurological com-
plications including encephalopathy and ataxia in 11 and 2%
of patients, respectively [69]. This study slightly modified
blinatumomab administration based on a previous phase II
study, where six (17%) of 36 treated patients discontinued
the drug following significant neurological complications
including encephalopathy, psychosis, and convulsions [70].
Symptom resolution occurred in all six patients, and they
were subsequently re-exposed to blinatumomab. Patients
who had developed seizures were well controlled on AEDs,
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but two encephalopathy patients had to discontinue the
medication for symptom recurrence on re-exposure [70]. The
modular nature of bispecific engagers makes them excellent
T cell activation platforms for multiple targets. As bispecific
engagers with other specificity are under development, it
will be interesting to determine whether neurologic com-
plications are related to tumor antigen target or are a T cell
activation specific phenomenon [68].

Checkpoint Inhibitors
Immune checkpoint inhibitors neutralize inhibitory T cell
signaling, thereby enabling recognition and destruction of
tumor cells by the immune system [71]. These
immunomodulatory monoclonal antibodies have trans-
formed the treatment of melanoma in recent years, and are
now demonstrating activity in several other cancers [72].
Cytotoxic T-lymphocyte antigen-4 (CTLA-4) and pro-
grammed cell death receptor-1 (PD-1) are immune check-
points that have been successfully targeted with monoclonal
antibodies, and now represent first-line treatment options in
metastatic melanoma. In melanoma, these agents have
response rates that range from 20 to 40% as single agents,
and response rates as high as 60% when given in combi-
nation [73, 74]. Durable responses have been reported in
many patients, presumably from induction of immunologic
memory, providing promise of long-term disease control
making these very attractive options for treatment [75].
While these are powerful and promising therapeutic agents,
their use can be limited by unique inflammatory and
autoimmune toxicities, known as immune-related adverse
events (irAEs), which can involve the skin, colon, liver,
thyroid, kidney, and other organ systems [76]. These side
effects are distinct from chemotherapy-related toxicities and
while only rarely life-threatening, can be challenging to
manage and result in significant morbidity. There is now a
growing body of literature devoted to the management of
side effects of immune checkpoint inhibitors [76–78].
Immune-related neurological adverse events (irNAEs) are
rare events, but can be particularly devastating and can
necessitate permanent discontinuation of the inciting
immunotherapy.

Ipilimumab
The CTLA-4 monoclonal antibody ipilimumab (Yervoy®,
Bristol-Myers Squibb, New York, NY, USA) was the first
immune checkpoint inhibitor approved for melanoma in
2011, based on overall survival benefit [2, 79]. Ipilimumab
has a response rate ranging from 10 to 20% as a single agent,
with many of the responders having durable disease control
[75]. Neurological toxicities associated with ipilimumab
occur in <1% of patients and may have non-specific early
manifestations including headaches, dizziness, lethargy, and

fatigue [80, 81]. The varied diagnoses and syndromes
described in patients treated with ipilimumab include
encephalopathy [82], posterior reversible encephalopathy
syndrome [83], aseptic meningitis [81], late-onset paraplegia
[84], enteric neuropathy [85], transverse myelitis [86],
Guillain-Barre syndrome [87], chronic inflammatory
demyelinating polyneuropathy [86], myasthenia gravis [88],
neurosarcoidosis [89], granulomatous inflammation of the
CNS [81], Tolosa–Hunt syndrome [81], in addition to
well-described neuroendocrine side effects, such as
hypophysitis (Fig. 17.1a, b) [90, 91] and neuroophthalmo-
logic and ocular side effects including uveitis [92], optic
neuropathy [93], and orbital inflammation [94–96]. Many of
these syndromes and conditions appear autoimmune in nat-
ure. Neuropsychiatric disturbances in response to cytokine
treatments are well-described, and while psychological side
effects (e.g., depression and anxiety) have been reported in
patients treated with ipilimumab, these appear to be less
common that in patients treated with interferon [97]. The
median time to onset of irAEs from ipilimumab is *6
weeks (i.e., after 2 doses of ipilimumab), with some events
occurring as early as 2 weeks, and the majority occurring
within the 12-week induction period [98, 99]. In general,
side effects were more common with the higher dose of
ipilimumab (10 mg/kg), but many of the above side effects
were noted at the standard (3 mg/kg) dose. Management of
irAEs/irNAEs involves discontinuation of the immune
checkpoint agent and if moderate to severe (grade 3 or 4),
temporary administration of immunosuppressive steroids,
typically high-dose intravenous corticosteroids. In the event
of steroid-refractory irAEs/irNAEs, tumor necrosis factor
alpha (TNF-a) antagonists, mycophenolate mofetil, and
other agents may have a role. For serious, life-threatening
neurological complications such as Guillain–Barre syn-
drome, plasmapheresis and intravenous immune globulin
have been utilized, although their effectiveness remains
unclear [80, 86, 87]. Many of these side effects are reversible
with discontinuation, and improvement in symptoms may be
seen as early as 1–2 weeks with complete resolution 1–
2 months after onset [98, 99]. However, permanent organ
damage and dysfunction is possible and specific irNAEs
such as Guillain–Barre can potentially be fatal. With severe
(grade 3–4) toxicity, the offending agent should be perma-
nently discontinued.

Pembrolizumab and Nivolumab
PD1 monoclonal antibodies, pembrolizumab (Keytruda®,
Merck, Kenilworth, NJ, USA), and nivolumab (Opdivo®,
Bristol-Myers Squibb, New York, NY, USA) are now
approved for metastatic melanoma, with superior response
rates and lower adverse event rates compared to ipilimumab
[73, 74]. As a consequence, PD1 inhibitors may supplant
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CTLA-4 inhibitors as monotherapy for first-line treatment
for metastatic melanoma. Indeed, responses rates (30–35%
vs. 12%), progression-free survival, and overall survival
favored pembrolizumab over ipilimumab, when compared
head-to-head in a randomized phase III trial, using two
different schedules of pembrolizumab compared to ipili-
mumab (given at standard dose and schedule of 3 mg/kg
every 3 weeks for 4 doses) (Keynote-006) [74]. The toxicity
profile of pembrolizumab was also favorable compared to
ipilimumab with nearly half the number of grade 3–5
adverse events (10–13% vs. 19.2%). In a phase 3 study
comparing nivolumab with dacarbazine in previously
untreated melanoma, for instance, rare neurologic compli-
cations included headache (4.4%), paresthesias (1%), vertigo
(1%), and hypophysitis (0.5%) [74]. Case reports highlight
rare irNAEs including vasculitis [100], and encephalitis
[101].

Notwithstanding the somewhat more favorable irAE
profile, response rates to monotherapy with either PD-1 or
CTLA-4 inhibitors remain <50%, prompting evaluation of
dual immune checkpoint blockade and several combined
approaches with targeted therapies, radiation, and
chemotherapy. Two recent studies evaluating concurrent
immunotherapy with CTLA-4 and PD1 inhibition reported
improved response rates compared to monotherapy with
either ipilimumab or nivolumab [73, 102]. While overall
survival data are not yet available, the rate of severe (grade 3
or 4) adverse events was >50% leading to a 30–40% dis-
continuation rate in the combination setting, although
irNAEs were not addressed. Future studies will address the
issue of whether sequential immune checkpoint inhibition is

comparable to concurrent therapy, but these studies under-
score the importance of evaluation of adverse event moni-
toring with single-agent immunotherapies, combinations of
immune checkpoint inhibitors, and the emerging combina-
tions of immune checkpoint inhibitors with targeted agents
or traditional chemotherapy. The adverse event rate in
patients treated with nivolumab following prior treatment
with ipilimumab was 18–33%, which is lower than seen with
combined therapy but higher than reported rates of irAEs
with nivolumab in the first line [103, 104]. There is a paucity
of data regarding the side effect profile of patients receiving
ipilimumab following progression on nivolumab or pem-
brolizumab, although there are some recent reports of early
and severe toxicities following sequential immune check-
point inhibition [105].

Immune Therapy Under Development

Chimeric Antigen Receptor (CAR) T Cells

An innovative approach to potent and specific cancer
immunotherapy is the generation of engineered chimeric
antigen receptor (CAR) autologous T cells [106]. Based on
recent impressive results, these agents are likely to be FDA
approved in the near future for acute B lineage leukemias.
CARs are cytotoxic T cells that have the MHC-restricted T
cell receptor replaced with an engineered chimeric receptor
targeting the desired tumor cell-specific surface antigen.
CARs improve on bispecific engagers by delivering
tumor-specific cytotoxic T cells, activated through

Fig. 17.1 Ipilimumab-related hypophysitis. MRI of the brain in a
77-year-old woman with metastatic melanoma. After the fourth cycle of
ipilimumab, she developed profound weakness, fatigue, and confusion,
with significant endocrine and electrolyte abnormalities relating to
pituitary hypophysitis attributed to ipilimumab treatment. On

T1-weighted, contrast-enhanced imaging, her MRI a shows an
enhancing pituitary and stalk. The lesion abuts the optic chiasm.
b shows the region prior to ipilimumab treatment, where no enhance-
ment or enlargement is noted (Image courtesy of Sashank Prasad, M.D.,
Brigham and Women’s Hospital)
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engineered chimeric receptors, which are able to bypass
certain aspects of tumor-elaborated immune inhibition.
Bispecific engagers, in contrast, rely on the recruitment of
patient’s endogenous polyclonal T cells, and can be sup-
pressed by tumor-elaborated factors, leading to immune
evasion of tumors. The first CAR T cell in clinical trials
targets CD19 (CD19 CAR) and has been tested in patients
with relapsed ALL and refractory diffuse large B cell lym-
phoma (DLBCL) [1, 107]. Five adult patients with relapsed
B cell acute lymphoblastic leukemia (B-ALL) were treated
with CD19 CAR transfer. Amazingly, all patients had a
complete response; there were no comments on neurological
toxicity [108]. Among 15 patients with advanced B cell
malignancies including DLBCL receiving with CD19 CAR
in a phase 1/2a clinical trial, the majority showed complete
remission with a 92% objective response rate [106]. Inter-
estingly, in this study (much like in studies with bispecific
engagers), neurological toxicity was prominent with com-
mon confusion and obtundation. Three of 15 patients also
developed aphasia with various associated neurological
symptoms ranging from myoclonus, to confusion, hemifacial
spasm, facial hemiparesis, apraxia, and gait disturbance
[106]. All patients improved between 11 and 20 days after
administration, and one patient had lymphocytosis in the
CSF that consisted 97% of T cells (32.9% CD19 CAR),
despite lack of CD19 expression in the CNS (confirmed with
serial brain biopsies and reported by multiple investigators)
[106].

Summary

Advances in our understanding of cancer immunology are
leading to rapid FDA approval of novel cancer treatments,
harnessing the power of the immune system to fight cancer.
While most of these immune therapies are well tolerated due
to the exquisite self-regulation of the immune system,
immune-related adverse events, including neurological side
effects, can occur. Of the agents discussed here, vaccines
cause the least neurologic complications, since they are both
the most specific and allow for immune self-regulation. With
global activation of the immune system, such as using IL-2
or checkpoint inhibition, rare autoimmune neurological
complications can be seen such as myasthenia gravis, neu-
ropathies, plexopathies, cranial nerve involvement, to name
but a few. While irNAEs are rare with checkpoint inhibitors,
they can cause neuroendocrine complications in the form of
autoimmune hypophysitis, and rare but dangerous conditions
such as Guillain–Barre syndrome (GBS). Cytokines such as
IL-2 and especially IFN cross the blood–brain barrier and
have CNS effects including neuropsychiatric changes rang-
ing from depression to confusion. Some immunotherapies

such as the anti-angiogenic and immune-active bevacizumab
(Avastin) have neurotoxicities directly related to their
mechanism of action, such that bevacizumab presents with
increased risk of bleeding (intracranial hemorrhage), clotting
(stroke), as well as complications related to microvascular
dysfunction (PRES). CD19 targeting methods such as BiTEs
or CD19 CAR T cells are the most neurologically active and
can cause confusion, ataxia, encephalitis, aphasia, and neu-
ropsychiatric complications; some neurotoxicities can be
severe enough to force medication discontinuation. Many in
the field are looking toward combination therapies either
combining multiple immunotherapies, or combining
immunotherapy with targeted, biological, or cytotoxic
treatments with the hope of increased responses and dura-
bility. These trials have just begun, and it will be important
to see how this changes the landscape of neurotoxicity in
cancer treatment.
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18Neurologic Complications of Hematopoietic
Stem Cell Transplantation

Eudocia Q. Lee and Patrick Y. Wen

Introduction

Hematopoietic stem cell transplantation (HSCT) is the
transfer of hematopoietic stem cells to re-establish bone
marrow function destroyed by the conditioning regimen (i.e.,
the chemotherapy and/or radiation regimen given to eradi-
cate neoplastic or disease-causing cells) [1]. The vast
majority of transplants are used to treat hematologic and
lymphoid cancers, although HSCT has been used to treat
other cancers and neurologic disorders [2]. An estimated
18,250 bone marrow or umbilical cord blood transplants
were performed in the USA in 2013, and the number of
transplant recipients continues to increase annually [3], with
multiple myeloma and lymphoma accounting for 57% of all
HSCT in 2012 [3].

The hematopoietic progenitor cells may be obtained from
the patient (i.e., autologous transplant), an allogeneic donor
who is not immunological identical (i.e., allogeneic
transplant), or a syngeneic donor who is immunologically
identical to the recipient, such as a twin sibling. Many of the
complications described in this chapter can occur in autol-
ogous, allogeneic, and syngeneic transplants. However,
unlike patients undergoing autologous or syngeneic trans-
plantation, patients undergoing allogeneic transplantation
are at risk of graft-versus-host disease (GVHD) due to
mismatched histocompatibility antigens and may require
chronic immunosuppressants to prevent graft rejection. This
places this population at higher risk of infections and
GVHD-related complications.

Hematopoietic stem cells (HSC) can be harvested from
bone marrow, peripheral blood, or umbilical cord blood.
Bone marrow contains a high concentration of HSCs and can

be collected from the posterior or anterior iliac crests.
Peripheral blood normally contains HSCs at very low con-
centrations although these concentrations can increase with
administration of granulocyte-colony-stimulating factor
(G-CSF) or granulocyte-macrophage colony-stimulating
factor (GM-CSF), or during recovery from intensive
chemotherapy. Peripheral blood stem cells result in more
rapid hematopoietic recovery than autologous marrow. With
umbilical cord blood, engraftment is slower leading to a
longer period during which patients are susceptible to
infections, but patients are less likely to develop GVHD. As
the amount of cord blood is small, cord blood transplants are
usually more suitable for pediatric populations.

Prior to transplantation, the patient receives a preparative
or conditioning regimen that kills cancer cells and suppresses
the immune system to prevent rejection of donor cells. This
stage is known as conditioning, and the regimen used
depends on the underlying disease. Regimens may include
busulfan, cyclophosphamide, melphalan, thiotepa, car-
mustine, etoposide, and/or total body irradiation. HSCs are
then infused, and the cells hone to the bone marrow.
Engraftment is first evident with recovery of peripheral
counts. The time to engraftment depends on the source of the
stem cells, whether growth factors are used following trans-
plant, and which GVHD prophylaxis is administered, if any.

Despite significant advances since the first human bone
marrow transplant in the 1950s [4], HSCT is still associated
with significant morbidity and mortality. Neurologic com-
plications can adversely affect survival in HSCT patients
[5–8], and between 10 and 40% of patients undergoing
HSCT will develop a clinically significant neurologic com-
plication [9, 10]. Encephalopathy with or without seizures,
central nervous system (CNS) infections, and cerebrovas-
cular disorders are the most commonly reported neurologic
complications in clinical series [8]. The causes of neurologic
complications in HSCT patients are numerous, including
chemoradiotoxicity, medication toxicity, metabolic abnor-
malities, organ failure, GVHD, infection, pancytopenia, and
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platelet dysfunction. Risk factors associated with developing
neurologic complications include allogeneic HSCT, unre-
lated donors, and high-grade GVHD [10]. Patients are more
susceptible to certain pathologies depending on the timing
since transplant (Table 18.1). This chapter will focus on the
main etiologies and manifestations.

Encephalopathy

Encephalopathy is the most common neurologic complica-
tion encountered in HSCT patients [8]. In a retrospective
study of 116 adult HSCT patients, a depressed level of
consciousness was a principal reason for admission to
intensive care units and conferred a poor prognosis [11].
Similarly, in a study of pediatric HSCT patients,
encephalopathy was associated with a poor prognosis [12].
A wide array of neurotoxic insults can cause encephalopathy
and/or seizures including chemotherapy, electrolyte imbal-
ance, infections, acid–base disorders, increased intracranial
pressure, antimicrobials, organ failure, immunosuppressants,
and vitamin deficiencies. Encephalopathy related to
chemotherapy, organ failure, antimicrobials, and posterior
reversible leukoencephalopathy (PRES) are discussed in
more detail below.

Although signs and symptoms may differ depending on
the etiology and severity, the hallmark of encephalopathy is
an altered mental status manifesting as personality changes,
inattentiveness, lack of concentration, lethargy, cognitive
dysfunction, and/or depressed consciousness. Other findings
that may accompany an acute confusional state include
autonomic changes (fever, tachycardia, diaphoresis) and
abnormal movements (tremor, asterixis, myoclonus).

Diagnosis is based on clinical history and examination.
Fever suggests an infectious etiology such as meningitis or
sepsis. Common etiologies that can be easily evaluated
through blood or urine studies include electrolyte abnor-
malities, endocrine disorders, nutritional deficiencies, acid–
base disorders, and alcohol/drug intoxication. Patients with
an unexplained encephalopathy or with focal neurologic
deficits should undergo imaging. Brain MRI with contrast is
generally recommended over a head CT unless a neurologic
emergency such as hemorrhage or hydrocephalus is sus-
pected or the patient is too unstable to tolerate an MRI.
Lumbar puncture is indicated if there is concern for infec-
tion, an inflammatory disorder, or neoplastic meningitis.
Electroencephalogram (EEG) is useful to evaluate for non-
convulsive status epiletpicus or subclinical seizures.

Prognosis depends on the underlying etiology.
Encephalopathy without focal neurologic deficits is often

Table 18.1 Timeline of
common neurologic
complications

Time point Complication

Stem cell harvest Intracranial hypotension due to entry into subarachnoid space
during bone marrow aspiration

Worsening neurologic manifestations of underlying autoimmune
syndrome, possibly related to G-CSF

Conditioning Chemoradiation toxicity (see Table 18.2)

Infusion Encephalopathy due to DMSO

Ischemic stroke, possibly related to DMSO or debris across a PFO

Transient global amnesia

Prior to engraftment and marrow
reconstitution

Cerebrovascular accidents related to aspergillus or infectious
emboli

CNS infections including Aspergillus and CMV

Coagulopathies resulting in SDH

Drug toxicities including tacrolimus and cyclosporine for GVHD
causing PRES as well as antimicrobials causing seizures

Idiopathic hyperammonemia

Metabolic abnormalities

Neuromuscular complications including steroid myopathy,
pressure related peroneal nerve palsies, GBS

Systemic organ failure

Chronic complications (after bone
marrow reconstitution)

CNS infections including toxoplasmosis, herpes viruses, and
nocardia

CNS manifestations of chronic GVHD including neuromuscular
complications and CNS angiitis

Drug toxicities including tacrolimus and cyclosporine for GVHD

CNS central nervous system; DMSO dimethyl sulfoxide; PRES posterior reversible encephalopathy
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reversible with conservative management and removal of the
offending agent or cause. However, certain types of
encephalopathy can occasionally result in permanent struc-
tural changes, brain damage, and even death.

Chemotherapy-Induced Encephalopathy

Chemotherapy can cause encephalopathy in a dose-dependent
fashion. Onset can be acute or delayed. Table 18.2 provides a
list of chemotherapies commonly used in HSCT associated
with encephalopathy. Acute encephalopathy may present
within days of receiving chemotherapy. Pyramidine analogues
5-FU (fluorouracil) and cytarabine (cytosine arabinoside,
Ara-C) are associated with a dose-dependent acute
encephalopathy that can resolve over several weeks. For
example, high-dose cytarabine (HIDAC) may cause an acute
cerebellar syndrome occurring after 3–8 days and (less com-
monly) acute onset generalized encephalopathy characterized

by somnolence, disorientation, headache, and psychosis [13].
Delayed encephalopathy, occurring months after undergoing
HSCT, can occur with purine analogues such as fludarabine,
which are often used in preparative regimens [14, 15]. Imaging
may demonstrate white matter changes similar to posterior
reversible encephalopathy syndrome (discussed further below)
or toxic leukoencephalopathy. In one series, the incidence of
severe CNS toxicity associated with fludarabine conditioning
was 2.4%, with cases presenting approximately 2 months after
starting fludarabine and evolving over 1 month. Common
presenting symptoms included confusion, generalized seizure,
severe headache, and blurred vision.

Antimicrobial-Induced Encephalopathy

Because of the increased risk of infection, especially prior to
engraftment, many patients will require prophylaxis and/or
treatment with antimicrobial agents. The Centers for Disease

Table 18.2 Neurologic
complications associated with
chemotherapeutic agents
commonly used in preparative
regimens for hematopoietic stem
cell transplantation

Agent Central nervous system Peripheral nervous system

Busulfan • Seizures are common but preventable by
seizure prophylaxis with antiepileptics

• Headaches

Carmustine (BCNU) • Delayed onset encephalopathy (25–47 days
after treatment) with lesions in basis pontis,
corpus callosum, spinal cord, cerebral
hemispheres reported with high-dose BCNU

Cyclophosphamide • Impaired cognition reported in breast cancer
patients receiving high-dose therapy

• Transient dizziness after intravenous push
doses

• Guillain–Barre syndrome
reported

Cytarabine (cytosine
arabinoside, Ara-C,
Cytosar)

CNS effects are not common with standard
doses of cytarabine, but CNS toxicity may be
associated with high-dose therapy:
• Acute cerebellar syndrome characterized by
dysarthria, dysmetria, and ataxia occurring
3–8 days after initiation of treatment

• Acute encephalopathy (with or without
cerebellar toxicity)

• Seizures

• Motor and sensory
neuropathies reported
with high-dose therapy.

Etoposide (VP-16) • Rarely, cerebral edema with capillary leak
syndrome

• Acute dystonia
• Neuropathy

• Neuropathy rarely
reported with high-dose
therapy

Fludarabine • CNS toxicity infrequent with conventional
doses (� 125 mg/m2 per course of treatment)

• High doses can cause delayed, severe
encephalopathy characterized by cortical
blindness, confusion, and coma

• Progressive multifocal leukoencephalopathy
reported

• Headaches

• Paresthesias reported

Melphalan • Seizures and encephalopathy in patients with
renal failure receiving high-dose melphalan

Data from Micromedex
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Control (CDC) recommends preventing cytomegalovirus
(CMV) disease with prophylactic or preemptive gancyclovir,
herpes simplex virus (HSV) disease with prophylactic
acyclovir, candidiasis with fluconazole, and Pneumocystis
jirovecii pneumonia (PJP) with trimethoprim–sulfamethox-
azole. While an infection is more likely to be the underlying
cause of encephalopathy, some antimicrobial agents may
directly cause encephalopathy with or without seizures
(Table 18.3) [16, 17]. Acyclovir can cause acute neurotox-
icity in rare patients, particularly in older patients with
renal dysfunction [18]. Symptoms may include confusion,
tremor, hallucinations, coma, ataxia, and seizures. Cases of
acyclovir-associated neurotoxicity have been reported even
after standard oral doses. CSF is typically normal. Complete
neurologic recovery after stopping acyclovir is observed in
most cases.

Encephalopathy Related to Organ Failure

Encephalopathy may rise in the setting of liver, lung, or
kidney dysfunction. Hepatic veno-occlusive disease (VOD),
also known as sinusoidal obstruction syndrome (SOS),
is characterized by tender hepatomegaly, fluid retention,
weight gain, and hyperbilirubinemia following high-dose
myeloablative conditioning therapy [19]. VOD occurs in
approximately 14% of patients undergoing HSCT (in mod-
ern series), typically within the first month after HSCT, and
is associated with cyclophosphamide-based conditioning
regimens either with total body irradiation or with busulfan
[20]. CNS dysfunction may also be an early manifestation of
multiple organ dysfunction syndromes (MODS) associated
with severe forms of VOD. HSCT patients presenting with
either pulmonary or CNS dysfunction are up to 18 times
more likely to die from MODS than patients without pul-
monary of CNS dysfunction [21]. Treatment is required for
severe VOD and includes rigorous fluid management,
pharmaceutics such as defibrotide, coagulolytic agents, or
methylprednisolone, and liver transplantation [20].

Calcineurin Inhibitor Neurotoxicity and Posterior
Reversible Encephalopathy Syndrome

Posterior reversible encephalopathy syndrome (PRES) in the
HSCT population has been associated with chemotherapies
such as fludarabine [22], hypertension, renal disease
(Fig. 18.1a, b), fluid weight gain, hypomagnesemia, and
calcineurin inhibitors such as cyclosporine and tacrolimus
[23]. The calcineurin inhibitors are often used to prevent
GVHD following allogeneic transplants. Most cases occur in
the early post-transplantation period [24, 25] with the med-
ian time to onset of tacrolimus-associated PRES onset 61–
85 days post-transplant [23]. Patients may present with
headache, seizures, visual changes, and encephalopathy.
MRI may demonstrate vasogenic cerebral edema, predomi-
nantly involving the white matter but can also involve the
gray matter. PRES is often reversible with supportive care
and removal of the offending agent. While stopping a cal-
cineurin inhibitor may help reverse PRES, some patients
may need to remain on a calcineurin inhibitor or switch to
another immunosuppressant to prevent or manage GVHD.

Seizures

The incidence of seizures (generalized, partial, or status
epilepticus) in HSCT patients ranges from 2 to 15%
depending on the clinical series [26]. Potential causes of

Table 18.3 Drugs used in HSCT that can cause
encephalopathy ± seizures

Antineoplastic agents

Cytarabine (Ara-C)

Busulfan

Methotrexate

BCNU

Mechlorethamine

Ifosfamide

Cisplatin

Immunosuppressive agents

Cyclosporin

Tacrolimus

Muromonab-CD3

Antibiotics

Aminoglycosides (gentamicin, streptomycin, amikacin,
tobramycin, neomycin, kanamycin)

Penicillin

Cephalosporins (cefazolin, cefoselis, ceftazidime, cefoperazone,
cefepime)

Carbapenems (imipenem, meropenem, ertapenem)

Vancomycin

Isoniazid

Metronidazole

Trimethoprim/sulfamethoxazole (TMP-SMX)

Antiviral agents

Acyclovir

Ganciclovir

Foscarnet

Antifungal agents

Amphotericin B
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seizures are numerous. CNS imaging may be normal or
abnormal depending on the underlying etiology. CNS
infections, strokes, hemorrhages, and leukoencephalopathies
often produce imaging findings, whereas electrolyte distur-
bances and acid–base abnormalities are typically associated
with normal CNS imaging.

Busulfan, an agent used in preparative regimens, is
associated with generalized seizures in up to 10% in adults
treated with this agent [27]. Seizures typically occur on the
third or fourth day of busulfan administration. The mecha-
nism of toxicity is unknown but may relate to busulfan
kinetics in the cerebrospinal fluid [28]. Several agents have
been used for seizure prophylaxis. Phenytoin can be easily
loaded intravenously but does induce cytochrome P450
enzymes and increases clearance of oral busulfan. Benzo-
diazepines, such as clonazepam and lorazepam, do not
induce cytochrome P450 enzymes but can be sedating.
Although case series suggest that newer nonenzyme-
inducing antiepileptics such as levetiracetam can be used
for seizure prophylaxis with busulfan administration [29],
this has not been well studied. With the use of seizure
prophylaxis, the incidence of seizures in children receiving a
busulfan-containing regimen is low (1.3%) [30].

CNS Infections

CNS Infections occur in 3–8% of patients after allogeneic,
syngeneic, or autologous HSCT [31]. Even though they are
less common than systemic infections, CNS infections are

potentially fatal [32]. A discussion of atypical/opportunistic
pathogens seen in the HSCT population is as follows.

The post-transplantation risk of infection is based on the
status of immune recovery [33]. Prior to engraftment
(0–30 days post-transplantation), patients are neutropenic
with weakened mucosal barriers. The most common patho-
gens are bacteria, Candida, and herpes simplex virus
(HSV) reactivation. If the neutropenic period is prolonged,
the risk of Aspergillus increases. Patients undergoing au-
tologous transplantation are primarily at risk during this
phase. In the early post-engraftment period (30–100 days
post-transplantation), allogeneic HSCT patients have defi-
cient cellular immunity caused by acute GVHD and
immunosuppressant medications. In this setting, fungal
(Aspergillus and Pneumocystis jirovecii), cytomegalovirus
(CMV), and gram-positive bacterial infections are seen. In
the late post-engraftment period (>100 post-transplantation),
autologous transplant patients recover immune function
more rapidly and have a lower risk of opportunistic infec-
tions than allogeneic transplant patients. Because of
cell-mediated and humoral immunity defects and impaired
functioning of the reticuloendothelial system, allogeneic
transplant patients with chronic GVHD and recipients of
allogeneic transplant with matched unrelated, cord blood, or
mismatched family-related donors are at risk of infections
with CMV, VZV, EBV-related post-transplantation lym-
phoproliferative disease, community-acquired respiratory
virus infection, and infections with encapsulated
bacteria such as Haemophilus influenzae and Streptococcus
pneumoniae [34].

Fig. 18.1 PRES. A 69-year-old woman with a history of CNS
lymphoma who presented 4 months after autologous HSCT with
seizures, confusion, and acute renal failure from thrombotic thrombo-
cytopenic purpura–hemolytic uremic syndrome. MRI shows increased

T2 signal in the subcortical white matter throughout the brain consistent
with PRES (a). Imaging findings resolved on repeat imaging 6 months
later (b)
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Aspergillus

Aspergillus fumigatus and Aspergillus flavum are the most
common fungal CNS infections in HSCT patients [35]. The
lungs are the most common site of involvement. Retro-
spective studies of CNS involvement in allogeneic SCT
patients with invasive aspergillosis report rates as high as
40% [36] and as low as 3% [37]. Infection usually occurs
following engraftment and typically occurs through inhala-
tion of excessive Aspergillus spores in contaminated air.
Following hematogenous dissemination, invasion of cerebral
arteries eventually leads to occlusion by hyphal elements,
infarction, and frequently secondary hemorrhagic conver-
sion. These lesions may be localized in the subcortical areas
of the cerebral hemispheres, the cerebellum [38], or the basal
ganglia [39]. Rarely, patients may develop fungal vasculitis
or mycotic aneurysms with resultant subarachnoid hemor-
rhage. Involvement of the meninges in the inflammatory
process is distinctly uncommon.

Clinical and laboratory diagnosis of aspergillosis is dif-
ficult. Presenting symptoms are nonspecific and may include
hemiparesis, unilateral cranial nerve palsies, intention tre-
mor, seizures, headaches, or dysmetria [38, 39]. Fever and
nuchal rigidity may be absent. There is a relative paucity of
CSF abnormalities. Pleocytosis (usually a mix of polymor-
phonuclear and mononuclear cells) is usually less than
100/mm3; CSF protein content is only mildly elevated; and
glucose level is normal or mildly decreased. CSF cultures for
Aspergillus are rarely positive [39]. Serologic testing in
immunocompromised patients yields inconclusive results.
Several MRI patterns have been described: (a) nonenhancing
lesions located in the basal ganglia and thalami representing
small infarctions of the lenticulostriate and thalamoperfora-
tor arteries and (b) large cerebral artery infarctions with early
intravascular and meningeal enhancement [39]. Most cases
do not demonstrate contrast enhancement, but ring or
nodular enhancement has been described in patients who
survived [40].

Early diagnosis and treatment is important since mortality
is almost 100% in most series with only a few case reports of
HSCT patients surviving CNS aspergillosis [38–42]. Sur-
vival is usually only 2 days to 3 weeks after onset of neu-
rologic symptoms [40]. Therefore, a positive test for
galactomannan antigen or clinical signs and symptoms
compatible with invasive aspergillosis should trigger further
workup [43]. Patients with pulmonary aspergillosis and
neurologic deficits should be treated as CNS aspergillosis.
Diagnosis of CNS aspergillosis in a patient with character-
istic neuroimaging may be established by direct detection of
mold from the lungs, but occasionally biopsy of a cerebral
lesion may be necessary to document CNS infection [41, 42].

Prevention of aspergillosis is very important and includes
clear air supply by high-efficiency particulate air filters on
the hospital ward, prevention of CMV infection (which
seems to predispose to invasive aspergillosis), and preemp-
tive antifungal therapy once colonization of airways with
Aspergillus species is found. Treatment consists of intra-
venous amphotericin B or intravenous voriconazole [43].
Duration of treatment is unknown, but treatment should
probably be continued for two to three months after the MRI
scan has normalized.

Candida

Candidiasis is a common systemic infection in HSCT
patients but rarely leads to CNS involvement [35]. The risk
of candidal infection is high during the pre-engraftment
period due to neutropenia and severe mucositis, which
facilitates Candida colonization and subsequent invasion
[44, 45]. In granulocytopenic HSCT patients, candidiasis is
often disseminated, involving the liver, spleen, kidney, heart,
gastrointestinal tract, lungs, skin, and brain [46]. Mortality
rates with disseminated Candida may be as high as 90% and
is almost always fatal when brain parenchyma is involved
[32]. Candida can lead to meningitis, meningoencephalitis,
vascular complications such as mycotic aneurysms, or
cerebral abscesses. One retrospective series of 58 HSCT
patients identified 19 patients with Candida abscesses (15
Candida albicans, 2 Candida tropicalis, 2 unknown species)
[47]. Only one patient survived but ultimately died from
congestive heart failure. Twelve of these 19 patients had
positive blood cultures. Another study by Maschke and
collaborators reported one patient with Candida encephalitis
occurring 24 days after HSCT [31]. Brain MRI demon-
strated multiple lesions in the basal ganglia and cerebellum
that were hypointense on T1-weighted images, intermediate
signal on T2-weighted images, and ring-enhancing after
gadolinium administration. The patient died after 19 days
from respiratory failure. All allogeneic recipients and select
autologous recipients should receive fluconazole prophylaxis
(400 mg per day) during neutropenia to prevent invasive
disease [48]. In patients who develop candidiasis, early
treatment with antifungal therapy such as amphotericin B
and reversal of underlying host defects are critical to good
outcomes [45].

Toxoplasma

Toxoplasmosis is caused by Toxoplasma gondii, an obligate
intracellular protozoan parasite, and most often affects
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immunocompromised patients or pregnant women. Trans-
mission may occur transplacentally, via ingestion of raw or
undercooked meat containing T. gondii cysts, or by exposure
to oocytes from cat feces. The incidence of toxoplasmosis
following allogeneic stem cell transplantation varies between
0.1 and 6.0% depending on the series [49].

Clinical disease usually results from reactivation of latent
disease during immunosuppression, particularly with con-
current GVHD. Rarely, it occurs as a primary infection
acquired from the allograft into the seronegative recipient
[50]. Following a mononucleosis-like prodromal stage,
toxoplasmosis disseminates to the lungs, liver, bone marrow,
and brain. Encephalitis is the most common CNS presenta-
tion. Symptoms and signs include headaches, low-grade
fever, lethargy, focal seizures without or with secondary
generalization, and focal neurologic deficits depending on
the location of the lesions. Clinical onset usually occurs
between the second and sixth months following transplant,
but may occur as early as nine days. Most patients present
within three months of transplant [51–55].

Definitive diagnosis may be difficult to achieve. Poly-
merase chain reaction (PCR) testing for T. gondii DNA is the
main method of diagnosing toxoplasmosis in HSCT patients
[56] although a negative blood PCR should not rule out
disease [57]. Serological tests measuring IgG antibodies
against T.gondii in blood are of limited value given the
prevalence of latent infection. Increased IgM levels may
indicate recent activation of infection, but false-positive and
false-negative cases have been reported [50, 53, 58, 59].
Routine CSF parameters such as cell count and protein level
are either normal or mildly elevated due to the immuno-
suppressed state of the patient. PCR assay in CSF may be a
useful diagnostic tool in the early detection of T. gondii [60,
61]. However, even PCR assay in CSF may be negative, at
least early in the infection [52]. Proof of CNS toxoplasmosis
relies upon histologic demonstration of tachyzoites of T.
gondii from brain biopsy [53, 54, 60].

Multiple lesions in the basal ganglia and at the corti-
comedullary junction are usually present [54] (Fig. 18.2a–d).
Enhancement after gadolinium administration may or may
not be present, depending on the ability of the patient’s
immune system to muster a meaningful inflammatory
response [54]. Unlike the HIV population, toxoplasmic
lesions in the HSCT population may be initially hemorrhagic
[62]. Differential diagnosis based on MRI characteristics
would include other opportunistic infections such as
aspergillosis, mucormycosis, as well as progressive multi-
focal leukoencephalopathy and post-transplant lymphopro-
liferative disorders/primary CNS lymphoma.

The CDC recommends prophylaxis for seropositive
allogeneic recipients with active GVHD or a prior history
of toxoplasmic chorioretinitis [33]. Trimethoprim–

sulfamethoxazole (TMP/SMX) 80/400 mg once per day or

160/800 mg three times per week should be started after
engraftment and be administered for as long as the patient
remains on immunosuppressive therapy (which is generally
for six months following HSCT). It should be noted that this
prophylactic regimen may not be sufficient for a seronega-
tive recipient with a seropositive donor who then also
develops severe GVHD.

Treatment should consist of pyrimethamine and a sul-
fonamide. Since some patients cannot tolerate sulfonamides
(due to allergic reactions or gastrointestinal symptoms),
alternative options include clindamycin, atovaquone, azi-
thromycin, or clarithromycin. Despite effective therapy, the
prognosis of HSCT patients with toxoplasmosis is poor with
mortality rates 60–90% [49]. Patients who receive adequate
therapy and those who develop late infection (>63 days after
HSCT) are less likely to die from toxoplasmosis [63].

Human Herpesvirus-6

Human herpesvirus-6 (HHV-6) is a herpes virus with a
predilection for the central nervous system [64]. The
HHV-6B variant is more frequently associated with disease
than variant A [65]. The virus is generally acquired during
childhood, presenting as exanthema subitum (roseola
infantum) and febrile illness in the case of HHV-6B, and
establishes latency in lymphocytes and monocytes. HHV-6
infections in the HSCT population generally represent
reactivation, as opposed to primary infection, and have been
documented in 38–60% of patients following HSCT [66]. In
the CNS, HHV-6 reactivation causes encephalitis and most
cases occur within 12 weeks of transplantation [67]. While
the incidence of HHV-6 reactivation is high in the HSCT
population, the incidence of HHV-6 encephalitis is low with
the reported incidence in allogeneic HSCT patients ranging
from 1 to 12% [68].

The most common clinical manifestations are mental
changes, seizures, memory disturbance, headaches, and
speech disturbance. Focal neurologic symptoms and fever
are less common. Brain MRI demonstrates T2 hyperinten-
sities involving one or both hippocampi with variable
involvement of adjacent medial temporal lobe structures of
the limbic system, including amygdalae and parahip-
pocampal gyri [69, 70] (Fig. 18.3a, b). These findings are
similar to other infectious etiologies of limbic encephalitis
including HSV, VZV, and neurosyphilis. HHV-6
encephalitis is typically diagnosed by CSF PCR although
HHV-6 DNA has occasionally been found in CSF from
asymptomatic patients [71]. CSF may also be remarkable for
elevated protein levels and pleocytosis. Antibody tests are
not useful in adults due to the high prevalence of seroposi-
tivity in the general population. Antiviral prophylaxis is
generally not recommended to prevent HHV-6 encephalitis
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[65]. Because neurologic symptoms progress rapidly,
patients should be started on antiviral therapy with gancy-
clovir or foscarnet as soon as possible [64, 68]. Despite
treatment, mortality in HSCT patients remains high at 25%
and many who survive are left with permanent cognitive
deficits [68].

JC Virus

Progressive multifocal leukoencephalopathy (PML) is
another rare complication following HSCT associated with
chronic immunosuppression and impaired cellular response.
PML is a demyelinating disorder caused by John

Fig. 18.2 Toxoplasmosis. A 46-year-old woman presented with
dizziness, ataxia, nystagmus, and diplopia 8 months after allogeneic
HSCT for chronic myelogenous leukemia. MRI demonstrates multiple
lesions in both cerebral and cerebellar hemispheres (a and b). CSF
analyses including toxoplasmosis IgG and IgM were normal, but serum

toxoplasmoses including IgG, IgM, and IgG quantitative index were
elevated. After >4 months of treatment with pyrimethamine, sulfadi-
azine, and leucovorin, the patient improved clinically but imaging
findings did not resolve completely (c and d)
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Cunningham (JC) virus, a neurotropic polyomavirus of the
Papovaviridae family. JC virus is endemic in humans, with
seroconversion up to 60% in young adults and up to 80% in the
elderly [72]. Primary infection with JC virus occurs during
childhood and is often asymptomatic. With viral reactivation
(typically in the setting of immune suppression), patients may
develop personality changes, confusion, dementia, aphasia,
apraxia, hemiparesis, cerebellar dysfunction, or visual pro-
cessing abnormalities. MRI is the imagingmodality of choice,
usually demonstrating multifocal hyperintensities on
T2-weighted and FLAIR images. The lesions typically do not
enhance. Changes are mostly located in the white matter but
may extend into the gray matter. Diagnosis is based on
demonstration of JC virus in CSF by means of PCR assay,
in situ hybridization, or immunohistochemistry. However,
PCR is negative in approximately 25% of PML cases [73]. No
effective treatment exists for PML in HIV-negative patients.
Most cases are fatal with a median survival of less than six
months. There are rare reports of HSCT patients who survived
more than one year after developing PML [73, 74]. In these
cases, a relatively prominent inflammatory response in the
biopsied brain tissue was found.

Cerebrovascular Disorders

Cerebrovascular accidents including ischemic strokes, intra-
parenchymal hemorrhages (IPH), subarachnoid hemorrhages
(SAH), and subdural hemorrhages (SDH) occur in

approximately 3% of HSCT patients [75]. In a retrospective
series examining all cerebrovascular events occurring within
months of HSCT, the most common mechanisms were non-
infectious intracranial hemorrhage (secondary to thrombocy-
topenia), infectious infarction (predominantly fungal), and
noninfectious infarction [75]. Table 18.4 describes risk fac-
tors and causes of cerebrovascular complications less common
in the general population but found in the HSCT population.

The clinical presentation depends on the location and
extent of the lesion. Ischemic strokes usually present with
focal neurologic deficits, although patients who develop
multiple bilateral strokes from an embolic shower present
with confusion. Hemorrhages may present with variety of
symptoms including altered consciousness, headaches, focal
deficits, and seizures [76].

Although hemorrhages are typically diagnosed on imag-
ing, some clinical features may suggest one type of hemor-
rhage over another. SAH and SDH typically occur within
60 days of allogeneic HSCT [76, 77], while ICH occurs later
[76, 77]. Intraparenchymal and subarachnoid hemorrhages
have also been described in the setting of PRES (previously
discussed in this chapter) [78]. In patients following allo-
geneic transplant, PRES-related hemorrhage was associated
with severe hypertension.

Ischemic strokes can occur early following HSCT (i.e.,
Aspergillus) or as a delayed complication (i.e., cerebral
angiitis). In addition to well-established risk factors for
stroke in the general population (such as smoking, hyper-
tension, diabetes, and dyslipidemia), treatments may

Fig. 18.3 a, b HHV-6 encephalitis. A 61-year-old man 16 days after
myeloablative double-cord transplant for myeloproliferative disorder
presented with mental status changes (disorientation, agitation, para-
noia, and visual hallucinations). Imaging revealed T2 hyperintense
lesions in bilateral temporal lobes extending to the orbital frontal cortex

and associated with subtle restricted diffusion. HHV-6 PCR was
positive from the CCF. His mental status and renal dysfunction
declined rapidly over the next several days. Despite broad-spectrum
antimicrobials including foscarnet, patient died
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predispose HSCT patients to premature cardiovascular dis-
ease [79]. Endothelial damage can be induced by condi-
tioning regimens with or without total body irradiation as
well as by GVHD. The relative risk of an arterial event is
higher following allogeneic transplants than autologous
transplants. In one retrospective study, the cumulative inci-
dence of arterial events (including cerebrovascular disease,
coronary artery disease, and peripheral arterial disease) at
15 years was 7.5% after allogeneic HSCT versus 2.3% after
autologous HSCT [80].

Any signs or symptoms concerning for stroke or hem-
orrhage should prompt an emergency referral to a hospital.
Imaging is often required for diagnosis. For hemorrhagic
lesions, a head CT scan is the usual modality of choice. For
acute ischemic strokes, a brain MRI is recommended. Fur-
ther workup and management of cerebrovascular events in
HSCT patients should generally follow the same recom-
mendations as the general population with special consid-
eration of etiologies specific to HSCT patients.

Immediate correction of any underlying cause (e.g., pla-
telet transfusions for patients with severe thrombocytopenia
or antifungals for patients with Aspergillus) is recom-
mended. Patients with hemorrhage may require monitoring
in an intensive care unit with strict blood pressure control
and other supportive measures. Surgical options may be
limited due to severity of the hemorrhage and
transfusion-refractory thrombocytopenia. SDH can generally

be managed conservatively with good outcomes; surgical
intervention is typically reserved for patients with neurologic
deterioration [81].

Outcomes from cerebrovascular events are generally
worse in the HSCT population compared to the general
population [75]. The 5-year overall survival rate in HSCT
patients following ICH is 17.9% compared to 55.8% in
HSCT patients without ICH [76]. Prognosis also depends on
the type of hemorrhage and underlying etiology. For
example, many patients with IPH die soon after the event,
but death from SAH or SDH is much less common [76, 77].

Neurologic Complications Associated
with GVHD

GVHD occurs when donor allogeneic T cells attack the
transplant recipient’s organs or tissues. Chronic GVHD,
historically defined as occurring after the first 100 days
post-transplant, resembles autoimmune vascular diseases
and occurs in 30–65% of allogeneic HSCT patients [82].
Established risk factors associated with chronic GVHD
include previous acute GVHD, HLA disparities, recipient’s
and donor’s age, peripheral blood stem cells, T-cell replete
graft, cord blood stem cells, viral infection, and conditioning
regimens used [83]. Neurologic complications directly
associated with GVHD primarily affect the peripheral

Table 18.4 Risk factors and
causes of cerebrovascular
complications that are less
common in the general population
but found in the HSCT population

Cerebrovascular complication Risk factors and/or causes

Ischemic strokes Hypercoagulable states (e.g., protein C deficiency)
Paradoxical emboli during infusions
Medication toxicity
Infectious vasculitis (e.g., Aspergillus)
Endocarditis (infectious and noninfectious)
GVHD vasculitis/cerebral angiitis
Post-transplantation thrombotic microangiopathy

Intraparenchymal hemorrhage [76] Thrombocytopenia or platelet refractoriness
Coagulopathies
Infectious vasculitis
Hypertension
Acute GVHD
VOD
Radiation therapy
PRES

Subarachnoid hemorrhage Mycotic aneurysms
Relapsing leukemia
PRES

Subdural hemorrhage [81, 85] Thrombocytopenia or platelet refractoriness
Coagulopathy
Lumbar puncture and intrathecal treatment
Leukemia meningeal infiltration and hyperleukocytosis
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nervous system and include polymyositis, myasthenia
gravis, acute inflammatory demyelinating polyneuropathy
(AIDP), and chronic inflammatory demyelinating polyneu-
ropathy (CIDP) [1]. GVHD-associated CNS toxicity is rare
although demyelinating events such as acute demyelinating
encephalomyelitis (ADEM) have been reported [84].

Conclusions
Neurologic complications following HSCT have long
been recognized. The causes are numerous, including
chemoradiotoxicity, medication toxicity, metabolic
abnormalities, organ failure, GVHD, infection, pancy-
topenia, and platelet dysfunction. As the number of
transplants performed annually increases, clinicians must
be aware of the potential neurologic complications seen
in this patient population.
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19Neurologic Complications of Corticosteroids
in Cancer Therapy

Erin M. Dunbar, Yue Wang, and Santosh Kesari

Introduction

Corticosteroids are chemically related to the steroid hor-
mones aldosterone and cortisol, naturally produced by the
adrenal glands as a response to pituitary adrenocorticotropic
hormone (ACTH). Based on their major actions, they are
divided into two main groups: glucocorticoids (GCs) and
mineralocorticoids. Aldosterone is a mineralocorticoid that
influences salt and water balance. Cortisol is a GC that
influences a variety of general cellular, nervous system,
metabolic, inflammatory, stress response, and other systemic
functions. Both natural (endogenous) and synthesized (ex-
ogenous) corticosteroids share a similar chemical structure
whose synthesis begins with cholesterol. Because GCs
inhibit many portions of the immune response, they are used
in treatment of many diseases and conditions, including
cancer.

Chemical modifications of the naturally occurring steroid
hormones and de novo synthetic productions have resulted
in the availability of numerous synthetic corticosteroids
since the 1940s. GCs have been a therapeutic standard for
systemic inflammatory and autoimmune conditions since
their introduction for use against rheumatoid arthritis in
1949. In addition, GCs have become an essential therapeutic
adjunct in the amelioration of cancer conditions and treat-

ment of several hematologic and solid malignancies [1].
Since 1952, GCs have revolutionized the therapy of central
and peripheral nervous system (CNS, PNS) conditions as
well as malignancies such as primary CNS lymphoma [2].

Treatment of systemic and nervous system conditions
requires steroids at supra-physiologic doses, i.e., higher than
the adrenal gland would endogenously produce. However, at
therapeutic doses, a wide variety of deleterious side effects
frequently occur. This chapter will address common thera-
peutic uses of GCs in cancer chemotherapy, as well as what
is known about mechanisms of action and resistance. In
addition, common complications of GC therapy, particularly
neurologic ones, will be discussed, including strategies to
monitor, prevent, and treat them. Lastly, potential GC
alternatives and ongoing investigations will be highlighted.

Mechanisms of Action

Endogenous (natural) and exogenous (synthesized) GCs
have similar mechanisms of action and will therefore be
discussed together. Collectively, the mechanisms of action
of GCs on target tissues are characterized by a relatively
slow onset and long duration of action and can be classified
as genomic (a.k.a. involving DNA) and non-genomic [3]
(Fig. 19.1). Genomic alterations involve effects on tran-
scription and transduction factors via three main mecha-
nisms [3–9]. The first mechanism is trans-activation
(responsible for most of the secondary effects of steroids), in
which the GCs, via their nuclear receptor, promote DNA
transcription with subsequent mRNA production and protein
synthesis of targets [4, 5]. The second is trans-repression
(responsible for most therapeutic effects), where they can act
as negative transcription factors [6–8]. The third is
post-transcriptional regulation (also responsible for thera-
peutic effects), which manifests from interactions between
transcription factors, effects on mRNA stability and chro-
matin remodeling [4–6, 9].
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Glucocorticoid Actions on Target Tissues

In order to respond to physiologic and pathologic states,
GCs affect nearly every cell of the body and modulate the
expression of approximately ten percent of the body’s genes.
Actions of particular relevance to this chapter will be divided
into effects on general cellular function, inflammation, sys-
temic function, and nervous system function.

General cellular effects of GCs include the promotion of
apoptosis and necrosis, which occur through the genomic
mechanisms of gene trans-activation and trans-repression by
the GR [10, 11]. The apoptotic effect of GCs is
cell-type-specific, as well as time- and concentration-
dependent [12]. However, the specific mechanisms of
GC-induced apoptosis, their target genes, and their respective

proteins remain incompletely understood [13–20]. An exam-
ple of one such protein is NF-kB, whose DNA-independent
repression induces apoptosis in many hematologic cell lines
[15].

Anti-inflammatory effects of GCs include both the pre-
vention and suppression of the inflammatory response.
Specific actions depend on the type and dose of GCs used,
the type and location of inflammation, and the type and
number of immune cells involved. Anti-inflammatory
actions of GCs occur via several mechanisms, including
direct and indirect genomic repression. One example of such
a mechanism includes the indirect repression of several
mediators occurs via inhibition of transcriptional factor
NF-kB. Collectively, these mechanisms minimize the pro-
liferation, recruitment, and functional activity of
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Fig. 19.1 Glucocorticoid mechanisms of action. Mechanisms of
glucocorticoid (GC) action. GC crosses the cell membrane and binds
to the glucocorticoid receptor (GR) in the cytoplasm. GRs are kept in an
inactive state and prevented from moving into the nucleus by heat
shock proteins (HSP). Upon binding of a GC to a GR, the HSP

dissociates and the GC-GR complex moves to the nucleus via a nuclear
pore (NP). The complex then binds to GC responsive elements
(GRE) in the 5′ promoter region of DNA. Transcription is then
activated. However, if the region contains a negative GRE, transcrip-
tion is repressed. (Source Salvador et al. [3]. Open Access)
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lymphocytes, neutrophils, macrophage, and monocytes by
blocking the expression of endothelial and intercellular
adhesion molecules, decreasing prostaglandin-mediated cell
adhesion, decreasing chemokine binding to leukocytes, and
inhibiting plasminogen activator synthesis [21–24]. These
mechanisms also minimize the functions of
pro-inflammatory mediators such as chemokines, cytokines,
adhesion molecules, arachidonic acid metabolites,
platelet-activating factor release, and pro-inflammatory
enzymes and peptides [25]. The above mechanisms have
been preferentially exploited for use in various hematologic
and solid malignancies.

Systemic effects of GCs cannot be fully addressed in this
chapter; however, those particularly relevant to the treatment
and complications of cancer therapy will be addressed in
subsequent sections and are listed in Table 19.1. GCs have a
multitude of effects on a wide range of organ systems
including the vascular, gastrointestinal, hematologic, der-
matologic, and metabolic systems. Specific examples of
these effects include regulation of blood pressure via the
alteration of tissue sensitivity to catecholamine and
the aldosterone-like effect on fluid retention, alterations in
the number of circulating red blood cells and neutrophils,
promotion of protein catabolism, gluconeogenesis, and
glycogen synthesis, as well as alteration of lipid and bone
metabolism. GCs also regulate protective prostaglandins and
cellular integrity in the GI tract and can result in the thinning
of epithelial and connective tissue throughout the body,
thereby affecting skin integrity.

Nervous system effects of GCs involve both the central
nervous system (CNS) and peripheral nervous system
(PNS) levels. Mechanistically, acute exposure to GCs
results in neuronal hyper-polarization, which is the result of
alterations in intracellular calcium levels, interactions with

GC protein-coupled receptors, and induction of MAP kinase
cascades. Chronic exposure results in decreased quantity of
neurons, induction of apoptotic cell death, impaired regen-
erative properties, and decreased neuronal survival [26].
Clinically, GC exposure impacts cognition (memory, mood,
and personality), sleep patterns, pain perception, body tem-
perature, muscle strength, and vasogenic edema.

Mechanisms of Resistance

Mechanisms of GC resistance remain poorly understood and
vary with the genetic background of the patient, steroid type,
disease type, and treatment regimen.

One mechanism of GC resistance involves apoptosis,
which, amazingly, can produce seemingly dichotomous
results. Such dichotomies are epitomized by the paradoxical
effects that GCs have across various malignancies, as well as
in response to various chemotherapy agents. One such
example includes the pro-apoptotic effect of GCs on
hematopoietic malignancies (discussed in the Mechanism of
Action section), in contrast to the anti-apoptotic effects of
GCs on many solid malignancies. For example, Zhang et al.
[27] demonstrated dexamethasone and other GCs cause
resistance to several cytotoxic chemotherapies and radiation
in xenografted prostate cancer cells. A second mechanism of
GC resistance involves inhibiting apoptosis-inducing recep-
tors, signaling molecules, caspase enzymes, and mitochon-
drial membrane stabilizing proteins [28]. For example,
dexamethasone has been shown to antagonize both mito-
chondrial and death receptor apoptotic pathways across var-
ious cancer cell lines [28], thus resulting in
dexamethasone-induced apoptotic resistance in cell lines of
solid malignancies, such as melanoma, neuroblastoma,

Table 19.1 Complications of pharmacologic glucocorticoid use

Complications of glucocorticoid use

Acute Chronic

Infectious
Bacterial, viral, fungal

Neurologic
Psychosis, euphoria, anxiety, insomnia, increased appetite

Cutaneous
Poor wound healing, acneiform eruptions

Cardiovascular
Fluid retention, arrhythmia

Endocrine
Hyperglycemia, suppression of adrenal function

Infectious
Pneumocystis pneumonia, tuberculosis

Neurologic
Memory impairment, insomnia, depression, pseudotumor cerebri

Cutaneous
Striae, purpura, hirsutism, alopecia, non-melanoma skin cancer

Cardiovascular
Hypertension

Endocrine
Suppression of adrenal function

Musculoskeletal
Osteoporosis, myopathy, avascular necrosis, growth retardation

Gastrointestinal
Peptic ulcer

Ocular
Cataracts
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gliomas, adenocarcinomas (e.g., breast), carcinomas (e.g.,
cervical), and bone cancers. Interestingly, many of the
apoptosis genes repressed by GCs in carcinoma cell lines are
the very same genes induced by GCs in hematopoietic
malignancy cell lines [28, 29]. These seemingly paradoxical
effects have been postulated and include cell-type specific
differences in both transcriptional regulation and cell cycle
progression, as well as cell-type differences in the develop-
ment of mutations of GC function [28, 30–34]. A third
mechanism of resistance involves perturbations of the GR
gene and the GR receptor [32, 35–41]. A fourth mechanism
of resistance involves activities essential to epithelial cell
survival, including alterations of intercellular communication
and extracellular matrix attachment, which have resulted in
the chemotherapy resistance of many solid malignancies [42].

A fifth mechanism of resistance involves iatrogenic fac-
tors. For example, chronic exposure to GCs reduces both GR
expression and GR protein stability [43–46]. In another
example, concomitant use of medications that interact with
the cytochrome P450 system can reduce the efficacy of GC
metabolism and bioavailability [47–49]. In a third example,
states of chronic inflammation can reduce the efficacy of
GCs through the activation of both GR-dependent and
GR-independent signaling pathways. Chronic inflammation
can be induced by: (1) cigarette smoking, which induces an
oxidative stress that affects both GR nuclear translocation
and nuclear cofactors (2) inflammatory conditions such as
asthma, which promote immune-mediated cytokines such as
IL2 and IL-4, which diminish GR translocation and binding
affinity at target cells, (3) viral infections, which reduce both
GR nuclear translocation and GC functions, (4) allergen
exposures, which affect both GR function and GR-binding
affinity, (5) changes in the cellular micro-environment, such
as during disease progression, which alter GR translocation
and P-glycoprotein-mediated cellular ligand accumulation,
(6) oxidative stress, which attenuates histone deacetylase-2
(HDAC2) activity and expression, thereby limiting recruit-
ment of GC to sites of action in the genome by GR, and
(7) hypoxia, which induces cellular dysfunction and impairs
GR trans-activation [32].

Metabolism of Glucocorticoids

Endogenous

The adrenal cortex is responsible for the production and
regulation of corticosteroids. The most peripheral of its three
zones, the zona glomerulosa, produces mineralocorticoids,
predominantly aldosterone, while the zona fasciculata and
reticularis produce GCs and androgens, respectively. These
latter two zones respond to pituitary adrenocorticotropic
hormone (ACTH) that is secreted into the systemic

circulation in response to corticotropin-releasing hormone
(CRH). CRH is released through the pituitary portal circu-
lation by the hypothalamus in response to various physio-
logic and pathologic stressors.

Corticosteroid synthesis begins with a four-ringed
cholesterol substrate, comprising three hexane rings and
one pentane ring. The majority of substrate is esterified and
stored in the adrenal gland, while a minority is synthesized
directly from acetyl-CoA. Upon stimulation by ACTH, an
esterase is activated and free cholesterol is released into the
mitochondria, where it is converted to pregnenolone by a
cytochrome P-450 side chain cleavage enzyme. Preg-
nenolone is the precursor to all other adrenal hormones, and
its fate is carefully controlled by a series of feedback
mechanisms. Corticosteroids are differentially synthesized
by the sequential action of three hydroxylases at the C11,
C17 and C21 positions. The end products include GCs
(predominantly cortisol), mineralcorticoids (predominantly
aldosterone), and androgens. Cortisol is secreted into the
systemic circulation immediately upon production. Only 4–
8% circulates in the blood in its active, unbound form.
Approximately 92–96% of cortisol circulates in its inactive
form, bound mainly to corticosteroid-binding globulin.
Adrenal cortisol has a half-life of sixty to ninety minutes in
the circulation [50].

Adrenal cortisol secretion is moderated by three main
influences. The first influence comes from cortisol’s direct
negative feedback inhibition of both CRH and ACTH
secretion on the hypothalamus and pituitary, respectively.
The second influence comes from the circadian
rhythm-related pulsatile release of ACTH that intensifies
three to five hours after sleep initiation, peaks at the time of
waking, and troughs within an hour or two after sleep initi-
ation. The third influence comes from various physiologic
and pathologic stressors, whose release of catecholamine and
vasopressin cause the stimulation of hypothalamic-pituitary
axis and the release of ACTH. Due to their lipophilicity,
endogenous GCs readily cross the plasma membrane and
interact with the GC receptor complex, as described above.

Exogenous

Synthetic steroids are manufactured from cholic acid
obtained from cattle or from steroid sapogenins (diosgenin)
from plants to optimize their bioavailability, plasma half-life,
metabolism, and interactions with the GC receptors in target
tissues [50]. The time to peak plasma level of most synthetic
steroids is between 60 and 90 min, regardless of oral versus
parenteral administration and co-administration with food or
most other medicines. Most synthetic steroids are trans-
ported to the liver where they require metabolism into their
active form [51]. Thus, as shown in Table 19.2, the
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half-lives of various synthetic GCs are significantly affected
by the level of overall hepatic and cytochrome p450 enzyme
[52–54]. Unlike most endogenous steroids, exogenous ster-
oids tend not to bind to the cortisol binding globulin, but
instead circulate attached to either albumin or in its unbound
state [55]. This binding difference does not appear to affect
the serum half-life of exogenous GCs, which range from
about one to four hours. Like endogenous steroids, exoge-
nous GCs readily cross the plasma membrane and interact
with steroid receptors in the nucleus. However, the resultant
exogenous GC receptor complex produces a two to 11-fold
greater effect than its endogenous counterpart. Lastly, as
with any agent that acts by affecting nuclear receptors, the
disappearance of exogenous GCs does not represent the
cessation of effect [56].

The metabolism of exogenous GCs is clinically relevant
in several ways. For example, the modifications that certain
exogenous GCs undergo during synthesis result in differ-
ential cross-reactivity with the mineralocorticoid receptor,
and thus differential complications. Also, requirement of
many exogenous GCs to undergo activation in the liver
results in the preferential administration of steroids not
requiring liver activation, such as prednisolone, to patients
with severely compromised liver function. Lastly, the
requirement of many exogenous GCs to bind albumin results
in higher free GC levels and more side effects in patients
with low albumin [57].

Common Therapeutic Uses

General Principles

Despite decades of use in systemic and nervous system
conditions, the majority of our clinical knowledge is empiric

and not evidence based. Although this has likely limited our
optimal use of GCs, the impact of GCs on cancer therapy
remains tremendous.

Tumor-Directed Treatment

Exogenous GCs promote death of cancer cells via a variety
of mechanisms, including apoptosis. GCs have been his-
torical mainstays in the treatment of systemic solid tumors,
including breast, prostate, thymoma, and
endocrine-responsive cancers [58]. GCs, with or without
concomitant chemotherapy agents, have also been historical
mainstays in the treatment of systemic hematologic malig-
nancies, including chronic myelogenous leukemia (CML),
multiple myeloma, chronic lymphocytic leukemia (CLL),
and virtually all non-Hodgkin’s lymphomas. For instance,
GCs provide lifesaving relief to rapidly growing diffuse
large B-cell lymphoma affecting the mediastinum [59].

GCs are also instrumental in the control of hematopoetic
malignancies affecting the nervous system, presumably due
to their previously described lympholytic mechanism,
excellent penetration of the blood–brain barrier, and rela-
tively long half-life [1, 60]. For example, dexamethasone, in
combination with other chemotherapy agents, has resulted in
improved CNS control of acute lymphoblastic leukemia,
which has a high predilection for the CNS, and primary CNS
lymphoma (PCNSL) [61, 62]. Rapid initial clinical response
is a hallmark of GCs in hematologic malignancies affecting
the nervous system, secondary to their ability to induce
apoptosis in a p38 mitogen-activated protein kinase
(MAPK)-dependent manner in B and T cells [63]. However,
the effects of steroids are too transient and inefficient not to
be coupled to radiotherapy and/or chemotherapy. GCs also
indirectly provide anti-neoplastic effects to tumors being

Table 19.2 Relative biologic potencies of exogenous (synthetic glucocorticoids)

Equivalency (mg) Relative potency Half-life

Agent Anti-inflammatory Mineralocorticoid Plasma [32] Biologic (h)

Short acting

Cortisone acetate 25 0.8 0.8 30 8–12

Hydrocortisone 20 1 1 90 8–12

Intermediate acting

Prednisone 5 4 0.8 60 12–36

Prednisolone 5 4 0.8 200 12–36

Methylprednisolone 4 5 0.5 180 12–36

Triamcinolone 4 5 0 300 12–36

Long acting

Dexamethasone 0.75 20–30 0 200 36–72

Betamethasone 0.8 20–30 0 300 36–72
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treated by allogeneic hematopoetic stem cell transplants by
helping to prevent transplant rejection as well as prevent
graft-versus-host disease [64].

Historically, there has been no clinical evidence that
steroids inhibit the growth of gliomas or metastases in
human patients. However, data from preclinical studies
suggest that the invasiveness and proliferation of some
glioma cells may be reduced by exposure to dexamethasone
[65, 66]. GCs should be avoided in the initial management
of patients suspected of having a hematologic malignancy of
the nervous system, such as PCNSL, or infection, whenever
clinically safe, as their lympholytic effects can obscure the
histopathologic diagnosis. Fortunately, techniques to
improve analysis yield by spinning down a CSF cytospin
into a cell block, as well as the availability of other tests
highly relevant to PCNSL, such as EBV, clonal heavy chain
gene rearrangement, and pathologic expression of BCL2 and
BCL-6 family proteins, are overcoming this historic chal-
lenge [67].

The emerging field of cancer immunotherapy is eluci-
dating the profound complexities of the body’s immune
system, including the ability to harness it to fight nervous
system and systemic malignancies. In brief, immunotherapy
is an attempt to correct a failed or inadequate immune sys-
tem, whether caused by innate, acquired, or iatrogenic
immunosuppression, or by a tumor or a tumor-associated
virus. Historical agents include IL-2 and interferon, and
newer agents include effectors of checkpoints on T cells:
PD-1, PD1-Ligand, CTLA-4, etc. Thus, understanding the
interplay of GC immunomodulatory capabilities is para-
mount. Despite an incomplete translational understanding,
several clinical trends have manifested. First, there exists the
recommendation for using the “least clinically needed” GC
dose during treatment with immunotherapy. Second is the
use of GCs to suppress the often profound inflammatory
sequela of immunotherapy. This can not only be lifesaving,
but also allow for eventual resumption of treatment. A sev-
ere immune reaction necessitating prolonged GC use may
require consideration of infliximab. Information about the
immune-related toxicities of immunotherapy agents, which
are measured by NCI’s Common Toxicity Criteria [68] can
be found within product inserts, FDA product safety relea-
ses, and Risk Evaluation and Management Strategies. Third,
in available studies and practical experience, the judicious
use of GCs with immunotherapy has not shown deleterious
efficacy or overall survival. Lastly, opportunistic infection,
such as Aspergillus pneumonia, Fournier’s gangrene,
Pneumocystis jiroveci pneumonia, cytomegalovirus colitis,
and mucor mycosis, is another comorbidity of both GC use
and immunotherapy that clinicians must identify and manage
aggressively [69].

GCs should always be maintained at the lowest clinically
needed dose, not only to minimize side effects, but also

because numerous translational and clinical studies across
tumor types suggest that GCs may result in chemotherapy
resistance, via a variety of mechanisms [70].

Symptom-Directed Treatment

GCs serve a major role in cancer therapy by increasing the
safety and tolerance of many chemotherapies, including
cytotoxic drugs, monoclonal antibodies, immunotherapy,
and other agents.

Anti-Emetic
One of the most important uses of GCs is the prevention or
reduction in anticipatory nausea, a complex psychological–
physiological phenomenon where patients experience nausea
and vomiting at the mere memory trigger of the
chemotherapy experience [71]. Mechanisms for these effects
are not fully elucidated; however, reduced release of 5-HT3

from blood mononuclear cells upon administration of ster-
oids as well as direct inhibitory effect on 5-HT3 receptor
have been suggested as important factors [72, 73]. Further-
more, animal study data suggest a direct effect of corticos-
teroids in the medulla oblongata [74]. Methylprednisolone
and dexamethasone have been shown to directly antagonize
the serotonin receptors and GR associated decreased pros-
taglandin synthesis at target tissue [75].

Improve Tolerance of Treatments
GCs are used in numerous chemotherapy preparatory regi-
mens ameliorate the symptoms associated with hypersensi-
tivity. For example, GCs prevent various hypersensitivity
reactions known to occur with certain chemotherapies and
monoclonal antibodies [76]. GCs are used to reduce the
hematologic toxicity associated with various chemotherapies
or even the cancer itself. For example, GCs have been shown
to reduce hematologic toxicity in advanced breast cancer
patients receiving GCs concurrently with chemotherapy and
reduce the severity of autoimmune conditions related to
cancer or its treatments, including autoimmune hemolytic
anemia or thrombocytopenia [58]. GCs are used to treat
lethargy (fatigue), weakness, anorexia and can even induce a
short-term euphoria [1]. GCs are used in the treatment of
hypercalcemia associated with cancer when bisphosphonates
are either contraindicated or ineffective [77]. GCs are also
used to alleviate pain associated with bone metastases and
their treatments, likely through the reduction in peri-neural
edema and the inhibition of prostaglandin synthesis [78].

Anti-Inflammatory
GCs are frequently used to treat dyspnea, pleural effusion,
ascites, pleuritis, lymphangitic carcinomatosis, and hemop-
tysis. This anti-inflammatory effect is caused, in part, by a
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reduction in the levels of eosinophils, monocytes and lym-
phocytes (despite a paradoxical increase in neutrophils), and
an impairment of their function [79]. Similarly, GCs prevent
or minimize a variety of cutaneous syndromes, including
rashes, resulting from chemotherapy [80]. Lastly, GCs have
been shown to ameliorate a symptomatic immune reaction in
patients receiving immunotherapy for CNS and systemic
malignancies, and to date, without documented diminution
in their effects on tumor control and survival [69].

Anti-Edema
Since their first reported use for post-operative cerebral
vasogenic edema in 1952, GCs have been mainstays in the
treatment of vasogenic edema from primary and metastatic
tumors throughout the nervous system [81–83]. Vasogenic
edema is caused by a disrupted blood-brain barrier (BBB),
resulting from breakdown of inter-endothelial tight junc-
tions, increased endothelial pinocytosis, and increased
endothelial fenestrations. Though the mechanism of BBB
disruption remains unclear, VEGF release and tumor under
expression of tight junction proteins likely play a role [84–
86]. Steroids decrease the permeability of the blood brain
barrier and limit the extravasation of fluid. This effect is
mediated in part by the induction of occludin,
transendothelial electrical resistance (TER) and zonula oc-
cludens (ZO)-1 expression. An increase in claudin-5 pro-
moter activity and mRNA expression, as well as a decrease
in expression of vascular endothelial-cadherin, intercellular
adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) , are also involved [87, 88].

The GCdexamethasone has been shown to ameliorate
symptoms of vasogenic edema in over 70% of both primary
and metastatic CNS cancer patients, including headache,
somnolence, confusion, and to a lesser extent, seizure and
focal neurologic deficits [2]. High-dose dexamathasone can
also reverse life-threatening effects of vasogenic edema such
as cerebral herniation or neoplastic epidural spinal cord
compression (ESCC) [89, 90].

Given the desire to minimize GC side effects, dexam-
ethasone “alternatives” continue to be explored, including
corticotrophin-releasing factor, carbonic anhydrase inhibi-
tors (e.g., acetazolamide), diuretics (e.g., furosemide, man-
nitol), and VEGFR-modulators (e.g., bevacizumab), and
many others—discussed later in this chapter. To date, none
have completely replaced GCs.

Common Therapeutic Regimens

General Principles

The determinants of GC dosing include pharmacokinetics of
the different drug preparations, effects of underlying

disorders on drug kinetics, and interactions of GCs with
concurrently administered non-GC drugs. In addition, GCs
must be individualized to specific target tissues, conditions
and patient’s organ function and comorbidities.

In addition, GCs cannot be titrated optimally without
knowledge of how to monitor drug activity and how they
impact each organ. For example, GCs significantly impact
the ability for contrast dye to cross the blood-brain barrier in
neuro-imaging studies. As a result, the dose and duration of
GCs must be carefully taken into account when scans are
interpreted [91, 92] (Fig. 19.2a–d). Furthermore, GCs can-
not be titrated optimally without knowledge regarding how
to safely withdraw steroids (discussed below) [93, 94].

Dexamethasone is the mainstay in primary and metastatic
CNS cancers, given its minimal mineralocorticoid effects
(e.g., less fluid retention, electrolyte imbalances) and long
half-life, which allows for administration of a single daily
dose [62]. Because of the unavoidable side effects of ster-
oids, the “least clinically needed” dose and duration should
always be attempted. Discontinuation must be gradual to
prevent withdrawal symptoms.

Anti-Edema

Neurologic symptoms from cerebral vasogenic edema typi-
cally improve within 48 h and often within 12–24 h of
steroid administration [95]. This is notably sooner than the
improvements on MRI and CT imaging, which can take up
to 48–72 h. Insufficient benefit either signifies an alternative
mechanism of dysfunction or the need for additional thera-
pies, including urgent surgical intervention, hyperosmotic
mannitol [81], as well as other “dexamethasone alternatives”
listed in the above section.

For patients with highly symptomatic cerebral edema, an
initial dose of 16 mg/day is typically used. This dose was
empirically established in the 1960s and continues to be
recommended [96–99], despite a lack of prospective clinical
trial evidence to support it use. In the setting of severe signs
and symptoms, a loading dose of 10–20 mg of dexametha-
sone is often administered intravenously [100]. The
bioavailability of IV and oral formulations are equivalent but
GI absorption is usually 30–60 min. Maintenance doses of
dexamethasone are commonly 4–24 mg daily. Importantly,
given its long biologic half-life of 36–54 h, dosing more
than once or twice daily is unnecessary, with administration
times preferably in the morning to, the latest, early after-
noon. This is particularly important for compliance and
quality of life of patients after hospital discharge. For
additional management principles and applications of GCs in
CNS cancers, readers are directed to comprehensive reviews
by Kostaras et al. [93], Ryken et al. [60], and Roth et al.
[62].
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For patients with highly symptomatic spinal cord edema,
such as from a tumor, immediate commencement of dex-
amethasone at 50–100 mg is recommended, followed by
16 mg daily [89, 90]. The onset and degree of symptomatic
improvement, usually beginning within several hours, helps
to determine the urgency of surgical intervention or other
treatments.

Ameliorating Symptoms

GCs use to increase the safety and tolerance of many
chemotherapy agents, which is highly individualized. For
example, pre-medication for chemotherapy usually involves
a one-time dose of 10 mg IV dexamethasone. The steroid is
administered at least thirty minutes prior to the chemother-
apy and is used to prevent acute transfusion reactions, ana-
phylaxis, or severe nausea. Patients on chemotherapy agents
known to cause a more protracted cutaneous toxicity or
nausea are often prescribed oral dexamethasone between 1

and 4 mg twice daily for three to five days prior to and after
chemotherapy, often in combination with other supportive
medications [75]. For the treatment of immunotherapy tox-
icity, dexamethasone is used at a dose ranging from 4 to
24 mg/day, and sometimes exchanged for once or biweekly
infliximab [69]. Similar dosing can be used to treat other
inflammatory conditions, including pleuritis, ascites, hemo-
lytic anemia associated with malignancy, though prednisone
is often favored over dexamethasone.

Tumor-Directed Treatment

GCs are used for their lympholytic properties in hematologic
malignancies that affect the nervous system, including
PCNSL and systemic lymphomas and leukemias with CNS
involvement. Importantly, if the initial diagnosis of sus-
pected lymphoma or leukemia is being investigated, dex-
amethasone should be withheld unless signs and symptoms
are significant. This recommendation results from the

Fig. 19.2 Serial MRIs of
metastatic melanoma patient
presenting with acute neurologic
decline and showing reduction in
edema and enhancement after
16 mg oral glucocorticoid
administration for several days.
Axial T2-weighted pre-steroids
(a) and post-steroids (b). Axial
T1-weighted pre-steroids
(c) (attention to the blunting of
left rostral ventricle and the
effacement of the gyri) and
post-steroids (d) (attention to the
resumption of the anatomy of the
ventricle and the gyri spaces)

366 E.M. Dunbar et al.



disappearance of classic imaging or pathologic features that
often occur after rapid and significant lympholysis. Although
advances in imaging and pathology are minimizing this
necessity, the general recommendation remains. Once the
tumor has been diagnosed, starting doses usually range from
4 to 16 mg of dexamethasone a day. Similarly, GCs remain
important components of regimens for various systemic and
hematopoetic malignancies, both for their anti-neoplastic as
well as symptom–amelioration roles. Across malignancies,
the choice of GC, route of administration, dose and duration
are highly individualized and, therefore, must be reviewed
prior to prescription.

Tapering Regimens

Safe and optimal tapering involves knowledge of the dose,
duration, drug activity, and status of the condition for which
the GCs was used. The goal of tapering is to prevent an
exacerbation of the underlying condition as well as prevent
symptomatic adrenal insufficiency, a.k.a. steroid withdrawal
symptoms, characterized by nausea, headache, myalgias,
anorexia, and diverse nervous system symptoms [101].
Monitoring of tapering regimens predominantly involve
close evaluations of signs and symptoms of withdrawl, but
may include laboratory and imaging tests.

An attempt at tapering should be made in all patients and
anticipation of the re-emergence of symptoms should not
deter attempts [102]. Tapering of dexamethasone usually
occurs over several weeks. For example, patients with brain
tumors who have undergone gross or near total resections
can usually be tapered down to off within a week or two after
surgery and rarely need dexamethasone during radiotherapy.
In contrast, brain tumor patients who have minimal or no
surgical debulking usually require dexamethasone through-
out radiotherapy. Spine tumor patients are generally rec-
ommended to maintain dexamethasone throughout
radiotherapy and can usually be tapered down to off within
two to three weeks depending on neurologic improvement.
All patients should be observed for symptoms of adrenal
insufficiency if dexamethasone is discontinued abruptly or
used for a prolonged time, and advice from an endocrinol-
ogist should be sought if needed.

Despite the paucity of prospective, randomized trials,
various tapering protocols are used, as illustrated in

Table 19.3. For dexamethasone, the duration of one month
at moderate dose is generally accepted as the threshold to
recommend a tapering regimen. The attempted rate of
tapering should be fast in the first 10 days of corticosteroid
therapy (e.g., every 1–3 days) but slower after this (e.g.,
every 4–7 days, and even slower once physiological doses
are reached). One commonly used strategy is to reduce the
total daily dose by 25% each week; however, a more gradual
discontinuance over 8–12 weeks may be needed for patients
who have received dexamethasone for long periods of time.

If steroids have been used for more than a few weeks,
then assessing for occult hypocorticolism is prudent. Base-
line fasting morning (basal) cortisol levels can be tested
before steroids have stopped. Patients with low cortisol
levels benefit from replacement with hydrocortisone, with
the first dose, (usually *20 mg) given in the morning, and
the second dose, (usually *10 mg) at noon, to mimic the
physiological secretion of the hormone [93, 103]. See
additional information in the section below, entitled Man-
agement of Adverse Events Associated with Dexamethasone
Therapy.

Common Non-Neurologic Clinical Toxicities

In general, GC side effects are common, correlated to dose
and duration. For example, in a chart review of 88 patients
with brain metastases, Sturdza et al. [97] reported that 91%
of the patients receiving 16 mg or more daily and 65% of the
patients receiving less than 16 mg daily experienced at least
one side effect (p = 0.006). Hypoalbuminemia exacerbates
GC side effects because such a state results in an increased
percentage of unbound steroid [102].

Management of Adverse Events Associated
with Dexamethasone Therapy

Drug–Drug Interactions
Exogenous GCs co-administered with other drugs (including
topical and mucosal preparations) can produce drug–drug
interactions as a results of disrupted globulin binding or
induction/inhibition the hepatic p450 system enzymes. For
example, enzyme-inducing medications such as rifampin,
phenytoin, carbamazepine, and barbituates can stimulate the

Table 19.3 Suggested
glucocorticoid tapering strategies

Duration <1 montha 1 month—1 yearc >1 yearc

Tapering
strategy

Can stop
immediatelya

Reduce dose by 25% each
week over four weeksa,c

Taper first 75% of dose over a month, and
the residual over another four weeksa,c

aBeware frequent glucocorticoid courses
bWarn patient to report symptoms of glucocorticoid deficiency
cConsider formal adrenal testing when dose approaches physiologic replacement
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metabolism of GCs and thus require an increased dose to
achieve the desired effect [101, 104]. Alternatively, keta-
conazole and many hormone-containing oral contraceptives
can cause a 50% higher dose of unbound GCs concentration
[105].

Glucocorticoid-Induced Adrenal Insufficiency
Prolonged exogenous GC use leads to atrophy of the zona
fasciculata layer of the adrenal gland. Abrupt cessation or
insufficient tapering can result in either symptomatic acute or
insidious adrenal insufficiency (AI), often termed steroid
withdrawal syndrome. Suppression of
hypothalamic-pituitary-adrenal function by chronic admin-
istration of high doses of GCs is the most common cause.
The presentation, diagnosis, and management of
GC-induced AI are briefly summarized below.

The adrenal gland secretes *20 mg of cortisol daily, and
thus GC administration at doses greater than what is
equivalent to *5 mg of prednisone daily could cause sup-
pression of the hypothalamic-pituitary-adrenal axis, a.k.a.
secondary adrenal insufficiency (AI). Importantly, this can
occur with any route of GC administration, including topical
and inhaled. Because the adrenal gland recovers quickly
from suppression, even after large doses, the use of GCs for
less than a week is unlikely to cause AI with abrupt with-
drawal. In contrast, patients receiving doses of *20 mg of
prednisone daily (or other steroid equivalent), those receiv-
ing doses in the evenings for more than a few weeks, and
those with a cushingoid appearance, are recommended to
undergo a tapering regimen to prevent symptomatic steroid
withdrawal syndrome [106].

When evaluating a patient for suspected AI, it is impor-
tant to distinguish primary AI, such as caused by a pituitary
tumor, from secondary AI, such as caused by insufficient GC
tapering, because the evaluation and treatment can differ. In
primary AI, cortisol secretion is deficient despite the ability
to secrete ACTH. In secondary AI, deficient ACTH secretion
results in atrophy of the zona fasciculata and zona reticularis
of the adrenal gland and impaired cortisol production and
secretion. Another important difference is that secondary AI
maintains nearly normal mineralocorticoid secretion because
this function depends mostly on the renin-angiotensin sys-
tem rather than on ACTH. Collectively, these differences
form the basis of the laboratory confirmation of AI, and
ultimately, their management.

The most common clinical features of secondary AI
caused by GCs are listed in Table 19.1 [107], and include
nausea, vomiting, abdominal pain, fever, confusion or coma,
myalgia, arthralgia, and psychiatric symptoms, chronic
fatigue worsened by exertion and improved with rest, gen-
eralized weakness, anorexia, weight loss, and in the case of
adrenal crisis- hemodynamic shock. Patients with primary
AI will also have symptoms of mineralocorticoid deficiency,

including abnormal electrolytes, hemodynamics, hyperpig-
mentation (because ACTH secretion is increased), and in
women, androgen deficiency.

Distinguishing between primary and secondary AI
requires a thorough H&P and complementary laboratory
tests. A comprehensive review of laboratory tests for the
evaluation of AI is beyond the scope of this chapter, but
given the nuances of these laboratory tests and the variable
presentations of patients, the early involvement of
endocrinology is often very helpful. Notably, laboratory tests
prior to urgent treatment may not always be practical, and
work-up for possible causes of AI should be considered,
including evaluation for infection, bleeding, or metastatic
disease, which may require their own urgent empiric
treatment.

Patients in adrenal crisis or those with AI and undergoing
physiologic stress, such as trauma or surgery, frequently
require treatment with hydrocortisone at 10–15 mg/m2

(*100 mg) IV of body surface area daily (a.k.a. stress dose
steroids). Equivalent doses of IV dexamethasone are favored
if cortisol assays for adrenal function testing are being
considered. Patients may also require aggressive hemody-
namic support, intensive care monitoring, and evaluation
and treatment for possible causes of AI [108]. A response is
typically seen within 4–6 h of initiating treatment. Patients
not presenting in crisis may be empirically treated with
dexamethasone, usually 4–16 mg PO daily [109].

Infection

GC exposure can increase the risk of infection by Pneu-
mocystis jirovecii pneumonia (PJP) (formally known as
PCP), Listeria, Legionella, cryptococcus, cytomegalovirus,
and many other organisms [110–113]. Furthermore, GCs can
mask the features of acute infection, since symptoms such as
erythema, swelling, and pain are dependent on the presence
of functioning leukocytes. Lastly, they can falsely simulate
true infection by the neutrophilia caused by de-margination.
In this situation, the presence of more than 6% bandemia
substantiates true infection [114].

There are no prospective trials or guidelines for the pre-
vent of infection with GC use in malignancy; however,
common wisdom recommends minimizing the burden of
malignancy contributing to immunosuppression, using the
least dose/duration of GCs clinically necessary, and having a
low threshold for investigation of common and opportunistic
organisms. Tests of exposure, such as for tuberculosis, and
vaccinations are not routinely recommended as little is
known about the patient’s ability to mount a response [115].
The most evidence-based recommendation for patient with
brain tumors receiving GCs for more than six weeks is the
use of PJP prophylaxis with trimethoprim/sulfamethoxazole,
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dapsone, or aerosolized pentamidine, as illustrated in
Table 19.4 [116, 117].

Ocular

GCs can cause various acute ocular symptoms, including the
sensation of dry, blurry, and fatigue-prone eyes. Chronic
symptoms include increased intraocular pressure (glaucoma)
and cataracts, which head & neck radiation may further
exacerbate [118]. The use of saline eye drops, adequate rest,
surveillance for concomitant infection, and routine eye
examinations are recommended.

Cutaneous

GCs are most notoriously known for their ability to cause
cushingoid features, including striae, easy bruising, purpura,
hirsutism, alopecia, folliculitis, acne, and occasionally
hyperpigmentation [109]. With the increasing use of
chemotherapy agents that also cause various cutaneous
toxicities, such as small molecule tyrosine kinase inhibitors,
it may be challenging to correctly identify the causative
agent. Strategies to prevent or minimize cutaneous toxicities
include avoidance of harsh contacts, sunscreen, and good
hygiene. Treatment strategies include minimizing the use of
GCs and early intervention.

Chronic cushingoid features also include truncal obesity,
buffalo hump, moon face, and weight gain [119]. In addition,
chronic GCs, especially dexamethasone, impair normal
wound healing through their effect on leukocytes, collagen,
and fibroblasts [120]. This is a particular challenge to
patients and neurosurgeons during recovery from brain and
spine surgery [121].

Secondary Malignancies

Immunosuppression, regardless of whether from a genetic or
acquired cause, is associated with an increased risk of sec-
ondary malignancies. Immunosuppression resulting from

GCuse has been associated with the development of
non-melanoma skin cancer, including squamous cell and
basal cell carcinoma and Kaposi’s sarcoma [113]. Similarly,
various lympho-proliferative disorders can occur, including
PCNSL and post-transplant lympho-proliferative disorder
[122, 123]. Prevention and treatment include minimizing
immunosuppressive and carcinogenic contributors, close
surveillance, including mucocutaneous and retinal exami-
nations, and prompt intervention.

Vascular

Chronic GCs are associated with arterial hypertension
resulting from sodium retention, volume expansion, and
increased responsiveness to catecholamines [124]. Hyper-
tension develops in roughly 20% of patients treated with
steroids in a dose-dependent manner [125]. Treatment
involves limiting sodium intake and the use of antihyper-
tensive medication. Careful monitoring of electrolytes
should be undertaken, especially when antihypertensives
like thiazide diuretics are used concurrently with
antiepileptics or other agents known to effect electrolytes.
Cardiac dysrhythmias and sudden death have also been
reported with the use of high-dose pulse steroids, likely
related to electrolyte disturbances [126]. GC-induced fluid
retention can be a particular risk for patients with underlying
vascular disease and can sometimes be confused with the
presentation of lower extremity thromboembolic disease.
Once the latter is ruled out, elevation, compression hose,
range of motion, and diuretics are used for treatment.

Thrombosis

Venous thromboembolism (VTE) is also more common in
patients receiving GCs, both because of the direct throm-
bogenic effect of GCs, but also secondary to the comorbid
conditions in patients receiving them, e.g., immobility,
inflammation, cancer [127, 128]. An example of a man-
agement algorithm for symptomatic VTEs in patients with
CNS cancers is reviewed elsewhere [129].

Table 19.4 Suggested
prophylactic strategies for
patients on long-term
glucocorticoids

Use lowest effective steroid dose, for the shortest time possible

PJP infection prophylaxis: Trimethoprim/sulfamethoxazole, dapsone, or pentamidine

Skeletal health: Calcium 1500 mg/d, Vitamin D 800–1200 iu/d, consider bisphosphonate

Growth: Alternate-day steroid dosing

Muscle strength: Frequent exercise

Endocrine: Fasting glucose measurements every 6 months

Ophthalmology: Examination for cataract and glaucoma yearly
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Metabolic

Hyperglycemia affects up to 72% of patients with primary
brain tumors receiving dexamethasone [130]. This is often
asymptomatic, mild, and reversible in patients without
underlying metabolic disorders such as diabetes mellitus, but
can be symptomatic, severe, and less reversible in patients
with such disorders. The hyperglycemia from corticosteroid
therapy usually occurs within the first 6 weeks of therapy
and is believed to be secondary to insulin resistance and
increased hepatic gluconeogenesis [131]. Furthermore, as
many as 20–40% of patients with underlying glucose
intolerance receiving GCs eventually meet the criteria of
new onset diabetes mellitus [132].

Hyperglycemia has been correlated with inferior survival
in many conditions, including malignant brain tumors, even
when controlled for confounders [133, 134]. Treatment
involves institution of a diet-limiting concentrated sweets
and the judicious use of anti-hyperglycemic medications
during GC therapy.

GC use is the most common form of iatrogenic osteo-
porosis and may occur in up to 50% of patients [135]. GCs
cause a dose, duration, and age-dependent loss of 10–50% of
bone mineral density leading to GC-induced osteoporosis
(GIO). Although often asymptomatic, osteoporosis can lead
to pain, fractures, and collapse, particularly in hips, wrists,
and lumbar spine. For example, patients taking GCs for a
prolonged period can have a more than fivefold increased
risk of hip or vertebral fractures [136–138]. Causes are
multifactorial and include direct actions on skeletal cells,
reduced calcium absorption, secondary hyperparathy-
roidism, decreased gonadal hormones, and reduction in
factors that stimulate bone growth, including insulin-like
growth factor-1 and prostaglandin E2 [139]. Another cause
can be concurrent medications. For example, certain
antiepileptic medications, such as valproic acid or phenytoin,
may further promote osteoporosis, and thus consideration for
avoiding or switching these agents is warranted [140].

Treatment includes bisphosphonates, which are the most
widely evaluated treatments for GIO and are generally
regarded as the first line. Other treatments include parathy-
roid hormone peptides, daily exercise, calcium (1500 mg
daily) and vitamin D (800–1200 IU daily) supplementation
and use of pain medications [141–143]. Prevention includes
dual-energy x-ray absorption (DEXA) and vitamin D level
monitoring. Recently, a computer-based algorithm (FRAX®)
was developed by the WHO to predict an absolute fracture
risk score.

Lastly, avascular necrosis can occur in any patient on
GCs. Special attention should be given to patients on
long-term or high-dose GCs or with advanced age,

underlying metabolic disorders, previous radiation, con-
comitant bisphosphonate use or who report musculoskeletal
pain. Treatment ranges from avoidance of weight bearing to
joint salvaging operations.

Gastrointestinal

GCs increase the risk of gastritis, gastro-esophageal reflux
disease, ulceration, bleeding, and perforation. The risk is
increased with co-administration of other agents, including
anti-inflammatory drugs, certain chemotherapy agents, and
alcohol [144]. As a result, the concomitant use of
H2-blockers, proton-pump inhibitors, or coating agents have
become standard practice. Of note, it is important to select a
protective agent that does not interfere with absorption or
metabolism of prescribed medications, to acknowledge the
potential deficiency of absorption of agents and vitamins
relying on the presence of gastrointestinal acidity, and to
monitor for the development of resultant bacterial over-
growth. Chronic GC use can also cause pancreatitis,
non-alcoholic fatty liver disease, or other liver dysfunction
[145]. The latter forms the basis for the general recom-
mendation to periodically monitor liver function tests,
especially when co-administered with agents, including
chemotherapy agents such as oxaliplatin and irinotecan,
which increase this risk. Upon identification of GI toxicities,
aggressive treatment is warranted.

Hematologic

GCs reduce the levels of eosinophils, monocytes, and lym-
phocytes, but paradoxically increase the release of neu-
trophils from the bone marrow, lymphatic organs, and walls
of vessels causing neutrophilia without bandemia. Red blood
cell number and cell volume can increase but platelets are
usually less affected [146]. In the presence of GCs,
hematopoietic cells appear to have reduced access to sites of
inflammation and impaired function, as detailed in previous
sections.

Special Patient Populations

Exposure of pregnant women to supra-physiologic exoge-
nous GCs can result in obesity, fluid retention, hypertension,
and gestational diabetes. Although clinical experience and
prospective trials demonstrate that exposure of the fetus to
modest doses of GCs is usually safe, potential sequelae
include the development of adrenal suppression, abnormal
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birth-weight, potentially growth defects such as cleft lip and
palate, and potentially life-threatening hypoglycemia upon
delivery [147]. Dexamethasone and betamethasone cross the
placenta more readily than hydrocortisone and prednisone.
Careful monitoring and early intervention in the pregnant
women and their fetuses are paramount. Breast feeding
while taking GCs is considered generally safe, although
there is some excretion of the steroids in breast milk, and
thus it is generally recommended to delay for several hours
after GCingestion. Children exposed to chronic GCs are at
risk for various disorders, including osteoporosis, diabetes
mellitus, growth retardation, and cataracts [109]. Middle
aged through elderly patients exposed to chronic GCs tend to
be at elevated risk for all types of GC-related side effects and
therefore require special attention.

Central Nervous System Effects

GCs produce dose and duration-dependent cerebral atrophy
that produces unique effects across the anatomic-functional
continuum. Mechanisms underlying these effects include
alterations in metabolism, electrochemical channels, and
neurotransmitters. For example, memory and cognitive
deficits have been shown in animal studies to be the result of
structural and functional changes in dendrites and synaptic
terminals, neuron loss, and inhibition of regeneration. In
addition, GCs influence behavioral disorders, anxiety,
depression, anger, emotional liability, euphoria, insomnia,
psychosis, sun-downing, and alteration in pain and body
temperature [148]. Extended dose and duration, as well as
patients of advanced age and underlying mood and behav-
ioral disorders, represent the most risk. Discrimination
between symptoms of the condition for which GCs were
indicated and those of GCs can be challenging. Psychiatric
effects can occur in up to 60% of patients, with severe effects
in �6% [149, 150]. Psychiatric effects are dose and
duration-dependent. Early symptoms typically occur within
1–2 weeks (e.g., insomnia, emotional liability, hypomanic
and manic episodes), whereas later symptoms typically
occur after numerous weeks (e.g., depression) [151, 152].
Furthermore, GCs can also cause cognitive impairment such
as memory disturbances. Like other psychiatric side effects,
these also tend to be dose and duration-dependent and
resolve after termination of steroids [153].

Prevention and treatment of GC-induced behavioral and
psychiatric symptoms includes behavioral modification,
counseling, and medications ranging from anti-psychotics to
anti-depressants. For example, neuroleptic drugs (e.g.,
olanzapine) are known to ameliorate behavioral sequelae. In

addition, maximal separation between the administration and
sleep may be beneficial. Thankfully, almost all psychiatric
symptoms tend to resolve with cessation of steroids.

Peripheral Nervous System Effects

Diagnosis of the PNS effects of GCs is challenging because
of difficulties in discriminating them from worsening of the
primary condition for which GCs were initiated. The most
common and stereotypical is myopathy. Myopathy, classi-
cally presents as painless, symmetric, proximal motor
weakness in both the upper and lower extremities, with
preserved reflexes. Proximal muscles are most affected and
muscle wasting can ensue, especially of the pelvic girdle, the
proximal arm muscles, neck and respiratory muscles [141].

Myopathy has been reported in up to 20% of adults
receiving a wide range of dose and durations of GCs and is
usually subacute [154]. Another study reported a much
higher incidence of steroid-induced myopathy in cancer
patients (60%), but the sample size was much smaller [155].
Muscle atrophy occurs in approximately 10% of patients,
and more frequently in the elderly and those with higher
doses and durations [131].

Two distinct forms of steroid-induced myopathy are
described. The first, an acute and less common form, is a
generalized myopathy partially associated with rhabdomy-
olysis and occurs within days of steroid onset. The second, a
chronic and more common form, is a myopathy character-
ized by proximal muscle weakness and occurs over several
weeks of steroid onset [155–157].

Myopathy is especially devastating in those with
pre-existing or concomitant neurologic or muscular deficits.
Recovery from myopathy after dose reduction or tapering
may take months, and physical therapy is recommended to
attenuate the symptoms [158]. Prevention and treatment
includes minimizing use, avoidance of nervous system tox-
ins (such as vitamin deficiencies or alcohol), physical
activity, and consideration of alternate-day dosing [159].

Treatment for Toxicities

Although individual GC-induced toxicities are addressed in
above sections, a few general principles are worth men-
tioning. Any dose, duration and route of administration of
GC can produce toxicity. The risk increases with extremes of
age, health, duration, and dose. Although toxicities can
occur without warning or reversibility, the majority can be
prevented, minimized, or treated. Knowledge about GCs,
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communication between patients and providers, minimiza-
tion of use, close surveillance and prompt therapy are suc-
cessful strategies.

Future Directions and Investigations

The large number of complications associated with GCs has
led to the search for alternative therapies. For example,
corticotropin-releasing factor (CRF) has been shown in
animals to reduce peritumoral edema by a direct effect on
blood vessels through CRF 1 and 2 receptors, independent of
the release of adrenal steroids [160]. In a recent phase III
prospective randomized trial [a.k.a., Xerecept® (hCRF) trial
(Celtic Pharma, Hamilton, Bermuda)], the administration of
corticorelin acetate, a synthetic analog of human
corticotropin-releasing factor, to the interventional group of
malignant glioma patients, allowed for a statistically signif-
icant higher maximal reduction in the dexamethasone, as
compared to the control group. Furthermore, patients in the
corticorelin acetate group were less likely to experience
myopathy and cushingoid appearance [161]. Prospective
phase I–III clinical trials of hCRF suggest that it is relatively
well tolerated and may have a future role as a GC alternative.

Given extensive preclinical studies demonstrating the
important, multifaceted role VEGF plays in the pathogenesis
of peritumoral edema, several agents targeted to inhibit the
levels or actions of VEGF are currently being investigated.
Bevacizumab (Avastin®, Genentech, South San Francisco,
CA, USA), the monoclonal antibody against VEGF, is FDA
approved for the treatment of glioblastoma [162]. It has been
shown to reduce malignant brain tumor appearance on T1-w
gadolinium-enhanced MRI, as well as peritumor vasogenic
edema, and can result in improvement in neurologic symp-
toms—mimicking the mechanisms of GCs [163]. However,
approval for this indication is lacking, and both cost and side
effects preclude its widespread use. Inhibitors of VEGF
receptors, such as sorafenib (Nexavar®, Bayer, Whippany,
NJ, USA) and sunitinib (Sutent®, Pfizer, New York, NY,
USA) are also under investigation [164] as possible
steroid-sparing agents. Of note, anti-VEGF therapies have
also become incorporated (often off-label) in the treatment of
radiation necrosis, third space edema, malignant ascites,
pleural effusions, macular neovascularization, and more
recently, endolymphatic sac tumors and vestibular schwan-
nomas [165–167].

Drugs with uncertain effects on the edema surrounding
brain tumors include Boswellia serrata (an extract of Indian
frankincense), cyclooxygenase (COX)-2 inhibitors, and
angiotensin-II inhibitors [168, 169]. Prospective randomized
trials are needed to confirm the efficacy and safety of such
potential alternatives to GC therapy.

Summary

The introduction of corticosteroids over 60 years ago was a
monumental advance in the treatment of cancer—both sys-
temically and in the nervous system. GCs remain essential to
the treatment of cancer and its complications. Knowledge of
their metabolism and mechanisms of action and resistance
form the basis for their optimal use. Knowledge of how best
to prevent, surveille, and treat their potential side effects will
facilitate their optimal use. Lastly, commitments for com-
munication, patient individualization, and participation in
trials exploring improved GCuse and alternatives will secure
improved outcomes in our patients.
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20Central Nervous System Infections in Patients
Receiving Cancer Therapies

Amy A. Pruitt

Introduction

Central nervous system (CNS) infections in patients
receiving immunosuppressive therapy for cancer or other
systemic conditions complicate treatment and result in pro-
longed hospitalizations, additional diagnostic procedures,
and high mortality [1]. CNS infections present complex
diagnostic challenges for a clinician whose goal is timely
diagnosis that will ensure meaningful survival without
devastating neurologic sequelae.

These challenges, many of which occur simultaneously
for any given patient, include:

1. Classic signs of infection such as fever, headache, and
meningismus may be absent or atypical in heavily
immunosuppressed patients, particularly those receiving
corticosteroids. Conversely, as the host’s immune system
reconstitutes after effective treatment, the resultant
inflammatory response can mimic recurrent infection.

2. Multiple infections may be present concurrently.
3. The list of potential pathogens may include organisms of

low pathogenicity in the immunocompetent host. In
addition, infections such as West Nile Virus often are
especially virulent in patients with impaired immunity [2].
With increasing global travel and climate change, a range
of infections not seen often byNorth American consultants
such as Dengue and Chikungunya must be considered [3].

4. Alternate causes of fever and nonspecific encephalopathy
may include many noninfectious causes such as drug
toxicity, venous thromboembolism, CNS vasculitis,
nonbacterial thrombotic endocarditis (NBTE), and, in
transplantation recipients, engraftment syndrome, graft-
versus-host disease (GVHD), and post-transplantation
lymphoproliferative disorder (PTLD).

5. Laboratory studies may be nonspecific. In a series from
Memorial Sloan-Kettering Cancer Center, cerebrospinal
fluid (CSF) cell counts, glucose, and protein were normal
in one-third of neutropenic patients with bacterial or
fungal meningitis [4].

6. Neuroimaging may be nonspecific or may mimic
treatment-related abnormalities such as radiation necro-
sis, drug-induced leukoencephalopathy, vascular pathol-
ogy such as stroke or arteritis, or disease recurrence.

7. The ever-changing landscape of new drug combinations
and toxicities and changes in invasive procedures,
infection risk factors, drug resistance patterns, and
pathogen spectrum continues to challenge diagnostic
acumen. Just a few are mentioned in this paragraph. The
clinician must consider possible zoonotic exposures (ra-
bies, anthrax), travel (Chikungunya, Chagas, Dengue),
and vaccination status and efficacy. Methicillin-resistant
Staphylococcus aureus (MRSA) infection acquired both
nosocomially and in the community has emerged as a
major infection associated at times with an often poorly
recognized necrotizing fasciitis [5]. Appreciation for
newly recognized parainfectious complications such as
the triggering of brain autoimmunity has emerged with
the description of N-methyl-D-aspartate receptor
(NMDAR) encephalitis after herpesvirus encephalitis and
the finding of anti-Yo (Purkinje cell) autoantibody in a
patient with Bornavirus encephalitis [6, 7].

The Three-Step Diagnostic Approach

Step One: Epidemiology

Most CNS infections occur in a relatively small subset of
cancer patients, and epidemiologic clues help the consultant
to restrict the range of possible diagnoses. Patients with HCT
are a particularly high-risk group, while patients with
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leukemia or lymphoma represent more than a quarter of those
with CNS infections. Another 16% of patient with CNS
infections have primary CNS tumors [8]. The at-risk groups
can be categorized by four types of immune deficits, though
more than one may coexist at a given time in some patients:

• Barrier Disruption: Shunts, monitoring devices, ven-
tricular reservoirs, cranial surgery and irradiation, central
lines or ports, gastrointestinal surgery, urinary catheters,
and loss of cutaneous or mucosal integrity predispose to
infection by skin or gut-derived organisms. These
include bacteria such as Staphylococcus aureus or epi-
dermidis, Enterobacter, Escherichia coli, Klebsiella,
Streptococcus bovis, Propionibacterium acnes, Listeria
monocytogenes, and Acinetobacter) and fungi (Asper-
gillus fumigatus, Candida albicans). Another gastroin-
testinal pathogen that can cause gram-negative bacillary
meningitis is the nematode Strongyloides stercoralis.

• Neutropenia: Patients with neutropenia due to bone
marrow failure from a primary myelodysplastic condition
or from drug-induced depletion (for hematopoietic cell
transplantation), and radiation therapy are primarily at
risk of the bacterial pathogens Staphylococcus aureus,
Streptococcus pneumoniae, Pseudomonas aeruginosa,
and Escherichia coli. Fungal pathogens include Asper-
gillus fumigatus, Candida albicans, and Mucoraceae.
Viruses that thrive in the neutropenic host include cyto-
megalovirus (CMV), herpes simplex type I (HSV),
human herpesviruses (HHV) 6 and 7, blood transfusion-
associated infections such as adenoviruses, and West
Nile Virus (WNV).

• B Lymphocyte/Immunoglobulin Depletion: Patients with
chronic lymphocytic leukemia, multiple myeloma,
splenectomy, lymphoplasmacytic lymphoma, and ther-
apy with the CD20 monoclonal antibody rituximab are at
special risk of bacterial infections with S. pneumoniae,
Haemophilus influenzae, Klebsiella, and Pseudomonas.
Viruses such as measles and enteroviruses will have
particularly virulent courses in such patients who are also
at risk of progressive multifocal leukoencephalopathy
(PML) from the John Cunningham virus (JCV).

• T Lymphocyte/Macrophage Deficiency: The growing
group of patients with heavily treated lymphomas,
hematopoietic cell transplants and immunosuppressive
therapies with corticosteroids, calcineurin inhibitors
(cyclosporine, tacrolimus) bortezomib, alemtuzumab,
mycophenolate, fludarabine, and cladribine are at risk of
various viral infections including CMV, HSV, Varicella
zoster virus (VZV), JCV, Epstein–Barr virus (EBV),
HHV 6,7, and Adenovirus. Fungi such as Cryptococcus
neoformans, Aspergillus, Candida, Mucoraceae, and
Pseudoallescheria boydii affect this population as do the

parasites Strongyloides and Toxoplasma gondii. Bacteria
particularly likely to infect this group include Listeria
monocytogenes, Nocardia asteroides, Mycobacterium
tuberculosis, and Treponema pallidum (in HIV patients).

Step Two: Clinical Syndromes

While many patients with CNS infections will present with
diffuse signs and symptoms such as headache and altered
sensorium without localizing features, the presence of
specific focal signs may suggest specific tropisms that offer
important etiologic clues. Figure 20.1 offers an algorithm for
differential diagnosis based on clinical syndromes and
imaging studies. Meningeal signs without focal findings are
typical of most infections due to bacteria, Candida, or
Cryptococcus. Abscesses causing focal deficits are more
likely to be caused by Nocardia or Aspergillus, whereas
subdural or extradural empyemas are usually of bacterial
etiology. Ischemic or hemorrhagic infarctions raise the
specter of VZV, infective endocarditis, Aspergillus, or
Mucoraceae. Other processes target the brainstem, spinal
cord, or temporal lobes (“limbic encephalitis”). Thus, the
clinician moves quickly to confirm initial impression with
neuroimaging and CSF examination as indicated.

Given the inherent variability in CNS infection presen-
tations, it is hazardous to place too much emphasis on the
specific tropisms of pathogens, most of which can infect
multiple sites simultaneously or sequentially. However, the
presence of an exclusively brainstem, cerebellar, or spinal
cord syndrome at times helps to narrow infectious
possibilities.

Brainstem
Infectious conditions that preferentially affect the brainstem
include Listeria (rhombencephalitis) and JCV-associated
PML. However, noninfectious brainstem disorders including
osmotic demyelination, Wernicke encephalopathy, lym-
phoma, and chronic lymphocytic inflammation with
peripontine enhancement responsive to steroids (CLIP-
PERS) enter into the differential as well.

Cerebellum
Infectious pathogens that frequently or preferentially affect
the cerebellum include Listeria, VZV, JCV and Creutzfeldt–
Jakob disease. All but the last on this list are of relevance to
potentially infected cancer patients. Acute postinfectious
cerebellitis, more common in children and young adults,
follows infections with EBV, influenza A and B, VZV, and
other viruses, but is not a problem particular to the cancer
population considered here. Some fungi such as Aspergillus
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have a tropism for the posterior circulation [9]. In
JCV-associated granule cell neuronopathy, the affected
cerebellar neurons produce a pure cerebellar syndrome of
ataxia, tremor, and nystagmus [10].

Spinal Cord Infections
Infectious processes with a predilection for spinal cord
involvement can be divided into those that produce a com-
pressive myelopathy versus those that have root or
parenchymal involvement that may occur in the course of a
meningoencephalitis [11]; epidural cord compression is
usually bacterial or occasionally fungal. The herpes family
including herpes simplex virus types 1 and 2, Varicella
zoster virus, cytomegalovirus, and human herpesvirus 7
causes spinal cord dysfunction both by direct infiltration
after reactivation in the dorsal root ganglia with detectable
CSF viral DNA and by inciting a vigorous, damaging
inflammatory response. Enteroviruses (EV), most recently
EV 71 and EV D68, generally produce a self-limited illness

in noncompromised hosts but can produce paralytic disease
whose severity is worse in immunocompromised patients.
West Nile Virus with an ascending acute poliomyelitis or
ventral root infection can present as acute flaccid paralysis,
and such infection is usually more severe in immunocom-
promised patients. Human T cell leukemia virus-1 (HTLV1)-
associated myelopathy transmitted after living donor liver
transplant has been described [12]. JCV-associated PML
isolated to the spinal cord has been reported [13] as has
paraneoplastic-isolated myelopathy resulting in some
instances in a lateral spinothalamic tract “tractopathy” [14].

Noninfectious processes that produce a longitudinally
extensive transverse myelitis include PRES and paraneo-
plastic disorders such as neuromyelitis optica (NMO),
occasionally reported as a paraneoplastic phenomenon in
patients with metastatic cancer. Underlying neoplasms have
included metastatic carcinoid and lung cancer [15]. Parane-
oplastic NMO usually occurs at an older age than does the
idiopathic variety (55 years vs. 39 years) [16].
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CT or MRI (preferable)

Normal or nonspecific
consider EEG

Mucor
Aspergillus
Pseudomonas

Tumor

PML

PRES
ADEM
IRIS
Drugs
CAA
Radiation injury
GvHD

VZV
IE
Vasculitis
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Chagas

HSV1,2
HH V6

AMPAR
NMDAR
VGKC
Anti-Hu, Ma2
Repetitive seizures

Listeria
VZV
WNV
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Wernicke's
Osmotic
   demyelination
Anti-Hu,Ma2
Whipple’s
NMO

VZV,HSV2
WNV
Aspergillus
 HTLV1
 HHV7
 Epidural abscess
Enterovirus 71
Schistosomiasis
Radiation injury
Metastasis
NMO

WNV
E/WEE
EBV

T.gondii

Preferred directed testing: Serology

Lyme ELISA
Reduced serum:CSF Antibody ratio
        for VZV or Lyme
HIV
Toxoplasma gondii
>4 fold rise in antibodies to
     seasonal arboviruses
P. falciparum,T.cruzi*
Galactomannan (Aspergillus)

Lumbar Puncture

(if no MRI contraindication or coagulopathy)
WBC/differential, glucose, protein, Gram stain
Cryptococcal antigen
PCR: enterovirus,HSV1, 2, VZV, HHV6,7, EBV
Cultures: bacterial, AFB
Antibodies: IgM: WNV, IgG VZV*, HSV1*
Galactomannan (Aspergillus) mannan (Candida)
Histoplasmosis Ag, Coccidiodomycosis Ab
Cytology and flow cytometry
Paraneoplastic antibodies according to symptoms
Metagenomic testing (investigational)

Appropriate surgical
or medical procedure

Mass Sinusitis Leukoence-
phalopathy Stroke Limbic Basal ganglia Brainstem Spinal cord

CBC, blood cultures, coagulation parameters (PT/INR)
If bacterial meningitis suspected, dexamethasone 10mg IV q6h
Empiric antibiotics per Infectious Disease recommendations 

Abscess
(bacterial)
Nocardia

EBV/PCNSL
Cysticercus
TB
ADEM
IRIS
XRT
   pseudoprogression
XRTnecrosis
Tumor

Tumor
Coagulopathy
Atherosclerosis
Radiation injury
Methotrexate toxicity

Fig. 20.1 A general approach to suspected CNS infection in a patient
immunocompromised by cancer and its therapies involves basic blood
tests and an urgent imaging procedure, preferably MRI, before directed

testing with lumbar puncture and additional serologies. For patients
with normal MRI scans but impaired level of alertness, continuous EEG
is advised
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Extra-CNS Sites
General physical examination may disclose abnormalities
outside the CNS that can help with diagnosis. This discus-
sion is necessarily incomplete, but examination of eyes, skin,
and lungs should be the main focus of consultants’ attention.
Ocular examination can be useful in diagnosing Varicella
zoster and Aspergillus. Skin examination may disclose a rash
or other lesion that when biopsied could confirm the pres-
ence of Cryptococcosis, Aspergillosis, VZV, or HSV. Since
the lungs are the portal of entry for many fungal and bac-
terial pathogens, chest X-ray or chest computed tomography
is additional valuable modalities.

Step Three: Investigations

Because of the numerous possibilities for mass lesions and
frequent paucity of specific signs and symptoms, all
immunocompromised patients should have at least a
screening head CT before lumbar puncture and many will
benefit from MRI investigation [17, 18].

Neuroimaging
As indicated in Fig. 20.1, an initial triage strategy begins
with neuroimaging, preferably MRI scanning, and then
considers possible pathogens by sites, recognize that there
are always exceptions. While MRI is an invaluable addition
to the diagnostic process, there are many pitfalls:

1. The use of corticosteroids reduces contrast enhancement
on both CT and MRI.

2. Renal insufficiency or contrast allergy may preclude
contrast use.

3. Diffuse dural or meningeal enhancement can be seen after
repetitive seizures as can parenchymal signal abnormali-
ties on fluid-attenuated inversion recovery (FLAIR)
sequences in affected areas. Additionally, a recent lumbar
puncture with low intracranial pressure can cause dural
enhancement as can neoplastic or chemical meningitis.

4. Increased fluid-attenuated inversion recovery (FLAIR)
signal intensity in the subarachnoid space could suggest
proteinaceous fluid such as blood or pus, but is also
frequently seen in patients ventilated with high partial
pressure of oxygen.

5. Ring-enhancing lesions are nonspecific and can represent
abscesses or tumor recurrence, or pseudoprogression in
patients treated with radiation and concurrent temozolo-
mide [19]. They can also be seen days to weeks after a
hemorrhage or can represent demyelinating lesions in the
appropriate situation.

6. Because gadolinium-enhanced sequences may be non-
specific, diffusion-weighted imaging (DWI) has been
invoked to improve distinction between infections and

other processes, though increased cellularity as seen with
CNS lymphoma also can produce significant diffusion
restriction. Restricted water diffusion is seen in fungal
and bacterial abscesses, and purulent ventricular fluid is
similarly hyperintense (Fig. 20.2a–f). Magnetic reso-
nance angiography (MRA) would be most useful in
evaluating potential aneurysms in suspected Aspergillus,
arteritis associated with VZV or Mucormycosis.

Electroencephalography
Seizures are very common during CNS infections, so EEG
may be useful in explaining altered mental status and
long-term monitoring should be encouraged in any unre-
sponsive patient with CNS infection. In one study, seizures
or paroxysmal epileptic discharges occurred in nearly half of
patients and were independently associated with poor
prognoses. Half of the patients with seizures had no obvious
clinical correlation on bedside examination [20].

Cerebrospinal Fluid
If there is no intracerebral lesion that contraindicates lumbar
puncture and if clotting factor or platelet support is provided
for cytopenic patients, this procedure can be useful when
employed properly. Absolute CSF white blood cell count
and differential are less useful than in the noncancer popu-
lation. Not only can bacterial processes evoke very little
inflammation in the heavily immunosuppressed cytopenic
patient, but lymphocytic pleocytosis can have many nonin-
fectious etiologies including drug reactions to nonsteroidal
anti-inflammatory drugs, valacyclovir, azathioprine, isoni-
azid, intravenous immunoglobulin (IVIG) intrathecal
chemotherapy, and lamotrigine. Disease states that can
evoke a CSF pleocytosis include prolonged status epilepti-
cus, arachnoiditis, and neoplastic meningitis.

Expeditious discovery of an infectious etiology for
meningoencephalitis in this population can be challenging.
Polymerase chain reaction (PCR) testing is expensive and
time-consuming, and cultures may require prolonged incu-
bation. Metagenomic deep sequencing (MDS) approaches,
still investigational and not readily clinically available, are
beginning to yield specific etiologies as this powerful diag-
nostic tool demonstrates potential for rapid and unbiased
pathogen identification [21, 22].

Appropriate Use of Polymerase Chain
(PCR) Reaction Testing
It is important to note that the confirmation of a viral infection
by PCR can be done when the patient is seen early in the
course of an infection due to a herpesvirus or other pathogen,
but that if the patient is seen more than 7–10 days after onset
of symptoms, the better test is a comparison of intrathecal
pathogen-specific antibody level with concurrent serum
antibody. This is particularly true for herpesvirus infections
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in which a negative PCR could lead to discontinuation of
acyclovir in the presence of an active infection [23].

Brain or Leptomeningeal Biopsy
This procedure ideally should be reserved for situations in
which an invasive procedure might lead to both specific
antimicrobial diagnosis and therapeutic advantage such as
debridement of a suspected fungal sinus infection or brain or
spinal abscess drainage. As a procedure of last resort, sam-
pling of an area of meningeal or parenchymal enhancement
is likely of higher yield than targeting areas without contrast
enhancement. Subcubic centimeter stereotactically biopsied
lesions have a lower yield than larger lesions for which
diagnostic yield exceeds 90%, though the former still suc-
ceeds in providing a diagnosis in 76.2% of procedures [24].

High-Risk Patient Groups

Neurosurgery-Related Infections

Patients with primary and secondary brain tumors account
for up to one-quarter of CNS infections that occur among
cancer patients. Bacterial meningitis due to a combination
of barrier disruption, T cell immunity deficits due to
corticosteroids, and poor wound healing after radiation
therapy or multiple craniotomies predispose to this serious
infection. Bacterial abscesses with or without subdural
empyema usually occur within one month of craniotomy,
but indolent skin-derived organisms can produce
symptomatic infection many months to years after the
surgery [25].

Fig. 20.2 MRI diffusion-weighted (DWI) imaging sequences are most
frequently used in stroke evaluation, but DWI is useful for diverse
infections as well. a shows gadolinium-enhanced T1 sequence of two
mass lesions that were found to be Nocardia asteroides. These
infections are hyperintense on DWI (b), as is the large right temporal
abscess in a patient with colon cancer whose operation was complicated

by endocarditis with E. coli (c). The possibility of VZV-related stroke
was raised by the MRI sequence in d and led to appropriate testing for
VZV vasculopathy. e shows diffusion positive CSF in a patient with S.
aureus meningitis, and f shows the characteristic cortical hyperintensity
of a prion disease, Creutzfeldt–Jakob disease
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Three clinically important, yet often hard to recognize
syndromes should be recognized among patients with brain
tumors:

1. Tumor cavity-implantable carmustine-containing wafers
are approved for treatment of high-grade astrocytic
tumors both at initial diagnosis and at recurrence. These
induce a significant cerebritis with accompanying vaso-
genic edema. A characteristic “Swiss cheese-like”
appearance in addition to a more typical ring-enhancing
abscess has been described [26].

2. Radiation therapy exacerbates wound-healing problems,
a risk further compounded with the advent of beva-
cizumab, and other vascular endothelial growth factor
(VEGF) inhibitors. These agents should not be used
within one month before or after surgery as they lead to
an incidence of wound-healing problems that is 3.5-fold
greater than that seen without VEGF therapies [27].

3. Radiation therapy with or without concomitant
chemotherapy with temozolomide can predispose patients
to reactivation of herpes simplex virus or, less commonly
cytomegalovirus (CMV) with resultant encephalitis. HSV
reactivation also has been related to anti-epileptic hyper-
sensitivity reactions [28, 29].

Hematopoietic Cell Transplantation (HCT)

Approach to the diagnosis of potential CNS infections in
transplantation patients involves consideration of the disease
for which the procedure was performed, the specific
pre-transplant conditioning regimen or other therapies, and,
most importantly, the interval from the transplant to the
presenting clinical syndrome. In one large retrospective
study of allogeneic HCT, almost 70% of clinically signifi-
cant neurologic complications and 86% of all episodes of
posterior reversible encephalopathy syndrome (PRES)
occurred within the first 100 days after the procedure [30].
Table 20.1 presents a summary of neurologic complications
whose main point can be reduced to the fact that that
transplantation patients present a remarkable array of diag-
nostic possibilities and that, while the specific complications
vary with indication for and type of procedure, many
infections and their mimics are common to all types of
transplantation and associated medications and it is the time
out from transplantation that helps to weight diagnostic
priorities [31, 32]. Here the focus will be on infections
associated with commonly used immunosuppressive regi-
mens, including corticosteroids, mycophenolate, cyclospor-
ine, tacrolimus, rituximab, and alemtuzumab. Other
complications of HCT are covered in Chap. 18.

Early Period Infections (Less Than 30 Days After
Transplantation)
During this period of neutropenia, major concerns are bac-
terial, viral or fungal infections, donor or nosocomially
acquired infections, and reactivation of preexisting infec-
tions (such as neurocysticercosis or toxoplasmosis).
Emerging viruses and new patterns of infections that should
be considered include donor-derived West Nile Virus, lym-
phocytic choriomeningitis virus, HTLV 1-associated myeli-
tis, and rabies [33, 34]. This last pathogen usually surfaces
within a month of transplantation, but recently it has been
recognized that rabies can strike the recipient many months
after infection by donor tissue [35–37].

A clinical problem specific to HCT is engraftment syn-
drome characterized by rash, fever, and headache 2–4 weeks
following transplantation as the absolute neutrophil count
begins to rise. The major differential entity here is
post-transplant acute limbic encephalitis (PALE) caused by
human herpesvirus 6 (HHV6) and accompanied by amnesia,
hyponatremia, CSF pleocytosis, and abnormal EEG [38].
HHV6 is discussed in greater detail in the specific pathogens
section of this chapter.

Middle Period Infections (1–6 Months After
Transplantation)
Patients more than one month post-HCT remain at risk of
invasive fungal infections. Toxoplasma gondii may resurface
as encephalitis or as multiple ring-enhancing lesions, often
deep in corona radiata and basal ganglia. VZV may emerge
during this period despite valacyclovir prophylaxis, and
PML begins to become a risk several months after HCT.
EBV infection can occur at any point post-transplantation.

Late Period (>6 Months Post-transplantation)
Late complications of transplantation include secondary
neoplasms such as melanoma and lymphomas as well as
astrocytoma or meningioma in patients who have received
cranial irradiation as part of their conditioning regimen.
VZV, PTLD, and PML remain possibilities. The CNS is
rarely the site of graft-versus-host disease (GVHD), but
when this question arises biopsy is necessary and in the few
patients so investigated there have been mature lymphohis-
tiocytic inflammatory infiltrates with perivascular cuffing
and without viral cytopathic changes [39].

Hematologic Malignancies Treated Intensively
but Without Transplant

As intensive chemotherapy regimens for hematologic
malignancies have produced long-term survivors of hema-
tologic malignancies, the risk of CNS infection has risen in
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patients who do not undergo transplantation. Such patients
are often in hospital for extended periods and are at risk of
sepsis from intravenous lines and Candida bacteremia.
Necessary transfusion support for chemotherapy-induced
cytopenias carries attendant risk of transfusion-transmitted
disease caused by protozoa, prions, hepatitis virus,
HIV CMV, EBV, HHV8, Cryptococcus, and Trypanosoma
cruzi (Chagas disease) [40].

Several drugs used in these situations such as fludarabine,
cyclophosphamide, methotrexate, mycophenolate, alem-
tuzumab, and rituximab carry defined increased risk of
specific infections. Fludarabine and mycophenolate are
particularly associated with PML because they deplete T
lymphocytes. Rituximab-associated infectious complications
are discussed elsewhere in this chapter. Alemtuzumab,
recently approved for therapy of multiple sclerosis, has long
been used as induction therapy for solid organ and HCT, for
treatment of rejection after HCT, and for chronic lympho-
cytic leukemia. Patients receiving the drug for rejection as
opposed to as induction therapy have increased risk of
developing an opportunistic infection including invasive
fungal infections, HHV6, Listeria meningitis, CMV viremia,
and Guillain Barre syndrome or myelitis due to VZV or
HHV7 [41, 42].

Clinical Manifestations and Management
of Specific Infections

In this section, common clinical variants and therapeutic
strategies for several commonly encountered infections are
summarized. Specific antibiotic recommendations are not
offered as institutional variability in antibiotic resistance, and
nosocomial trends must be respected. Neurologic consul-
tants should work with their own institutional infectious
disease departments to assure appropriate coverage for
pathogens based on institutional antibiotic resistance and
nosocomial trends.

General Medical Management Issues

Two major medical management issues present opportuni-
ties for effective neurologic consultative advice:

1. Corticosteroid supplementation may be necessary, as
many cancer patients may have been treated with large
doses of corticosteroids as part of their cytotoxic regi-
mens in the recent past. When stressed with an acute
infection, some will have insufficient adrenal reserve that

Table 20.1 Time course of neurologic complications of hematopoietic cell transplantation

Time from
transplant

Infectious conditions Noninfectious conditions

Conditioning
and infusion

Drug-related encephalopathy
(busulfan, etoposide, ifosfamide, methotrexate, cytosine arabinoside),
DMSO-related stroke, PRES, seizures, intracranial hypotension
post-LP

<1 month,
neutropenic
period

CMV
HHV-6
Aspergillus
Toxoplasmosis
Infections acquired from donor tissue: LCMV,
WNV, rabies, adenovirus, Coxsackie B4
From IV lines: Candida

Engraftment syndrome
Delirium due to organ failure
Seizures: cefepime, imipenem
PRES: cyclosporine, tacrolimus > sirolimus
Parkinsonism: Amphotericin B, valproate
SDH or SAH due to coagulopathy
Intraparenchymal brain hemorrhage

1–6 months Aspergillus
HHV-6
HSV
PML
PTLD
Toxoplasmosis
VZV

ADEM
Osmotic demyelination syndrome
IRIS
GVHD

>6 months VZV
CMV
PML
EBV-associated PTLD
Aspergillus
Mucoraceae

Autoimmune: graves, sarcoidosis, demyelinating
IRIS
GVHD (polymyositis, myasthenia, CIDP)
Secondary malignancy
Disease relapse

ADEM acute disseminated encephalomyelitis, CIDP chronic inflammatory demyelinating polyneuropathy, CMV cytomegalovirus, EBV Epstein–
Barr virus, GVHD graft-versus-host disease, HHV human herpesvirus 5, IRIS immune reconstitution inflammatory syndrome, LCMV lymphocytic
choriomeningitis virus, PRES posterior reversible encephalopathy syndrome, PTLD post-transplant lymphoproliferative disorder, SAH
subarachnoid hemorrhage, SDH subdural hematoma, WNV West Nile Virus
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can present as hypotension unresponsive to volume
repletion requiring urgent intravenous hydrocortisone
[43, 44].

2. Seizures complicate treatment of many patients with
meningoencephalitis or infectious mass lesions. Some
may be isolated events due to toxic drug reactions
(Table 20.2), metabolic or electrolyte abnormalities, or
posterior reversible encephalopathy syndrome (PRES)
and therefore will not require long-term anti-seizure
medicine. However, other pathologies in the cancer
population such as bland or hemorrhagic cerebrovascular
disease, venous sinus thrombosis, or abscess may carry
longer-term seizure risks. Choice of anti-epileptic drug
(AED) should weigh interactions between seizure
treatment and ongoing cancer or transplant immunosup-
pressive therapy [45]. Phenytoin, fosphenytoin, carba-
mazepine, oxcarbazepine, and phenobarbital are potent
hepatic enzyme inducers that can reduce blood levels of
many chemotherapeutic agents, including corticosteroids
and immunosuppressives such as tacrolimus and
cyclosporine. Phenytoin and valproate are heavily
protein-bound and so in patients with low serum albumin
levels, free level drug measurements are indicated.
Levetiracetam, available orally and parenterally, has the

advantage of rapid onset of activity and absence of sig-
nificant protein-binding or hepatic enzyme induction.
However, up to 5% of levetiracetam-treated patients may
experience adverse neuropsychiatric effects including
psychosis that can mimic behaviors associated more
commonly with corticosteroid-induced psychiatric prob-
lems. Lacosamide shares similar advantages with leve-
tiracetam over the older AEDs and does not carry the
psychiatric adverse effect risk. Renal failure may reduce
clearance of both of these AEDs, and, as hemodialysis
removes small nonprotein-bound drugs, dosing must
be adjusted for renal failure and supplementation
after dialysis should conform to manufacturers’
recommendations.

Bacterial Meningitis

Streptococcus pneumoniae (S. pneumo) meningitis remains
the most common community-acquired meningitis, and a
quarter of such patients have an immunocompromising
condition [46]. Nosocomially acquired meningitis includes a
larger percentage of patients with gram-negative and MRSA

Table 20.2 Neurologic
toxicities of antimicrobial and
immunosuppressive agents

Neurologic problem Potential causative agentsa

Seizures Penicillin G, imipenem, aztreonam, gentamicin ciprofloxacin,
ofloxacin, cefepime, ceftazidime metronidazole, amphotericin
B, acyclovir, foscarnet, meropenem, praziquantel, tacrolimus,
cyclosporine

Potentiation of neuromuscular
junction transmission blockade

Aminoglycosides, cephalosporins

Pseudotumor cerebri Minocycline, tetracycline, tacrolimus

Ototoxicity/vestibular toxicity Vancomycin, aminoglycosides, erythromycin, tacrolimus

Delirium Cefepime, ceftazidime, ciprofloxacin, ofloxacin, metronidazole,
foscarnet, praziquantel, amphotericin B

Visual hallucinations Voriconazole

Extrapyramidal signs Amphotericin B

Headache Ciprofloxacin, ofloxacin, fluconazole, itraconazole, foscarnet,
praziquantel, trimethoprim/sulfamethoxazole

Dizziness/Cerebellar signs Metronidazoleb, aminoglycosides, minocycline, isoniazid,
fluconazole, itraconazole, varicella vaccine

Lymphocytic meningitis Trimethoprim/sulfamethoxazole, cephalosporins, IV
immunoglobulin, valacyclovir

Optic neuropathy Ethambutol, linezolid

PRES Linezolid, roxithromycin, tacrolimus, cyclosporine

Serotonin syndrome Linezolid (with selective serotonin reuptake inhibitors or
serotonin–norepinephrine reuptake inhibitors)

Tremor Acyclovir, cephalosporins, tacrolimus, cyclosporine
aAgents in bold have particularly strong association
bDentate nucleus abnormal, usually reversible
Data updated and modified from Pruitt [17]
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infections [47]. Patients with active cancer have a several
fold increased risk of bacterial meningitis compared to
patients without cancer and may have lower peripheral blood
and CSF leukocyte cell counts. Coverage of immunocom-
promised patients with bacterial meningitis must include
Listeria, and, for patients recently in the hospital,
gram-negative aerobic organisms. Based on Dutch studies
demonstrating decreased mortality for gram-positive
meningitis patients receiving corticosteroids, current rec-
ommendations for dexamethasone use prior the first dose
antibiotics (10 mg every 6 h for 4 days) [48].

Although the overall incidence of neurosurgical infec-
tions appears to be decreasing in most centers, cancer
patients undergo the procedures most likely to be compli-
cated by infections. Patients having spinal tumor biopsy or
CSF shunting remain a group at highest risk of infection. In
one series, half of all infections were associated with shunt
or Ommaya reservoir placement [49]. In these situations,
removal of drains and intrathecal instillation of antibiotics
can be considered in addition to recommended antibiotics
appropriate to institutional resistance patterns.

Other Nosocomial Bacterial Infections

Brain Abscess
Risk factors for postoperative bacterial brain abscess are
similar to those associated with meningitis: postoperative
bone infections, septicemia, dental caries, and ear and pha-
ryngeal infections. S. aureus is the most common postop-
erative pathogen, but other organisms more likely in cancer
patients than in the general neurosurgical population require
consideration: These include T. gondii, Taenia solium,
Aspergillus, Mucoraceae, Histoplasma capsulatum, and
Nocardia asteroides. Surgical intervention may be necessary
for diagnosis or therapy in abscesses greater than 2 cm in
maximal diameter. Some critical care specialists use steroids
for short-term vasogenic edema management. Most consul-
tants agree that no AEDs need be given prophylactically.

Infective Endocarditis
Twenty-five percent of patients with infective endocarditis
(IE) have had recent health care contact. S. aureus, the most
common causative organism, is associated with the highest
mortality among bacterial endocarditis pathogens and is also
associated with the highest risk of stroke. In-hospital mor-
tality from all-cause IE is 14–20% [50].

Invasive Fungal Infections

Invasive fungal infections are among the most feared
complications of chronic immunosuppression. The most

common infections are Aspergillosis, Cryptococcosis,
Mucormycosis, and Candidiasis. Prophylactic, empiric, and
targeted strategies remain incompletely successful often
because of delayed diagnosis. Invasive fungal infections can
present with abscess or infarction due to hematogenous
dissemination from extracranial, particularly pulmonary,
sites. Extension from adjacent sinuses can produce an optic
neuropathy sometimes mistaken for steroid-responsive giant
cell arteritis [51].

Fungal infection can be suspected based on clinical pre-
sentation. An important and common syndromic constella-
tion is persistent headache, visual changes, and cranial
neuropathies in neutropenic patients with sinus disease. All
neurologic consultants should recognize and pursue such
symptoms vigorously with MRI, MRA, CSF sampling, and,
when necessary, sinus debridement for diagnosis.

Neuroimaging of fungal infections provides valuable
clues. Hyperintensity on FLAIR sequences in the basal
cisterns and subarachnoid space, sometimes with contrast
enhancement, suggests infection. High viscosity and cellu-
larity of fungal pus lead to early reduced diffusion that can
precede enhancement [52]. Aspergillosis, an angioinvasive
organism, can produce hemorrhagic infarction (Fig. 20.3a–
f). Cryptococcosis tends to produce pseudocysts in the basal
ganglia. Mucormycosis, like Aspergillosis, can spread from
the sinuses, producing frontal lobe abscesses and infarction.
Candidiasis more often produces multiple microabscesses.

Aspergillosis
Cancer patients at most risk of rapidly fatal Aspergillus-
related infections are those with acute myeloid leukemia,
myelodysplastic syndromes, allogeneic HCT recipients
[especially those with active graft-versus-host disease
(GVHD)], patients with longstanding intravenous lines, and
those receiving long-term corticosteroids or conditioning
regimens that include fludarabine or alemtuzumab [53].
Neutropenia lasting longer than 10 days with a neutrophil
count less than 500/lL is the most important risk factor.
High-risk patients should be monitored with daily serum
galactomannan antigen that can be detected in serum up to a
week before abnormal chest radiographic or clinical symp-
toms. Aspergillus species invade the internal elastic lamina
of arteries leading to focal microhemorrhage or mycotic
aneurysm formation. Fungal components also can occlude
vessels leading to infarction with hemorrhagic transforma-
tion with a predilection for small perforating arteries of the
basal ganglia, thalamus, and corpus callosum. Since infarc-
tion of the corpus callosum is rarely seen in noninfectious
thromboembolic infarction or pyogenic infection, its pres-
ence should suggest Aspergillosis [54]. In a series of 14
cases from a single institution with an additional 123
literature-based cases, lung was the primary focus with
paranasal sinuses nearly as common. Mortality with medial
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treatment alone was 60–100%, whereas those able to have
surgical procedures that ranged from orbital exenteration to
dural biopsies and abscess drainage had about a 25% mor-
tality. Selection bias in favor of healthier patients undergoing
surgery was a confounding factor in this retrospective study
[55]. The treatment of choice is voriconazole [56].

Cryptococcus Neoformans
Cryptococcus is the most frequent cause of lymphocyte-
predominant meningitis in HIV patients. In patients
immunocompromised by cancer or its treatment, particularly
when corticosteroids are used, meningitis can be either acute
or quite indolent. Markedly elevated intracranial pressure or
direct optic nerve invasion can lead to visual compromise.
Gradually developing hydrocephalus, at times requiring
repetitive lumbar punctures or ultimately ventriculoperi-
toneal shunting, occurs frequently. Cell counts may be

misleading in significantly immunocompromised patients,
whereas cryptococcal polysaccharide antigen in CSF is a
sensitive and specific diagnostic modality. Treatment
requires both acute combination therapy (amphotericin B
and flucytosine) and lifelong prophylaxis in immunocom-
promised patients. Immune reconstitution-related exacerba-
tion of symptoms has been observed after successful
cryptococcal treatment.

Viral Infections

Table 20.3 summarizes many viruses and associated clinical
parameters to be considered by clinicians consulting on
oncology or transplantation services. The most important of
these is Varicella zoster virus (VZV) whose diversity of
clinical manifestations makes diagnosis difficult.

Fig. 20.3 Aspergillus fumigatus. MRI findings can be nonspecific,
though often in the posterior circulation as seen in the fluid-attenuated
inversion recovery (FLAIR) (a, c) and gadolinium-enhanced
T1-weighted sequences (b). Diffusion-weighted imaging (d) suggestive

of infarction by this angiotropic fungus and FLAIR images show
increased signal in the subarachnoid space consistent with infection or
blood (e). f shows a catastrophic hemorrhage form an infectious
aneurysm due to Aspergillus
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Varicella Zoster Virus (VZV)
VZV is an exclusively human neurotropic herpesvirus
causing chicken pox in primary infection and later becoming
latent in cranial and spinal sensory ganglia. Patients on
long-term corticosteroids, a group that includes many pri-
mary brain tumor patients, are the largest at-risk group. The
diverse spectrum of VZV-associated neurologic disorders

includes the most common syndrome of dermatomal VZV
with its associated risk of postherpetic neuralgia. Other
complications comprise infratentorial and supratentorial
stroke, retinal necrosis, pontine myelitis, cerebellar ataxia,
cranial and spinal neuropathies, and spinal cord infarction
[57]. Up to 35% of patients with VZV vasculopathy have no
rash, and many have no CSF pleocytosis [58]. Diagnosis is

Table 20.3 Overview of viral infections in cancer patients

Virus Disease and/or therapy-related risk group Clinical manifestations Diagnostic tests

Varicella zoster
(VZV)

Glucocorticoids, calcineurin inhibitors,
TNF-alpha inhibitors
bortezomib
HCT/SOT

Dermatomal or
disseminated skin rash
Zoster sine herpete
Strokes
Cranial neuritis (V, VII,
III, IX, X)
Transverse myelitis
Cerebellar ataxia
Necrotizing retinitis
Delayed ischemic optic
neuropathy
Postherpetic neuralgia

Biopsy skin lesions
CSF: PCF or
IgG antibody reduced serum to CSF
anti-VZV IgG ratio

Herpes simplex
type I

Cranial irradiation
HCT/SOT

Seizures, limbic features
Unmasking of NMDA
receptor encephalitis

Characteristic MRI may be less
common in immunocompromised
CSF PCR 24 h to 10 days; IgM
antibody after 10 days

Cytomegalovirus
(CMV)

Alemtuzumab, rituximab, cyclosporine,
anti-thymocyte globulin, HIV, HCT/SOT

Retinitis
Cauda equina
polyradiculitis
or myelitis
Encephalitis,
Increased risk of Listeria
and EBV
Hepatitis B and C
reactivation

CSF: PCR

Human herpes
virus type 6

HCT, alemtuzumab, anti-thymocyte globulin
Hypersensitivity reaction to phenytoin or
carbamazepine

Limbic encephalitis
Hyponatremia
Seizures,
Cytomegalovirus
reactivation
Thrombocytopenia

CSF PCR
Attention to possible chromosomal
integration (see text)

Human herpes
virus type 7

HCT Optic neuritis
Transverse myelitis
Cytomegalovirus
reactivation

CSF: PCR

JC virus Fludarabine, Rituximab
Methotrexate, Mycophenolate, Corticosteroids

PML
Granule cell
neuronopathy
Encephalitis
PML/IRIS

CSF: PCR, brain biopsy

Epstein–Barr
virus (EBV)

Graft-versus-host disease
HCT/SOT
Anti-thymocyte globulin
Azathioprine

Meningoencephalitis
Post-transplant
lymphoproliferative
disorder
Primary CNS lymphoma
Parkinsonism
Transverse myelitis

Quantitative serum PCR
CSF: PCR

EBV Epstein–Barr virus, HCT hematopoietic cell transplantation, PCR polymerase chain reaction, PML progressive multifocal
leukoencephalopathy, SOT solid organ transplantation
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based on either biopsy of skin lesions, CSF PCR, or mea-
surement of anti-VZV IgG antibody in the CSF compared to
that of serum with serum to CSF IgG ratio of less than 20
indicative of intrathecal infection.

Recent clinico-virologic studies of temporal artery biop-
sies from patients with clinically suspect giant cell arteritis
but pathologically negative biopsies revealed infection with
VZV [59]. Antiviral treatment may confer additional benefit
to such patients, and while the issue of VZV temporal
arteritis in immunocompromised patients has not been
specifically investigated, it is important to consider this
diagnosis and advocate for biopsy in patients presenting with
symptoms of fever, night sweats, weight loss, fatigue, ele-
vated ESR, and C-reactive protein, symptoms that might be
attributed erroneously to the known underlying cancer [60].

VZV vaccine is a live attenuated vaccine that reduces
incidence of postherpetic neuralgia in patients of all ages,
though preventive efficacy decreases with age [61, 62]. The
current vaccine is contraindicated in patients with impaired
cellular immunity, a group that unfortunately includes those
at highest risk of herpes zoster and for postherpetic neuralgia
[63]. The results of a phase 3 trial of herpes zoster subunit
vaccine consisting of a single VZV glycoprotein (HZ/su
vaccine) have been published for immunocompetent patients
over age 50. Though associated with a 17% risk of grade 3
symptoms, the vaccine had an impressive 97.2% efficacy
[64]. This vaccine contains only a single virus protein and
cannot replicate, so it likely will be safer in the immuno-
compromised patient population. A phase 1–2 trial of the
vaccine involving HCT patients demonstrated induced
VZV-specific CD4+ T cells lasting up to one year [65].

Human Herpes 6 Virus (HHV6)
Primary infection with HHV-6 occurs in early childhood.
Similar to other herpesviruses, HHV-6 can remain latent in
brain, kidneys, salivary glands, and T lymphocytes. About
1–2% of the population has viral DNA sequences integrated
into chromosomes and such patients have very high viral
loads in whole blood and serum, a situation that can com-
plicate accurate attribution of pathogenicity of an acute
infectious syndrome to the organism [66, 67]. Viral reacti-
vation occurs primarily in HCT and less commonly in SOT
and HIV/AIDS. Clinical manifestations include altered
mental status and headache. Some patients can be charac-
terized as specifically having amnesia, and seizures are seen
in about 50% of patients. MRI may show hyperintensity in
limbic areas, but this finding may be delayed. CSF can be
acellular. Therefore, a high degree of suspicion is necessary
to request PCR testing for early diagnosis. HHV6 lacks
thymidine kinase and for this reason is not sensitive to
acyclovir. While treatment with prolonged ganciclovir, val-
ganciclovir, and foscarnet improves survival rates, these
drugs can cause bone marrow suppression and renal toxicity

that in turn contribute to delayed engraftment and/or graft
failure. Mortality is roughly doubled among allogeneic HCT
recipients with HHV6 infection compared to those without
HHV 6 infection [68]. The natural history of the disease with
respect to relapse or secondary relapse prophylaxis is
unknown.

Herpes Simplex Viruses (HSV)
Herpes simplex type 1 encephalitis (HSE) is the most com-
mon cause of sporadic viral encephalitis in the developed
world. In the thirty years since the introduction of acyclovir,
the mortality has been reduced, but resistance to acyclovir can
emerge in immunocompromised hosts. Only 15–38% of such
patients return to normal function. Although not generally
considered an opportunistic infection, HSE in immunocom-
promised patients may have atypical presentations and worse
outcome. In one recent series, fewer immune impaired
patients had both fewer prodromal symptoms and fewer focal
deficits, possibly delaying diagnosis. Three of 14 immuno-
compromised patients had normal CSF profiles [69]. In this
series, MRI showed more widespread (extrahippocampal)
cortical, brainstem, or cerebellar involvement, and mortality
rate was six times higher in the immunocompromised
patients. Recurrence of herpes encephalitis may occur
because the available antiviral drugs prevent viral replication
and the host’s immune system is required to eliminate repli-
cating virus or to reduce it to a latent state. Search for HSV
IgM antibody in CSFmay be critical to expeditious diagnosis,
as the viral copy number may be below detection in patients
with cancer [70]. Recently, the emergence of N-methyl-D-
aspartate (NMDA) receptor antibody has been described in
patients who appear to relapse after HSV 1 encephalitis [71].
The uncovering or induction of autoimmunity by infectious
processes is just beginning to be characterized. NMDA
antibody should be tested in both serum and CSF.

A specific situation in which HSE should be suspected is
in the instance of reactivation of latent virus in the dorsal root
ganglia and/or brain by cranial irradiation, which presumably
results in breakdown of local immune surveillance [72]
(Fig. 20.4a–c).

HSV 2, usually associated with lumbar radicular or uri-
nary symptoms, can cause encephalitis in elderly immuno-
compromised patients. Imaging studies can resemble those
of HSV 1 encephalitis, and, like that organism, HSV 2 can
be seen in the context of apparent reactivation after neuro-
surgical procedures. Thus, immunocompromised cancer
patients who have encephalitis clinically consistent with
HSV-1 but in whom HSV 1 is not detected, should also be
tested for HSV 2 [73].

Epstein–Barr Virus (EBV)
Post-transplant lymphoproliferative disorders (PTLD) are a
variable group of proliferations occurring after solid or organ
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or HCT whose spectrum ranges from a polyclonal B cell
hyperplasia to monoclonal malignancies such as primary
central nervous system lymphoma (PCNSL). CNS involve-
ment is seen in only 10–15% of PTLD patients, and the
majority of these exclusively involved the CNS. Up to 70%
of PTLDs are EBV positive, whereas EBV-negative PTLDs
usually occur many years after organ transplantation [74].
Treatment in the immunosuppressed patient requires bal-
ancing decreased immunosuppression with adequate
immunosuppression to preserve the solid or HCT trans-
planted tissue or organ. Methotrexate and rituximab are used
[75–77]. MRI appearance is both variable and nonspecific.
Ring-enhancing lesions are the most common. A subacute
Parkinsonian-like state with progression to akinetic mutism
was recently reported with an MRI that showed striatal
hyperintensity. EBV antibodies cross-react with alpha
synuclein, effectively producing a postencephalitic Parkin-
sonism [78]. While CSF sampling may reveal a significant
EBV viral load and confirm diagnosis, a stereotactic biopsy
often is required (Fig. 20.5a–e).

Progressive Multifocal Leukoencephalopathy
(PML)
PML is an often fatal demyelinating disease caused by the
human neurotropic polyoma virus known as the John Cun-
ningham or JC virus (JCV). Definitive diagnosis requires
neuropathologic demonstration of demyelination, unusual
astrocytes, and enlarged oligodendroglial nuclei with JC
virus identified in brain by electron microscopy, immuno-
histochemical techniques, or PCR in brain or CSF [79].
A wide variety of neuroimaging characteristics with variable
degrees of enhancement makes suspicion of the process

imperative in the differential diagnosis of many clinically
and radiographically disparate presentations [80, 81]
(Fig. 20.6a–g). Visual symptoms are present in up to one
half of all PML patients due to involvement of visual
pathways rather than to direct involvement of the optic nerve
itself [82].

Defining the molecular nature of persistence, reactivation
of the virus, and viral avoidance of antibody-driven control
has been difficult. It appears that some patients are unable to
neutralize the most common PML-associated viral coat
protein (VP1)-associated mutations. This raises the possi-
bility that either active vaccination or passive transfer of
antibodies could be a potential treatment [83]. Unfortu-
nately, the only currently available therapeutic strategy is to
reduce the degree of immunosuppression [84].

Clinicians have encountered an ever-broader spectrum of
predisposing disease states and drug regimens. Drugs reported
to increase the risk of PML include adalimumab, alem-
tuzumab, azathioprine, brentuximab, cyclophosphamide,
cyclosporine, dimethyl fumarate, efalizumab, fingolimod,
fludarabine, ibritumomab, infliximab, methotrexate,
mycophenolate, natalizumab, rituximab, and tacrolimus.
More recently, ruxolitinib, an inhibitor of Janus kinases 1 and
2 approved for treatment ofmyelofibrosis, has been tentatively
linked to PML as early as 10 weeks after institution of treat-
ment. Rituximab is the drug best studied as a factor predis-
posing to the development of PML. Approved by the United
States Food and Drug Administration in 1997, this anti-CD20
monoclonal antibody produces prolonged B cell depletion for
many months, though immunoglobulin levels are largely
stable. Reactivation of hepatitis B, PML, and CMV and
increased severity of enterovirus meningitis, WNV,

Fig. 20.4 A patient with right frontal primary CNS lymphoma
refractory to methotrexate and rituximab-based chemotherapy became
confused at the end of her radiation therapy (a), New FLAIR

abnormality was seen in the left temporal lobe (b), and the patient
was found to be seizing from Herpes simplex encephalitis that left her
with laminar necrosis in the affected lobe (c)
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Babesiosis, and Pneumocystis jiroveci all have been reported
[85–90]. For HCT and solid organ recipients, the risk of PML
exists throughout the post-transplantation period. Bone mar-
row recipients tend to have symptoms earlier than solid organ
recipients (11 vs. 27 months after transplantation in one study)
[91].

After discontinuation of the potentially offending medi-
cine, worsening neurologic signs may raise the possibility of
immune reconstitution inflammatory syndrome (IRIS) [92].
The beneficial role of steroids in improving the acute
symptoms of IRIS has been counterbalanced by impairment
of JCV-specific T cell response [93]. Management of PML
remains disappointing, and there is no evidence base for the
use of cytarabine or mefloquine [94]. When immune sup-
pression can be reduced, survival in HIV-negative patients is

approximately the same as in HIV-positive patients (59 and
52%, respectively) [95].

Noninfectious Conditions Mimicking
or Coexisting with CNS Infections

It is important to consider noninfectious entities in the dif-
ferential diagnosis of infection in often complicated and
critically ill cancer patients on multiple medications. At
times, careful thought to noninfectious and non-neoplastic
conditions will spare patients invasive procedures such as
brain or meningeal biopsy. Some of these conditions have
been emerged as diagnostic considerations in earlier sections
of this chapter, but are presented here in greater detail.

Fig. 20.5 MRI of Epstein–Barr virus (EBV)-associated lymphoprolif-
erative disorders is variable as is the syndrome that can range from an
indolent solitary enhancing mass evolving over several months in a
patient 16 months after cardiac transplant in a and b to fulminant

multifocal DWI positive and gadolinium-enhancing lesions seen in a
patient 2 months after allogeneic HCT at a time of profound
pancytopenia (c–e)
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Posterior Reversible Encephalopathy
Syndrome (PRES)

First described twenty years ago, this form of vasogenic
edema resulting from endothelial dysfunction has been
reported in numerous clinical situations, the common
denominators of which are failure of autoregulation such as
hypertensive encephalopathy or pre-eclampsia or endothelial
toxicity from various medications. There are often bilateral
supratentorial, subcortical areas of white matter edema.
Vasoconstriction, restricted diffusion, contrast enhancement,
and hemorrhage all appear variably [96] (Fig. 20.7a–h).
Atypical findings are hydrocephalus and exclusively brain-
stem, basal ganglia, thalamic or spinal cord signal abnor-
malities. The syndrome is not always completely reversible,
and persistent seizures can be an uncommon sequel to the
process [97]. PRES is recurrent in up to 10% of cases.

Immune Reconstitution Inflammatory
Syndrome (IRIS)

IRIS, initially described in HIV patients, connotes a vigor-
ous, often dysfunctional host inflammatory response to
recent systemic or CNS infections in the setting of rapid host
immune system recovery. The shift in dominant T helper
(Th) response from one that constrains inflammation (Th2)
to a pro-inflammatory pattern (Th1) produces a brain
parenchymal or meningeal reaction, often granulomatous,
that can mimic infection or sarcoidosis. IRIS is a diagnosis
of exclusion to be considered in patients with previously
diagnosed invasive fungal infections, tuberculosis, toxo-
plasmosis, CMV or PML when (a) there is new or worsening
clinical and radiographic evidence of inflammation,
(b) symptoms occur during receipt of appropriate antimi-
crobial therapy, and (c) culture results are negative. Dramatic

Fig. 20.6 Spectrum of progressive multifocal leukoencephalopathy
(PML) and PML immune reconstitution (PML/IRIS) is presented here.
a shows a typical posterior fossa MRI FLAIR abnormality without
mass effect or enhancement (not shown). a and b show larger bifrontal
areas of FLAIR abnormality with partial ring enhancement in a right
cortical-based lesion but little or no enhancement elsewhere in the areas
that are abnormal on FLAIR. c–g show a patient with PML at

presentation (c, d) with cognitive changes. There is ring enhancement
of most of the FLAIR areas of abnormality. When immunosuppression
was reduced and scan repeated one month later (e) patient experienced
worsening of symptoms along with increased FLAIR abnormality
consistent with IRIS. When steroids were instituted, follow-up MRI
showed diminished area of FLAIR abnormality and absence of
enhancement (not shown)
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elevation in CSF pressure and pleocytosis with enhancement
of affected areas can occur. In the population of HCT
recipients, IRIS can occur both during engraftment and up to
several months after reduction of immunosuppression. In the
non-HIV population IRIS has been associated with crypto-
coccal immune reconstitution following alemtuzumab for
lymphoma, chronic disseminated candidiasis after neutrophil
recovery in acute leukemia, and a relapsing-remitting
MS-like illness involving the brain and spine [98]. Other
infections demonstrating IRIS-like physiology include tox-
oplasmosis, PML, and CMV [99] (Fig. 20.7a–h).

Inflammatory Pseudotumor and Other
Autoimmune Reactions

Unusual immune inflammatory reactions continue to be
reported in the setting of manipulation of the immune sys-
tem, altered T cell repertoire, and immune recovery. Some of

these mimic infection and others appear more granulomatous
leading to a differential diagnosis that includes tuberculosis
and sarcoidosis. Acute disseminated encephalomyelitis
(ADEM) can take the form of multifocal demyelination or
may be a unifocal inflammatory pseudotumor that mimics
neoplasm or infection [100, 101].

Novel cases of CNS sarcoidosis in patients undergoing
treatment with the anti-cytotoxic T lymphocyte-associated
antigen-4 (CTLA-4) agent ipilimumab have been reported.
Immune-mediated adverse events should not be misinter-
preted as tumor progression [102, 103]. However, when hilar
adenopathy and abnormal enhancing tissue in such areas as
the sella turcica and pituitary infundibulum are discovered,
malignancy must be differentiated from pulmonary and
neurologic sarcoidosis. Autoimmune hypophysitis occurs in
up to 5% of patients treated with ipilimumab [104]. Addi-
tional adverse effects include uveitis and a chronic inflam-
matory demyelinating polyneuropathy responsive to steroids
and intravenous immunoglobulin [105].

Fig. 20.7 Posterior reversible encephalopathy syndrome (PRES) has
many radiographic appearances. All patients in a–h have received
chemotherapy known to be associated with PRES, and some were
hypertensive at the time of symptoms. a is the most typical with
posterior predominance of FLAIR abnormality, whereas b, a different
patient, shows more widespread cortical and subcortical frontal and
posterior abnormalities. c and d are from a third patient with lesions
that look demyelinating and microhemorrhages on diffusion-weighted

sequences. The FLAIR image in e resembles osmotic demyelination,
and PRES abnormalities were confined to the brainstem. Complications
of the usually reversible PRES physiology are illustrated in the final
three patients and include laminar necrosis in a patient who has had
persistent seizures (f), stroke illustrated in the DWI sequence in g and
MRA showing vasculopathy with severe vasoconstriction in the basilar
artery in a different patient (h)
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Neurologic Complications of Drug Regimens:
Antibiotics and Immunosuppressives

Table 20.2 summarizes the major antibiotic and immuno-
suppressive toxicities whose contribution must be considered
in the differential diagnosis of virtually any type of neurologic
complication in cancer patients. A particularly versatile
repertoire of toxicities is seen with tacrolimus, the most
commonly employed calcineurin inhibitor. Tacrolimus, a
heterocyclic macrolide, blocks production of interleukin-2,
thereby inhibiting proliferation of antigen specific T lym-
phocytes. It has been associated with all of the following
symptoms, some occurring simultaneously and not all asso-
ciated with elevated tacrolimus levels. These symptoms
include tremor, PRES, seizures, leukoencephalopathy, tume-
factive MS, pseudotumor cerebri, chronic inflammatory
demyelinating polyneuropathy (CIDP), brachial plexopathy,
akinetic mutism, central pontine myelinolysis, hearing loss,
and optic neuropathy [106]. Bioavailability of the drug is
variable because of active secretion into the intestinal lumen
by P-glycoprotein (PGP). The excretory mechanism is
impaired by diarrhea, particularly Clostridium difficile whose
destruction of colonic epithelial cells results in elevated trough
tacrolimus levels [107]. Nonhepatic enzyme-inducing AEDs
should be used to avoid reduction of tacrolimus levels and
caution should be exercised when new oral anticoagulants are
required, as they interfere with P-glycoprotein-mediated
excretion leading to increased tacrolimus levels.

Among the many antibiotics associated with adverse
neurologic effects, cefepime perhaps ranks first in severity
and potential misleading clinical signs. This cephalosporin
antibiotic increasingly is recognized as a cause of
encephalopathy in intensive care units with a clinical picture
characterized by impaired consciousness, jaw and other
body site myoclonus, and at times nonconvulsive status
epilepticus [108]. As this antibiotic complication could be
misconstrued as postanoxic myoclonic status epilepticus, it
is important to consider this reversible condition, particularly
in patients with chronic kidney disease, though the compli-
cation can occur even when renal dosing adjustments are
made [109].

Conclusion
The diagnosis and management of CNS infections remain
evolving and persistently challenging areas of clinical
care. Despite better epidemiologic understanding of
at-risk populations, recognition of variable clinical syn-
dromes, and timely diagnostic studies, morbidity and
mortality from CNS infections remain high in the cancer
population. The effective neurologic consultant, working
with infectious disease colleagues, will consider emerg-
ing infections, transfusion safety issues, changing

microbial susceptibilities, synergistic infections, and
evolving novel cancer therapies that impact the CNS in
novel ways.
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21Neurological Complications of Primary Brain
Tumors

Justin T. Jordan, Thomas N. Byrne, and Tracy Batchelor

Introduction

The supportive care of brain tumor patients includes the
treatment of brain edema, seizures, and cognitive dysfunc-
tion. Each of these complications may occur in patients with
either primary or metastatic brain tumors. The development
of any of these complications significantly increases the
morbidity and mortality associated with brain tumors.
However, effective treatment is usually possible and can
result in an improved quality of life for these patients.

Clinical Manifestations of Primary Brain
Tumors

Primary brain tumors typically present with progressive
focal and/or diffuse clinical manifestations or seizures. If the
lesion is in an eloquent area of brain, the initial clinical
manifestation may be dysfunction attributable to that brain
locus such as paresis, aphasia, or visual loss. Alternatively,
patients may present with large space-occupying lesions
arising in other locations such as the frontal or temporal
lobes causing diffuse cerebral symptoms. Additionally,
masses of posterior fossa, leading to obstructive hydro-
cephalus, may initially present with diffuse symptoms and
signs. Common examples of diffuse dysfunction include
cognitive or behavioral disturbance, headache, and gait
disorder without focal symptoms.

The headache of primary brain tumors arises from com-
pression of innervated large intracranial blood vessels and
meninges. While the classical brain tumor headache is more
severe after recumbency when intracranial venous pressure
is increased leading to worsening of cerebral edema (see
edema section below), the most common headache type to
herald a primary brain tumor is one that is of insidious onset
and is progressive.

The location of the primary brain tumor determines the
focal neurological manifestations that occur. Frontal lobe
lesions may exhibit inattention, depression, and lack of
motivation. Some patients may be considered to have a
psychiatric disease since there are few, if any, focal neuro-
logical signs to alert the clinician to a neurological etiology.
In some such cases imaging reveals an extensive glioma
crossing the corpus callosum without involving motor
pathways.

Tumors in the temporal lobes also often present with
neuropsychiatric manifestations such as memory impair-
ment, hypergraphia, mood disturbance, and déjà vu. Lesions
located in the right temporal-parietal region may lead to a
sensation of being outside one’s body. Dominant temporal
lobe lesions may cause aphasia. A homonymous superior
quadrantanopia may be seen on visual field testing since the
visual pathways may be interrupted.

Parietal lobe tumors may exhibit contralateral motor and
sensory disturbances and homonymous hemianopia. Domi-
nant parietal lobe tumors may cause dysphasia.
Non-dominant lesions may cause geographic agnosia,
dressing apraxia, and rarely denial of the contralateral side,
anosognosia.

Occipital lobe tumors may cause a contralateral
homonymous hemianopia. The corpus callosum is often
eventually involved by invasion of tumor along white matter
tracts, which leads to invasion of the contralateral occipital
lobe. This may lead to the inability to read and inability to
name objects presented in the non-dominant visual field or
cortical blindness.
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There are some clinical brain tumor syndromes that
warrant special mention. Midline tumors resulting in ven-
tricular obstruction may cause the “3 M” syndrome, namely
maximal disability, minimal signs, and midline lesion.
Common clinical manifestations include diffuse headache,
cognitive or behavioral changes, and gait/truncal ataxia
without lateralizing findings. Tumors of the fourth ventricle
are common causes of the “3 M” syndrome. Another man-
ifestation of a posterior fossa mass causing obstructive
hydrocephalus is projectile vomiting which is more common
in children than adults. Posterior fossa medulloblastomas,
ependymomas, and astrocytomas may all present in this
manner. A rare presentation of primary brain tumors that
may cause focal symptoms, but not focal signs, can be seen
with gliomas of the insula or floor of the posterior fossa
irritating the area postrema. The authors have observed
patients with non-specific symptoms such as nausea and
vomiting who had extensive gastrointestinal workups
including CT and endoscopy only to have a glioma of the
insula or ependymoma/subependymoma of the fourth ven-
tricle discovered after some years. Resection of the gliomas
aborted the gastrointestinal complaints.

Seizures are a common manifestation of gliomas.
A seizure in a middle-aged person without a history of head
trauma or toxic-metabolic cause should raise the suspicion of
an underlying primary brain tumor and prompt imaging of
the brain, preferably contrast-enhanced MRI.

Brain Edema

Classification

Primary brain tumor blood vessels are abnormal both
anatomically and functionally [1]. The consequences of this
are multiple and include cerebral edema, impairment of drug

delivery and regions of hypoxia [2]. Themost common type of
edema related to brain tumors is vasogenic edema, both within
and surrounding the tumor (Fig. 21.1) [3–5]. Vasogenic
edema, which is an increase in brain volume from increased
water and sodium content, generallywith the characteristics of
plasma exudate [6, 7], may lead to focal or generalized brain
dysfunction [8]. In cases with marked peritumoral edema,
patients may additionally be at risk of plateau waves, which
are sudden transient increases in intracranial pressure that may
increase transtentorial herniation and lead to temporary
increase in neurological symptoms.

Blood–Brain Barrier and Edemagenesis

The pathogenesis of vasogenic brain edema involves dis-
ruption of the blood–brain barrier. This physiologic barrier
separates the systemic circulation from the central nervous
system (CNS) and consists of the specialized endothelium of
blood vessels supplying the CNS surrounded by pericytes.
This barrier normally impedes the entry of most
water-soluble but not lipid-soluble agents [8, 9]. The ana-
tomic features essential for the normal function of the blood–
brain barrier are highlighted in Fig. 21.2 [10].

Disruption of the blood–brain barrier by a brain tumor
results in increased entry of water-soluble substances and
macromolecules such as plasma protein into the tumor and
surrounding brain. Because there is no lymphatic system in
the CNS, these substances are not easily eliminated, and
are driven into surrounding brain tissue by increased
hydrostatic pressure within the tumor, resulting in vaso-
genic brain edema. The edema tends to extend along white
matter tracts rather than in the more closely packed gray
matter [11].

The mechanisms of blood–brain barrier disruption and
formation of brain edema are incompletely understood, and

Fig. 21.1 A right frontal
non-enhancing glioma with
increased T2 (left) and FLAIR
(right) signal abnormality. It can
be difficult to distinguish
vasogenic edema from infiltrative
tumor in a case such as this
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multiple factors are involved. When brain tumors grow to a
size greater than 1–2 mm, they promote formation of new
blood vessels that lack a normal blood–brain barrier. This
tumor-associated vascular endothelium is characterized by
an increased number of intercellular junctions, discontinuous
tight junctions, membranous fenestrations, non-contiguous
basement membranes, and active micropinocytosis. This
results in increased permeability of these new blood vessels
to macromolecules, ions, and proteins, with the formation of
vasogenic edema. All of these microvascular abnormalities
are most common in the central portion of the tumor and
least common at the interface between brain and tumor [12–
16]. Vascular endothelial growth factor (VEGF), secreted by
tumor cells, may be responsible for the disruption of the
blood–brain barrier in the tumor as well as the peritumoral
region [17]. There is also evidence that arachidonic acid and
its leukotriene metabolites promote vasogenic edema for-
mation by selectively increasing capillary permeability
within the tumor. Arachidonic acid is a normal constituent of
membrane phospholipids in the CNS but may be released
into the extracellular space under certain pathologic condi-
tions [18–21]. Finally, immunologic mechanisms may be
important, as tumor growth is associated with macrophage
infiltration in and around the tumor. These inflammatory

cells are capable of elaborating a variety of secretory factors
that are associated with increased vascular permeability [6].
One study demonstrated that the amount of tumor-associated
edema visible on CT scans correlated with the extent of
macrophage infiltration found on pathologic study [22]. The
relative contribution of each of these mechanisms to
edemagenesis is unknown.

Blood–brain barrier disruption and the subsequent
development of vasogenic edema lead to increased
intracranial pressure (ICP). Because the process is caused by
a focal brain lesion, the increased intracranial pressure is
distributed unevenly within the intracranial compartment
and may result in brain herniation and compromise of local
blood supply [23]. These events contribute to the neuro-
logical symptoms and signs observed in patients with
increased ICP secondary to brain tumors.

Steroid Therapy

Glucocorticoids are the mainstay of treatment for vasogenic
brain edema. Kofman and colleagues [24] were the first to
demonstrate the responsiveness of brain tumor edema to
corticosteroids, and Galicich and French [25] introduced

Fig. 21.2 Normal blood–brain
barrier demonstrating tight
junctions between endothelial
cells; a normal basement
membrane and adjacent astrocyte
foot processes (used with
permission of Cambridge
University Press from Francis
et al. [10])
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dexamethasone therapy as the standard treatment for
tumor-associated edema. The mechanism of action of cor-
ticosteroids in the treatment of vasogenic brain edema is
incompletely understood [26]. A mechanism commonly
thought to account for the beneficial effects of corticos-
teroids is a direct action on endothelial cell function which
restores normal vascular permeability [27, 28]. One possible
mechanism by which corticosteroids may restore normal
permeability involves the ability of corticosteroids to inhibit
the release of arachidonic acid, a substance known to
increase vascular permeability and promote formation of
brain edema [29–31]. It has been shown that corticosteroids
can have both direct and indirect effects on endothelial cells
and may inhibit increased permeability by interfering with
the ability of the cell to interact with permeability factors [8,
31]. It is also known that corticosteroids reduce the filtration
of plasma-derived fluid across tumor capillaries and reduce
the movement of albumin through the extracellular space by
solvent drag [32]. Finally, there is indirect evidence that
dexamethasone causes cerebral vasoconstriction [33].
Likely, all of these mechanisms contribute to the ability of
corticosteroids to stabilize the blood–brain barrier and lead
to reduction of vasogenic brain edema. Using diffusion
tensor MR imaging, Sinha and colleagues have demon-
strated that administration of corticosteroids decreases peri-
tumoral extracellular water content in edematous brain but
does not affect the water content of contralateral normal
brain [34]. This finding was seen in cerebral metastases,
gliomas, and extra-axial tumors.

The optimal dose of corticosteroids for vasogenic brain
edema has not been established. Dexamethasone is com-
monly used in clinical practice and is probably the best
steroid for the treatment of brain tumors [8]. The advantages
of dexamethasone include the absence of mineralocorticoid
effect, which makes salt retention and systemic edema less
likely. There is also evidence that of all the corticosteroids,
dexamethasone is less likely to be associated with infection
and cognitive impairment [30, 35]. Nevertheless, like other
fluorinated corticosteroids, dexamethasone is more likely to
cause myopathy [36].

Since corticosteroids cause adverse side effects and
induce metabolism of other drugs, the benefits of corticos-
teroids in patients with asymptomatic brain edema are gen-
erally outweighed by these side effects. Alternatively,
patients with symptomatic brain edema typically respond
and, therefore, usually benefit from the use of corticos-
teroids. The patient should be maintained on the lowest dose
that controls neurological symptoms in order to avoid the
development of adverse effects. The drug is absorbed from
the gastrointestinal tract, but first-pass hepatic metabolism
may decrease effectiveness, especially in patients also
receiving phenytoin [37, 38]. Dexamethasone can be given
twice daily because of the longer half-life of this steroid,

although clinicians sometimes prescribe it 4 times daily [39].
A commonly used starting schedule is a 10-mg oral dose
followed by 4 mg 4 times a day, which is 20 times the rate of
endogenous cortisol production; however, the dosage should
be tailored to the individual patient’s clinical and imaging
characteristics [30]. There is evidence that doses lower than
16 mg daily may be just as effective with the same degree of
clinical improvement after 1 week of treatment [39].
Approximately 70–80% of patients with brain tumors will
experience improvement of symptoms with dexamethasone
[8, 40]. A rapid clinical response to steroid administration
indicates that the symptoms may be primarily due to the
tumor-associated edema rather than actual tumor mass [30].
Symptoms and signs of generalized brain dysfunction such
as headache and lethargy respond more rapidly and dra-
matically to corticosteroids than focal neurological signs. If
the standard dose fails to achieve a clinical response in 48 h,
then the dose can be doubled every 48 h until response
occurs. Rarely, up to 100 mg of dexamethasone over 24 h
may be required in occasional patients; however, the advent
of bevacizumab has led to an alternative to corticosteroids as
discussed below [41, 42].

In patients with brain tumors, symptomatic improvement
usually begins within hours of an intravenous injection of
corticosteroids. Positron emission tomography (PET) scans
of humans with brain tumors demonstrate an effect on the
blood–brain barrier as soon as 6 h after the intravenous
bolus [43]. Maximal clinical improvement usually occurs
within 24–72 h. It has been shown that the first change is a
decrease in plateau waves followed by a gradual decline of
increased intracranial pressure over a period of 48–70 h
[44]. Improvement on CT and MR imaging studies may lag
behind clinical improvement, although early scans may
show decreased contrast enhancement within the tumor,
suggesting partial restoration of the blood–brain barrier [27,
45, 46].

In order to avoid the deleterious effects of corticosteroids,
the patient should be treated with the smallest effective dose
for the shortest time possible [47]. The patient should be
tapered from corticosteroids during or after more definitive
treatment such as surgery, radiation therapy, or chemother-
apy. The taper should generally start 3–4 days after surgery
and during the second week of radiation therapy. In general,
patients with malignant brain tumors should receive standard
dose corticosteroids for 48–72 h prior to starting brain irra-
diation to reduce intracranial pressure and minimize acute
radiation toxicity. For patients on a standard dose of 16 mg
of dexamethasone per day, decreasing the dose by 2–4 mg
every fifth day is reasonable. If symptoms of steroid with-
drawal or increased brain edema occur, the drug should be
increased to the immediately preceding level for 4–8 days
before starting the taper again. If symptoms of brain edema
recur after discontinuation, the dexamethasone may need to
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be resumed to control symptoms if alternative strategies are
not available [8]. A more rapid taper may be used safely to
minimize steroid toxicity, decreasing the dose from 16 mg/d
for 4 days to 8 mg/d for 4 days followed by 4 mg/d until
completion of radiation therapy [48]. In patients on corti-
costeroids for many months who fail the usual taper
schedule or in patients with a large amount of residual
tumor, the drug is tapered more slowly (e.g., 1–2 mg/wk) to
the lowest dose possible. Patients on large doses of corti-
costeroids (e.g., 100 mg of dexamethasone per day) who
have stabilized and are receiving definitive treatment can
have the dose halved every 4–5 days depending on the
clinical condition [8]. As discussed below, the advent of
bevacizumab has provided an alternative to corticosteroid
therapy.

Deleterious Steroid Effects

The classic features of excessive corticosteroids, including
weight gain, moon facies, acne, hirsutism, and abdominal
striae, are easily recognized by most clinicians but rarely
produce significant morbidity. Adverse effects that are
potentially more serious include myopathy, cognitive
impairment, gastrointestinal dysfunction, and opportunistic
infection [8, 11].

There are conflicting reports on the frequency of steroid
toxicity in patients with brain tumors [42, 49–51]. Duration
of treatment appears to be an important variable with pro-
longed treatment (>3 weeks) associated with greater toxicity
[47]. Hypoalbuminemia also appears to confer greater risk of
steroid toxicity as the percentage of unbound steroid
increases, especially with serum albumin levels less than
2.5 g/dL [47, 52, 53]. Because patients with brain tumors are
often debilitated, they may be particularly susceptible to the
deleterious effects of corticosteroids.

Most patients treated with conventional doses of corti-
costeroids (e.g., 16 mg of dexamethasone per day) for more
than 2–3 weeks will develop some degree of myopathy. In
one study, 15 cancer patients being treated with dexam-
ethasone were followed for the development of myopathy.
Within 15 days, nine patients had developed myopathy,
which, in most, was sufficient to interfere with activities of
daily living. The cumulative dose ranged from 186 to
1846 mg. The development of myopathy correlated with the
total dose rather than the duration or daily dose of dexam-
ethasone [54]. In steroid-induced myopathy, muscle biopsy
shows atrophy of type II fibers, the fibers characterized by
high glycolytic and low oxidative capacity [55]. Serum
muscle enzymes are not elevated. Steroid myopathy is
characterized clinically by proximal muscle weakness and
eventual muscle wasting, especially in the pelvic girdle. One

of the most common complaints is an inability to arise from
the seated position. The myopathy may progress to involve
the proximal arms and neck. Evaluation of neck and hip
flexor strength usually provides the most sensitive clinical
assessment for steroid myopathy [56]. It has also been rec-
ognized that respiratory muscle may be affected, and this can
result in symptomatic dyspnea in severely myopathic
patients [57]. Treatment includes reduction or discontinua-
tion of corticosteroids, if possible. Since fluorinated corti-
costeroids (dexamethasone, triamcinolone) are associated
with more type IIb fiber atrophy than non-fluorinated corti-
costeroids (prednisolone, methylprednisolone) avoidance of
the former may lower the risk of steroid myopathy, although
this has not been studied systematically. Preclinical experi-
mental observations have suggested that alternate-day dos-
ing of methylprednisolone reduces the severity of myopathy
compared to continuous daily dosing of the same drug [58].
Exercise, physiotherapy, and a high-protein diet during
steroid treatment may attenuate the disorder [59]. One study
reported a decreased frequency of myopathy in brain tumor
patients treated with corticosteroids who also received
phenytoin, potentially due to increased catabolism of the
steroid after induction of the hepatic microsomal system by
phenytoin [37].

Psychiatric complications may develop in as many as 5%
of patients receiving exogenous corticosteroids. The major-
ity of these are either affective or psychotic reactions, but
other complications include delirium and neuropsychologi-
cal impairment with selective involvement of attention,
concentration, and memory [60, 61]. A prior history of an
adverse psychiatric reaction to corticosteroids does not pre-
dict such future complication, and corticosteroids should not
be withheld if medically indicated in such patients. Most
patients with psychiatric complications make a full recovery,
but symptomatic treatment may be necessary. Steroid
reduction and neuroleptic administration are usually effec-
tive for psychotic symptoms [60]. One report suggests that
lithium prophylaxis lessens the likelihood of a psychotic
reaction to corticosteroids, although it is not routinely rec-
ommended [62]. Steroid withdrawal can also lead to
depressive symptoms [63].

The major gastrointestinal effects of corticosteroids are
ulceration and perforation [64, 65], although upper gas-
trointestinal bleeding is rare in patients taking corticos-
teroids with no previous history of such bleeding. The
incidence is much higher with simultaneous use of antico-
agulants or in patients with a prior history of upper gas-
trointestinal bleeding, although the overall risk in one study
was less than 1% for such patients if treated with corti-
costeroids for less than 1 month [66]. In a study of nearly
46,000 patients using corticosteroids, Nielsen and col-
leagues found the relative risk of hospitalizations due to

21 Neurological Complications of Primary Brain Tumors 403



gastrointestinal bleeding was 4.9 compared to expected. The
relative risk fell to 2.9 among patients using corticosteroids
alone, without the use of other drugs known to cause gas-
trointestinal bleeding (e.g., aspirin) [67]. Whether or not
patients on corticosteroids benefit from receiving gastroin-
testinal prophylaxis with antacids, H2-blockers, proton
pump inhibitors, or other anti-ulcer agents remains contro-
versial [8, 68]. Bowel perforation is a serious complication
in steroid-treated patients and is associated with high mor-
tality. It usually occurs in patients treated with high doses of
corticosteroids who have been constipated as a result of
medication, immobility, or neurological dysfunction. The
perforation usually affects the sigmoid colon and may not
be accompanied by the usual abdominal symptoms and
signs due to the masking effects of corticosteroids or
comorbid neurological disease. This usually delays diag-
nosis and may account for the high mortality rate in this
group of patients [69, 70]. Plain radiographs usually are
diagnostic, and surgical repair remains the definitive treat-
ment. The goal, however, should be prevention of this
complication with careful attention and treatment of con-
stipation, including adequate bulk in the diet, hydration,
stool softeners, and laxatives as necessary.

Steroids are immunosuppressive drugs. In one study,
24% of primary brain tumor patients receiving concurrent
corticosteroids and radiation experienced a reduction in their
CD4+ cell count to <200 cells/mm3 [71, 72]. Opportunistic
infections secondary to immunosuppression from corticos-
teroids include Candida mucositis and esophagitis as well as
Pneumocystis jiroveci pneumonia (PJP). The rate of PJP in
patients with brain tumors is increasing, and studies have
demonstrated incidence rates of 1–6% for this group of
patients. Most of these patients were also receiving corti-
costeroids for prolonged periods, and infection was most
likely to occur during the steroid taper [73–76]. Trimetho-
prim–sulfamethoxazole given as a single double-strength
tablet either daily or thrice weekly during steroid adminis-
tration and for 1 additional month afterward reduces the
incidence of PJP by approximately 85% and should be
considered in patients with brain tumors who are likely to
require prolonged steroid treatment [73, 77].

Osteoporosis is a common complication of prolonged
steroid use. While most patients with brain tumors do not live
long enough for this to lead to fractures, it is important to
recognize that steroid-induced osteoporosis can be prevented
and treatments instituted, as appropriate, to the individual
patient [78, 79]. Calcium in combination with vitamin D may
prevent bone loss [80]. There are several recent studies that
demonstrate the efficacy of biphosphonates, such as alen-
dronate or risedronate, in the prevention of osteoporosis in
patients taking chronic corticosteroids [81–83].

Another bone complication of steroid use is avascular
necrosis of the hip or other bones which may develop

following prolonged use of corticosteroids or may occur
after only a few weeks of therapy [84–86].

Lipomatosis is the result of chronic steroid use, which
stimulates redistribution of fat. Deposition of fat may occur
in the epidural space and result in spinal cord compression.
MR imaging is usually diagnostic, and surgical treatment
may be necessary [87–89].

Visual problems consist mainly of blurring, which is a
common complaint and is probably due to a change in
refraction caused by corticosteroids. This usually improves
with reduction or discontinuation of the corticosteroids.
Longer-term steroid use may result in glaucoma or cataract
formation [8].

Other possible side effects include hyperglycemia, which
occurred in 19% of neuro-oncology patients receiving cor-
ticosteroids in one survey [47]. The majority of such patients
required insulin or modification of the steroid dose to control
hyperglycemia in another study [50]. Transient anogenital
burning or tingling may occur with intravenous administra-
tion of dexamethasone and can be distressing if the patient is
not warned of such a possibility [90]. Hiccups, nocturia, and
diminished sense of smell and taste have also been reported
as complications of corticosteroids [8, 91, 92].

Another potential hazard of steroid use is the develop-
ment of a withdrawal syndrome during the steroid taper.
Steroid pseudorheumatism is the most common withdrawal
syndrome and is heralded by the onset of diffuse arthralgias
and myalgias mimicking rheumatoid arthritis. These symp-
toms may be debilitating, but there are usually few physical
findings. Either reintroduction of low-dose corticosteroids
followed by a slower taper or treatment with aspirin or other
nonsteroidal anti-inflammatory agents may result in
improvement [11]. Amatruda and colleagues [93] described
a steroid withdrawal syndrome which may include lethargy,
headache, dizziness, anorexia, and nausea. These symptoms
may confuse the clinician by suggesting worsening of the
underlying brain tumor [11].

Due to the fact that dexamethasone results in the potent
induction of specific cytochrome P450 (CYP450) isozymes
(CYP3A4; CYP2C8; CYP2C9), there is a potential for sig-
nificant drug interactions with other agents metabolized by
this system.

Bevacizumab Therapy

Bevacizumab is a recombinant humanized monoclonal anti-
body that binds all isoforms of vascular endothelial growth
factor (VEGF) [94], a protein which is central to vascular
proliferation and permeability. While the precise mechanism
is not yet known, competing theories on the action of beva-
cizumab include either direct suppression of angiogenesis or
normaliziation of dysmorphic vessels within tumors [95].
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With bevacizumab therapy, MR imaging is often rapidly
and dramatically changed, and interpretation thereof may be
challenging. Whereas anti-angiogenic therapy targets the
vasculature, the blood–brain barrier is altered, as well as
gadolinium and fluid extravasation. As such, contrast
enhancement and peritumoral FLAIR hyperintensity
decrease on MRI, yet tumors may still progress in a
non-enhancing fashion [96].

While bevacizumab received an accelerated approval for
recurrent glioblastoma in 2009 [97] based on two positive
phase II trials [98], subsequent large phase III studies of
bevacizumab in newly diagnosed glioblastoma failed to
demonstrate overall survival advantage over standard therapy
alone [99, 100]. Nonetheless, many clinicians still use
bevacizumab for glioblastoma, not only for the benefit of
progression-free survival (which was borne out in the
aforementioned trials), but also for the purpose of reducing
tumor-associated edema. While the latter has not been stud-
ied directly in trials, a surrogate marker of edema reduction
was reported in several clinical trials where average dose of
corticosteroids was decreased in bevacizumab-treated
patients. In general practice, many neuro-oncologists use
bevacizumab for the reduction of neurological symptoms
from brain tumors and brain tumor-associated edema.

On the whole, bevacizumab is felt to have a reduced side
effect profile when compared to corticosteroids, though still
may cause adverse events, some life-threatening. Potential
adverse events include both intra- and extracrial hemorrhage,
thromboembolic events, hypertension, proteinuria, wound
dehiscence, and others. For a more complete discussion of
bevacizumab adverse events, refer to the chapter on com-
plications of targeted agents, Chap. 16.

Emergency Therapy of Brain Edema
and Increased Intracranial Pressure

Hyperventilation
Immediate treatment of brain edema and increased
intracranial pressure (ICP) may occasionally be necessary to
prevent death or cerebral herniation. The methods available
for such treatment are outlined in Table 21.1.

Hyperventilation is the most rapidly effective technique
available for decreasing ICP. Hyperventilation decreases the
partial pressure of carbon dioxide (pCO2) which causes
cerebral vasoconstriction in undamaged areas of the brain
and a consequent decrease in cerebral blood volume and
ICP. Intracranial pressure decreases within 30 s of lowering
pCO2 and remains low for 15–20 min but usually returns to
the original level by 1 h [101]. Usually, the patient is intu-
bated and is ventilated to decrease the pCO2 to 25–30 mm
Hg. The patient must be monitored carefully, as mechanical
ventilation may occasionally increase ICP and patients with
brain lesions are especially susceptible to this effect [102].

Osmotherapy
The mechanism by which hyperosmolar agents lower ICP
remains a matter of dispute [103, 104]. At least part of the
explanation is the ability of these agents to create an osmotic
gradient between the blood and that part of the brain with an
intact blood–brain barrier driving the movement of water
from the extracellular space to the site of the higher osmo-
larity in the blood. The agent most commonly used for
osmotherapy is mannitol, which is usually given as 20–25%
solution in a 0.5- to 2.0-g/kg intravenous bolus over 10–
20 min. Mannitol is effective within minutes, and the effect
is sustained for several hours [105–107]. If there is clinical
worsening after initial improvement, smaller intravenous
boluses of mannitol may be administered, but repeated doses
of mannitol may cause a rebound increase in ICP, especially
in patients with vasogenic brain edema [30]. There is also
some evidence to suggest that the combination of mannitol
and a loop diuretic such as furosemide produces a more
significant and sustained decline in ICP, although fur-
osemide has no role in the chronic management of
tumor-related edema [108]. Varying concentrations of
intravenous sodium chloride (e.g. hypertonic saline) are also
used to reduce intracranial pressure through osmotic gradient
formation.

High-Dose Steroid Therapy
In patients with cerebral herniation, plateau waves, or signs
of increased ICP, an intravenous bolus of dexamethasone
(e.g., 40–100 mg) followed by doses of 40–100 mg/d may

Table 21.1 Emergency
treatment of cerebral herniation

Therapy Dosage or procedure Onset (duration)
of action

Hyperventilation
(minutes)

Lower pCO2 to 25–30 mm Hg Seconds

Osmotherapy Mannitol, 0.5–2.0 g/kg (IV) over 15 min followed by 25-g
booster doses (IV) as needed

Minutes (hours)

Corticosteroids Dexamethasone 100 mg IV push followed by 40–100 mg
every 24 h depending on symptoms

Hours (days)

Used with permission of Oxford University Press from Posner [8: 51]
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be effective in reversing brain herniation [8]. The addition of
furosemide (40–120 mg intravenously) to the steroid dose
may be better than corticosteroids alone [109]. Similarly,
bevacizumab may be used to reduce cerebral edema causing
raised intracranial pressure. Other available methods of
lowering ICP such as barbiturate anesthesia and hypothermia
are reviewed in detail elsewhere [106]. With the
above-mentioned emergency therapies, most patients herni-
ating from the effects of a brain tumor stabilize and improve.

Seizures

Epidemiology and Pathogenesis

Seizures are common in patients with primary brain tumors.
The frequency of epilepsy varies with the tumor type. Ver-
tosick and colleagues reported that >80% of patients with
low-grade gliomas have epilepsy [110], whereas the reported
prevalence of epilepsy in glioblastoma ranges from 30 to
50% [111], Lieu and colleagues reported epilepsy in 40% of
meningiomas [112], and Hochberg and colleagues reported
epilepsy in 20% of patients with primary CNS lymphoma
[113].

In a series of patients receiving chemotherapy for
supratentorial tumors (nearly all gliomas), Hildebrand and
colleagues found that 78% of 234 patients had epilepsy
[114]. In 86% of the patients with epilepsy, the epilepsy was
an early manifestation of the disease and usually the pre-
senting manifestation. In only 14% did the epilepsy begin
with malignant transformation of the glioma. Seizures were
clinically characterized as focal, focal with secondary gen-
eralization and generalized. Focal seizures alone were more
common late in the course of the disease.

The cause for this high rate of seizures in brain tumor
patients may be related to neoplastic astrocytes. While

normal astrocytes take up extracellular glutamate, glioma
cells have been reported to release excitotoxic levels of
glutamate [115, 116], which has been hypothesized as a
mechanism for tissue invasion and genesis of seizures [117,
118]. Furthermore, this report indicates that the anticonvul-
sants valproate, phenytoin, and gabapentin decreased the
calcium-mediated glutamate release by astrocytes and
decreased seizures as well. Whether glutamate antagonists
could have a clinical anti-neoplastic role as demonstrated in
animal models by Takano and coworkers [117], or serve as
an antiepileptic for patients with brain tumors, is unknown.

Since seizures are associated with increased CNS blood
flow, they may significantly increase ICP and potentially lead
to a herniation syndrome. Furthermore, seizures in patients
with primary brain tumors are more likely to result in a
post-ictal neurological deficit (Todd’s paralysis) [8, 119, 120].
Status epilepticus is rare in patients with brain tumors but can
occur and has an associated mortality of 6–35% [8, 121].

Symptomatic Treatment

Since patients with brain tumors and seizures have a high
risk of recurrence of seizures, treatment of these patients
with AEDs is warranted. The selection of a particular anti-
convulsant requires consideration of individual patient and
drug factors as well as the other types of therapy the patient
is receiving. Many of the older anticonvulsants either induce
cytochrome P450 (CYP450) enzymes (phenytoin, carba-
mazepine, oxcarbamazepine, phenobarbital) or inhibit
CYP450 enzymes (valproic acid). Thus, there is a potential
for significant drug interactions or altered metabolism in
brain tumor patients who are receiving anti-neoplastic drugs
metabolized by the same enzymes. In fact, changes in the
plasma levels of chemotherapeutic drugs that could be
clinically significant have been observed (Table 21.2)

Table 21.2 Influence of
enzyme-inducing anti-seizure
drugs on the total body clearance
of intravenously administered
chemotherapeutic agents in
cancer patients

Anticancer
agent

Infusion
time (h)

Dose (mg/m2) Total body clearancea

(l/h/m2)
Difference
(%)

Ref.

−EIASD +EIASD −EIASD +EIASD

Etoposide 6.0 320–500 320–
500

0.80 1.42 76.9 110

Irinotecan 1.5 112–125 411 18.8 29.7 58.0 111

Paclitaxel 3.0 240 240 4.76 9.75 104.8 112

Teniposide 4.0 200 200 0.78 1.92 146.2 113

Topotecan 0.5 2.0 2.0 20.8 30.6 47.1 112

Vincristineb 0.25 2.0 2.0 34.1 55.5 62.6 114
aMean or median values
bDose and clearance values are not normalized to body surface area
Adapted with permission from Mrugala MM, Batchelor TT, Supko JG. Delivering anticancer drugs to brain
tumors. In: Chabner BA, Longo DL, eds. Cancer Chemotherapy and Biotherapy, 4th ed. Philadelphia:
Lippincott–Raven; 2005: 484–501
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[122–126]. When available, blood levels of AEDs should be
monitored, as many patients with brain tumors are also
receiving other medications such as dexamethasone which
may cause AED levels to fluctuate.

Since many of the newer AEDs (gabapentin, lacosamide,
lamotrigine, levetiracetam, pregabalin, tiagibine, topiramate,
zonisamide) do not induce the CYP450 system, these drugs
are attractive options for brain tumor patients. To date, few
studies have been performed to evaluate the efficacy and
safety of these newer agents in patients with brain tumors.
Levetiracetam is the most studied with three prospective,
non-randomized studies demonstrating efficacy and accept-
able safety, with the most notable adverse events of cogni-
tive and psychiatric effects [127–129]. Further, Lim and
colleagues randomized 29 patients treated with phenytoin to
either continue phenytoin or switch to levetiracetam after
craniotomy, and found that switching to levetiracetam was
safer and resulted in fewer (but not significantly) seizures
[130]. Only one randomized trial of non-enzyme-inducing
seizure medications has been performed to date by Rossetti
and colleagues, evaluating the use of either levetiracetam or
pregabalin for the treatment of brain tumor-related epilepsy
[131]. In this non-comparative, open-label study, the authors
found that both levetiracetam and pregabalin were effica-
cious and safe for brain tumor-related epilepsy.

One controversial line of retrospective study is also worth
mentioning: There may be a potential survival advantage of
brain tumor patients whose seizures are treated with various
AEDs. Weller and colleagues performed a subgroup analysis
of the phase III European Organization for Research and
Treatment of Cancer (EORTC) study of temozolomide for
glioblastoma and reported an overall survival advantage with
the use of valproic acid. However, this was an unplanned
and underpowered subgroup analysis [132]. A retrospective
analysis of subjects in the Nort Central Cancer Treatment
Group suggested that treatment with enzyme-inducing sei-
zure medications correlated with prolonged survival [133].
Additional prospective work is needed to better understand
the interaction between AEDs and survival of brain tumor
patients.

Treatment of gliomas with anti-neoplastic therapy can
reduce the incidence of seizures. In an EORTC trial of early
versus delayed radiotherapy in the management of low-grade
gliomas, 25% of patients who had received early radiother-
apy had seizures at one year versus 41% for those who did
not receive early radiotherapy (p = 0.03); the prevalence of
seizures was the same at diagnosis [134]. Hildebrand and
coworkers reported that 56% were on monotherapy, 28%
were on a combination of two AEDs, and 12% were on three
AEDs. Additionally, there has been a report of a patient with
an oligodendroglioma-induced epilepsy that was refractory
to 14 anticonvulsants but responded to temozolomide [135].

Prophylactic Treatment

Although as noted above, many patients with primary brain
tumors have seizures, the question often arises as to whether
primary brain tumor patients without seizures should be
placed on prophylactic AEDs. A meta-analysis of four ran-
domized trials of seizure prophylaxis revealed no evidence
of reduction in the frequency of first seizures in patients
receiving prophylactic anticonvulsants [136]. As such, the
potential benefit of prophylactic AED therapy with the
studied drugs may not outweigh the risk of side effects in
these patients, which include those commonly seen in any
seizure patient, as well as some unique or far more common
and serious in primary brain tumor patients. On the whole,
available data suggest that brain tumor patients experience a
higher frequency of AED complications (20–40% of
patients) compared to the general population [136]. In six
studies reporting AED side effects, 24% (5–38%) of brain
tumor patients experienced adverse effects severe enough to
warrant discontinuation of the drug. Complications included
rash (14%); nausea or vomiting (5%); encephalopathy (5%);
myelosuppression (3%); ataxia, increased liver enzymes or
gum pain (5%) [136, 137]. A side effect worthy of special
mention in patients with brain tumors is the Stevens–John-
son syndrome, which has been reported in patients on
phenytoin and, less frequently, carbamazepine who are also
receiving cranial radiation while on a decreasing dose of
corticosteroids [6]. An additional consideration against
prophylactic AED therapy is the interaction of certain AEDs
with the CYP450 system and metabolism of chemothera-
peutic agents, as discussed above. Finally, Klein and
coworkers reported that AEDs were associated with six
times the risk of reduced psychomotor speed and
attention/executive dysfunction in patients who had under-
gone focal radiotherapy [138].

Based on the overall analysis of insufficient first-seizure
reduction compared to potential side effects, the American
Academy of Neurology (AAN) published a practice
parameter in 2000 advising against the use of prophylactic
AEDs. However, many clinicians still report treating brain
tumor patients with prophylactic AEDs. In a survey of
physicians in one state, 55% of the neurologists and 81% of
the neurosurgeons prescribed prophylactic AEDs to brain
tumor patients [139]. Since more clinically tolerable AEDs
with less drug interaction have come into practice, no sub-
sequent survey has been performed.

Perioperative seizure prophylaxis following craniotomy
for tumor resection is generally considered as a separate
category from long-term seizure prophylaxis in brain tumor
patients. A prospective, randomized trial evaluated the risk
of perioperative seizure either with or without prophylactic
phenytoin therapy. Whereas the risk of seizures was quite
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low in both groups, the authors suggested that prophylactic
phenytoin may not be necessary [140]. Further, two retro-
spective studies compared the reported incidence of peri-
operative seizures on levetiracetam prophylaxis versus the
expected incidence without prophylactic AED, finding that
perioperative levetiracetam prophylaxis was safe and effec-
tive [141, 142]. Finally, in a head-to-head comparison, Iuchi
and colleagues prospectively randomized patients to either
levetiracetam or phenytoin and found that levetiracetam
lowered the incidence of postoperative seizures significantly
more so than phenytoin [143]. In addition, the AAN has also
issued a guideline that it is appropriate to taper and dis-
continue anticonvulsants after the first postoperative week in
brain tumor patients who have not had a seizure, who are
medically stable, and who are experiencing
anticonvulsant-related side effects [136].

Non-convulsive Status Epilepticus

It is well established that brain tumors can cause seizures and
non-convulsive status epilepticus. A single-institution
review identified that, of 259 patients with an ICD-9 brain
tumor diagnosis who underwent electroencephalogram
(EEG), 2% were diagnosed with non-convulsive status
epilepticus [144]. Treatment resolved the non-convulsive
status epilepticus in 92% of those individuals, with accom-
panying clinical improvement in 75% of patients. Notably,
the EEG may not always be helpful in establishing a
definitive diagnosis of non-convulsive status epilepticus,
which can only be made at times if the patient awakens
following the administration of AEDs [145]. Interestingly, it
has also been shown that non-convulsive status epilepticus
can cause transient abnormal contrast-enhancing cortical
lesions that could be confused with a brain tumor [146]. This
information reinforces the fact that clinicians should main-
tain a high suspicion for non-convulsive status epilepticus in
brain tumor patients with altered mental status, as this may
represent a reversible cause.

Cognitive Effects of Brain Tumors

One of the hallmarks of brain tumors is cognitive dysfunc-
tion, which may be either acute and temporary or chronic
and progressive. Cognitive dysfunction may result from the
tumor itself, tumor-directed therapy, delirium,
non-convulsive status epilepticus, medications, depression,
or fatigue. Interestingly, in addition to location-specific
dysfunction of a primary brain tumor and its therapies, the
biology of the tumor itself may play a role in cognitive
decline. A recent study revealed glioma grade to be an
independent predictor of cognitive performance for certain

locations of tumor, without regard to therapies delivered
[147].

The potential neurotoxicity and cognitive effect of
anti-tumor therapy is of great consideration when treating
patients. This is especially true in patients with low-grade
gliomas, who have a relatively longer prognosis. Reports are
mixed on the cognitive effects of surgery, mostly based on
small and observational studies. While some reports have
demonstrated decline in short-term perioperative cognitive
function, including domains such as memory, attention, and
naming after surgery in eloquently located gliomas [148],
others have suggested no such hazard [149]. Longer-term
follow-up after surgical resection in eloquent areas is clearer,
though, and overall suggests improvement in verbal memory
after surgery for low-grade gliomas [150, 151].

Data are also sparse for the cognitive effects of
chemotherapy for primary brain tumors. Prabhu et al. [152]
evaluated the cognitive effects of adding procarbazine,
lomustine, and vincristine chemotherapy to radiotherapy in a
large, randomized trial among patients with low-grade
gliomas. Performing the Mini-Mental State Examination
(MMSE) at various intervals until five years post-therapy,
they found no significant difference between patients
receiving radiation alone or radiation followed by
chemotherapy. Further, both groups had a significant
improvement in MMSE over time. Among glioblastoma
patients treated with temozolomide both concurrent and
adjuvant to cranial irradiation, cognitive performance was
stable after six months of therapy for those with stable
tumors [153]. For treatment with bevacizumab, data are
mixed. In the two large, phase III randomized trials evalu-
ating the addition of bevacizumab to up-front glioblastoma
therapy, neurocognitive findings were contradictory between
trials [99, 100], with greater deterioration reported in patients
treated with bevacizumab in RTOG 0825 than in AVAglio.
Laboratory research has shown that bevacizumab may
reduce the synaptic plasticity in hippocampi, elucidating a
potential mechanism of cognitive decline with this drug
[154]. Consensus guidelines now exist for further research
on cognitive impairment related to chemotherapy for
patients with all cancers [155].

Information about cognitive function and radiation ther-
apy is clearer and more robust; cognitive deficits are one of
the most common delayed-onset adverse effect of radiation
[156]. Patients receiving brain radiotherapy commonly
complain of fatigue in the hours following each treatment.
Brain edema commonly develops subacutely following brain
radiotherapy, especially in the case of stereotactic radio-
surgery [157]. Later, patients suffer with various neurocog-
nitive deficits at a far greater rate than similar patients
without radiotherapy [158, 159]. These may occur reversibly
weeks to months after radiation, or irreversibly and pro-
gressively months to years after radiation. In adults who
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receive radiotherapy, the most common domains to be
affected include executive function, information processing
speed, novel problem solving, verbal and spatial memory,
and attention [159–161]. In survivors of childhood brain
tumors who receive radiation, the greatest concern is
long-term intelligence quotient impairment and impaired
learning [162]. Notably, recent studies of proton therapy for
the treatment of childhood brain tumors, in lieu of more
common photon therapy, showed no evidence for cognitive
decline [163, 164]. Further research on this radiation source
is under way.

While the mechanisms underlying radiation-induced
neurotoxicity are incompletely understood, recent studies
have suggested that a critical event is injury to neural pre-
cursor cells. In both animal and human studies, hippocampal
injury has been reported to be a major cause of cognitive
dysfunction [165, 166]. Furthermore, neurogenesis, which is
known to occur in the hippocampus of the adult [167], can be
inhibited by both irradiation [168] and corticosteroids [169].
The vulnerability of these proliferating neural precursor cells
may account for the deleterious cognitive effects of radiation
[170–172]. Preliminary studies of hippocampal-sparing
radiation have demonstrated early, promising findings with
regard to preserved cognition without deleterious effect on
prognosis or local tumor control [173–176]. There may be
other methods to prevent radiation-induced injury to hip-
pocampal neurogenesis as well. There is increasing evidence
that radiation-induced inhibition of neurogenesis may relate,
in part, to hippocampal inflammation [177, 178]. Monje et al.
[177] observed that the concurrent administration of indo-
methacin with radiation reduced the inhibition of neurogen-
esis in animal models. Similarly, study of PPAR alpha and
gamma antagonists, as well as RAS blockers, has demon-
strated reduction of radiation-induced inflammation and
improvement in cognitive status and neurogenesis [179].

Pharmacologic therapies have been tried to prevent or
reverse cognitive decline related to brain tumor therapy.
A placebo-controlled, phase III trial of the acetyl-
cholinesterase inhibitor donepezil in 198 patients � 6
months after partial or whole brain irradiation demonstrated
no significant improvement in the primary composite cog-
nitive score outcome after 24 weeks of therapy, but did show
significant improvement in several cognitive subscores
including memory, motor speed, and dexterity [180]. Nota-
bly, individuals with worse pretreatment impairment
received the most benefit from this therapy. Another
placebo-controlled trial studied the glutamate receptor inhi-
bitor memantine concurrently with whole brain radiation and
continued treatment for 24 weeks [181]. Similar to the prior
study, the relative improvement (less post-radiation decline)
seen in the treatment group lacked statistical significance,
though improvement in secondary outcomes was noted
including time to cognitive decline as well as function in

several cognitive domains. Finally, the effects of alpha
tocopherol (vitamin E) on neuroprotection were studied in a
small, non-randomized, open-label, phase II study of indi-
viduals with unilateral or bilateral temporal lobe radiation
necrosis [182]. While this study showed significant
improvement in the treatment arm in global cognitive ability
and memory after one year of treatment, it was not powered
for such comparison and thus further study is necessary.

Outside of treatment-related effects, delirium (also refer-
red to as encephalopathy in neurology literature) is a com-
mon cause of acute and reversible cognitive decline in brain
tumor patients. Delirum in elderly patients has been asso-
ciated with an increased risk of death after hospitalization
and an increased risk of institutionalization [183]. In a
meta-analysis of over 16,000 critically ill patients, delirium
was associated with a significantly increased risk of
in-hospital mortality [184]. Studies in cancer patients have
shown brain tumors to be a major contributor to delirium
(21–42%) [185–187]. While identification and treatment of
any concurrent cause of delirium (e.g., infection, metabolic
disturbance) is performed, antipsychotics are the most
commonly used therapy to treat the agitation, sleep-wake
cycle disturbance, and hallucinations of delirium, and to
hasten recovery [188].

Medications may also cause altered mental status. While
corticosteroids are a well-known cause of confusion and
occasional psychosis, these drugs may also cause acute
memory impairment, possibly through inhibition of blood
flow to the medial temporal lobe [189]. Healthy subjects
were injected with stress doses of hydrocortisone (25 mg)
and underwent declarative memory testing and blood flow
measurements using cranial PET studies. The cortisone
induced a significant reduction in blood flow to the right
posterior medial temporal lobe, a region associated with
successful verbal retrieval. The cortisone also significantly
impaired word recall in these subjects. The authors con-
cluded that the impaired recall could be due to the impaired
blood flow. This study is of interest to physicians and
patients with brain tumors because of the widespread use of
corticosteroids in such patients to control cerebral edema.

Depression is a major concern in patients with brain
tumors, and may contribute to cognitive decline. One
prospective cohort study of 155 glioma patients diagnosed
20% of patients with depression within the first 8 months
after diagnosis, with the highest risk in those with severe
functional impairment or with a past history of depression
[175]. Another study identified that asking depression
symptom inventory questions of healthcare proxies yielded
increased information and reliability, emphasizing the
importance of collateral information in caring for individuals
with brain tumors [176]. In another, longitudinal study of
598 malignant glioma patients, physicians diagnosed
depression using DSM-IV criteria in 15% of the study
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subjects in the early postoperative period. However, 93% of
these patients reported symptoms of depression during this
period. At follow-up intervals of 3 months and 6 months,
physicians reported depression in 22% of patients while 90%
of patients reported symptoms of depression [137]. These
observations suggest that depression may be underdiagnosed
and, hence, undertreated, in the brain tumor patient popu-
lation. Of significant concern is that in this study, subjects
who were depressed had a shorter survival compared to
those patients who did not report symptoms of depression.
Even when physicians diagnose depression in brain tumor
patients, there is a reluctance to treat. Only 29.7% of newly
diagnosed and 60% of follow-up brain tumor patients who
were diagnosed as depressed by their physicians were
prescribed antidepressant medications. Remarkably, only
15% of brain tumor patients who reported depressive
symptoms were prescribed antidepressant medications by
their healthcare providers [137]. This underscores the
importance of a thorough psychiatric history in all brain
tumor patients, early referral to a psychiatrist or to a support
group as appropriate, and the use of antidepressant medi-
cations when indicated.

Finally, fatigue from brain tumors and their therapy may
also play an important role in cognitive dysfunction and is
one of the most highly reported symptoms among brain
tumor patients [190, 191]. As such, several groups have
studied the effects of stimulants in this setting. Methylphe-
nidate has been studied in cancer patients with evidence of
benefit [192–194], as well as in brain tumor patients
specifically, with preliminary evidence pointing toward
improvement in cognition and functional status, though
definitive studies have not yet been performed [195]. Mod-
afinil was also studied in a randomized, placebo-controlled,
crossover study for primary brain tumor patients and found
no significant difference between the treatment and placebo
arms. This study had slow accrual and poor subject retention
due to medication side effects [196]. Similarly, a phase II,
double-blind, placebo-controlled trial of armodafinil was
performed, enrolling 54 patients, and finding no significant
difference in fatigue between groups [197]. Notably, those
with greater fatigue at enrollment realized the most
improvement in fatigue and quality of life in the armodafinil
arm. Finally, a randomized trial of modafinil versus
methylphenidate in 24 patients treated for four weeks found
evidence of improvement in processing speed and executive
function with either treatment, but inconsistent and non-
significant results between groups [198]. To date, the data
remain inconclusive with regard to stimulant medications
and their effect on fatigue or cognitive dysfunction. While
use of these medications may be reasonable on a
patient-by-patient basis, it should be noted that modafinil
and armodafinil are metabolized by the P450 system and
therefore may affect chemotherapeutic

Conclusion
Brain edema, seizures, and cognitive dysfunction are
frequently encountered complications of brain tumors
that result in increased morbidity and mortality. Medical
management of these processes can result in symptomatic
improvement and lead to a better quality of life in these
patients.

Steroids are the mainstay of therapy for brain edema
associated with brain tumors and lead to symptomatic
improvement in 70–80% of patients. Due to the signifi-
cant deleterious effects associated with corticosteroids,
however, they should be used in the smallest effective
dose for the shortest time possible. Bevacizumab, a
VEGF-targeted therapy, may be used in conjunction with
corticosteroids to reduce tumor-associated edema, or even
with the intention of weaning corticosteroids altogether.

Seizures will occur in a large proportion of patients
with brain tumors and are usually simple partial or
complex partial in variety. AEDs should be administered
after a first seizure, but are not routinely prescribed for
brain tumor patients without a history of seizures.
Whereas older AEDs may have deleterious effects that
may increase morbidity and the potential for clinically
significant drug interactions in patients with brain tumors,
this is not the case with newer AEDs. As such, when an
AED is required, newer agents associated with less
adverse events and no effect on the CYP450 system
should be considered.

Cognitive side effects of treatment or the underlying
tumor are prevalent and have a major deleterious impact
on quality of life. The use of corticosteroids at the lowest
dose necessary and for the shortest time possible may
lower the frequency of steroid-induced cognitive
impairment. Depression is underdiagnosed and under-
treated in the primary brain tumor patient population.
A thorough psychiatric history and early referral for
appropriate patients to mental health professionals are
critical elements in the overall management of brain
tumor patients. Data remain inconclusive for improve-
ment of treatment-associated cognitive decline with
acetylcholinesterase inhibitors, glutamate receptor antag-
onists, or stimulant medications. Improved understanding
of the biological basis of radiation-induced and
chemotherapy-induced neurotoxicity may allow oppor-
tunities to study novel methods of prevention.
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22Neurological Complications of Lung Cancer

Ming Chi and Manmeet S. Ahluwalia

Introduction

Lung cancer is the leading cause of cancer-related mortality
in the USA. An estimated 159,260 Americans were pro-
jected to die from lung cancer in 2014, accounting for
approximately 27% of all cancer deaths [1]. The number of
deaths due to lung cancer has increased approximately 3.5%
between 1999 and 2012 from 152,156 to 157,499. Whereas
the number of deaths among men has reached a plateau, the
number is still rising among women, with 86,740 deaths in
men and 70,759 in women in 2012. The incidence of lung
cancer over the past 37 years has dropped for men (28%
decrease), while it has risen for women (98% increase). The
rate of new cases for women has peaked in 1998 and now
started to decline [2]. This difference is likely due to the lag
of 20 years in the prevalence of smoking among women
compared to men. African Americans are more likely to
develop and die from lung cancer than a person of any other
racial or ethnic group.

Approximately 402,326 Americans living today have
ever been diagnosed with lung cancer and 82% were
60 years of age or older [2]. Smoking, a main cause of lung
cancer, contributes to 80 and 90% of lung cancer deaths in
women and men, respectively [3]. Between 2005 and 2010,
an average of 130,659 Americans (74,300 men and 56,359
women) died of smoking-attributable lung cancer each
year. Exposure to secondhand smoke causes approximately
7330 lung cancer deaths among non-smokers every year [4].

The two major clinicopathologic subtypes of lung cancer
include non-small cell lung cancers (NSCLC) and small cell
lung carcinoma (SCLC), which account for 85 and 15% of

total cases, respectively [5, 6]. Non-small cell lung cancer is
further subdivided histologically into squamous cell carci-
noma, adenocarcinoma, and large cell carcinoma, although
they can coexist in a single tumor. Squamous cell carcinoma
and SCLC are strongly associated with cigarette smoking.

Non-small cell lung cancer is staged by the TNM (tumor
node metastasis) system and approximately two-thirds of
patients with NSCLC have locally advanced or metastatic
disease (stage IV) at initial diagnosis. Small cell lung car-
cinoma is staged either as limited stage or extensive stage
based on whether all tumor(s) can be encompassed by a
single radiation therapy port or not. About two-thirds of the
SCLC cases are extensive-stage disease at the time of
diagnosis. Management of SCLC is dependent on stage and
incorporates surgery, radiation therapy, chemotherapy, and
targeted therapy. The overall 5-year survival is approxi-
mately 15% for patients with NSCLC and only about 2% for
patients with SCLC [7]. Lung cancer is a frequent cause of
neurological complication in these patients most commonly
as a result of direct metastases or leptomeningeal disease or
indirect paraneoplastic effect of the cancer.

Parenchymal Brain Metastases

Incidence

Parenchymal brain metastases are common in patients with
lung cancer and represent the most common neurologic
complication of lung cancer. Lung cancer is the most com-
mon source cause of brain metastases in adults, accounting
for 40–50% of all cases, followed by breast cancer, and
melanoma [8–10].

In patients with SCLC, the incidence of brain metastases
at diagnosis is 10% (Fig. 22.1a–e) and increases to 20%
during therapy, with the cumulative risk at 2 years
post-diagnosis of approximately 50% for limited-stage dis-
ease and 70% for extensive-stage disease [11–13]. In two
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large series of patients with SCLC, the lifetime incidence of
symptomatic brain metastases was 25 and 40% compared to
3.6 and 5.6% for spinal epidural metastases, 2.2 and 8.6%
for leptomeningeal metastases [14, 15]. In one-third of these
patients, brain was the only metastatic site, and up to half of
these patients are asymptomatic at the time of detection of
brain metastases [16].

In patients with NSCLC and brain metastases, half of the
cases are discovered/developed upon initial diagnosis
whereas half are developed subsequently [17]. With overall
improvement of systemic treatment, there has been an
increase in the incidence of brain metastases as brain as
serve as a sanctuary site. In most series to date, both young

age at diagnosis and adenocarcinoma have been recognized
as risk factors for developing brain metastases [7].

Treatment

Treatment options for patients with parenchymal brain
metastases include surgical resection, whole brain radio-
therapy (WBRT), stereotactic radiosurgery, chemotherapy,
molecular targeted agents, immunotherapy and supportive
measures that include anticonvulsants and corticosteroids.
Selection of single or multiple modalities of treatment
should be individualized in every patient and is dependent

Fig. 22.1 a–d Brain MRI with contrast obtained in an 86-year-old
former smoker with a 2-week history of gait unsteadiness revealing
multiple peripherally enhancing supratentorial and infratentorial

metastases. e Subsequent chest CT revealed numerous lung lesions.
One dominant spiculated mass in the right upper lobe measuring up to
6 cm was biopsied and was consistent with small cell lung cancer
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on several factors that include patient characteristics (co-
morbidities, age, neurological status), primary tumor char-
acteristics (histology, extent of primary cancer and whether
it is controlled), and the brain metastases (size, location,
number, prior treatment). Overall survival for lung cancer
patients with brain metastases is usually influenced by sys-
temic disease control rather than intracranial process.

Whole Brain Radiation Therapy (WBRT)
WBRT is a common treatment modality for patients with
brain metastases, especially those with multiple lesions and
is utilized either alone or in combination with other
modalities such as stereotactic radiosurgery (SRS), surgery
or medical therapies. It is usually delivered as 30–40 Gy
over 10–15 fractions [18]. Studies have shown that altered
fractionation, extra boost dose to tumor bed, or addition of
radiosensitizing agents offered no additional benefits [19].
Neither the use of lower dose nor higher dose over variable
time periods resulted in any significant improvement in
survival in these patients [20, 21].

Overall, approximately 60% of patients respond to
radiotherapy with improvement or stabilization of their
symptoms [22]. At least 75% of patients with SCLC show a
partial or complete radiographic response compared to about
50% patients with NSCLC [23]. There is time delay for
treatment response, with about 50–60% of these patients
having a partial response (i.e., at least 50% shrinkage in the
tumor) at 6 weeks post-treatment. Usually, small metastases
respond better than large lesions and are more likely to
regress. The median overall survival after treatment with
WBRT is usually 3–9 months [17, 24–26], and patients
more often are likely to die of progressive systemic disease
than intracranial process.

Surgical Resection
Surgery is usually reserved for patients with NSCLC and
with single brain metastases or oligometastases when one
single lesion is the cause of impending neurological deficit.
Unlike in infiltrative glioma, brain metastases are well
demarcated from surrounding tissues and more amenable for
resection. A randomized study demonstrated that surgical
resection followed by WBRT improves time to recurrence of
brain metastases, functional independence, and lower risk of
death from neurological complications, compared to WBRT
alone [20, 27]. The combination of surgery and WBRT is
also superior to surgery alone, in terms of controlling
intracranial disease locally and distantly [28]. Favorable
prognostic factors for surgical intervention include stable
systemic disease, good performance status, and adenocarci-
noma among other histology [27, 29]. In contrast, in patients
with brain metastases from SCLC, the benefit of resecting
solitary lesion is less clear, due to the greater radiosensitivity
of SCLC than NSCLC.

With the advent of SRS, it has been shown that combi-
nation of SRS and WBRT is equivalent to surgery and
WBRT for solitary metastasis. Nevertheless, surgery does
offer the advantage of immediate debulking and relief of
mass effect and the ability of managing large tumors,
whereas the role of SRS has not been well defined for large
metastasis (more than 3 cm in size) or a lesion causing
midline shift (>1 cm). Surgical resection to remove more
than one lesion either during single or staged procedure is
less preferred these days, especially with the advancement of
SRS [18].

Stereotactic Radiosurgery (SRS)
SRS has been increasingly employed in the management of
brain metastases from lung cancer and is indicated in several
clinical settings: (1) as primary treatment of single metastasis
in addition to surgical resection, (2) as the sole modality of
treatment for newly diagnosed solitary or multiple brain
metastases (up to three brain metastases), (3) in combination
with WBRT for newly diagnosed metastases (up to four
brain metastases), (4) and as treatment for recurrent brain
metastases [30]. It is delivered in a highly focused single
dose to a circumscribed target (maximal diameter 3–3.5 cm)
while avoiding the surrounding tissues. Stereotactic radio-
surgery is well-suited treatment for metastases due to their
circumscribed, round margin. It can also be delivered “hy-
pofractionated,” i.e., 30–40 Gy in 3–5 fractions [31]. RTOG
9005 showed that prescription doses of 15, 18, and 24 Gy to
the tumor margin were the maximal safe doses for lesions
with diameters of 3.1–4.0, 2.1–3.0, and 2.0 cm or less,
respectively [32]. The optimal SRS dose for lung cancer
patients and lesion sizes is not determined [33, 34].

Compared to surgery, SRS can be used for multiple
lesions in single or several sessions, carries lower risk of
complications, and is more cost-effective due to its outpa-
tient setting. Studies have shown that it produces equivalent
local tumor control when compared to surgery [35], with
12-month local control rates of approximately 90% [36–39].
The disease control rates are better in smaller metastases
(<2.0 cm) as compared to larger metastases (>2.0 cm) [34,
38]. In addition, treatment outcomes are also influenced by
the total volume of brain metastases rather than simply the
number of these lesions [40].

Studies have also evaluated the combination of SRS and
other modalities, such as surgery and WBRT. One approach
for treatment of single brain metastases is to surgically resect
the lesion followed by SRS to the margin of resected cavity.
This results in a local control rate of 70–90% [41, 42].

Radiation Therapy Oncology Group (RTOG) 9508
evaluated the combination of WBRT followed by SRS boost
compared to WBRT alone for patients with one to three
brain metastases [43]. Sixty-four percent of patients had
primary lung cancer, and patients were stratified on the
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number of brain metastases and a brain metastasis prognostic
index [recursive partitioning analysis (RPA)]. This study did
not demonstrate any survival benefit for all patients treated
with combination of SRS and WBRT (median survival time
[MST] 6.5 months compared to those treated with WBRT
alone (MST of 5.7 months [p = 0.14]). However, planned
subgroup analysis revealed that patients with solitary brain
metastases derived benefit from the combined approach of
WBRT and SRS (MST 6.5 vs. 4.9 months, p = 0.04). An
independent secondary analysis was also reported [44]. This
report utilized a disease-specific prognostic index, graded
prognostic assessment (GPA), and 84% of patients in this
study had a diagnosis of lung cancer. Again, no survival
benefit was seen in patients with one to three brain metas-
tases treated with a combinatorial approach of WBRT and
SRS. However, patients with GPA score of 3.5–4.0 derived
benefit from the addition of SRS to WBRT compared to
WBRT alone with MST of 21.0 months versus 10.4 months
(p = 0.05), and this benefit was independent of the number
of brain metastases.

The addition of WBRT to initial local therapy (SRS or
surgery) is an area of active ongoing research. The rationale
of addition of upfront WBRT is to improve local control and
prevent distant intracranial metastases; however, the concern
over this strategy lies in long-term, adverse effects on neu-
rocognitive function (NCF) [18]. Two large retrospective
studies [45, 46] showed that upfront WBRT after SRS
indeed improved local control and reduced distant intracra-
nial metastases, but offered no survival benefit. Five
prospective studies have tried to address this question and
randomized patients to upfront WBRT versus observation
after initial local therapy (radiosurgery or surgery), and more
than 50% of the patients on these studies had the diagnosis
of lung cancer [47–51]. The addition of upfront WBRT was
associated with improved local control and reduced the
distant intracranial metastases in all five studies, as well as
reduced neurological-related death in two studies [47, 50].
However, no survival benefit was observed across five
studies. The Japanese study evaluated NCF using
Mini-Mental State Examination (MMSE) and revealed that
controlling intracranial disease outweighed neurotoxicity
from WBRT in stabilizing NCF [52]. In contrast, one of
other studies that used Hopkins Verbal Learning Test
(HVLT) at 4-month post-treatment was closed prematurely
because an interim analysis revealed NCF at 4 month was
significantly worse with the combination of SRS and WBRT
compared to the use of SRS alone (median posterior prob-
ability decline of 52% vs. 24%) [49]. Similarly, a coopera-
tive group study recently reported worsening cognitive
function with the addition of WBRT to SRS, specifically
immediate recall and memory and verbal fluency [51].

Whether WBRT can be postponed until disease pro-
gression remains to be determined, and individualized

treatment decisions are needed based on patients’ age,
comorbidities, disease status, and overall prognosis. How-
ever, based on the emerging evidence, there is decreased use
of upfront WBRT in treatment of patients with 1–3 brain
metastases and SRS is often the preferred treatment alone.

SRS is also a commonly used therapeutic modality for
treatment of brain metastases that have progressed or
recurred after WBRT, and the RTOG 9005 trial has estab-
lished the dose levels for tumors <4 cm and demonstrated
good local control [32]. Prognostic factors affecting overall
survival with salvage SRS include tumor volume, time
between initial diagnosis of primary tumor and development
of brain metastasis, performance status and dose of SRS
delivered [53–55].

Chemotherapy
In the past, the role of cytotoxic chemotherapy has been
limited in the treatment of brain metastases from lung cancer
for several reasons: (1) inherent chemoresistance of lung
cancer, especially NSCLC; (2) prior exposure to
chemotherapy that renders further disease progression and/or
metastases less sensitive to chemotherapy, either systemic or
intracranial, and (3) limited penetration of water-soluble or
large molecular weight compounds through the blood–brain
barrier (BBB). There is controversy regarding the impact of
BBB on the drug delivery to the brain metastases [18]. When
brain metastases reach a certain size, they become associated
with BBB disruption, peritumoral edema, and neongiogen-
esis. This is reflected on brain imaging studies in enhance-
ment of tumor tissue with intravenous contrast [56]. Hence,
there is at least a partial breakdown of the BBB.

The brain response rate (RR) to platinum-based regimen
for NSCLC patients with brain metastases was 20–50% in
those who were treatment naïve compared to 10% in those
who had received prior treatment. For SCLC, the brain RR is
relatively higher due to its chemosensitivity, 60–85% if
previously untreated versus 20–50% if treated [57, 58].
A MST of 4–9 months has been reported in this patient
population. In addition, single agent temozolomide, with
relevant permeability through BBB, has been extensively
studied in patients with brain metastases despite its minimal
systemic activity against lung cancer. Response rates of 0–
20% have been reported, and therefore, temozolomide is not
routinely used in this patient population [59–61].

Optimal sequencing of chemotherapy and radiotherapy
for patients with asymptomatic multiple brain metastases
remains uncertain. It has been well recognized that admin-
istering chemotherapy and radiation concurrently carries
higher risks of brain toxicity, especially adverse neurocog-
nitive deficits [62]. As a result, sequential treatments with
chemotherapy and radiotherapy are offered for most eligible
patients. Until recently medical therapies had only limited
role in management of lung cancer brain metastases, and
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hence, most patients received some form of radiation prior to
being managed with medical therapies. One pilot study [63]
randomized 48 neurologically asymptomatic patients with
synchronous brain metastases into primary chemotherapy
(vinorelbine/gemcitabine) followed by RT versus WBRT
followed by chemotherapy. It demonstrated close correlation
between intracranial and extracranial tumor response and
statistically nonsignificant intracranial response rates (28.0%
vs. 39.1%). There was no difference in survival between the
two arms (9.1 months vs. 9.9 months). However, in the
WBRT arm, more patients developed neutropenia and
delayed or deferred chemotherapy due to deteriorating per-
formance status. Hence, the authors concluded that use of
upfront chemotherapy was a preferred option. Another phase
III randomized study of 176 patients [64] evaluated the use
of delayed versus upfront concurrent WBRT with
chemotherapy (cisplatin/vinorelbine) and showed equivalent
response rate and survival benefits. Hence, in select group of
patients it is reasonable to pursue primary chemotherapy for
patients with asymptomatic brain metastases, reserving
WBRT for disease recurrence/progression. This approach
has been endorsed by the European Society of Medical
Oncology clinical practice guidelines (II, B).

Molecular Targeted Agents
In the past two decades, increasing recognition of specific
driver mutations has shifted the treatment strategies for
advanced NSCLC from standard chemotherapy toward
development of targeted therapies in selected patients.
Activating mutations in the epidermal growth factor receptor
(EGFR) occur in about 10–15% of NSCLC. A number of
studies have investigated gefitinib and erlotinib, tyrosine
kinase inhibitors (TKIs) that target EGFR in patients with
EGFR-mutation positive NSCLC with brain metastases [65–
68]. Response rates of 70–90%, MST of 15–20 months, and
intracranial PFS of 6–12 months have been observed in
these studies. Erlotinib may have higher intracranial efficacy
compared to gefitinib [69], likely due to its higher concen-
tration in cerebrospinal fluid (CSF) [70, 71]. In addition,
high-dose pulsatile weekly erlotinib has been used and noted
to result in increased CSF concentration and improved
intracranial response after treatment failure with standard
dose [72–74].

The combination of TKIs with radiotherapy was evalu-
ated in a phase III trial with 126 NSCLC patients where
patients were treated either with a combination of WBRT
and SRS with erlotinib or temozolomide or placebo [75]. No
survival benefit was observed by addition of either TKI or
temozolomide to WBRT and SRS. However, the patients
were not stratified according to EGFR mutational status in
this study. The combination of WBRT and erlotinib was
shown to be safe in a phase II study of 40 NSCLC patients
with brain metastases, and increase in neurotoxicity was

seen [76]. The MST of 11.8 months for the whole cohort
was reported in the study. However, the mutant EGFR
patients derived more benefit and OS of 19.1 months seen in
that group compared to OS of 9.3 months in the wild-type
EGFR patients [76].

Limited data exist for anaplastic lymphoma kinase
(ALK)-inhibitors for patients with ALK + NSCLC and brain
metastases. Brain metastases have been exceptionally fre-
quent in patients with ALK + NSCLC despite their good
systemic control, with 35% (120/357) prevalence being
reported in a large phase III study [77]. The underlying
mechanism is yet to be defined, due to either low CSF
concentration [78] or secondary resistance, and there is a
study describing an intracranial response to high-dose
crizotinib after treatment failure with standard dose [79].
Improved pharmacokinetics with greater CSF concentrations
and improved CNS activity has been noted in
second-generation ALK inhibitors in several early-phase
clinical trials. AP26113 showed intracranial response in four
of five ALK+ patients, including one crizotinib-resistant
patient [80], and responses in brain metastases have been
reported with both LDK378 [81] and CH5424802 [82].

Bevacizumab is a humanized monoclonal antibody that
targets the vascular endothelial growth factor (VEGF) and
inhibits tumor angiogenesis, and has been used with the
combination of chemotherapy for non-squamous NSCLC
without hemoptysis, based on two large phase III studies
(E4599 [83] and Avail [84]). However, initially there was
concern over the use of bevacizumab in the patients with
brain metastases due to the risk of development of in-
tracranial hemorrhage (ICH) in these patients. Several ret-
rospective studies tried to address this issue [85–88].
Srivastava and colleagues showed that the rate of sponta-
neous ICH was higher in patients with brain metastases than
those who did not have brain metastases when treated with
bevacizumab [85]. However, the rates of symptomatic ICH
were not statistically different between the two groups [85].
Several other retrospective studies have shown that beva-
cizumab did not further increase risk of ICH even for
patients with brain metastases [86–88].

Furthermore, prospective studies have evaluated the
safety of bevacizumab in patients with brain metastases. The
PASSPORT study of 115 patients with treated brain
metastases employed a combination of either bevacizumab
and chemotherapy as first-line therapy or bevacizumab and
erlotinib as second-line therapy [89]. This study confirmed
the safety of bevacizumab in this patient population, and no
reported grade 2 or higher ICH was seen in the study.
Another prospective study showed similar results and con-
firmed the findings of the PASSPORT study [90]. Beva-
cizumab has been shown to be safe for patients with
symptomatic or active brain metastases in other retrospective
reports [91, 92].
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Bevacizumab has also been evaluated to treat cerebral
radiation necrosis (RN) due to its ability to target VEGF.
Cerebral RN is a difficult to treat complication of SRS or
WBRT that can lead to continuing neurological decline, and
until recently steroids were the main therapy used despite its
side effects and limited efficacy in select group of patients. In
a study of six NSCLC and five breast cancer patients with
brain metastases and RN, use of bevacizumab resulted in
reduced steroid dosage in all patients and improved or sta-
bilized RN symptoms in all but one patient [93].

Prophylactic cranial radiation (PCI) is considered stan-
dard of care for patients with limited SCLC who achieve
complete remission after concurrent chemoradiation in order
to prevent brain metastases. This is due to the high preva-
lence of brain metastases after completion of systemic
treatment and the sensitivity of SCLC to RT [94]. This
practice is based on several well-conducted randomized
studies and meta-analysis that demonstrated significantly
reduced cumulative incidence of brain metastases (from 50–
60% to 25–30%) and improvement in overall survival (5%
survival advantage at 3-year follow-up) [95–97].

Moreover, PCI is advocated in select patients with
extensive-stage SCLC patients who have had a response to
chemotherapy, based on a randomized phase III study by
Slotman et al. [98]. This study showed that PCI lowers risk
of symptomatic brain metastases by 73% (p < 0.001), with
one-year cumulative risk of brain metastases dropped from
40.4 to 14.6% (p < 0.001). PCI was associated with
improved PFS from 12.0 to 14.7 weeks (p = 0.02) and
improved OS from 5.4 to 6.7 months (p = 0.003).

Studies that evaluated the use of PCI in select patients
with NSCLC who has responded well to initial systemic
therapy showed that PCI reduced overall incidence of brain
metastases in patients with stage III NSCLC, but this did not
translate into survival benefit [99, 100]. Therefore, PCI is
currently not standard of care for such patient population.

Leptomeningeal Metastases

Incidence

Leptomeningeal metastasis (LM) affects approximately 5%
of cancer patients [101–103]. LM occurs in approximately
10% of lung cancer patients, based on autopsy series [104–
106] and is an important cause of morbidity and mortality
for this population. LM is usually accompanied by extensive
and/or progressive systemic disease and presence of metas-
tases in other parts of CNS or usually extensive extracranial
disease burden [102, 107].

In SCLC patients, the overall prevalence of LM is 2% and
the cumulative incidence 10% at 2 years [15, 107]. These
numbers are likely underestimates of the actual rates, since

only symptomatic patients undergo investigations to diag-
nose LM. In NSCLC, LM is more commonly seen in ade-
nocarcinoma than other NSCLC histologies [108].

Clinical Features

The multifocal nature of LM means that there may be signs
and symptoms at multiple levels of the neuraxis, and combi-
nation of mental status changes, cranial nerve, and spinal nerve
root signs is often seen in these patients [109, 110]. About half
of patients present with headache, vomiting, lethargy, and/or
altered mental status at diagnosis, and up to 25% of patients
have hydrocephalus and increased intracranial pressure. Cog-
nitive dysfunction occurs in 25–33% of patients, while focal or
generalized seizures are present in 3–12%. Signs of
parenchymal brain dysfunction, e.g., aphasia, hemipharesis,
and hemisensory loss, are uncommon and, when present, are
suggestive of coexisting cerebral metastases or significant
invasion of tumor cells into brain along Virchow-Robin spaces
[111]. Mental status changes are seen in about 50% of patients.

Cranial nerve involvement is seen in approximately 20%
of SCLC patients with LM [112]. Such patients report a loss
of visual acuity, diplopia, dysarthria, dysphagia, hoarseness,
hearing loss, tinnitus, facial numbness, or pain. Cranial nerve
signs noted during examination can be mild and involve
paresis of extraocular muscles, decreased facial sensation,
facial paresis, and hearing loss [110, 111].

Spinal cord and nerve root symptoms occur in more than
50% of patients with LM [7] (Fig. 22.2). Radicular pattern of
involvement, such as cauda equina syndrome, involves lower
extremities more common than upper extremities and can
manifest as multifocal radicular pain, sensory loss, weakness,
fasciculations, reflex asymmetry, and autonomic failure with
sexual dysfunction and sphincter disturbances. In comparison,
tumor infiltration of the parenchyma of the spinal cord may
present predominantly with upper motor neuron type, such as
weakness, spasticity, hyperreflexia, and Babinski signs.

Treatment

The goal of treatment in patients with LM from lung cancer is
generally to provide palliation, relieve pain, and improve or
maintain neurologic function. RT has been commonly used in
this setting [113]. In general, focal RT with a dose of 30 Gy is
delivered to area (s) causing rapidly progressive symptoms
(usually of cranial nerve or cauda equine origin), areas
causing CSF compartmental blockage, and/or sites of “bulky”
disease on MR scans. WBRT is used in patients with seizures
or other signs of brain parenchymal involvement. The use of
craniospinal axis RT is uncommon due to significant side
effects such as mucositis and myelosuppression with no
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additional clinical or survival benefit seen with the use of such
an approach. PCI, which prevents brain parenchymal metas-
tases, is not effective in preventing LM in SCLC [111].

Intrathecal or intraventricular chemotherapy is employed
in select patients, if clinically indicated, after any CSF flow
blockage has been relieved surgically or by focal RT [113].
Historically, methotrexate (MTX), cytarabine, and liposomal
cytarabine are the most common agents used to treat LM
caused by any primary cancer including lung cancer, despite
their lack of activity against lung cancer [114]. A retrospec-
tive study also evaluated the combination of intrathecal
MTX and cytarabine in 30 patients with LM from solid
tumors, including five lung cancer patients, and showed that
it was relatively tolerable, with six patients experiencing
grade III toxicity including two patients with meningitis
[115]. Most systemic chemotherapy agents used to treat lung
cancer are not used in LM due to their poor CNS penetra-
tion. However, there are reports of good response to
EGFR TKI erlotinib or gefitinib in patients with LM from
NSCLC [71, 72, 116]. Lee et al. retrospectively reviewed 25
patients with LM from NSCLC who all received intrathecal
chemotherapy and also received either gefinitib (11 patients)

or erlotinib (14 patients); use of erlotinib resulted in higher
cytologic conversion rate of LM than gefinitib (64.3% [9/14]
vs. 9.1% [1/11]) [71].

The average survival time in patients with LM from lung
cancer is 6–12 weeks [102, 108, 117]. Several studies have
identified poor performance status and/or neurological
function, high protein levels, and high WBC counts in initial
CSF and bulky CNS disease as adverse prognostic factors
whereas EGFR TKI use, VP shunt operation as favorable
prognostic factors in this patient population [116, 118]

Epidural Spinal Cord Compression

Epidural spinal cord compression (ESCC) is a frequent and
often devastating complication of lung cancer. In a large
series of patients with ESCC due to cancer, lung, breast, and
prostate were the most common primary cancers, with each
comprising 20–25% of the total cases [18]. The cumulative
incidence of symptomatic ESCC is approximately 3–6% for
patients with lung cancer [15].

Fractionated radiation is the most common definitive
treatment for epidural spinal metastases, generally given in
30–40 Gy over 10–15 days, and centered on the site of
ESCC and incorporating one or two vertebral bodies above
and below the full extent of the epidural lesion(s).
Intensity-modulated RT (IMRT) and SRS have been used in
the past primarily for recurrence in previously irradiated field
of lung or spinal metastases [119, 120] and have been
increasingly used as the primary treatment of spinal metas-
tases [121, 122]. The theoretical advantages of such focused
RT techniques are higher capacity of delivering high-dose
radiation to the targeted lesion and sparing the surrounding
tissues as compared to standard fractionated RT.

Surgical decompression should be considered for diag-
nostic and/or therapeutic purposes in patients with ESCC with
no known cancer, in patients with otherwise limited or
indolent systemic disease, or cases of RT failure or patients
with spinal instability. A systemic literature review of 33
non-randomized studies (2495 patients from 1970 to 2007,
including 416 patients with lung cancer) showed that more
patients with ESCC regained their ability to ambulate after
aggressive surgery with or without RT compared to RT alone
(64% vs. 29%, p < 0.001) [123]. In a recent randomized trial
that compared surgery followed by RT versus RT alone in
101 patients with ESCC (including 26% of patients with lung
carcinoma), patients treated with surgery and RT had a sig-
nificantly higher rate of regaining ambulation than RT alone
(42/50, 84% vs. 29/51, 57%; p = 0.001) for longer duration
(median 122 days vs. 13 days; p = 0.003) and significantly
reduced use of corticosteroids and analgesics [124].

The best result from treatment are seen with pain control,
with 70–80% of patients with ESCC experiencing durable

Fig. 22.2 Diffuse abnormal leptomeningeal enhancement along the
conus medullaris and cauda equina nerve roots consistent with
leptomeningeal metastases in a patient with NSCLC
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improvement of pain, and improved motor function is
observed in approximately one-third of patients [125].
Improvement in ambulation largely depends on pre-treatment
functional status, and studies have shown that approximately
80% of patients who are fully ambulatory before treatment
maintaining ambulation compared to 20–30% of those with
paraparesis and fewer than 10% of paraplegic patients are able
to ambulate after treatment [126, 127]. Favorable prognostic
factors include tumor histology (lung cancer is an unfavorable
histology), good performance status, complete surgical
resection of epidural metastasis, cervical location, and single
epidural lesion [128–130]. Among different lung cancer his-
tologies, a trend to worse outcome is observed with squamous
cell carcinoma while patients with SCLC having the best
outcome [131]. For a complete discussion on malignant
ESCC, please refer to Chap. 6.

Intramedullary Spinal Cord Metastases

Incidence

Intramedullary spinal cord metastases (ISCMs) are unusual
complication of solid tumors and believed to arise from
hematogenous spread. Lung cancer accounts for more than
50% of ISCM cases (Fig. 22.3), followed by breast cancer,
melanoma, and renal cell cancer; ISCM is more commonly
seen in SCLC compared to NSCLC [132–134].

Treatment

Commonly patients with ISCM are treated with standard
fractionated RT that leads to partial improvement or stabi-
lization of neurologic function [132], and results seen in SCLC
patients are more favorable compared to NSCLC patients. In
highly selected patients with NSCLC and solitary ISCM with
no leptomeningeal disease, partial or complete resection of
ISCM may be performed [134]. However, regardless of
treatment modality, patients with ISCM have a poor prognosis
with median overall survival of 4 months [135]. Early diag-
nosis and initiation of appropriate treatment are important to
preserve neurological function in such patients.

Brachial Plexus and Peripheral Nerve
Metastases

Brachial Plexus Metastases

Apical lung cancer, also termed as Pancoast tumor, arises in
about 5% of NSCLC cases and 1% of SCLC. Lung cancer
can spread to the nearby C8 and T1 nerve roots or into the

brachial plexus, especially the inferior trunk and medial cord
[136]. Pain is the most common initial symptom, and rapidly
progresses from a dull, throbbing sensation in the upper back
or lateral shoulder to the medial portion of upper arm, elbow,
and forearm. Dysesthesias can also occur in the C8-T1 nerve
distributed area, followed by weakness and atrophy of the
intrinsic hand muscles. Continued tumor spread can involve
the rest of the plexus, including the medial and radial nerve,
and result in weakness in the flexors and extensors of the
hand and wrist and extensors of the elbow. When tumor
involves the sympathetic trunk, it can result in partial Hor-
ner’s syndrome with ptosis and anhydrosis. The tumor
invades the adjacent vertebrae and extends into the epidural
space in approximately 30% of patients. Lung cancer
metastases to the axillary or supraclavicular lymph nodes
can also involve the brachial plexus [137].

Brachial plexus metastases need to be distinguished from
radiation plexopathy in patients with history of prior chest
RT [18]. Most important, distinguishing clinical features

Fig. 22.3 Intramedullary spinal cord metastasis in a patient with
NSCLC
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include Horner’s syndrome, which almost always indicates
lung metastasis, and early onset, severe pain, which is more
commonly seen with plexus metastases than
radiation-related injury. MRI of the brachial plexus is gen-
erally highly sensitive in detecting brachial plexus metas-
tases. FDG-PET can be helpful in select patients who may
not have clearly visible tumor mass or in cases where MRI
changes in radiation plexopathy are difficult to distinguish
from nerve infiltration by the tumor.

The goal of treatment is to improve symptoms including
pain and to stabilize or improve motor function. Analgesics
including opioids and drugs such as gabapentin or prega-
balin are commonly used to help with neuropathic pain.
Radiation is the standard treatment and results in significant
pain relief in majority of patients; however, less than
one-third of patients report major improvement in their
motor and/or sensory deficits. In cases when the conserva-
tive measures and RT do not result in pain control, rhizo-
tomy, or cordotomy, and in the setting of a reflex
sympathetic disorder, stellate ganglion block are alternatives
[7].

Peripheral Nerve Metastases

Lung cancer metastases can compress the recurrent laryngeal
nerve, a distal branch of the vagal nerve that innervates the
muscles of the larynx, and cause weak cough, hoarseness,
and/or dysphagia, and increased risk of aspiration secondary
to paralyzed vocal cord. Treatment of lung cancer with
chemotherapy and radiation can occasionally improve these
symptoms, and laryngoplasty of the paralyzed vocal cord is
performed to decrease the risk of aspiration. Atypical facial
pain has also been described in patients with lung cancer, as
constant aching around the ear, always ipsilateral to the
thoracic tumor and is likely due to the intrathoracic vagus
nerve compression by the metastatic deposits [7]. Local
intervention with surgery or radiation usually alleviates the
pain.

Paraneoplastic Disorders

Overview

Small cell lung cancer (SCLC) is the most common cancer
that is associated with neurologic paraneoplastic disorders in
adults [138]. One to four percent of SCLC patients develop
Lambert–Eaton myasthenic syndrome [15, 139] and other
neurologic paraneoplastic disorders seen in 1% in SCLC.
Any paraneoplastic disorder can occur in NSCLC, though at
much lower frequency compared to SCLC. The etiology of
most neurologic paraneoplastic disorders is believed to be an

autoimmune response against shared tumor neuronal anti-
gens, and the higher incidence of these disorders in SCLC is
likely due to neuroendocrine origin seen in SCLC. Patients
with neurologic paraneoplastic disorders usually have
limited-stage SCLC, due to either early detection or the
anti-tumor immune response [139–141]. In the past two
decades, numerous tumor neuronal antibodies in serum or
CSF have been identified, among which anti-Hu and
anti-CV2 are more associated with SCLC and NSCLC [138,
142, 143]. The identification of such antibodies may help in
diagnosis of the primary tumor in patients with a suspected
paraneoplastic neurologic disorder but no known cancer
diagnosis. Sometimes the detection of such antibodies can
precede radiologic detection of primary tumor for months to
years, posing a challenge for clinical diagnosis.

Clinical Syndromes

Multifocal Encephalomyelitis
Paraneoplastic encephalomyelitis is most commonly seen in
SCLC [138, 144–146] and less commonly in NSCLC
patients. It is characterized pathologically by patchy, multi-
focal involvement of any or multiple areas of the central
nervous system, seen as neuronal loss and variable degree of
infiltration by mononuclear cells, lymphocytes, and plasma
cells. Clinically, patients commonly present with subacute
sensory neuronopathy and cerebellar degeneration. How-
ever, some exhibit focal cortical encephalitis, limbic
encephalitis, extrapyramidal movement disorder [147], and
brainstem encephalitis [148]. In addition, patients may have
peripheral nerve involvement, including sensorimotor
polyneuropathy, mononeuritis multiplex, or Lambert–Eaton
syndrome. Most patients have circulating antibodies, espe-
cially anti-Hu antibodies against a group of RNA-binding
proteins [144–146] or anti-CV2 (CRMP-5) antibodies
directed against a group of proteins expressed by neurons
and oligodendrocytes [149].

Most patients with paraneoplastic encephalomyelitis
usually deteriorate over weeks to months, and then stabilize
at a level of severe neurologic disability, regardless of
treatment. In patients with incomplete response to lung
cancer-targeted treatment, subsequent neurological decline is
common [140].

Limbic Encephalitis
Approximately one-half of patients with paraneoplastic
limbic encephalitis have SCLC [150–152]; this is less
commonly seen in NSCLC. The diagnostic criteria for
paraneoplastic limbic encephalitis include subacute onset of
memory loss, seizures, and psychiatric symptoms, neu-
ropathologic, neuroimaging, or EEG evidence for involve-
ment of the limbic system and a cancer diagnosis within a
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few years of onset of the neurologic syndrome [151, 153].
Paraneoplastic limbic encephalitis generally evolves over
days to weeks and manifests as amnestic syndrome
(short-term antegrade and retrograde) or psychiatric disorder
or both. Denial of deficits and confabulation are common.
The psychiatric disorders seen include depression, anxiety,
emotional lability, personality change, hallucinations, or
paranoid delusions. Other features include
obsessive-compulsive behavior, disinhibited behavior,
hyperphagia, and hypersexuality. Generalized or partial
complex seizures occur in most patients, may be the initial
neurologic feature, and can be medically intractable. MRI
shows abnormal T2-weighted or FLAIR signal in the mesial
temporal lobe and amygdala bilaterally and less commonly
in the hypothalamus and basal frontal cortex [151, 152]. In
many patients the MRI lesions subsequently resolve and
may not correspond with clinical improvement. Temporal
lobe biopsy shows extensive neuronal loss, gliosis, and
microglial nodules in the hippocampus and amygdale [151].
Most patients with paraneoplastic limbic encephalitis and
SCLC have multifocal encephalomyelitis. Most patients
have circulating tumor neural autoantibodies [150, 154],
with anti-Hu and anti-CV2 being most prevalent.

Cerebellar Degeneration
Ninety percent of patients with paraneoplastic cerebellar
degeneration have SCLC, Hodgkin lymphoma, or carcinoma
of the breast or ovary, with SCLC being the most common
primary tumor [18]. The most striking and consistent neu-
ropathologic finding is severe, diffuse loss of Purkinje cells
throughout the cerebellar cortex [155, 156]. The clinical
onset can be abrupt [157], and signs and symptoms reflect
diffuse dysfunction of the cerebellum, including truncal
ataxia, dysarthria, nystagmus, vertigo, diplopia, and oscil-
lopsia. Many patients may also develop multifocal
encephalomyelitis, paraneoplastic peripheral neuropathy, or
Lambert–Eaton myasthenic syndrome [158, 159]. After a
period of subacute progression, the disease usually stabi-
lizes, leaving the typical patient severely disabled [157].
Anti-Hu antibodies are the most common onconeural anti-
bodies seen in this patient population [157, 158], while
others may have anti-CV2 antibodies [143] or anti-Zic4
antibodies [160]. Anti-Yo antibodies that are strongly asso-
ciated with breast or ovarian cancer, and anti-Tr that is
associated with Hodgkin lymphoma, are rarely associated
with lung carcinoma.

Opsoclonus-Myoclonus
Opsoclonus is characterized as chaotic, continuous multidi-
rectional rapid eye movements (saccadic oscillations) with-
out an intersaccadic interval, less common in adults and

most often associated with SCLC or breast carcinoma,
occasionally with NSCLC [161, 162]. The specific patho-
physiology is unclear; postmortem cases implicate injury to
cerebellar neurons and/or to brainstem ocular motor nuclei in
opsoclonus may play a role. Anti-Hu, anti-Ri (ANNA-2),
anti-CV2, or antiamphiphysin antibodies are present in
select patients [162].

Extrapyramidal Syndrome
Extrapyramidal syndrome is manifested as chorea, athetosis,
dystonia, or parkinsonism, occurring most often in SCLC
and rarely in NSCLC [163]. MRI shows focal lesions in the
basal ganglia. Anti-Hu and anti-CV2 are the most commonly
associated antibodies.

Brainstem Encephalitis
Paraneoplastic brainstem encephalitis manifests as a variety
of gaze palsies or other ocular motor disturbance, possibly
along with dysarthria, dysphagia, central respiratory failure,
or other signs and symptoms referable to the brainstem
[148]. It most commonly occurs in the setting of paraneo-
plastic multifocal encephalomyelitis in SCLC and is asso-
ciated with anti-Hu antibodies. The neurologic prognosis is
generally poor, and the brainstem dysfunction can be fatal in
some patients.

Carcinoma-Associated Retinopathy
More than 75% of patients with carcinoma-associated
paraneoplastic retinopathy have SCLC [164, 165]. The
visual symptoms usually precede tumor detection by months
to years and include painless bilateral blurry vision, night
blindness, episodic obscurations, distortions, or photosensi-
tivity. Examination shows severely impaired visual acuity
and diffuse dysfunction of both rod and cone photoreceptor
cells. The clinical course is subacute and worsens over
weeks to months to severe impairment. A great majority of
patients have circulating autoantibodies against recoverin, a
23-kd calcium-binding protein, and some have antibodies
against other retinal proteins [18].

Stiff Person Syndrome
Stiff person syndrome refers to a presentation of muscle
rigidity and spasms that are associated with SCLC and
other neoplasms. Rigidity is likely the result of injury to
the spinal cord and/or brainstem. Patients develop pro-
gressive aching and rigidity of the axial and proximal
muscles, sometimes with painful, violent spasms that can
occur spontaneously or triggered by voluntary or passive
movement. Patients may eventually develop fixed flexion
of the limbs or even opisthotonus and respiratory difficulty.
Autoantibodies against the synaptic vesicle-associated
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protein amphiphysin can be detected in some patients [166,
167].

Motor Neuron Disease
Paraneoplastic lower motor neuron dysfunction occurs in up
to 25% of patients with SCLC and multifocal
encephalomyelitis [145] and generally does not improve
with treatment. However, several well-described patients
with a lower motor neuron syndrome or combined upper and
lower motor neuron syndrome experienced significant neu-
rologic improvement after resection of lung cancer.

Subacute Sensory Neuronopathy
This syndrome is the most common manifestation of para-
neoplastic encephalomyelitis with more than 90% of patients
having SCLC and a minority having NSCLC [144–146].
Pathologically, there is inflammation of the dorsal root
ganglion with loss of neuronal cell bodies [111, 155]. Early
symptoms include patchy or asymmetric numbness and
burning dysesthesias that involve the legs and progressively
involve the arms and the face over days to weeks. Exami-
nation reveals severe sensory ataxia that mimics cerebellar
dysfunction and hypoactive or absent muscle stretch
reflexes, whereas normal muscle strength is preserved. Both
small and large neurons are affected, which is different from
the large fiber neuropathy seen with cisplatin. Characteristic
EEG/NCS studies show normal motor nerve findings but
severely reduced or absent sensory potentials [168, 169].
Most patients will have subacute deterioration over weeks to
months, and then stabilize at a severely debilitated level
regardless of treatment, while others may have subsequent
stepwise or gradual neurologic decline. Rarely patients have
minimal CNS manifestations and an indolent course of
sensory neuropathy, independent of treatment modalities
[170].

Neuromyotonia
Patients with SCLC may develop paraneoplastic peripheral
nerve hyperexcitability as the “cramp-fasciculation syn-
drome” or as a syndrome of diffuse muscle stiffness similar
to neuromyotonia or continuous muscle fiber activity
(Isaacs’ syndrome) [171]. Needle EMG shows repetitive
bursts of rapidly firing motor unit discharges and/or very
high-frequency trains of discharges. Occasionally, autoanti-
bodies against proteins in the voltage-gated potassium
channel complex can be detected, including
contacting-associated protein-2 (Caspr2) [172, 173].

Other Neuropathies
A minority of patients with SCLC as well as anti-Hu and/or
anti-CV2 antibodies have a mixed sensorimotor polyneu-
ropathy with a mixed axonal-demyelinating electrophysio-
logic pattern [143, 174]. Mononeuritis multiplex with

biopsy-proven nerve vasculitis can occur in SCLC or
NSCLC, with or without anti-Hu antibodies [175].

Autonomic Insufficiency
Paraneoplastic autonomic dysfunction most commonly
occurs as part of encephalomyelitis in patients with SCLC,
rarely in NSCLC. These patients may present with severe
and progressive gastrointestinal dysmotility up to several
months prior to detection of the cancer [176–178]. Other
symptoms include sympathetic and/or parasympathetic
dysfunction, such as orthostatic hypotension, dry mouth, and
urinary retention. Neurologic outcome is usually poor, and
patients are at risk for sudden death.

Lambert–Eaton Myasthenic Syndrome
Lambert–Eaton myasthenic syndrome (LEMS) is a disorder
of the neuromuscular junction, and antibodies to
voltage-gated calcium channels at the presynaptic terminal
are pathogenic. Approximately one-half of patients LEMS
have an associated neoplasm, among whom 90% have
SCLC [141, 179–181]. On the other hand, LEMS is the
most frequently described paraneoplastic syndrome associ-
ated with SCLC. Paraneoplastic LEMS precedes the
detection of tumor in more than 75% of patients by months
to years. Clinical course is often insidious with gradual
onset of weakness and fatigue. The initial symmetric
weakness predominantly involving the proximal leg mus-
cles and sometimes shoulder girdle muscles over time can
progress to involve distal muscles. Weakness can involve
respiratory muscles as well. In contrast to myasthenia
gravis, in LEMS the oculobulbar muscles are usually spared
and the strength increases with initial effort before the
weakness returns. Muscle stretch reflexes are characteristi-
cally diminished or absent. Over time, 90% of patients
eventually develop other cholinergic disturbances such as
dry mouth, constipation, and impotence. The characteristic
electrophysiologic profile of LEMS includes a decrement of
the compound muscle action potential (CMAP) at slow
rates of stimulation but an increment at faster rates [169].
This is different from normal musculature that has a similar
size CMAP at slow or fast rates, and from myasthenia
gravis, which has a decremental response to both [111].
Before the identification of primary tumor, it can be chal-
lenging to differentiate paraneoplastic LEMS from
non-paraneoplastic LEMS based on their neuromuscular
symptoms, EMG abnormalities, or the presence of
anti-calcium channel antibodies. Antibodies against the
SOX1 transcription factor are present in nearly two-thirds of
patients with LEMS associated with SCLC but only in 5%
of patients with non-paraneoplastic LEMS [182, 183].
Anti-SOX antibodies are also present in 40% of patients
with SCLC who do not develop neurological symptoms.
Although anti-SOX antibodies are not known to be directly
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involved in the pathogenesis of LEMS, they may well serve
as a valuable serologic marker for SCLC [18].

Myopathies
Both dermatomyositis (DM) and polymyositis (PM) are
inflammatory myopathies of autoimmune origin and are
rarely associated with underlying malignancies, among
which lung cancer is a frequent cause. Dermatomyositis is
more likely than PM to be associated with cancer [184–186].
Laboratory findings include autoantibodies such as anti-Jo
and increased serum creatine kinase level, and EMG often
confirms the presence of a myopathy. Some patients improve
after tumor resection and/or immunosuppressant, while
others can become severely disabled or die as a result of
bulbar and respiratory weakness.

Treatment
The neurologic outcomes in patients with paraneoplastic
neurologic disorders vary widely following tumor treatment,
depending on the specific paraneoplastic syndrome, the time
interval between onset of symptoms and clinical intervention
and tumor response to treatment. Increasing evidence
demonstrates that successful tumor treatment is a major
factor in determining neurologic outcome, and that
immunosuppressive therapy is more likely to be effective
when the tumor is treated successfully [145, 146].

Most patients with paraneoplastic LEMS have neuro-
logical improvement after successful treatment of the asso-
ciated SCLC [141]. Pyridostigmine is of benefit but is less
effective than for myasthenia gravis. The potassium channel
antagonist 3,4-diaminopyridine prolongs the action potential
at motor nerve terminals, increases the time available for
calcium entry into the cell, enhances acetylcholine release,
and therefore improves strength in nearly all patients with
LEMS [181]. Immunosuppressive therapy is usually
reserved for patients with severe weakness or in those where
tumor treatment is not an option. Prednisone and/or aza-
thioprine is commonly used, followed by cyclosporin as
second line of therapy. Plasma exchange or intravenous
immunoglobulin can produce improvement in most patients
and lasts for 2–3 months. There are case reports of response
to rituximab as well [187].

In several other syndromes including neuromyotonia and
stiff person syndrome, successful tumor treatment and/or
immunosuppressive therapy often results in significant neu-
rologic improvement. It has been postulated that onconeural
antibodies cause neuronal or peripheral nerve dysfunction but
not neuronal cell death, allowing for recovery if the
autoimmune response can be suppressed [18]. Most patients
with paraneoplastic retinal degeneration and antirecoverin
antibodies treated with prednisone show mild to moderate
vision improvement, while some patients can have a fluctu-
ating steroid-dependent course or deteriorate after an initial

partial response. There are no definite reports of visual
improvement following tumor treatment without concomi-
tant corticosteroid therapy. Intravenous immunoglobulin may
also be beneficial in select patients.

In patients with paraneoplastic opsoclonus-myoclonus,
symptoms may improve spontaneously [162], with suc-
cessful treatment of the tumor [161], or with immunosup-
pressive therapy [162], while others show little neurological
improvement with treatment. In patients with paraneoplastic
limbic encephalitis, the neurological course is variable,
partly due to the type of associated autoantibody. Overall,
30–50% of patients with limbic encephalitis and SCLC
improve after tumor treatment, with or without immuno-
suppressive therapy [144, 150, 151].

The poorest neurologic outcomes are seen in patients with
paraneoplastic cerebellar degeneration [157, 188],
encephalomyelitis, or other syndrome associated with
anti-Hu antibodies [140, 146]. Fewer than 10% of these
patients show significant neurologic improvement despite
successful tumor treatment and aggressive immunosuppres-
sive therapy. It is likely that patients have already suffered
neuronal death or irreversible injury by the time of diagnosis
being made. Therefore, the decision to treat with use of
immunosuppressive therapies must be based on the partic-
ular syndrome and be individualized.

Conclusion
As improved systemic treatment allows patients with lung
cancer to live longer, relapse and the involvement of
central nervous system is more frequently observed in
these patients. The treatment of neurological complica-
tions from lung cancer is also rapidly evolving, and the
role of radiation has been further refined in lung cancer
patients with brain metastases and radiosurgery been
increasingly used. In the past, chemotherapy had limited
role in the management of these patients due to poor BBB
penetration and chemoresistance of the relapsed tumor.
However, newer targeted agents have better CNS pene-
tration and can be effective in select group of patients.
Continued advancements in these areas will further
improve the survival and quality of life of these patients.
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ICCTF International Cognition and Cancer Task Force
ICH Intracranial hemorrhage
ISCM Intramedullary spinal cord metastasis
KPS Karnofsky performance status
LM Leptomeningeal metastases
LMWH Low molecular weight heparin
MBP Myelin basic protein
MMSE Mini-mental status examination
MRI Magnetic resonance imaging
mTOR Mammalian target of rapamycin
NCCN National Comprehensive Cancer Network
NF2 Neurofibromatosis 2
NGF Nerve growth factor
NMDA N-methyl-D-aspartate
OS Overall survival
PARP Poly (ADP-ribose) polymerase
PET Positron emission tomography
PI3K Phosphoinositide 3-kinase
PNS Paraneoplastic neurological syndromes
PR Progesterone receptors
PFS Progression-free survival
PRES Posterior reversible encephalopathy
PS Performance status
QoL Quality of life
RECIST Response Evaluation Criteria In Solid Tumors
RIBP Radiation-induced brachial plexopathy
RT Radiotherapy
RTOG Radiation Treatment Oncology group
SEER Surveillance epidemiology and end results
SMART Stroke-like migraine attacks after radiation therapy
SRS Stereotactic surgery
SRT Stereotactic radiotherapy (stereotactic hypofractionated radiotherapy)
STIR Short TI inversion recovery
tPA Tissue-type plasminogen activator
TMT Trail Making Test
uPA Urokinase plasminogen activator
US USA
VEGF Vascular endothelial growth factor
VTE Venous thromboembolism
WBRT Whole-brain radiotherapy
WHO World Health Organization
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Introduction

Breast cancer (BC) is one of the most common cancers in
women with approximately 1 in 8 developing BC. Neuro-
logical complications of BC can result from metastases,
treatment, and other causes. Neurological signs and symp-
toms may involve both the central (CNS) nervous system
and the peripheral (PNS) nervous system. CNS metastases
portend a poor outcome in patients with BC, and in all cases,
the neurological complications of BC have a significant
impact on the functional status and quality of life (QoL) of
the patient. An outline of the chapter is illustrated in
Table 23.1.

Metastatic Complications

Central Nervous System Metastases

Parenchymal Brain Metastases (Fig. 23.1)
Breast cancer (BC) is one the most frequent systemic cancers
resulting in brain metastases (BM). Between 10 and 30% of
BC patients will develop BM [1]. BM often have a signifi-
cant clinical impact by reducing the QoL and compromising
survival [2].

BM in BC most often are metachronous in presentation
and seen in patients with known cancer (80%), but can also
be the first manifestation of cancer (5–10%) [3] or discov-
ered concomitantly with systemic disease. BM are solitary in
20 to 30% of patients and are oligometastatic (2 or 3 lesions)
in the same proportion [2, 3]. Signs and symptoms of BM
are related to the anatomic localization of the metastases.
Approximately 50% of patients present with headache, and
30% present with focal neurological signs, mostly seizures
[4]. Cranial computed tomography (CT) scan is able to
detect BM; however, the sensitivity and specificity of mag-
netic resonance imaging (MRI) are considerably higher [5].
Contrast MRI permits a more precise evaluation of the
number and location of BM. BM are located in the cerebral
hemispheres (80% overall) and less frequently in the cere-
bellum (15%) or brainstem (5%). Once developed, the
neurological symptoms/signs do not always resolve, even in
patients responding to treatment. Early diagnosis and serial
follow-up after BM are diagnosed as important to minimize
emergence of CNS disease that may compromise QoL and
survival. In the CEREBEL study of human epidermal
growth factor receptor 2 (HER2)-positive metastatic BC,
nearly 20% of the patients had asymptomatic BM. Consid-
ering the high proportion of BM in BC and the increasing
treatment options in the HER2-positive population, serial
brain MRI appears clinically appropriate [3].

The incidence of and the time to presentation of BM vary
according to the subtype of BC (categorized as luminal A:
ER/PR positive, HER2 negative; luminal B: triple positive;
HER2: HER2 positive, ER/PR negative; and basal: triple
negative). In a cohort of 383 BC patients treated for BM,
both the median time between BC and BM diagnoses and
the median overall survival (OS) following discovery of BM
were significantly different among the different BC subtypes
[6]. The shortest interval between BC diagnosis and BM
diagnosis was observed in the basal/triple negative and the
HER2 subtypes (Table 23.2) [7, 8]. The overexpression of
HER2 is associated with a higher risk of BM; between 30
and 50% of HER2-positive patients will develop BM [9–12].
Several risk factors for BM have been identified in BC
patients, including overexpression of HER2, estrogen
receptor negativity, triple negative status, young age, nodal
involvement, high-grade tumors, and larger tumor size [7, 8,
13–15].

In a Japanese retrospective cohort of 1256 BC patients
with BM, the median OS was 8.7 months [16]. Shortest OS
was observed in the non-HER2-positive subtypes in the
cohort of Sperduto et al. [7, 8, 15]. No significant difference
in OS was observed among HER2-positive tumors in a large
cohort of 423 HER2-positive BC patients with BM [17]. In
this cohort, BM patients treated with trastuzumab and lap-
atinib had a significantly longer survival as compared to
patients treated with trastuzumab alone, lapatinib alone, or

Table 23.1 Neurological complications of breast cancer: outline

Metastatic complications
of breast cancer

Central nervous system
Cranial
Parenchymal brain metastases
Skull base metastases
Dural metastases

Spinal
Intramedullary spinal cord

metastases
Spinal epidural metastases
Leptomeningeal metastases

Peripheral nervous system
Peripheral nervous system

metastases
Neoplastic plexopathy

Non-metastatic,
non-treatment-related
complications

Paraneoplastic syndromes
Meningiomas

Treatment related
complications

Central nervous system
Encephalopathy
Cognitive injury
Radionecrosis
Cardiovascular complications
Meningitic syndromes
Myelopathy

Peripheral nervous system
Plexopathy
Radiculopathy
Neuropathy
Peripheral neuropathy
Myopathy
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no HER2-targeting agent. The subtype of BC appears to not
only influence prognosis but cause death as well. Half of all
patients with HER2-positive BM die of CNS disease pro-
gression, whereas patients with triple negative BC die most
commonly of systemic disease [9, 18].

The Breast Graded Prognostic Assessment (Breast-GPA)
instrument developed by the RTOG (Radiation Treatment
Oncology Group) can assist in determining the prognosis of
BC patients with BM and guide treatment. For BC, the GPA
instrument used a single prognostic factor, the Karnofsky
Performance Status (KPS) [19]. In another RTOG cohort of
newly diagnosed BC patients, significant prognostic factors
included the KPS, the HER2, ER/PR status, and the inter-
action between ER/PR and HER2 [6]. The initial
Breast-GPA was revised based on a larger cohort of BC
patients with BM and now includes, KPS, BC subtype, and
age (Table 23.3). The median OS was estimated at
3.4 months for patients with a Breast-GPA score >1 and at
25.3 months for patients with a BC-GPA score between 3.5
and 4.0 [6]. Notably, the number of BM was not integrated
in the revised Breast-GPA; however, a recent analysis of
another large cohort of patients with BC and BM suggested
that the number of BM (>3 vs. � 3) has a significant impact
on survival [20]. In the aforementioned Japanese cohort,
multivariate analyses found increased survival in patients
diagnosed with BM within 6 months of metastatic BC
diagnoses, with asymptomatic BM, or with HER2-positive/
estrogen receptor-positive tumors [16]. In another retro-
spective cohort of 215 BC patients, non-luminal subtype,
presence of extracranial disease, time to CNS metas-
tases <15 months, the presence of >3 BM, and a low
Breast-GPA were associated with a shorter survival [21].

Relatively few trials have been prospectively studied in
BC patients with BM. Indeed, in the majority of BM trials,
lung cancer patients represent the largest population. As BC

and lung cancer share a better radiosensitivity relative to
melanoma [22], the management of BC BM can be in part
extrapolated from the results of these trials. Initial treatment
for newly diagnosed BC-related BM includes surgery,
whole-brain radiotherapy (WBRT), stereotactic radiotherapy
(stereotactic radiosurgery [SRS] and stereotactic radiother-
apy [SRT]), systemic therapy, clinical trials, and palliative
care. The choice of treatment depends on the number,
localization, and volume of BM, the neurological and overall
status of the patient, and the control of the systemic disease
[23, 24]. The intent of BM-directed treatment in BC can be
curative or palliative. Additionally, supportive care is
important following BM diagnosis. The lowest effective
dose of steroids is recommended for the management of
vasogenic edema to avoid steroid-related toxicity that may
further compromise QoL. According to the American
Academy of Neurology and European guidelines, prophy-
lactic antiseizure treatment is not recommended in patients
with BM [25, 26]. In a patient with seizures and BM in
whom an antiepileptic drug is indicated, the use of non
enzyme-inducing agents is recommended to minimize
interactions with systemic anticancer treatments.

Surgical resection is considered for patients with acces-
sible and limited BM. In a cohort of 42 BC patients with
BM, the median OS after surgery was 16 months [27]. In
this case series, age was the only factor significantly corre-
lated in multivariate analyses with OS. In another cohort of
116 BC patients with BM, the median OS was 11.5 months
[28]. Surgical resection is performed in patients with a
solitary BM in non-eloquent brain regions and in patients
with well-controlled systemic disease. Surgical resections of
all lesions in patients with up to 3 BM may improve survival
as well [29, 30]. Indications are less clear in patients with
multiple BM or uncontrolled extracranial disease, but in
some cases, surgery can provide rapid relief of symptoms

Fig. 23.1 Brain metastases.
Brain MRI, T1 W
gadolinium-enhanced axial
images
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due to intracranial hypertension and obstructive hydro-
cephalus, particularly in patients with a large symptomatic
lesion [31]. In summary, resective surgery is indicated for
(1) therapeutic indications including a large symptomatic or
asymptomatic lesion; (2) diagnostic indications including the
absence of known primary tumor, doubt regarding the
metastatic origin of the lesion, uncertainty between
radionecrosis, and progression after brain irradiation; and
(3) histological and molecular biological documentation.
Advances in surgery include functional MRI (fMRI) with
fiber tract mapping, transcranial stimulation, and
intra-operative MRI. Piecemeal resection should be avoided
as the recurrence rate is 1.7 times higher than tumors
removed en bloc, particularly for lesions in the posterior
fossa and in contact with CSF pathways [32, 33]. When
feasible, a microscopic total resection with a 5-mm margin

of normal-appearing tissue may lead to a reduced incidence
of local recurrence [34]. When surgery is performed, histo-
logical and molecular biomarkers should be re-examined to
verify the concordance between the primary BC and the BM
and to identify potential druggable targets.

The indications for stereotactic radiosurgery (SRS) or
stereotactic RT (SRT) include BM in patients with surgically
inaccessible metastases, post-surgical treatment of the
operative cavity, and progressive BM in patients previously
treated with WBRT (re-irradiation). SRT is used in patients
with a limited number of BM, limited lesional volume, and
controlled systemic disease. SRS is often used for patients
with less than 5 BM. However, large retrospective cohorts
with up to 15 lesions have reported similar outcomes to
those with 1–4 BM [35–38]. The total volume of tumor has
been suggested to be more important than total number of

Table 23.2 Incidence, median delay between breast cancer (BC) diagnosis and brain metastases (BM) diagnosis, and median overall survival
after BM diagnosis

Incidence of the different
BC subtypes in BM (%)

Median delay between BC
diagnosis and BM diagnosis (months)

Median survival after
BM diagnosis (months)

References

Luminal A 20
14

54.4
30

10.0
9.3
7.4
5

Sperduto [6]
Niikuara [16]
Aversa [15]
Bachmann [8]

Luminal B 25.5
35

47.4
96
33.5

22.9
16.5
19.2
16.5

Sperduto [6]
Niikuara [16]
Aversa [15]
Hayashi [17]

HER2 31
49

35.8
36
33.5

17.9
11.5
7
11.5

Sperduto [6]
Niikuara [16]
Aversa [15]
Hayashi [17]

Basal /triple negative 23.5
22

27.5
35

7.2
7.3
4.9
4.9
5

Dawood [399]
Sperduto [6]
Niikuara [16]
Aversa [15]
Bachmann [8]

Abbreviations: BC breast cancer, BM brain metastases

Table 23.3 Revised breast cancer graded prognostic assessment

Factor 0.0 0.5 1.0 1.5 2.0

KPS � 50 60 70–80 90–100 –

Genetic subtype Basal – Luminal A HER2 Luminal B

Age � 60 <60 – – –

Group Breast-GPA MST (months) (95% CI) 1 year OS (95% CI) 2 year OS (95% CI) 3 year OS (95% CI)

Group 1 0.0–1.0 3.4 (2.4–4.9) 15 (4–33) 0 0

Group 2 1.5–2.0 7.7 (4.8–9.7) 32 (23–41) 13 (6–20) 6 (2–13)

Group 3 2.5–3.0 15.1 (10.8–17.9) 55 (46–63) 29 (21–37) 19 (11–27)

Group 4 3.5–4.0 25.3 (20.4–30.4) 77 (69–84) 53 (43–61) 31 (22–40)

Abbreviations: KPS Karnofsky performance score, MST Median survival time, OS Overall survival
Used with permission of Springer Science from Sperduto et al. [6]
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lesions [39]. Local control rates observed after SRS range
from 64 to 94% [31]. SRS alone may be as effective as
surgery and SRS of the resection cavity [40–42]. In a cohort
of 136 BC patients presenting with 1–3 BM and treated with
SRS, local failure rate was 10% at 12 months and the
median OS was 17.6 months. On multivariate analyses,
patients with >1 lesion, triple negative BC, and poorly
controlled extracranial disease had a shorter OS [43]. In
another cohort of 131 BC patients with BM treated by SRS,
the median OS varied significantly according to the type of
BC, ranging from 7 months in triple negative patients, to
16 months in ER-positive HER2-negative patients,
23 months in ER-negative HER2-positive patients, and
26 months in ER-positive HER2-positive patients [44]. The
dose of SRS varies according to the volume of the lesion and
the potential risk of radionecrosis. In a small study, the dose
of SRS in BC patients with 1–3 BM was evaluated by
comparing 20 patients treated with 20 Gy versus 10 patients
treated with 16–18.5 Gy [45]. The local control rates were
94% after 20 Gy and 48% after 16–18.5 Gy.

WBRT has long been the standard treatment for BM,
though its role has changed with the advent of SRS/SRT,
new methods of WBRT, such as hippocampal avoidance,
and improved knowledge of outcome based upon BC sub-
type. Notably, however, WBRT decreases local and distant
failures after either surgery or SRS/SRT [46]. Addition of
WBRT results in a clinically significant benefit in 64–83%
of patients with BM and is associated with an increase of 2–
6 months in overall survival [47]. BC, as well as non-small
cell lung cancer (NSCLC), are more likely to respond to
WBRT compared to other histologies [48]. Response rates to
WBRT in BC patients with BM vary from 65 to 82% [48–
50]. The combination of WBRT and systemic agents con-
stitutes another potential treatment for BC BM. The addition
of temozolomide to WBRT in BC patients did not improve
local control or survival in a phase II randomized trial (NCT
00875355) [51]. The addition of veliparib, an oral PARP
inhibitor, to WBRT was well tolerated and showed
encouraging preliminary efficacy data in a cohort with 31%
of BC patients [52].

A phase III European Organization for Research and
Treatment of Cancer trial (EORTC 22952-26001) assessed
the impact of WBRT after surgery or SRS on the preser-
vation of functional independence in patients with 1–3 BM
(>90% with a solitary BM) from solid tumors (excluding
small cell lung cancer) with stable extracranial disease and a
0–2 WHO performance status (PS) [53]. In this study, 199
patients underwent SRS and 160 underwent surgery. The
median time to a deterioration of WHO PS by more than 2
points was 10.0 months after observation and 9.5 months
after WBRT. OS was not significantly different between the
2 arms (10.9 months after WBRT and 10.7 after observa-
tion). The 2-year relapse rate at both the initial treated site

and at new sites of disease was significantly reduced after
WBRT, although BC represented only 12% of all tumors in
this trial. The role of WBRT added to SRS in BC patients
with 1–3 BM has been reported in a retrospective cohort of
30 patients treated by SRS alone and 28 treated by SRS plus
WBRT [54]. The addition of WBRT to SRS resulted in
significantly longer survival without new BM but no dif-
ference was observed in survival between the 2 groups. In
the EORTC trial, a significantly better health-related quality
of life (HRQOL) was observed in the observation arm
compared to the WBRT arm during the first year after
treatment [55]. The authors conclude that WBRT was
detrimental to several elements of the HRQOL. This study
also reported that frequent monitoring for BM recurrence did
not have a negative impact on HRQOL. The impact of
WBRT on cognition was assessed in a small randomized
controlled study (NCT 00548756). In this trial, patients with
1–3 newly diagnosed BM were randomly assigned to SRS
plus WBRT or SRS alone. The primary endpoint was cog-
nition measured by Hopkins Verbal Learning Test-Revised
(HVLT-R) total recall at 4 months. The study was stopped in
accordance with trial stoppage guideline, after determination
of a 96% probability that patients in the SRS + WBRT
group were significantly more likely to have cognitive
decline as compared to patients treated by SRS alone [56]. In
the Alliance trial (NCT00377156), 213 patients with 1–3
BM, each <3 cm were randomized between SRS alone or
SRS plus WBRT [57]. The primary objective was to eval-
uate cognitive decline. After SRS alone, intracranial tumor
control with SRS was 66.1% at 6 months and 50.5% at
12 months. After SRS plus WBRT, intracranial tumor con-
trol was 88.3% at 6 months and 84.9% at 12 months.
Median OS was 10.7 months after SRS alone and
7.5 months after SRS plus WBRT. Moreover, despite better
local control after WBRT without improvement of OS, the
cognitive decline was higher after SRS plus WBRT.

The incidence of radiation-induced white matter injury
has been assessed in a retrospective cohort of 35 BC patients
treated by SRS plus WBRT and 30 patients treated by SRS
alone. A higher incidence of white matter hyperintensities by
brain MRI was observed after combined treatment. At one
year, 71.5% of the patients treated with both SRS and
WBRT demonstrated white matter lesions (limited periven-
tricular hyperintensity in 42.9%, diffuse white matter
hyperintensity in 28.6%), whereas only one patient treated
with SRS developed white matter lesions [58].

The use of WBRT is increasingly deferred, given evi-
dence that WBRT negatively impacts QoL and cognition,
and because BC patients, especially those with HER2 pos-
itive tumors, are living longer. Initial treatment with SRS
and close radiographic monitoring is thus preferred in
patients with a limited number of BM. The indications for
WBRT include multiple and disseminated BM, and failure
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of stereotactic radiotherapy [31]. The incidence of cognitive
decline as assessed by a decline in the Mini-Mental Status
Examination (MMSE) was determined in a prospective
randomized trial comparing WBRT plus SRS versus SRS
alone in 110 patients with 1–4 BM [59]. Deterioration in the
MMSE was seen in 39% of patients in the WBRT plus SRS
group and 26% of patients in the SRS only group. On
average deterioration occurred at 13.6 months in the WBRT
plus SRS group and at 6.8 months in the SRS group. Rec-
ognizing the limitations of the MMSE as an instrument to
assess cognition, these data suggested that cognitive
impairment in patients with treated BM may result from
radiation-related toxicity as well as recurrence of BM. Thus
the control of brain disease is of particular importance for
preservation of cognition.

Several approaches have been evaluated to minimize
RT-associated cognitive decline. Memantine, a N-methyl-D-
aspartate (NMDA) receptor agonist, was assessed in a ran-
domized double-blind placebo controlled trial in patients
treated with WBRT [60]. Memantine was well tolerated but
the difference in delayed recall, the primary endpoint, was
not significant between treatment arms. Nonetheless signif-
icantly longer time to cognitive deterioration, reduction in
the rate of decline in delayed recognition, executive function
and processing speed was observed with memantine. Peri-
hippocampal stem cells injury as a consequence of WBRT
may contribute to RT associated cognitive decline, and thus
shielding the hippocampal neural stem cell compartment was
evaluated in a phase II study utilizing hippocampal avoid-
ance WBRT (HA-WBRT) in patients with BM (RTOG
0933) [61]. In this study, the median OS was 6.8 months.
The mean relative decline in Hopkins Verbal Learning
Test-Revised Delayed Recall (HLVT-R DR) at 4 months
(primary endpoint) was 7.0%, significantly lower than his-
torical controls.

The efficacy of liposomal doxorubicin in combination
with cyclophosphamide was evaluated in a retrospective
study of 29 BC patients. The objective response rate in brain
was 41.4% after 3 cycles (50% in the absence of prior brain
RT). The median OS from brain diagnosis was 23 months
[62]. BM responses have also been reported with
anthracycline-based regimens, CMF (cyclophosphamide,
methotrexate and 5-fluorouracil), and high-dose methotrex-
ate [23]. Temozolomide as single agent in metastatic BC and
BM has little activity based upon two small phase II studies
in which the objective response rate was <6% and transient
[63, 64]. Similarly gefitinib has no activity, based on a single
phase II trial [65]. Interim analyses of the phase II did not
meet the efficacy point [23]. TPI-287, a microtubule-
stabilizing agent, designed to bypass the MDR-1 drug
efflux resistance mechanism is undergoing study [23]. Other
new agents under development include cabazitaxel
(NCT01913067), ANG1005 (NCT01480583), TPI-287

(NCT01332630) and 2B3-101 a glutathione-pegylated dox-
orubicin (NCT01386580).

Targeted therapies are highly efficacious in BC. Genomic
and epigenomic profiling of metastases may provide a basis
for future therapeutic strategies [66, 67]. Endocrine therapies
represent the oldest targeted therapies in BC, and responses
of BM to tamoxifen, aromatase inhibitors and megestrol
acetate have been reported in small case reports [3]. How-
ever, loss of hormonal receptor positivity is frequent in BM
(when compared to the matched primary tumor) often
obviating the use of hormonal agents [68]. In a cohort of 36
paired samples of the primary BC and BM, the discordance
rates were 28% for ER and 20% for PR [69]. Additionally
the majority ER-positive BC is endocrine-refractory when
BM is diagnosed [23].

Anti-HER2 targeted agents play an important role in the
management of BM in HER2 positive breast cancer. In the
cohort of 36 paired tumors mentioned above, the discordant
rate was only 3% only for HER2 status [69]. Improved OS
has been reported in several retrospective studies in HER2
positive BC patients with BM when treated with trastuzu-
mab [12, 70, 71]. Approximately one third of metastatic BC
patients receiving trastuzumab develop BM [12, 72]. In
50%, BM are diagnosed when systemic disease is controlled.
BM has been shown to develop later in patients treated with
trastuzumab [70]. Furthermore, a survival benefit has been
reported with continuation of trastuzumab-based therapies
after development of BM [70, 73–77]. However, the impact
on OS may relate more to control of extracranial disease.

The efficacy and the safety of lapatinib alone was first
evaluated in 39 patients with HER2 positive progressive BM
all previously treated by trastuzumab and by WBRT in 37
cases [78]. The objective response rate was low (2.6%). The
median time to progression was 3.0 months suggesting very
limited activity as a single agent. In a phase II study, 242
HER2 positive BC patients with progressive BM previously
treated with trastuzumab and cranial RT were treated with
lapatinib alone [79]. The objective response rate was 6%;
21% had a volumetric response of 20% or more. Of the 50
patients enrolled in the extension phase of the study that
added capecitabine to lapatinib, a CNS objective response
was observed in 20% (according to RECIST criteria) and
40% (based on volumetric response of 20% or more).
Importantly, the effect of capecitabine alone cannot be
excluded in the extension phase, although lapatinib may
have had an additive effect. The modest activity of lapatinib
in the CNS replicates that seen in systemic disease as well
[80]. The efficacy of the combination of lapatinib and
capecitabine was confirmed in a cohort of 22 evaluable
HER2 positive BC patients with previously treated BM [81].
Partial responses were observed in 7 patients and stabiliza-
tion was observed in 6 patients. The median brain PFS was
5.6 months and the median OS was 27.9 months,
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significantly longer than in patients treated with
trastuzumab-based therapies after CNS progression
(16.7 months). The response rates observed with lapatinib
and capecitabine were replicated in several expanded access
programs [18% response reported by Boccardo and 21%
reported by Sutherland] [82, 83]. In combination with
capecitabine, CNS response rates vary from 18 to 38% [78,
79, 81–84].

Excess toxicity and lack of efficacy was observed in a
study comparing the combination of lapatinib plus topotecan
versus lapatinib plus capecitabine [84]. The efficacy of the
combination of lapatinib and capecitabine was studied in the
LANDSCAPE phase II trial (NCT00967031) in untreated
asymptomatic BM with HER2 positive BC [85]. A high
partial response rate of 66% was seen. The median time to
progression was 5.5 months. This approach constitutes an
option for patients with HER2 positive tumors that are low
volume and paucisymptomatic. The CEREBEL trial,
designed to demonstrate that the combination of lapatinib
plus capecitabine could reduce the incidence of BM com-
pared to trastuzumab plus capecitabine, was closed early due
to a low incidence of BM (3% in the lapatinib plus capeci-
tabine group and 4% in the trastuzumab plus capecitabine
group) [86].

In a retrospective study, Bartsch evaluated the impact of
trastuzumab and lapatinib on 80 HER2 positive BC patients
with BM [71]. Median OS was 13 months in patients treated
with trastuzumab after diagnosis of BM, 9 months in
patients treated with chemotherapy and 3 months in patients
treated with RT only. Addition of lapatinib to trastuzumab,
either sequentially or concomitantly, prolonged OS com-
pared to trastuzumab alone. Thus, the combination of lapa-
tinib and trastuzumab may be an option for BC BM.

The combination of trastuzumab and WBRT resulted in a
response rate of 74% suggesting possible radiosensitization
[87]. The potential radiosensitizing impact of lapatinib in
combination with WBRT was evaluated in a phase I trial in
which a response rate of 79% was observed [88]. Further
studies are ongoing. New anti-HER2 therapies (pertuzumab,
TDM-1) have been approved recently; however, their impact
on BM is not yet well defined. Regimens containing afatinib,
an irreversible HER2 and EGFR inhibitor, failed to improve
PFS in a phase III trial, compared to either trastuzumab or
lapatinib [89]. Only a few responses were observed with
neratinib in a phase II study enrolling 40 BC patients with
progressive BM previously treated (NCT01494662) [90].
The association of neratinib and capecitabine is also under
investigation [91]. Other new anti-HER2s, including
ARRY-380, a HER2-selective tyrosine kinase inhibitor, are
in development [24, 91].

A CNS response of 63% was observed on prespecified
volumetric criteria in a phase II trial evaluating the combi-
nation of carboplatin and bevacizumab in BC BM patients

[92]. By RECIST criteria, the response rate was 45%. In
another phase II trial, the objective CNS response rate
according to RECIST criteria was 77% for the combination
of bevacizumab, etoposide and cisplatin [93]. The median
CNS PFS and OS were 7.3 and 10.5 months, respectively.

mTOR, PI3 K and dual mTOR/PI3 K inhibitors are
currently being explored in breast cancer. Everolimus, a
rapamycin analogue that inhibits mTOR signalling, is being
evaluated in a phase II trial in combination with trastuzumab
and vinorelbine in HER2 positive BC with BM. BKM20, an
oral pan-PI3 K inhibitor, is also being studied in HER2
positive BC patients with BM (NCT01132664). PARP
inhibitors, which disrupt DNA repair, such as ABT-888, are
also being investigated in BM patients (NCT00649207).
Iniparib, initially developed as a PARP inhibitor but sub-
sequently shown not to have any PARP inhibitor activity,
showed a modest activity in BM [24]. Immune-based
approaches including ipilimumab and anti-PD-1 therapies
may also be new promising approaches if activity is con-
firmed in BC.

Skull Base Metastases
Skull base metastases occur in approximately 4% of cancer
patients [94], and are found in 22% of autopsy cases [95].
BC is one of the most common causes of skull base
metastases, accounting for 20.5–40% of all cases [94–96].
Skull base metastases are most often diagnosed in patients
with disseminated disease, particularly to other skeletal
elements [96]. Direct hematogenous spread is the primary
route of dissemination to the skull base. Rarely, retrograde
seeding through the valveless venous plexus of Batson has
been proposed [97, 98]. Progressive ipsilateral involvement
of cranial nerves is the main presentation of skull base
metastases. The clinical manifestations depend on the size,
location and growth rate of the metastases. The etiology of
signs and symptoms is multifactorial and includes stretching
of the dura, compression of cranial nerves, irritation of
adjacent brain and occlusion of dural venous sinuses [99].
Five main clinical syndromes have been defined based on
anatomic site of disease (Table 23.4) [96].

Contrast MRI is the technique of choice for the diagnosis
of skull base metastases. Fat suppression techniques are
particularly useful. Bone metastases are characterized by a
hypointense lesion on non-enhanced T1-weighted MRI
sequence [100]. Contrast enhancement is variable on T1
weighted sequences with fat suppression. MRI further per-
mits determination of invasion of the cavernous sinus, the
dura or cranial nerves. Orbital CT may help by demon-
strating bone anatomy and associated erosion. Importantly, a
normal imaging study does not exclude the diagnosis [94].
Radionuclide bone scan can reveal skull base metastases, but
sensitivity is poor particularly for osteolytic lesions [101].
FDG-PET has a similar accuracy to that of bone scintigraphy
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[102]. Rarely, biopsies are needed to establish the diagnosis.
The role of a cerebrospinal fluid (CSF) analysis is to exclude
co-associated leptomeningeal metastases (LM).

Skull base metastases are most often a late event in the
course of cancer [94].The overall prognosis depends of the
type of cancer, remaining therapeutic options, and the site
and extent of the skull base metastases. In the cohort of
Laigle Donadey, BC had the longest survival, with a median
survival of 60 months [94]. Cranial nerve palsies are asso-
ciated with a poorer OS [94].

Asymptomatic skull base metastases can be followed
[100] and symptomatic patients treated with supportive
therapy including steroids, analgesics, and bisphosphonates,
as needed. Radiotherapy, alone or in combination with
chemotherapy or surgery, is the most frequently used

therapy (in >70%) [94]. Excellent pain relief and regression
of cranial nerve dysfunction may occur and improved neu-
rological function is seen if treatment commences early [93,
103]. SRS may be an alternative therapy, in particular for
previously irradiated areas and for small metastases [94, 100,
104]. Lastly, surgery may be used in selected patients [94,
105]. Chemotherapy and endocrine therapies may be an
option for patients with chemoresponsive disease [94].

Dural Metastases
Dural metastases are localized to dural and surrounding
space (epidural and subdural) [106] and are most frequently
associated with breast, prostate, lung, head and neck, and
hematologic malignancies. Overall, BC is the primary cancer
most often associated with dural metastases, occurring in

Table 23.4 Main clinical
syndromes associated with skull
base metastases

Clinical syndrome Clinical description

Sellar and parasellar syndrome (29%) Sellar
Characterized by co-occurring pituitary metastases
Most often silent as near complete destruction of the
adenohypophysis is necessary to produce clinical manifestations
Posterior metastases: diabetes insipidus
Anterior metastases: hypopituitarism and visual loss
Lateral extension: cranial neuropathies affecting oculomotor and
trigeminal nerves
Parasellar
Oculomotor and trigeminal nerve palsies
Frontal headache, facial paresthesia or pain, and periorbital
swelling are also reported

Occipital condyle syndrome (16%) Unilateral severe and constant pain in the occipital region
followed by ipsilateral 12th cranial nerve palsy leading to
dysarthria and dysphagia, atrophy of the ipsilateral tongue with
associated fasciculations
Meningismus is frequent
Radiation of pain to the forehead
Isolated hypoglossal nerve palsy

Orbital syndrome (12.5–15%) Progressive frontal headaches particularly over the ipsilateral
affected eye with associated blurred vision and diplopia
Sensory loss of the forehead due to trigeminal sensory
involvement
Proptosis and ophthalmoplegia of the involved eye
Local signs such as periorbital swelling

Middle fossa syndrome, or Gasserian
ganglion syndrome (6%)

Facial paresthesias, numbness, and pain of the face sparing the
forehead
Headache uncommon
Sensory loss of the second and third divisions of the trigeminal
nerve and more rarely the first division
Motor deficits of the trigeminal nerve or of the abducens nerve
common

Jugular foramen syndrome (3.5%) Hoarseness, dysphagia, and unilateral dull pain in the occipital
and pharyngeal areas
Paralysis with involvement of cranial nerves 9th–11th observed
Glossopharyngeal neuralgia-associated syndrome with syncope
or papilledema

Numb chin syndrome Numbness of the chin usually unilateral

Hemibasis syndrome Progressive ipsilateral paralysis of at least seven cranial nerves

Data from: Laigle-Donadey [94], Boldt and Nerad [400], Johnston [401]
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16.5–34% of cases [106–108]. Intracranial dural metastases
occur in up to 10% of BC patients in autopsy series [106,
107]. Four mechanisms of dural seeding have been pro-
posed: direct extension from skull metastases, hematogenous
dissemination, seeding through Batson’s plexus, and spread
from the lymphatic circulation [107]. Those derived from
direct extension of skull metastases account for 60% and
dural metastases from hematogenous spread for 36% [106,
108]. In most patients with BC and dural metastases,
recurrent/progressive systemic disease (>80%) is found
[106].

In a retrospective cohort of 122 patients with intracranial
dural metastases, the most frequent symptoms include
headache (due to increased intracranial pressure) and cranial
nerve palsy (due skull base location), followed by visual
disorders, alterations in mental status, and seizures [106].
Signs and symptoms are related to the location and the
extent of the dural metastases. Between 11 and 20% of
patients are asymptomatic and diagnosed incidentally by
brain imaging [106, 107]. Non-traumatic subdural hema-
toma, also called “pachymeningitis interna hemorrhagica,”
can be observed in 15–40% of cases and generally are
asymptomatic [106–108]. Cerebral venous thromboses have
been described secondary to infiltration of the cerebral
venous sinuses [106]. In one study, 56% of the patients had a
single dural metastasis and 25% demonstrated diffuse dural
enhancement. The most common sites of dural metastases
were parietal (36%) or frontal (32%). Infratentorial lesions
were observed in 11%. Dural metastases can appear as a
localized thickening of the dura or as nodules, usually
biconvex or lenticular in shape [106, 108]. A combination of
diffuse dural enhancement and dural nodules can be
observed as well. Homogeneous intense post-contrast
enhancement is most often seen. MRI findings include a
dural tail (44%), vasogenic edema (53%), and brain invasion
(34%), most commonly by direct extension from skull [106].
Skull metastases are observed in 70% of cases [106]. Other
findings may include venous sinuses involvement and sub-
dural hematoma or effusions. Meningioma is the main dif-
ferential diagnosis [106, 108]. Infections or inflammatory
lesions may be considered as well in appropriate context.

Treatment is not standardized. Surgery should be con-
sidered as the first option in patients with a resectable soli-
tary lesion, controlled extracerebral disease, and acceptable
surgical risk [106–108]. In the cohort of Nayak, 25% of the
patients underwent surgical resection, consisting of complete
resection in 63% of the cases. Focal radiotherapy, SRS/SRT,
and WBRT are also options, alone or in combination with
surgery. In the cohort of Nayak, 52% of patients received RT
of whom 47% received WBRT and 53% focal RT or SRS.
Systemic treatment may be an option in some cases as these
lesions are outside the blood–brain barrier [106]. Best

supportive care, including corticosteroids, may be indicated
in some patients.

In a literature review, the median OS was 6 months
varying whether surgery was performed, to control
extracranial disease and the primary tumor type [108]. In this
review, dural metastases from BC were associated with a
more favorable outcome compared to other tumor types,
with a median OS of 9 months. In the cohort of Nayak, the
median PFS was 3.7 months and the median OS was
9.5 months. The initial site of progression was intracranial in
30% of the patients and both intracranial and systemic in
21%. The intracranial progression was local in the dura in
86% of patients, distant in the dura in 37%, intraparenchy-
mal in 41%, and leptomeningeal in 6% [106]. In this study,
surgical resection was shown to improve PFS and OS.
Chemotherapy prolonged PFS, but not OS. An impaired PS
was associated with a worse outcome.

Intramedullary Spinal Cord Metastases
BC is the second most common solid tumor responsible for
intramedullary spinal cord metastasis (ISCM), after lung
cancer. In a meta-analysis of 96 autopsy-proven cases with
ISCM, lung cancer (49%) and BC (14%) were the most
common primary cancers [109]. Treatment options include
best supportive care, surgery, RT, and systemic therapy.
Treatment depends on the number, volume, and location of
the metastases, the extent of systemic disease, the general
and neurological status of the patient, and life expectancy
[110]. In all cases, the treatment is urgent so as to forestall
paraplegia. Symptomatic treatment with corticosteroids can
be a useful adjunct. After supportive care only, clinical
deterioration is observed in 89% of the cases [111].

In highly selected patients with solitary metastases, with a
reasonable life expectancy, and without leptomeningeal,
brain, or widespread metastases, the prognosis may be
improved by surgery [111–114]. A gross total resection can
sometimes be achieved in these otherwise well-
circumscribed metastases [114]. After surgery, improve-
ment in clinical symptoms can be observed in 58% of the
cases, no change in 31%, and clinical deterioration in 11%.
Adjuvant RT following surgery should be administered
[112].

As BC is radiosensitive, RT may be effective and is the
most commonly used treatment for the majority of patients.
After RT, transient stabilization of neurological disease
progression and a reduction in pain is often achieved [109,
111]. The schedule of RT should be shortened so as to
account for the poor OS [115]. Stereotactic radiotherapy is
also an option. After SRT treatment, clinical improvement is
noted in 21% of the cases, no change in 63%, and clinical
deterioration in 11% [110]. BC is chemosensitive as well,
and systemic agents may be effective depending on the
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neurological status, the volume of the metastases, available
systemic treatment options, and the extent of the systemic
disease. Nevertheless, no clear impact on survival has been
shown [110].

For a more complete review of ISCM please refer to
Chap. 6 of this text.

Spinal Epidural Metastases (Fig. 23.2)
Metastatic epidural spinal cord compression (ESCC) is seen
in 5–10% of all patients with BC [114, 116–120], usually in
the context of known metastatic disease [114] and often
(25%) with concurrent CNS metastases [121]. Median sur-
vival of patients with ESCC may be longer for patients with

breast cancer in comparison to other tumor types. While the
median overall survival for all patients with ESCC has been
reported to range between 4 and 14 months [121], survival
in BC patients with ESCC was the longest (21.5 months) in
a study of 81 patients that included 23.6% BC patients [119].

For a complete review of spinal epidural metastases and
ESCC, including presenting symptoms, treatment, and
prognostic factors, please refer to Chap. 6.

Leptomeningeal Metastases (Fig. 23.3 a, b)
Leptomeningeal metastasis (LM) or
neoplastic/carcinomatous meningitis is diagnosed in 1–8%
of patients with solid tumors during the course of the cancer;
however, it is diagnosed at autopsy in 19% of patients with
premorbid neurological signs and symptoms [122–126]. BC,
in addition to lung cancer and melanoma, is one of the most
common primary cancers responsible for LM. Risk factors
of LM in BC include an infiltrating lobular carcinoma and
cancers negative for estrogen and progesterone receptors
[18, 127–130]. Triple negative status in BC has been
reported as being a risk factor of LM [129, 131, 132]. In
contrast, LM is observed in only 3–5% of HER2-positive
BC; thus, HER2-positive status is not considered a risk
factor for LM [18]. Other risk factors have been identified
and include piecemeal resection instead of en bloc resection
[33], surgical resection of parenchymal cerebellar metastases
[133–135], surgical resection of supraventricular BM that
violates the ventricular system [136–138], deferring WBRT
after BM resection [139], and improved survival due to more
effective systemic therapy often associated with poor CNS
penetration [124].

The median OS of untreated patients with LM is limited
to 4–6 weeks [123–125]. Despite aggressive treatment,
survival is limited to a few months. Compared to patients
with LM disease from other solid tumors, BC patients have a
better prognosis [123–125, 140, 141]. The median OS in BC
patients is estimated at 3.3–5 months [123, 124, 130, 140–
153]. One-year survival varies from 7–24% [154]. Prog-
nostic factors enumerated by the NCCN CNS guidelines
include a poor risk group defined by a KPS below 60,
multiple neurologic deficits, extensive systemic disease with
few treatment options, bulky CNS disease, and the presence
of a LM-related encephalopathy [155]. On multivariate
analyses, an association has been observed between OS and
the PS, age at LM diagnosis and treatment (number of prior
chemotherapy regimens, receipt of combined treatment
modality, coadministration of systemic chemotherapy, and
intra-CSF chemotherapy) [140, 141, 156]. Other prognostic
factors in BC patients include histological characteristics
(histological grade and hormone receptor status), number of
prior chemotherapy regimens, status of systemic disease,
initial response to treatment, cytologic response to treatment,
and in one study, the concentration of cyfra 21-1 (a fragment

Fig. 23.2 Epidural spinal cord compression. Spinal MRI, T1 W
gadolinium-enhanced sagittal image
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of cytokeratin 19 thought to represent a tumor marker) in the
CSF [130, 143–146].

Treatment of LM should ideally be initiated as early as
possible before the appearance of disabling neurologic def-
icits [124]. In the majority of patients, progressive
extracranial disease coexists and must be taken into account
in the management of LM. Only one randomized trial, pre-
maturely closed for low accrual (n = 35), was performed in
LM BC patients comparing systemic therapy and RT with or
without intra-CSF methotrexate [157]. No significant dif-
ference between groups was observed in clinical response
(neurologic improvement: 41 vs. 39%; disease stabilization:
18 vs. 28%) or median survival (18.3 vs. 30.3 week).
However, treatment-related complications were higher in
patients treated with intra-CSF chemotherapy compared to
the no intra-CSF chemotherapy arm (47 vs. 6%). Further
studies are needed to define the role of intra-CSF therapy in
the treatment of BC LM. Combined treatment (both systemic
chemotherapy and intra-CSF chemotherapy) is preferred
when possible in patients considered for LM treatment due
to an improvement in survival.

Chemotherapy allows simultaneous treatment of the
entire neuraxis and can be administered systematically or
intra-CSF. The choice of agent is based on the chemosen-
sitivity profile of the primary tumor and the ability of drug to
penetrate into the CSF compartment [124, 125]. Paclitaxel
and docetaxel are effective in metastatic BC, but have poor
penetration into the CNS [158].

Capecitabine in case reports has produced responses and
disease stabilization in BC LM [159–163]. As in BC BM,

temozolomide for the treatment of LM was disappointing
[164]. The efficacy of new agents such as eribulin has not
been yet demonstrated. High-dose methotrexate or cytara-
bine is not often administered due to significant systemic
toxicity and the requirement for hospitalization. Efficacy of
endocrine therapies has been demonstrated in case reports,
but acquired resistance is often present at this stage of the
disease. Bevacizumab, a monoclonal antibody targeting the
vascular endothelial growth factor (VEGF) ligand, has
shown prolonged responses in case reports with LM [165–
168]. Prospective trials are ongoing to confirm the role of
bevacizumab in LM (NCT NCT00924820). A response to
trastuzumab emtansine has been reported [169]. The efficacy
of other anti-HER2 therapies such as lapatinib and per-
tuzumab has not been demonstrated. A glutathione-
pegylated liposomal formulation of doxorubicin and
anthracycline is under investigation in BC LM
(NCT01818713).

Intra-CSF treatment, in combination with systemic ther-
apy, is often used for the treatment of LM notwithstanding
its superiority relative to systemic therapy only has never
been established in a randomized trial [123, 124]. The goal
of intra-CSF treatment is to bypass the blood–CSF barrier
which is only partially disrupted in LM and increase drug
exposure in the CSF compartment while mitigating systemic
toxicity [124, 125]. Three main intra-CSF chemotherapy
agents are used: cytarabine (free or liposomal), methotrexate
(standard and high-dose regimens), and thiotepa with dif-
fering doses and schedules (Table 23.5). The optimal dose
and schedule, particularly concerning maintenance therapy,

Fig. 23.3 a, b Leptomeningeal
metastases. a Brain MRI, T1 W
gadolinium-enhanced axial
images. b Spinal MRI, T1 W
gadolinium-enhanced sagittal
image

446 E. Le Rhun et al.



are not well defined [125, 154, 170]. Many studies have
reported no differences in efficacy among these agents,
including in patients with BC-related LM [130, 143–150].
Liposomal cytarabine, which resulted in a significant longer
survival as compared to methotrexate in one randomized
trial, requires less frequent clinic visits and may have less
impact on QoL [171]. Combination (multi-agent) intra-CSF
chemotherapy has not demonstrated improved results and is
not recommended for the treatment of BC-related LM.
Intra-CSF etoposide has shown modest efficacy [172]. Pro-
longed responses have been reported after intra-CSF trastu-
zumab in case studies [173–176]. Two studies are currently
ongoing to define the safety and efficacy profile of intra-CSF
trastuzumab in HER2-positive BC patients (NCT01325207
and NCT01373710).

For a complete review of LM, please refer to Chap. 5.

Peripheral Nervous System Metastases

Neoplastic Plexopathy
Neoplastic plexopathy typically occurs at the time of local or
regional progression of cancer. BC is the second (32%) most
common cause of neoplastic brachial plexopathy after lung
cancer, and the third (11%) leading cause of lumbosacral
neoplastic plexopathy after lung cancer and soft tissue sar-
coma [177, 178]. Neoplastic plexopathy manifests as severe
pain, followed by motor weakness and sensory disturbances
in the distribution of plexus involvement [177, 178]. When
the brachial plexus is involved, the lower trunk is most
frequently affected. Pain is observed in 75–83% of the
patients and is usually located in the shoulder and axilla
[177, 179]. Radicular pain is common and radiates into the
arm with extension into the fourth and fifth digits. Motor
weakness and loss of reflexes are seen in 75% of cases,
mostly in the lower plexus distribution. More widespread

signs of whole plexus involvement are occasionally noted.
A Horner’s syndrome occurs in 23% of the patients with a
neoplastic brachial plexopathy [177]. In lymphedema-
associated plexopathy, patients present with neuropathic
extremity pain (90%), followed by weakness (86%), sensory
loss (73%), reflex loss (64%), and limb edema (47%) [177].
Tumor spread to the plexus most commonly occurs by direct
invasion of the plexus or hematogenous spread from distant
metastases. Adjacent structures, such as infiltrated lymph
nodes or soft tissues, can also result in direct compression of
the plexus [177, 179, 180].

Contrast MRI is more sensitive than CT in the identifi-
cation of neoplastic plexopathy [177, 179]. Increased
T2/FLAIR MRI intensity in nerve trunks with or without
contrast enhancement is commonly observed. If no lesion is
observed, a repeat MRI examination within a 4- to 6-week
interval commonly reveals tumor not previously appreciated
on initial examination [177]. The presence of tumor recur-
rence, especially in the area of plexus, in combination with a
supportive examination, is presumptive for a diagnosis of
metastatic plexopathy. The sensitivity and specificity of PET
are not clear, but PET can be helpful in instances of negative
MRI. Electromyography demonstrates a unilateral lesion
often with more extensive denervation than clinically pre-
dicted [177]. Lower medial trunk/cord lesions or whole
plexus lesions are more frequent than upper trunk lateral
cord lesions [179].

The main differential diagnosis is radiation-induced
plexopathy (Table 23.6). The pattern of distribution of
weakness and the results of nerve conduction studies may
help to distinguish between neoplastic and radiation-induced
brachial plexopathy [181]. A more complete discussion on
this topic is featured later in this chapter. Other differential
diagnosis include LM, ESCC, paraneoplastic plexopathy,
complications of regional intra-arterial chemotherapy,
post-infectious plexopathy, and primary plexus tumors

Table 23.5 Intra-CSF chemotherapy dose and schedule

Drug Description of the drug CSF half-life Description of the regimen

Liposomal cytarabine Pyrimidine nucleoside analogue,
cell cycle specific

14–21 days 50 mg every 2 weeks (total, 8 wks) then 50 mg
once every 4 weeks

Methotrexate Folate antimetabolite,
cell cycle-specific drug

4, 5–8 h Standard regimen
10–15 mg twice weekly (total, 4 wks),
then 10–15 mg once weekly (total, 4 wks)
then 10–15 mg once monthly
Low-dose regimen
2 mg/d (d1–d5) every other week
High-dose regimen
15 mg/d (d1–d5) every other wk

Thiotepa Alkylating ethyleneimine compound,
cell cycle non-specific drug

3–4 min 10 mg twice weekly (total, 4 wks) then 10 mg
once weekly (total, 4 wks) then 10 mg once a month

Abbreviations: CSF cerebrospinal fluid, mg milligrams, d day, wk week
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[177]. Radiotherapy of the involved area is the most com-
monly used treatment and often results in durable responses.
Chemotherapy and endocrine therapy may be used with
some utility in chemosensitive cancer [180]. Pain should be
treated according to the WHO guidelines. Physical therapy
may help to augment and preserve neurologic function.

Non-metastatic, Non-treatment-related
Complications

Paraneoplastic Syndromes

Paraneoplastic neurological syndromes (PNS) affect less
than 1% of patients with BC [182]. BC is most often asso-
ciated with the following PNS: cerebellar degeneration,
sensory neuropathy, encephalomyelitis, opsoclonus myo-
clonus, stiff person syndrome, myelopathy, and brainstem
encephalitis (Table 23.7) [183, 184]. Subacute cerebellar
degeneration is the most common PNS seen with BC [185].
Other paraneoplastic syndromes, such as retinopathy, have
been reported in BC (Table 23.8). Associated systemic
symptoms including weight loss, anorexia, fever, and fatigue
may be observed [186].

The best characterized onconeural antibodies associated
with BC and PNS are amphiphysin associated with the stiff
person syndrome, myelopathy, myoclonus, encephalomyeli-
tis, and sensory neuronopathy; Ri (ANNA2) associated with
brainstem encephalitis and opsoclonus myoclonus; and
Yo (PCA1) associated with paraneoplastic cerebellar
degeneration [184]; AMPAR (amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid receptor) associated with limbic
encephalitis; and anti-Ma2 (anti-Ta) associated with limbic
encephalitis, brainstem encephalitis, and cerebellar degener-
ation [184, 187, 188].

PNS precedes the diagnosis of cancer in more than 80%
of the cases by several months to years [183, 189]. In most
cases, an underlying cancer is identified within 5 months
after the diagnosis of PNS. The risk of a coexistent cancer
decreases after 2 years and is considered as highly unlikely
after 4 years [183]. When BC is considered in a patient with
a PNS, a cancer screen should include a clinical examination
and mammography followed by breast MRI and body
FDG-PET in cases with negative initial screening [184, 188].
When the initial screen is negative, repeat assessments
should be performed every 6 months for at least 2 years
[188].

For a complete review of PNS, please refer to Chap. 13.

Meningiomas (Fig. 23.4)

Meningioma is one of the most common primary tumors of
the CNS in adults and accounts for 13–26% of all intracra-
nial tumors [190–192]. The only well-established risk fac-
tors are prior ionizing brain RT and some rare hereditary
diseases such as neurofibromatosis [190–195]. Mutation in
the NF2 gene and genetic variants in genes involved in DNA
repair pathway are often identified in meningioma [196].
Several observations suggest a link between a patient’s
hormonal status and meningioma. In intracranial menin-
gioma, the female: male ratio is 2–3.5, which is even higher

Table 23.6 Differential
diagnosis: Neoplastic brachial
plexopathy and radiation-induced
brachial plexopathy

Presentation Neoplastic plexopathy Radiation associated plexopathy

Clinical
presentation

Severe and early pain, occasional
edema, involvement of the lower
brachial plexus, Horner’s syndrome
common,
No tissue necrosis

Paresthesia and weakness, pain late
during the course of the disease, edema
common, impairment of the whole
plexus, Horner’s syndrome unusual,
local tissue necrosis common

Electromyography Myokymia unusual Myokymia usually present

MRI Nerve contrast enhancement Usually no nerve contrast enhancement

PET scan High SUV max Low SUV max

Abbreviations: MRI magnetic resonance imaging, PET positron emission tomography, SUV standardized
uptake value
Used with permission of Thieme from Jaeckle [177]

Table 23.7 Autoantibodies and
common paraneoplastic
syndromes (PNS) associated with
breast cancer

Autoantibodies Common paraneoplastic syndrome

Amphiphysin Stiff person syndrome, myelopathy and myoclonus, encephalomyelitis, sensory
neuronopathy

Ri (ANNA2) Brainstem encephalitis, opsoclonus myoclonus

Yo (PCA1) Paraneoplastic cerebellar degeneration

AMPAR Limbic encephalitis

CAR Retinopathy
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in spinal meningioma (4:1 ratio) [194, 197, 198]. Proges-
terone receptors are detected in 70–98% of meningiomas;
estrogen and androgen receptors are seen in 20–40% of
meningiomas [193, 195, 199, 200]. Increased meningioma
growth rate is reported during pregnancy [193, 194]. An
association between BC and meningioma has been demon-
strated [193, 195, 201]. In addition, a link between use of
exogenous hormones and meningioma has been reported
[194], as well as a positive association with endometriosis or
uterine fibrosis [196]. A non-significant association has been
shown between age at menarche, age at menopause, meno-
pausal status, parity, age at first birth, and meningioma [193,
194, 202–204]. A protective role of breastfeeding has also
been observed [204–207]. The evidence that use of oral
contraceptives and hormone replacement therapy increase

the risk of meningioma remains controversial; however, in
most studies [194, 204], no association was found [193–195,
203–206, 208–213].

An association between BC and meningioma has been
postulated. In a large Swedish cohort, an increased risk of
meningioma was observed after BC with a relative risk of
meningioma estimated at 1.6 [214]. In another US
population-based retrospective cohort analysis, the risk of
BC in patients previously diagnosed with a meningioma was
1.54, and the risk of meningioma in BC patients was 1.40
[211]. In a five-state US cancer registry, the incidence of
meningioma was 2.6 cases per 100,000 women and the
incidence of BC was 61 cases per 100,000 women. The
association between the two cancers was higher than
expected [201]. The pathophysiology of this association is

Table 23.8 Most frequent
paraneoplastic syndromes
(PNS) in breast cancer

Name of the PNS Description of the paraneoplastic syndrome

Subacute cerebellar
degeneration

Development in <12 weeks of a severe pancerebellar syndrome without
cerebellar atrophy on MRI other than age expected
Initial gait ataxia followed by appendicular ataxia
Initial symptoms may also include dizziness, visual problems (diplopia,
blurry vision, oscillopsia), nausea/vomiting, or dysarthria
These rapidly progressive symptoms stabilize after culminating in a severe
pancerebellar syndrome
Other neurological symptoms and signs that may be seen include cognitive
impairment, lethargy, bulbar palsy, or limb weakness
Other PNS (paraneoplastic peripheral neuropathy or Lambert–Eaton
myasthenic syndrome) sometimes associated
Cerebellar atrophy on MRI in the late stages of the disease
often associated with anti-Yo antibodies

Sensory neuronopathy Subacute and asymmetric numbness, paresthesia, pain, cramps,
proprioceptive loss of upper and lower extremities and abolition of
deep-tendon reflexes
Radicular symptoms and signs sometimes associated
Involvement of the sensory fibers on electroneurography

Encephalomyelitis Involvement of multiple parts of the CNS such as the hippocampus,
brainstem, spinal cord, or dorsal root ganglia
Manifests as limbic encephalopathy, brainstem encephalitis, dysautonomia,
myelitis, and sensory neuronopathy

Opsoclonus myoclonus
syndrome

Spontaneous large amplitude saccades occurring in all directions of gaze
Myoclonus of the trunk and limbs
Encephalopathy sometimes associated
Often associated with Ri antibodies

Stiff person syndrome Slowly progressive stiffness and rigidity of axial musculature
Followed by proximal muscle rigidity
Leads to difficulties in walking and fixed deformities. Associated with
superimposed muscle spasms that are increased by sensory stimuli
Variant form with an onset of stiffness in upper limbs
Antibodies against amphiphysin
Continuous motor activity at rest on electroneurography

Subacute progressive
myelopathy

Progressive symptoms and signs of myelopathy
Symmetric MRI T2 abnormalities and gadolinium enhancement that involves
the spinal gray matter in usually >3 segments
Antibodies against amphiphysin

Brainstem encephalitis Rapidly progressive symptoms and signs of brainstem dysfunction.
Antibodies against Ri (ANNA2)

Data from: Gatti et al. [182], Honnorat and Antoine [183], Graus and Dalmau [184], Graus and Delattre [185]
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not well understood. BRCA1 and BRCA2 mutations do not
seem to contribute to the development of meningioma [215].
In a large US SEER registry, associations between BC and
meningioma were reported [216]. BC preceded meningioma
by >2 months in 48% of the women, and tumors were
synchronous (within 2 months) in 20%. Hormone receptor
status of BC was not different between BC only and BC plus
meningioma groups. BC disease stage was more advanced in
the BC plus meningioma group than in the BC only
group. Contrary to this study, in a large retrospective study
of BC patients, the 10-year cumulative incidence of
meningioma was only 0.37%, suggesting no increased risk
[217]. Use of aromatase inhibitors confers a non-significant
increased risk of meningioma in patients with BC [217],
whereas tamoxifen use may be protective. The risk of
meningioma has been shown to be lower in patients treated
with tamoxifen compared to those not treated with this agent
[192].

Complications of Breast Cancer Treatment

Central Nervous System Complications

Encephalopathy
Any anticancer drug given at conventional dose can be
responsible for causing a toxic encephalopathy [218]. Toxic
chemotherapy-related encephalopathy may manifest as a
confusional state, posterior reversible leukoencephalopathy,
seizures, a cerebellar syndrome, myelopathy, or cere-
brovascular complications [219, 220]. The signs and
symptoms can vary from mild and transient to severe and
chronic [219, 221]. 5-FU (5-fluorouracil) and capecitabine
represent the most frequent chemotherapy agents responsible

for CNS toxicity in BC. The symptoms can originate within
days to months after the initial administration of the drug.
Most toxic encephalopathies are transient, last only days,
and are associated with complete neurologic recovery [222–
225]. MRI changes seen with toxic encephalopathies resolve
more slowly than clinical manifestations. The pathophysi-
ology of toxic encephalopathy is not clearly understood.
Direct endothelial cell injury has been proposed with asso-
ciated vasogenic edema [222, 226]. Most occurrences of
encephalopathy are believed to be idiosyncratic and with a
low risk of recurrence [219, 220, 227].

Several antineoplastic agents used in BC may induce an
encephalopathy (Table 23.9). Methotrexate results in
encephalopathy in less than 2% of patients [219, 228].
Administration of methotrexate and brain RT further
increases the risk of CNS neurotoxicity [221]. Acute ence-
phalopathies have been described after the administration of
paclitaxel or very rarely docetaxel, vinorelbine, and pegy-
lated liposomal doxorubicin in BC patients, notwithstanding
limited penetration of the CNS with these agents [229–233].
Anti-VEGF agents such as bevacizumab are rarely the cause
of posterior reversible encephalopathy or PRES [234, 235].
Leukoencephalopathy and encephalopathy were observed in
2.5 and 5% of patients with LM following lumbar injection
and 7.5 and 5% after ventricular injection of liposomal
cytarabine in a large cohort of patients treated for LM [236].
In a smaller cohort of patients treated with intraventricular
methotrexate, leukoencephalopathy was observed in 64% of
patients [237]. Leukoencephalopathy can be delayed,
developing 3–15 months after intra-CSF methotrexate [237].
Patients may manifest with personality changes, cognitive
deficits, and apathy followed by hemiparesia or quadri-
paresia and coma. Lesions predominate in the periventricular
white matter, and histological examination demonstrates
demyelination, axonal degeneration, astrocytosis, and
necrosis [238]. An elevation in MBP (myelin basic protein)
can be observed in the CSF. Risk factors include high
cumulative doses of intra-CSF methotrexate and concomi-
tant systemic methotrexate plus WBRT [237]. An accidental
overdose of intra-CSF methotrexate can lead to death. An
acute transient mild encephalopathy with fever may be
observed after intra-CSF methotrexate and which likely
represents expansion of a treatment-related chemical
meningitis discussed below [237].

Other potential causes of encephalopathy must be
excluded including CNS metastases (e.g., BM or LM), other
toxic agents (e.g., antiepileptics, opioids, benzodiazepines),
metabolic encephalopathies (such as hyper or hypoglycemia,
azotemia, hepatic failure, electrolyte disorders), stroke, and
infectious etiologies [222]. Cessation of the offending drug
is indicated until resolution of symptoms. Neurological
manifestations usually clear within a few days after dis-
continuing the chemotherapy [218, 222–224]. Nonetheless,

Fig. 23.4 Meningioma. Brain MRI, T1 W gadolinium-enhanced
sagittal image
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in some patients, persistent neurological deficits are reported
after discontinuation of the offending agent [223]. Steroids
are of questionable benefit [223–225]. Dihydropyrimidine
dehydrogenase deficiency, a genetic risk factor for MTX
neurotoxicity, should be excluded [224]. In the absence of
alternative chemotherapy, careful re-introduction of the drug
at reduced dose and under close supervision is usually safe
and associated with a low risk of recurrence [224].

Cognitive Impact of Endocrine Therapy
and Chemotherapy
Cognitive impairment associated with chemotherapy is
referred to as chemobrain or chemofog [239]. There are no
established criteria that define the syndrome, related in part
to methodological inconsistencies observed between studies
discussed below. In BC, post-chemotherapy cognitive defi-
cits have been observed in 17–75% of patients, as compared
with 4–11% in healthy controls in retrospective
cross-sectional studies [240–251]. Most longitudinal studies
have confirmed a negative cognitive effect of chemotherapy
in 15–25% of patients [244, 252–254]. In several prospec-
tive cohorts of BC patients, objective cognitive impairments
have been observed in 20–35% at baseline before any sys-
temic therapy without clear explanation as to cause [239,
241, 244, 255, 256]. Cognitive impairment due to
chemotherapy emerges months to years after completion of
treatment [257]. In prospective cohorts, cognitive decline
was observed within the first 6 months after initiation of
chemotherapy [246]. The duration of cognitive impairment
is poorly defined. In longitudinal studies, cognitive impact
appears to resolve over time, and stable or improved cog-
nition has been observed 12–18 months following comple-
tion of chemotherapy [245, 252, 258]. Improvements in
cognition may be delayed, and there exist a small subset of
patients with refractory and intractable cognitive complaints
after completion of chemotherapy [258–260].

Cognitive changes observed during chemobrain are often
mild to moderate in severity and differ clinically from
encephalopathy observed after chemotherapy [261]. The
most common cognitive deficits include difficulties in
attention and concentration, working memory, and executive
and psychomotor functions [251, 258]. Deficits in verbal
learning, nonverbal and visuospatial memory, psychomotor
processing speed, mental flexibility, memory retrieval, con-
frontational naming, complex visuoconstruction, and fine
motor dexterity have been reported as well [246, 250, 258,
262]. Patients report an inability to concentrate, organize
their daily activities, or multitask. They also endorse mem-
ory loss, confusion, slow thinking, and fatigue [258]. The
impact of these cognitive deficits in day-to-day activities
varies and may be related to the patient’s pre-illness level of
function, type of work or lifestyle, ability to manage, coping
style, premorbid cognitive reserve, age, and other

comorbidities such as mood or personality disorders, fatigue,
and psychosocial issues [234, 239, 258, 261, 263–265].
Different studies have demonstrated that cognitive com-
plaints are better correlated with emotional distress, coping
skills, and cancer-related fatigue than with objective neu-
ropsychological testing [239, 243, 261, 262, 266, 267].

The role of chemotherapy dose is not clear. One study
demonstrated a greater deficit among women treated with
high-dose chemotherapy compared to women treated with
standard doses of chemotherapy [268]. In another longitu-
dinal study, progressive cognitive decline was observed at
each subsequent time point. This suggests a dose–response
relationship with linear worsening following each cycle of
chemotherapy [269]. Patients treated with combined
chemotherapy and endocrine therapy have the most exten-
sive pattern of cognitive deficits [245, 252, 260, 262]. Pre-
treatment cognitive impairment has been shown to be
independent of fatigue or emotional distress, surgical factors,
or medical comorbidities [261]. The exact mechanisms
underlying the effects of chemotherapy on cognition are not
clearly understood [244, 261]. Chemotherapy may have a
direct neurotoxic effect and may induce oxidative stress,
DNA damage, telomere shortening, damage to neural stem
cells, hormonal changes, immune dysregulation, activation
of pro-inflammatory cytokines, thrombosis in brain
microvasculature, white matter abnormalities, metabolic
abnormalities including anemia, and reduced brain func-
tional connectivity [241, 261, 262, 270]. The role of genetic
factors such as apolipoprotein E (APOE) and catechol-O-
methyltransferase (COMT) has also been suggested [241,
244, 262, 271].

An evaluation of treatment-related cognitive disorders
requires a neuropsychological assessment. In order to
improve between-study comparisons, the International
Cognition and Cancer Task Force (ICCTF) has developed
recommendations for neuropsychological testing [242]. The
Hopkins Verbal Learning Test-Revised (HVLT-R), Trail
Making Test (TMT), and the Controlled Oral Word Asso-
ciation (COWA) of the Multilingual Aphasia Examination
measuring learning and memory, processing speed, and
executive function are recommended [242]. Baseline eval-
uation and an appropriate control group are suggested as is
an evaluation of emotional functioning [261].

Volumetric brain MRI and diffusion tensor MRI
(DTI) have shown widespread reduction in white matter tract
integrity and gray matter volume over time in patients
treated with chemotherapy and with cognitive deficits [251,
261]. A correlation has been observed between reduction in
brain activation by fMRI and cognitive performance after
chemotherapy in a longitudinal study [272]. Studies using
fMRI have demonstrated alteration in brain activation and
connectivity in BC patients after chemotherapy treatment
[251, 258, 261]. Decreased activation by fMRI appears to
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relate to impaired cognition, whereas increased activation,
typically seen in the context of absent or mild cognitive
deficits, is thought to represent compensatory neural acti-
vation required to be maintained. PET shows similar acti-
vation patterns as seen with fMRI [241, 258, 261, 273].
Electrophysiological studies have shown a reduction in the
amplitude of the P-300 event-related brain potential and a
reduction in the P-300 latency, corresponding to the timing
and duration of chemotherapy. This pattern was consistent
with changes in information processing capacity [241, 258].

Chemobrain is a diagnosis of exclusion wherein PNS,
CNS metastases, medication toxicity (corticosteroids,
antiepileptics), fatigue, sleep disorders, pain, and preexistent
neurological disease need to be excluded [261, 263]. The
effectiveness of donepezil, an acetylcholinesterase inhibitor,
for the treatment of chemotherapy cognitive deficits is
uncertain [261]. No significant positive impact of psychos-
timulants such as methylphenidate, dexmethylphenidate, and
modafinil, has been shown for the treatment of cognitive
impairment in non-CNS cancer patients [239, 261]. Gingko
biloba administered concomitantly with chemotherapy had
no effect on cognitive function [274]. New approaches are
needed, and promising results in animal studies suggest
agents that prevent oxidative stress (2-mercaptoethane sul-
fonate, N-acetylcysteine, or melatonin), stimulate neuroge-
nesis (insulin-like growth factor-1, fluoxetine, or glucose), or
improve chemotherapy-induced cognitive effects (dex-
tromethorphan or memantine) may be useful [261]. Learning
compensatory strategies can help to minimize the impact of
chemotherapy-related cognitive deficits [265]. Cognitive
rehabilitation aims to improve cognitive abilities, functional
capacity, and real-world skills [261]. Several studies show a
significant improvement in both subjective and objective
cognitive deficits with these interventions [244, 261]. Sleep
disturbances, psychological distress, and fatigue, if present,

should be addressed as treating these elements secondarily
improves cognition [261]. Other medications that may affect
cognition should be reduced or discontinued when possible.
Physical activity has been associated with improved cogni-
tion, mostly executive function, in human and animal studies
[275]. Neurofeedback and transcranial magnetic stimulation
have been suggested as possibly useful interventions [261,
276].

Several studies have suggested a negative impact on
cognition in BC patients treated with endocrine therapies,
affecting mostly verbal memory and executive functions
[277–286]. Deficits in processing speed and verbal memory
were observed in postmenopausal patients compared to
controls [279–281, 287]. A negative impact of tamoxifen or
anastrozole on speed measures of letter fluency, complex
visuomotor attention, and manual dexterity has also been
reported [288]. In a separate trial, postmenopausal women
with early-stage BC were treated with anastrozole or
tamoxifen and the cognitive impact of each treatment was
compared. A more severe impact on verbal and visual
learning as well as on memory tests was observed after
anastrozole [288]. Notably, no cognitive decline was
reported at 6 and 24 months in the randomized IBIS II trial
conducted in high-risk postmenopausal women without BC
receiving anastrozole or placebo [282]. In the TEAM (ta-
moxifen and exemestane adjuvant multinational) study, no
cognitive impact was found after exemestane treatment, but
poorer performances on verbal memory and executive
function were observed after tamoxifen compared to healthy
controls [277]. In a phase III randomized trial, aromatase
inhibitors did not appear to negatively affect verbal episodic
memory during a 1-year follow-up [289]. The discordant
findings in the above-mentioned studies could be explained
by methodological inconsistencies such as differences in the
characteristics of population studied (prior chemotherapy or

Table 23.9 Breast cancer
chemotherapy associated with
toxic encephalopathy

Agent Clinical description Brain MRI

5-FU (5
fluorouracil)
and
capecitabine

Cerebellar syndrome or multifocal
leukoencephalopathy with altered mental
status ranging from confusion to coma,
memory deficits, ataxia, dysarthria,
nystagmus, headache, seizures, trismus,
slurred speech, diplopia, and paresthesias

Normal or showing diffuse white
matter alterations, with T2 and FLAIR
periventricular hyperintensities of both
hemispheres

Methotrexate Acute encephalopathy to severe delayed
chronic encephalopathies with cognitive
deficits, aphasia, and hemiparesis

Diffuse T2/FLAIR abnormalities

Bevacizumab Headache, visual disturbances, seizures,
confusion, and relative hypertension

Parieto-occipital white matter
abnormalities on T2/FLAIR sequences
Less frequently involvement of
anterior brain regions

Data from
5-FU (5 fluorouracil) and capecitabine: Videnovic et al. [223], Tipples et al. [224], Formica et al. [225],
Niemann et al. [402], Couch et al. [403], Fantini et al. [404], Lyros et al. [222]
Methotrexate: Erbetta et al. [226]
Bevacizumab: Schiff et al. [234], Tlemsani et al. [235]
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not, inclusion of pre- or postmenopausal women), differ-
ences in the neurocognitive testing batteries, trial design
(prospective vs. cross-sectional), timing and the duration of
follow-up, and whether the evaluation of cognitive function
was a primary study objective [277–281, 286, 287, 289].
Importantly, the impact of mood or fatigue on cognition is
often not reported [268, 279, 290–294].

Cardiovascular Complications (Ischemic, Central
Venous Thrombosis, Sinus Thrombosis)
In an autopsy cohort of cancer patients, cerebrovascular dis-
ease (CVD) was seen in 14.6%, of whom half had clinical
symptoms during life [295]. In a database of the Eastern
Cooperative Oncology Group (ECOG) trials for BC, the fre-
quency of both venous thrombosis and arterial thrombosis was
5.4% among patients treated with adjuvant therapy and 1.6%
in patients on observation only [296]. A higher risk of stroke in
cancer patients as compared to controls without cancer was
reported in a Swedish cohort [297]. In a study of hospitalized
stroke patients, cancer patients represented 9.1% of all cases
and BC was the second most common type of malignancy
[298]. In the Norwegian Stroke Research Registry (NOR-
STROKE), the prevalence of cancer was higher among
patients presenting with a stroke and BC was the third most
frequent cancer associated with stroke [299]. The cumulative
incidence of stroke in BC is 1.5% compared to 1.1% in con-
trols [300]. The highest risk of stroke is observed soon after
diagnosis of cancer [297, 300] and is estimated at 12% [301].

Cancer is a prothrombotic state with acquired protein S or
C deficiency, activated protein C resistance, antiphospho-
lipid antibodies and the antiphospholipid syndrome, hyper-
fibrinogenemia, thrombocytosis, and D-dimer elevation
[302, 303]. Thrombotic angiopathy has been observed in BC
and was reported to be linked to cancer therapy, but was also
observed after treatment when the cancer was in remission.
In the ECOG cohort mentioned above, the association of
chemotherapy and tamoxifen increased the risk of both
venous and arterial strokes compared to chemotherapy alone
in premenopausal patients [296]. In another cohort of
women with BC, tamoxifen was associated with an
increased risk of stroke [304]. In BC, supraclavicular and
internal mammary nodal RT may accelerate atherosclerosis
of the carotid artery and increase the risk of stroke [304–
306]. The EORTC study NCT00002851 (Lymph Node
Radiation Therapy in Patients With Stage I, Stage II, or
Stage III Breast Cancer That Has Been Surgically Removed)
will provide more data on the risk of stroke and RT. The
management of stroke in cancer patients depends on the
etiology. Patients with cancer have been for the most part
excluded from trials of thrombolysis. Treatment with
thrombolysis may result in a higher in-hospital mortality in
patients with cancer due to medical comorbidities, but there

does not appear to be a higher risk of intracranial hemor-
rhage (ICH) [307].

Cancer patients also have an increased risk of venous
thromboembolism (VTE), and VTE is associated with a
significant risk of morbidity and mortality in cancer patients
[308, 309]. In the Iowa SEER, the standardized morbidity
ratio, estimated by dividing the observed number of cancers
in the VTE incident cohort by expected number, was 8.4 for
BC [310]. The risk of VTE has been associated with several
factors including the type of cancer, the stage of the cancer,
performance of surgery, administration of chemotherapy or
endocrine therapy, the presence of a central venous catheter,
patient age, whether non-ambulatory, and prior episode of
VTE [311]. The Khorana predictive score of VTE risk in
ambulatory patients includes 5 variables: the site of cancer,
the prechemotherapy platelet count, the hemoglobin level,
the use of erythropoietic agents, the leukocyte count, and the
body mass index [312]. In this score, BC is considered at
low risk of VTE.

Thromboembolic events are more frequent in women
treated by chemotherapy for BC [313]. Tamoxifen, a
selective estrogen receptor modulator with estrogen antag-
onistic effects, may also increase the risk of thromboembolic
complications [314, 315]. The combination of chemotherapy
and tamoxifen further increases the risk of VTE compared to
tamoxifen alone in postmenopausal patients [296]. Systemic
treatment may increase the risk of VTE by several mecha-
nisms including acute and non-acute damages to vessel walls
and decrease in protein C, protein S, factor VII or fibrinogen,
and platelet activation [303, 308, 311].

Cerebral venous occlusion can be observed in cancer
patients, either in superficial cortical veins, internal cerebral
veins, or dural sinuses [302]. Systemic cancer accounts for
3.2% of all causes of cerebral venous occlusion [316].
Cerebral sinus or veins can also be affected by compression
or local invasion by brain, dural, or skull metastases [317,
318]. A BC patient with VTE receiving tamoxifen in the
adjuvant setting should be transitioned to an aromatase
inhibitor [308]. Thrombolytic agents are contraindicated in
patients with intracranial tumors [319].

For a complete review of cerebrovascular dysfunction in
cancer, please refer to Chap. 10.

Meningitic Syndromes
Chemical Meningitis

Chemical meningitis is the most common side effect of
intra-CSF chemotherapy and is characterized by headache,
photophobia, fever, nausea and vomiting, meningismus, and
confusion [320]. It occurs in 15–33.3% of patients following
liposomal cytarabine administration regardless of the route of
administration (lumbar vs. ventricular) [320]. The incidence of
aseptic meningitis may be reduced by prophylactic oral
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dexamethasone initiated on the day of intra-CSF drug adminis-
tration. Most symptoms of chemical meningitis occur within the
first days after drug administration. Mild symptoms resolve
within days; however, symptomatic treatment with intravenous
corticosteroids and fluids may be required in severe cases. Sub-
sequent intra-CSF drug administration is dose reduced and used
in combinationwithmore liberal prophylactic oral steroids [320].
Acute aseptic meningitis may also be observed after adminis-
tration of any intra-CSFdrug includingmethotrexate, cytarabine,
and thiotepa [237]. The main differential diagnosis of chemical
meningitis is infectious meningitis or LM disease progression
and is primarily differentiated by the time course of chemical
meningitis and the failure to culture bacteria from CSF [123].

Infections
Intra-CSF agents can be administered either by the

intralumbar or by the ventricular route. Intraventricular
injections offer several advantages compared to lumbar
administration, such as the certainty of drug delivery into the
CSF compartment (10% of all intrathecal injections are epi- or
subdural) and a relatively pain-free procedure [321, 322].
A survival benefit has also been suggested for intraventricular
administration compared to lumbar injection [321]. However,
intraventricular drug administration requires placement of
ventricular access device resulting in a risk of infection not
unlike that seenwith a vascular access device. In a prospective
cohort of patients (mostly BC) with the 10% of complications
seen with the use of a ventricular access device, the majority
(70%) were bacterial infections [323]. The infection rate was
estimated at 3.6% per patient and 0.38% per injection. This
rate was similar to other series [320, 324, 325]. Bacterial
meningitis is less frequent after lumbar injection (3.75% vs.
0%) [320]. In the cohort of Zairi, the ventricular access device
was removed in all cases and antibiotics were administered for
2 weeks.Nevertheless, no clear recommendations exist for the
management of infected ventricular access devices. Some
authors propose preservation of the device and administration
of combined systemic and intra-CSF organism-specific
antibiotic therapy [326, 327].

Other CNS Adverse Effects
Other CNS toxicities seen after intra-CSF liposomal

cytarabine administration include a communicating hydro-
cephalus, decreased visual acuity, and seizures [320].
Stroke-like events that rapidly resolve have been reported
after intra-CSF methotrexate injection [328].

Peripheral Nervous System Complications

Plexopathy
Axillary lymph node dissection for BC is a fundamental part
of treatment, but can be responsible for post-surgical injury
complications including chronic pain syndromes, numbness,

shoulder restriction, lymphoedema, and rarely plexopathy.
Damage to the nerves traversing the axillary fat and in
particular the intercostobrachial nerve prone to injury during
axillary dissection can result in chronic pain.

One week after surgery, up to 78% of patients report
moderate to severe pain [329]. Neuropathic pain after BC
surgery is seen in 14.7–52% of patients during the first year
after surgery [329–331]. Other neurological symptoms
include paresthesia, dyesthesias, swelling sensation, and
hypoesthesia. Number of axillary nodes dissected (more than
15 lymph nodes excised), age <40 years, African American
race, diabetes, fibromyalgia, and taxane-based chemotherapy
have been identified as risk factors for neuropathic pain after
BC surgery [330, 331]. Sentinel lymph node biopsy has been
developed for axillary staging and minimizes the morbidity
of axillary lymph node dissection in patients with BC.
Sentinel node dissection alone has been shown to signifi-
cantly reduce the rate of paresthesia, dyesthesias, swelling
sensation, or pain compared to axillary node dissection
[332–334]. Pharmacological treatment of pain consists of
tricyclic antidepressants, duloxetine, AEDs (carbamazepine,
gabapentin, pregabalin), transdermal lidocaine, and
capsaicin.

The risk of loco-regional recurrence is reduced after chest
wall and axillary node RT among women with a
node-positive BC [335]. Radiation-induced brachial plex-
opathy (RIBP) is the most frequent peripheral nervous sys-
tem complication after BC irradiation [336]. The incidence
is <1% with 50 in 2 Gy fractions [337]. The interval
between RT and symptom onset varies from 3 months to
26 years with a median of 1.25–4.25 years [179, 337–339].
Rarely, early acute transient RIPB have been reported within
2–14 months after supraclavicular–axillary RT at 50 Gy
[337].The delay between RT and clinical deficits is partly
related to the dose per fraction, total dose, and volume
irradiated [340]. Signs and symptoms of RIBP include
paresthesias, pain, hyporeflexia, and motor impairment with
potentially flaccid paralysis of the ipsilateral arm [335, 337,
338]. RIBP usually begins with paresthesias or dyesthesias
followed by hypoesthesia and anesthesia. Tinel’s sign has
been reported with paresthesia evoked after axillary or
supraclavicular stimulation. Pain is the most common
symptom and is seen in >75% of patients. Progressive motor
weakness appears later and can be associated with fascicu-
lations and amyotrophy [337]. The first motor signs are
usually observed in the thenar muscles [337].The topogra-
phy varies with the level of plexus damage though typically
appears distally and progressively spread to forearm and
upper arm [337]. The onset is insidious, but signs and
symptoms gradually increase and often lead to paralysis of
the upper limb with severe impairment of useful hand
function [337–339]. Rapid neurological worsening has been
described after trauma related to surgery, upper limb
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lymphedema, or traction of the affected arm [341]. Direct
neuronal and endothelial injury with associated demyelina-
tion and ischemia and compression by radiation-induced
fibrosis have been suggested as potential mechanisms of
RIBP [327, 338].

Pain and paresthesia can be treated with AEDs,
non-opioid and opioid analgesics, tricyclic antidepressants,
and benzodiazepines. Quinine may be used for cramps and
carbamazepine for myokymia. The role of B vitamins, cor-
ticosteroids, or anticoagulants is controversial. A random-
ized phase III trial evaluating the association of
pentoxifylline, tocopherol, and clodronate (PENTOCLO,
NCT01291433) in radiation-induced neuropathies is cur-
rently ongoing. Physiotherapy can aid in the development of
strategies to maintain and improve function. Reducing
comorbid factors that may aggravate the plexopathy such as
diabetes, high blood pressure, alcohol abuse, and statins is
recommended. Hyperbaric oxygen has been evaluated in
small case series, but currently, there is no evidence to
support its use in the treatment of RIBP [342]. Surgery with
nerve or muscle transfer [343–345] and neurolysis [346]
have been reported to be useful in highly select patients with
RIBP [342].

For a complete discussion on radiation-induced plex-
opathies, please refer to Chap. 14.

Radiculopathy
Isolated radiculopathy is rare in BC and may be a mani-
festation of ESCC, LM, or Herpes zoster. Herpes zoster
infection, an opportunistic infection, may be enabled by
adjuvant chemotherapy with secondary treatment-induced
immunosuppression. In a large study of early-stage BC
patients, 1.9% developed zoster [347]. In this cohort, the
incidence of Herpes zoster infection was estimated at
55/1000 cases/year, whereas the incidence in the general
population varies between 2.2 and 4.1 per 1000
patients/year. Thus, in early BC patients, the risk of infection
is 13- to 25-fold higher compared to the incidence in the
general population [347]. Treatment utilizes analgesics and
antiviral medications such as acyclovir. Delayed late
post-herpetic neuralgia, a neuropathic syndrome, may
appear in a small subset and may require chronic opioid
treatment.

Radiation Neuropathy
The peripheral nervous system is often characterized as
radioresistant; nevertheless, radiation-induced neuropathies
are reported. The signs and symptoms are heterogeneous and
differ according to the affected part of the peripheral nervous
system (nerve root, nerve plexus, nerve trunk). Radiation
neuropathies are often progressive and irreversible and may
have a considerable impact on QoL. Generally, radiation
neuropathies appear years after RT [336, 337].

Peripheral Neuropathy
Chemotherapy-induced peripheral neuropathy (CIPN) is a
frequent adverse consequence of BC treatment. CIPN is
observed in 30–40% of patients receiving chemotherapy and
varies according to the cytotoxic drug regimen, duration of
treatment, cumulative dose, and neuropathy-related risk
factors [348]. CIPN can be severe and have a significant
impact on activities of daily living and overall QoL [349,
350]. In severe cases, chemotherapy dose delays, reductions,
or discontinuation of treatment is required [348, 349, 351].
The potential impact of dose reductions or treatment delays
due to CIPN on PFS CIPN is unknown [351]. The overall
clinical presentation of CIPN is similar, although some dif-
ferences are observed among the chemotherapy agents.

Several risk factors have been associated with CIPN. The
role of older age as a risk factor for CIPN is controversial
[352]. Diabetes has been shown to increase the risk and
severity of CIPN related to weekly paclitaxel treatment
[353]. Moreover, more frequent chemotherapy dose delays
and dose reductions are observed in patients with diabetes.
Treatment-related risk factors include chemotherapy dose
per cycle, treatment schedule, cumulative dose, and duration
of infusion [351, 354, 355]. The class of chemotherapy and
the class of biochemical characteristics influence the risk of
CIPN. For example, docetaxel induces less CIPN than
paclitaxel (1–9% vs. 30%) [348]. Inter-individual variability
in toxicity is observed, and genetic factors likely are of
importance, but are difficult to determine a priori [355].
Pharmacogenomic approaches using single nucleotide
polymorphisms (SNPs) have been used to correlate the risk
of toxicity to specific agents. For paclitaxel, studies have
focused on several candidate genes such as CYP2C8,
CYP3A4, CYP3A5, and ABCB1 [350, 355, 356]. Associ-
ations have also been reported between the risk of neu-
ropathy and FGD4, EPHA5, and FZD3 genes [350]. Higher
TUBB2A gene expression may lead to a lower sensitivity to
paclitaxel [357]. For docetaxel, candidates include glu-
tathione S-transferase detoxification enzyme GSTP1 poly-
morphism [350, 358]. GSTP1 polymorphism has also been
suggested to increase the risk of oxaliplatin and cisplatin
neurotoxicity [349]. The results are not always consistent
between studies, and further research is needed to confirm
the relevant associations between genotype and risk of
CIPN.

Taxanes, microtubule-stabilizing agents, are among the
most active drugs used in BC. The most important
dose-limiting toxicity is CIPN, and the incidence of all
grades of CIPN after taxanes varies from 11 to 87% [354,
359]. Microtubules are critical for peripheral nerve axonal
transport processes and are affected by taxanes [349]. Tax-
anes induce microtubule polymerization and inhibit
depolymerization leading to an impairment of axonal
transport [349, 351], which has been speculated to play a
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role in CIPN. Severe CIPN is reported in 1–18% of patients
following taxane treatment. The incidence of all grades of
docetaxel-induced CIPN varies from 11–64% [358, 359].
The incidence of serious (grade 3/4) sensory and motor
neuropathy in patients treated with docetaxel was 1.6 and
0%, respectively [360]. Patients presenting with CIPN after
initial docetaxel infusion often receive fewer cycles without
dose modification as compared to patients without CIPN
[361]. The incidence of all grades of CIPN with paclitaxel is
higher and varies from 59 to 87% [351, 359]. Grade 3–4
CIPN is observed in 7–33% of patients treated with pacli-
taxel [351]. The incidence of serious (grade 3/4) sensory and
motor neuropathy in patients treated with paclitaxel was 7
and 5%, respectively [362]. A dose reduction in taxanes due
to a CIPN is required in 2–26% of patients [351, 354, 363–
365]. One study observed a 17% dose reduction due to CIPN
resulted in a decreased relative dose intensity of 73.4%
[351]. The clinical manifestations of taxane CIPN are mainly
sensory. Sensory symptoms include numbness, paresthesia,
burning, and hyperalgesia. Loss of deep-tendon reflexes is
rare in taxane-induced CIPN. Motor neuropathy occurs less
frequent than sensory CIPN and may result in weakness of
distal limb muscles. Myalgias and arthralgias have been
associated with CIPN from paclitaxel [349]. A toxic optic
neuropathy has been reported after docetaxel treatment
[366].

Symptoms of acute CIPN occur within 24–72 h follow-
ing taxane infusion [348, 351, 367, 368]. Symptoms may be
observed after the first infusion, but are more frequent after 2
or more infusions [354]. Clinical manifestations usually
disappear spontaneously after discontinuation of the drug
[348]. However, axonal degeneration can sometimes be
observed, especially after prolonged administration, and be
responsible for permanent CIPN. Approximately 50% of the
symptoms resolve within 9 months [369]. In a cohort of 69
patients treated with docetaxel, paclitaxel, or both,
taxane-induced CIPN completely resolved in only 14% of
the patients after cessation of treatment, and long-term
neurotoxicity was observed in 60% in the docetaxel group
and 70% in the paclitaxel group [353]. Long-term symptoms
were, however, minor in most patients [359]. In a cohort of
1031 patients treated with adjuvant docetaxel, 23% reported
grades 2–4 neuropathy, CIPN persisted for 1–3 years in 34%
of patients though generally subsiding to grades 0–1. In this
cohort, 15% of survivors reported a significant impact on
QoL due to docetaxel CIPN at 1–3 years after cessation of
treatment [370]. After paclitaxel, CIPN of all grades was
observed in 41% of the 219 patients 3 years after treatment
[364], while in another cohort of 50 patients, 81% of the
patients still reported CIPN symptoms 6 months to 2 years
after paclitaxel treatment, with up to 27% reporting severe
symptoms [365].

The symptoms of neuropathy induced by taxanes appear
at cumulative doses � 300 mg/m2. An increased single dose
of paclitaxel is also associated with a higher risk of neuro-
toxicity. Shorter infusions appear to increase the risk of
neurotoxicity (comparing 1–3 h(s) vs. 24 h infusions) [349].
Paclitaxel is more toxic than docetaxel and results in more
frequent CIPN [348, 359]. In a phase III trial, paclitaxel
versus docetaxel in patients with metastatic BC, more grade
3/4 sensory (7% vs. 4%) and motor CIPN (5% vs. 2%) was
observed. In this study, more discontinuation of treatment
due to CIPN was observed after docetaxel [371]. Weekly
administration of paclitaxel results in more frequent CIPN
than the every 3-week schedule (24% vs. 12% for grade 3
sensory CIPN and 9% vs. 5% for grade 3 CIPN) [362]. In
contrast, more grade 3 CIPN has been observed after every
3-week docetaxel schedule (10% vs. 5%) [372]. New for-
mulations of paclitaxel, such as nanoparticle albumin-bound
(Nab) paclitaxel and liposomal-encapsulated paclitaxel,
appear to reduce neurotoxicity [350, 362, 373].

Eribulin mesylate is a non-taxane microtubule dynamic
inhibitor. Eribulin binds to microtubules and suppresses
microtubule growth [374].In trials, CIPN of any grade
occurred in 14–35% after eribulin. Grade 3 CIPN was
observed in 3–27% and grade 4 CIPN in less than 1% [375–
377]. Drug interruption was required in 4–5% due to CIPN
[375, 376, 378]. Signs and symptoms were observed after a
median of 9 months of treatment and resolved after
12 months [378] of CIPN. Treatment with carboplatin may
result in CIPN, but causes less CIPN as compared to cis-
platin [379, 380]. Oxaliplatin and cisplatin and vinca alka-
loids (vinorelbine) can cause CIPN, but are only
occasionally used in BC. Vinorelbine, the most commonly
used vinca alkaloids in metastatic BC, interferes with
microtubule assembly [381]. Unlike with other vinca alka-
loids, neuropathy is relatively infrequent with this agent.
Cisplatin and carboplatin are used for the treatment of
metastatic BC, in particular for triple negative BC. Cis-
platin CIPN can result in a worsening of the neuropathy
following discontinuation of chemotherapy, a phenomenon
termed coasting [348, 370]. Additionally, cisplatin can cause
progressive and irreversible hearing loss in many patients
[380, 382, 383]. Bilateral sensorineural hearing loss may be
observed in 19–77% of the patients treated with cisplatin,
and permanent tinnitus may be seen in 19–42%. Raynaud
phenomena, a localized autonomic neuropathy, may be
observed with cisplatin as well [384].

A neuropathy scale exists for the cisplatin-induced neu-
rotoxicity with elements that include CIPN, ototoxicity, and
Raynaud phenomena [349, 385]. Although carboplatin is
generally thought to be less frequently responsible for CIPN,
a meta-analysis of platinoid chemotherapy toxicity (carbo-
platin vs. cisplatin) used in association with third-generation
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agents for advanced-stage non-small cell lung cancer
demonstrated a twofold higher rate of neurotoxicity in the
carboplatin group [379].

Other sensory neuropathies, such as Charcot-
Marie-Tooth, diabetic neuropathy, alcoholic neuropathy,
paraneoplastic neuropathy, and discogenic nerve root com-
pression, should be excluded [221, 350, 351, 354, 355, 364,
386]. Taxanes may cause lymphedema, which can lead to a
bilateral carpal tunnel syndrome mimicking or worsening
signs and symptoms of CIPN [359, 387]. The onset of
symptoms and their relationships with chemotherapy
administration help to identify the casualty of the cytotoxic
agent. Early detection and recognition of CIPN are critical so
as to allow chemotherapy dose delays or dose reduction
prior to the appearance of severe neurologic symptoms [349,
350]. Drug discontinuance is recommended for all
high-grade neuropathies [350]. Antiepileptics (gabapentin or
pregabalin) and antidepressants (tricyclics, duloxetine, or
venlafaxine) are often proposed for the treatment of neuro-
pathic pain despite relatively limited effectiveness in CIPN
[348, 350, 351, 380, 388–391]. Numerous other treatments
have been evaluated in preventive studies including nerve
growth factor (NGF) stimulants (all-trans-retinoic acid);
antioxidants or antioxidant-related agents (a-Lipoic acid,
vitamin E, glutathione, glutamine, N-acetylcysteine, D-
methionine, omega-3 fatty acids, amifostine); electrolytes,
chelators, ion channel modulators (calcium/magnesium
infusion, carbamazepine and oxcarbazepine, nimodipine),
and other compounds (acetyl-L-carnitine, xaliproden [a
5-hydroxytryptamine(HT)1A agonist], venlafaxine, gosha-
jinkigan [Kampo medicine composed of 10 natural ingre-
dients], topical gel with baclofen + amitriptyline +
ketamine, erythropoietin, recombinant human leukemia
inhibitory factor), and none have proved effective. Dex-
tromethorphan, a N-methyl-D-aspartate receptor antagonist,
has not been evaluated in CIPN, but shows efficacy in
painful diabetic neuropathy and in postoperative pain [388].
A randomized double-blind trial using dextromethorphan in
CIPN is currently under recruitment (NCT02271893).
Non-pharmaceutical approaches such as acupuncture have
also been studied [351]. A phase II randomized trial is
currently evaluating the efficacy of acupuncture in prevent-
ing dose reductions due to CIPN in patients with BC which
is currently ongoing (NCT01881932). Other approaches
include the non-invasive electro-analgesia device referred to
as “Scrambler” therapy and manual therapy such as mas-
sage. Physiotherapy may help to improve gait impairment
and assist patients by providing life-relevant adaptive
strategies [349].

Myopathy
Although skeletal muscles comprise more than 50% of total
body mass, skeletal muscle metastases are rare. In a cohort
of 73 patients with skeletal muscle metastases, BC was
identified as the primary in only 14% of the cases, preceded
by lung cancer (34%) and gastrointestinal cancer (18%)
[392]. Paraneoplastic necrotizing myopathy is rarely repor-
ted in BC [393, 394]. Patients present with a proximal,
symmetric, and rapidly progressive myopathy. Myalgia can
be absent, and deep-tendon reflexes are hypoactive. An
increase in serum creatinine kinase and myoglobin is com-
monly observed. Electromyogram may show an incomplete
interference pattern during voluntary contraction. Treatment
of BC and corticosteroids may lead to an improvement in
neurological deficits.

Myopathy can also be a result of treatment. Corticosteroids
are frequently used in cancer patients and are a frequent cause
of myopathy with clinical symptoms in up to 60% of patients
[395]. Steroid myopathy is characterized by proximal muscle
weakness predominantly in the lower extremities that may
interfere with the activities of daily living. Symptoms may
appear insidiously and can be observed within days after
steroid initiation and are related in part to cumulative dose.
Respiratory muscle weakness may lead to symptomatic dys-
pnea, sometimes in the absence of proximal muscles symp-
toms. Acute severe myopathy has been described after
high-dose steroids [396]. Serum muscle enzymes can be nor-
mal as is electromyography [396, 397]. Muscle biopsy shows
atrophy of type IIb fibers without necrosis or inflammation
[397]. Steroid myopathy is reversible after reduction or dis-
continuation of steroids, though recovery may require weeks.
Fluorinated steroids (dexamethasone, triamcinolone) aremore
often responsible for myopathy than non-fluorinated steroids
(prednisone, hydrocortisone) [395].Radiotherapy-induced
myopathy is very rare in BC. Muscles weakness is observed,
serum creatinine kinase values are normal, and electromyog-
raphy shows myopathic changes [398]. Musculoskeletal
symptoms and myopathy can be induced by other agents such
as cytarabine, cyclophosphamide, methotrexate, and aro-
matase inhibitors. Other conditions such as hypercalcemia
may also lead to myopathy.
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24Neurologic Complications of Gastrointestinal
Cancer

Rajiv Magge and Eli L. Diamond

Introduction

Malignancies of the gastrointestinal (GI) tract are some of
the most commonly presenting tumors in the USA. There
were an estimated 291,150 new cases and 149,300 deaths
from GI cancers in 2015 [1]. The most frequently occurring
GI malignancy is colorectal cancer, which comprises 8% of
all new cancer diagnoses and is the third most common
malignancy in men and women.

Generally, staging takes into account the depth of inva-
sion of the primary tumor into the wall of the viscus, the
number and location of involved lymph nodes, and whether
or not there are metastatic sites of disease. Treatment
strategies usually favor surgical resection, when possible,
followed by adjuvant chemotherapy or combined chemora-
diation therapy to prevent local or distant recurrence.
Neoadjuvant strategies using chemotherapy or chemoradia-
tion therapy before surgery are sometimes necessary, espe-
cially for tumors of the pancreas, esophagus, and rectum.

Neurologic complications from GI malignancies may be
direct [i.e., brain metastases (BM)] or indirect (i.e., compli-
cations related to chemotherapy). They are varied but the
incidence is far less than with some other solid tumors such as
breast or lung cancer. For example, gastrointestinal metastases
to the central nervous system (CNS) account for approxi-
mately 4–6% of solid tumor metastatic brain lesions [2].
However, with improved therapies and survivorship, the
incidence of metastatic CNS disease from GI malignancies
may increase due to poor CNS penetration ofmost agents used

for these tumors. As a rule, CNS disease is usually associated
with more extensive systemic disease, especially liver and
lung metastases. Intracranial metastases from gastrointestinal
malignancies do not present differently from other solid
tumors. CNS invasion is thought to be hematogenous via the
arterial circulation or Batson’s plexus, but is rarely caused by
direct extension from skull or dural metastases.

We review some of the direct and indirect neurologic
complications of GI malignancies. These are rare compli-
cations but need to be considered by physicians treating such
patients. Symptoms from BM are based on the location of
the tumor and are attributable to multiple mechanisms,
including direct displacement or irritation of brain tissue,
vasogenic edema, and disruption of nearby venous and
arterial blood flow. The most common presenting symptoms
are focal weakness, impaired cognition, and headache with
or without nausea and vomiting. Imaging with contrast MRI
or CT scans will identify lesions and associated edema; MRI
is the modality of choice for optimal resolution of the ner-
vous system, especially the posterior fossa.

Acute medical treatment should include corticosteroid
therapy such as dexamethasone and anti-seizure medications
if the patient presents or develops generalized or partial
seizures. More definitive therapy is the same as for other
solid tumor metastases to the brain. Patients with a solitary
lesion benefit from surgical resection potentially followed by
radiation therapy; patients with >4 BM in most cases should
receive WBRT. Chemotherapy may be attempted for
patients who fail surgery and radiation, but data on effective
therapies using this approach are scarce.

Metastatic lesions to the spine, leptomeninges, and dura
are rare in gastrointestinal disease and again not treated
differently from other solid tumor metastases. Symptoms at
presentation may sometimes be different than symptoms
from brain lesions. For example, patients with epidural
spinal cord compression present with focal back pain and
may have weakness, sensory changes, or autonomic dys-
function such as urinary retention.
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Management of these lesions from GI malignancies is not
unique. In the acute setting, corticosteroids (high or low dose
depending on clinical picture) should be used when the
spinal cord is compromised and/or there is neurologic dys-
function or significant back pain. Treatment is radiation
therapy in most cases, but surgery may be of benefit as many
of the GI malignancies are radioresistant. Surgery may also
be used for cases with mechanical instability, bone frag-
ments in the spinal canal, or radiation failures.

Treatment of leptomeningeal metastases (LM) is limited
to either intrathecal (IT) or systemically administered agents.
The available IT agents have limited to no activity against GI
malignancies, and systemically administered agents have
either poor CNS penetration or limited to no activity, hence
the poor outcomes for these patients. Radiation should be
used to treat symptomatic sites for palliation. Dural lesions
can be treated with surgery and/or radiation.

Colorectal Cancer

Colorectal cancer (CRC) is the third most common cancer
and cause of cancer death in the USA [1]. About 132,700
new cases of colon cancer are estimated to be diagnosed
each year, including about 93,090 colon and 39,610 rectal
malignancies. More than 49,700 patients are estimated to die
each year from CRC. Fortunately, both incidence and mor-
tality have continued to decline since 1990, probably related
to improved screening and treatment [3].

Several genetic disorders carry a high risk of developing
colon cancer. Familial adenomatous polyposis (FAP) and
Lynch Syndrome (hereditary nonpolyposis colorectal cancer
(HNPCC) ) account for about 5% of CRC patients [4–6].
FAP is caused by a germline mutation at the APC gene on
chromosome 5 and typically presents as several colonic
adenomas during childhood. Extracolonic manifestations
associated with FAP include gastric/duodenal polyps, con-
genital hypertrophy of the retinal pigment epithelium
(CHRPE), follicular or papillary thyroid, and childhood
hepatoblastoma. Lynch syndrome (HNPCC) is autosomal
dominant and involves defects in one of the mismatch repair
genes. In addition to predominantly right-sided colorectal
tumors, patients with Lynch syndrome carry increased risk
for development of extracolonic tumors including endome-
trial, ovarian, and small bowel tumors. Turcot syndrome
originally referred to the association of familial CRC with
brain tumors. Both of these familial syndromes are associ-
ated with brain tumors—FAP-associated brain tumors are
usually medulloblastomas, while gliomas are typically seen
with Lynch syndrome [7–9]. More common risk factors for
developing CRC include age, personal or family history of
sporadic colorectal cancer, and inflammatory bowel disease,

as well as modifiable factors such as obesity and lack of
physical activity [10].

CRC is typically diagnosed after patients present with
symptoms such as occult bleeding (potentially with iron
deficiency anemia), hematochezia, abdominal pain, rectal
pain, weight loss, constipation, and diarrhea [11]. Patients
may also present emergently with intestinal obstruction or
peritonitis. Colonoscopy is the gold standard for diagnosis of
CRC in the setting of suggestive symptoms.

Surgery is the only curative option for localized col-
orectal cancer. Chemotherapy can improve outcomes for
locally advanced disease. Regimens for advanced stage CRC
classically include 5-fluorouracil (5-FU), oxaliplatin, and
irinotecan, but modern treatment courses have added agents
such as bevacizumab, cetuximab, or panitumumab.

Brain Metastases

Metastatic disease to the brain from CRC is generally rare,
especially compared to lung cancer, breast cancer, and
melanoma. The incidence of brain metastases among
patients with CRC has by and large ranged from 1 to 4% in
prior studies [12–18]. This is much lower than more com-
mon sites of metastasis such as liver (20–30%) and lung
(10–20%) [19]. Autopsy studies have shown that an addi-
tional 2–3% of patients have brain metastases at death [20].
Asian countries may have a lower incidence of colorectal
brain metastasis. Brain metastases were only identified in
27/4378 (0.67%) of CRC patients diagnosed between 1995
and 2003 in Singapore, a country with one of the highest
rates of CRC in the world [20, 21]. Similarly, Ko and col-
leagues reported brain metastases in 53/7153 CRC patients
(0.74%) in their Taiwan study [17].

Patients with CRC brain metastases typically have sys-
temic metastatic disease [22]. These seem to frequently be
found concurrently with metastases to the lung (55–85%)
and liver (up to 75%) [15, 20, 23]. The distal colon (sigmoid,
rectosigmoid junction, and rectum) is the primary tumor site
in up to 60% of patients with brain metastases [18–20, 24].
In a review of 1620 CRC patients (39 with confirmed brain
metastasis), Mongan et al. [15] identified primary tumor in
the left colon, long-standing pulmonary metastasis (espe-
cially with recent progression), and CXCR4 expression by
tumor cells as risk factors for developing brain lesions.
These tend to have a characteristic location—studies have
noted cerebellar lesions in 33–55% of patients with brain
metastases [16, 19].

The interval between primary diagnosis of CRC and
discovery of brain metastasis likely correlates with survival
[18]. This time interval appears to be longer for CRC (22.6–
27.6 months) than other GI cancers and lung cancer (but
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shorter than breast) [20, 21, 24]. A study by Hammoud et al.
[18] found the brain disease free interval (bDFI) to be longer
in patients who received radiation (49 months) or
chemotherapy (27 months) for extracerebral metastatic dis-
ease, compared to those who received no treatment
(13 months).

As with brain metastases from other primary tumors,
survival is dismal without treatment (4–6 weeks) [25]. Sur-
gical resection, if possible, remains the best initial treatment
option—Farnell and colleagues reported a median survival
of 45 weeks with surgical resection alone. Although still
unclear, there is suspicion that CRC brain metastases are
relatively radioresistant [18, 19]. In the study by Farnell and
colleagues, WBRT did not improve survival or recurrence in
a statistically significant way. Radiosurgery has been found
to be effective in achieving local control in retrospective
studies of CRC and mixed GI cancers, including patients
having undergone prior WBRT [26, 27]. In addition to the
historical 5-FU-based regimens, patients with metastatic
CRC often receive bevacizumab. Although it has known
activity in the brain, data are still limited as to whether it is
helpful with brain metastases. CEA does not appear to be
helpful in predicting survival [15].

Leptomeningeal Metastases

Leptomeningeal metastasis from colorectal cancer is rare
with an incidence likely under 1% [28]. Giglio and coworkers
examined 5 patients with leptomeningeal disease with med-
ian survival of 5 weeks after diagnosis (range 0–14 weeks).
Additional individual cases have been reported [29–31].
Treatment is palliative as outlined above.

Epidural Spinal Cord Compression (SCC)

As with brain metastases, intramedullary spinal cord
metastases are uncommon with colorectal cancer. Unlike in
other primary tumors, there is also decreased affinity for
bone. In one review of patients with ESCC by Gilbert and
coworkers, only 9 of 235 patients had a primary GI malig-
nancy [32]. Brown and coworkers examined 34 patients with
CRC and ESCC who subsequently received RT. The most
common presenting symptoms were back pain (97%),
weakness, sensory loss, and radiculopathy [33]. Median
overall survival for the entire cohort was 4.1 months, while
patients with rectal primary tumors had better survival
(median 7.9 months) compared with those who had colon
primary tumors (median 2.7 months). In addition, patients
treated with more than 3000 cGy had a better survival
(7 months) than those receiving 3000 cGy or less

(3.1 months). Although most metastases from other primary
tumors are located in the thoracic spine, epidural metastases
in this cohort were most frequently in the lumbar spine (55%
of lesions). Most patients (88%) had systemic metastatic
disease when the SCC was diagnosed.

Paraneoplastic Syndromes

Although rare, individual case reports of paraneoplastic
neurologic syndromes with colorectal cancer have been
reported. One patient with limbic encephalitis and paraneo-
plastic cerebellar degeneration (PCD) was found to have
anti-Hu-like antibody. The encephalitis (but not the PCD)
improved after removal of the colonic polyp [34]. Two cases
note paraneoplastic retinopathy [35, 36] with colon adeno-
carcinoma. Paraneoplastic neuropathy has been described in
another two patients [37, 38]. Although antibody analysis
was negative (including anti-GAD), a clinical diagnosis of
stiff person syndrome was made in a colon cancer patient
[39]. Lastly, brainstem encephalitis caused by an anti-Ma1
antibody has been reported in CRC patients [28].

Esophageal Cancer (Fig. 24.1a, b)

Esophageal cancer is one of the fastest growing malignan-
cies in the country in terms of incidence, probably related to
increasing body mass index and subsequent gastroe-
sophageal reflux disease. Almost 16,980 patients are diag-
nosed annually in the USA with an expected 15,590 deaths
[1]. There are an estimated 482,300 new cases worldwide
with the highest rates found in Southern and Eastern Africa
as well as Eastern Asia [40]. Most esophageal cancers are
squamous cell or adenocarcinoma, with the incidence of the
latter originating from Barrett’s esophagus rising
significantly.

Major risk factors for squamous cell carcinoma include
smoking and alcohol consumption, while Barrett’s esopha-
gus, gastroesophageal reflux disease, smoking and high
body mass index increase the risk of adenocarcinoma
[41–43]. Patients usually presented with progressive
dysphagia (especially to solid foods) and weight loss. Many
patients receive trimodality treatment with chemotherapy
(including agents such as carboplatin, paclitaxel and 5-FU),
radiation and surgery [44].

Brain Metastases

Brain metastases from esophageal cancer are rare, occurring
in 1–5% of cases. Spread to the brain probably occurs via
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Batson’s vertebral venous plexus which provides commu-
nication between the esophagus and the brain [20, 45].
Weinberg and coworkers identified 27 patients (1.7%) with
esophageal cancer brain metastases from 1588 treated at MD
Anderson Cancer Center between 1993 and 2001 [46].
Nineteen of these patients (70%) had concurrent systemic
metastatic disease and 75% presented with neurologic
symptoms. Median survival was 3.8 months. The only risk
factor for brain metastasis was increased tumor size in
association with local invasion and lymph node metastases.
Ogawa and coworkers reported on 36 esophageal cancer
patients with brain metastases; only 5 survived more than
one year (all treated with both SRS and WBRT), but 80% of
these patients had no extracranial metastatic disease, excel-
lent KPS, and solitary brain lesions [45].

A more recent review at MD Anderson Cancer Center by
Wadhwa and coworkers identified 20 patients (3.9%) with
brain metastasis from a population of 518 with esophageal
adenocarcinoma given trimodality treatment (chemoradia-
tion followed by surgery) between 2000 and 2010 [47].
Twelve patients (60%) had solitary metastasis while 8 (40%)
had multiple metastases; 16 (80%) had CNS symptoms at
diagnosis. Extracranial metastases were documented in 9
patients (45%). Seventeen of the 20 patients received treat-
ment (4 had surgery alone, 8 had surgery followed by
WBRT, 3 had WBRT alone, and 2 had SRS); median OS for
all patients was 10.5 months. Additional recent clinical
reviews of patients with esophageal cancer brain metastases
similarly found that the frequency of brain metastases was
higher in adenocarcinoma patients compared to those with
squamous cell carcinoma histology [48, 49].

Leptomeningeal Metastases

Two case series each identified seven patients with lep-
tomeningeal disease from primary esophageal cancer [50,
51]. There was a predominance of male patients with ade-
nocarcinoma histology. Presenting symptoms included
headache, visual changes, vertigo, nausea, and vomiting.
Overall survival was poor—0 to 28 weeks in the first series
and 2.5–16 weeks in the second.

Paraneoplastic Syndromes

A patient with esophageal squamous cell cancer was reported
to have opsoclonus–myoclonus syndrome with symptoms
improving after IVIG [52]. Another patient presented with
limbic encephalitis and was subsequently diagnosed with
esophageal adenocarcinoma [53]. An anti-Hu antibody was
identified in a woman with encephalomyelitis and esophageal
small cell carcinoma [54]. Two patients with paraneoplastic
cerebellar degeneration (PCD) due to anti-Yo antibody have
been reported [55, 56]. Lastly, one patient with numbness and
fever was found to have vasculitis on muscle biopsy with
symptoms resolving after esophagectomy [57].

Gastric Cancer

Approximately 22,220 patients are diagnosed with gastric
cancer annually in the USA, with an estimated 10,990 deaths
[1]. Worldwide, rates of disease are highest in Eastern Asia,

Fig. 24.1 A 73-year-old man with an 18-month history of esophageal
adenocarcinoma presented in April 2013 with right hemiparesis.
a (postcontrast T1 MRI) reveals a mass that preoperatively was felt
to represent a dural metastasis. Resection confirmed this diagnosis. He

then received fractionated whole brain radiotherapy. Five months later
he re-presented with personality changes and weakness. b demonstrates
a new hemorrhagic parenchymal metastasis that was subsequently
resected
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Eastern Europe, and South America. Gastric ulcers, adeno-
matous polyps, and intestinal metaplasia are associated with
increased risk of gastric cancer [58]. Additional risk factors
include H. pylori infection, diet (nitroso compounds, high
salt diet with low vegetables), smoking, and alcohol use.
Gastric cancer is also associated with specific inherited
cancer syndromes such as Lynch syndrome (hereditary
nonpolyposis colorectal cancer), familial adenomatous
polyposis (FAP), and Li–Fraumeni syndrome.

Early gastric cancer often does not have associated
symptoms, but advanced disease may cause indigestion,
nausea or vomiting, dysphagia, postprandial fullness, loss of
appetite, and weight loss. Late complications include peri-
toneal or pleural effusions, obstructions, bleeding from
esophageal varices, and jaundice.

Most gastric malignancies are adenocarcinoma, and
diagnosis is usually made by imaging or endoscopy followed
by biopsy or resection. Prognosis is good with resection of
early gastric cancer. Patients with at least stage IB disease
will often require postoperative chemoradiation.

Brain Metastases

Brain metastases from gastric cancer are very rare and have
been reported in less than 1% of cases. York and coworkers
identified only 24 brain metastasis patients (0.7%) of the
3320 gastric cancer patients treated at MD Anderson Cancer
Center 1957–1997 [59]. There was a greater incidence of
brain metastases from primary tumors originating in the
proximal stomach, and all 24 patients had concurrent sys-
temic metastatic disease (most commonly bone, liver, and
lung). Mean interval from gastrectomy to the diagnosis of
brain metastasis was 9 months. Median survival was only
2.4 months.

Kasakura et al. [60] reported brain metastasis in only 11
of 2322 (0.47%) of Japanese patients treated between 1980
and 1998. They noted median survival of 24 weeks in
patients who had surgical resection, compared with
10.8 weeks with WBRT and 54 weeks for those who had
both surgery and WBRT.

Leptomeningeal Metastases

Oh and colleagues reported 54 cases of cytologically con-
firmed leptomeningeal metastasis from gastric adenocarci-
noma at four institutions in Korea from 1994 to 2007 [61].
The most common presenting symptoms were headache and
nausea or vomiting. Opening pressure on lumbar puncture

was elevated in 29 patients (58%), and MRI demonstrated
leptomeningeal enhancement in 45 (82%). The median
interval from diagnosis of the primary gastric cancer to the
diagnosis of leptomeningeal disease was 6.3 months.
Thirty-six patients received intrathecal chemotherapy with
methotrexate alone or in combination with hydrocortisone or
cytarabine. Twenty of these patients also received
chemotherapy or radiation. Median overall survival was
dismal at 6.7 weeks, and only conversion to negative
cytology was predictive of relatively longer survival dura-
tion (14.6 weeks) on multivariate analysis. Other smaller
series similarly suggest extremely poor prognosis as well as
a possible modest benefit of intrathecal treatment [50, 62–
66]. Leptomeningeal metastasis has also been reported as the
presenting manifestation of gastric malignancy in several
cases [67–71].

Paraneoplastic Syndromes

Two patients with gastric adenocarcinoma were reported to
have paraneoplastic cerebellar degeneration associated with
anti-Yo antibody; titers dropped in one patient after resection
of the tumor [72, 73]. Another patient with paraneoplastic
cerebellar degeneration due to anti-Ri antibody had a mixed
tumor of neuroendocrine (reactive part of tumor) and ade-
nocarcinoma [74]. Other cases include a sensorimotor neu-
ropathy and encephalopathy with an antibody to
alpha-enolase [75], peripheral neuropathy with arteritis of
the sciatic nerve [76], and opsoclonus–myoclonus syndrome
[77].

Hepatocellular Carcinoma (HCC)

The incidence of HCC continues to increase rapidly in the
USA, especially in men. Approximately 20,000 patients are
diagnosed with HCC each year. Worldwide, the highest
incidences occur in sub-Saharan Africa and Asia. Important
risk factors for the development of HCC include hepatitis B
viral (HBV) infection, chronic hepatitis C virus (HCV) in-
fection, hereditary hemochromatosis, and cirrhosis of almost
any cause [78].

Patients with HCC typically present with symptoms
related to chronic liver disease. There should be high sus-
picion for the diagnosis in patients with underlying liver
disease with rising alpha-fetoprotein (AFP) levels. Most
patients who develop HCC have cirrhosis and possibly
thrombocytopenia, hypoalbuminemia, hyperbilirubinemia,
and/or hypoprothrombinemia.
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Surgery remains the only possible cure for HCC, but few
patients have fully resectable disease. Additional treatment
options for patients who cannot undergo resection or trans-
plantation include radiofrequency ablation, percutaneous
ethanol injection, transarterial chemoembolization, radiation
therapy, and systemic chemotherapy. Studies have shown
some efficacy for sorafenib in advanced HCC [79].

Brain Metastases

Earlier retrospective studies have reported an incidence of
brain metastases in 0.2–2.2% of HCC patients [80–83].
However, a more recent review by Shao and colleagues
identified brain metastases in 11 (7%) of 158 advanced HCC
cases [84], which may be related to improved survival in the
setting of new molecular targeted agents such as sorafenib.
Median overall survival was poor at 4.6 months. Lim and
colleagues reviewed 118 patients with HCC-brain metas-
tases to develop an HCC-specific graded prognostic assess-
ment (GPA) [85]. Patients with a single brain metastasis,
Child–Pugh grade of A, and AFP less than 400 had the best
prognosis with a median survival of 27 weeks. Sixty-five
(55.1%) had associated brain hemorrhage and 101 (85.6%)
had extracranial metastases. Studies suggest that treatment
with surgery or radiation does improve survival [86]. Xu
et al. [87] reported a median survival time of 5.0 months in
14 patients treated with gamma knife radiosurgery. How-
ever, Han et al. [88] noted better survival with surgical
resection (with or without WBRT) compared to patients who
received just stereotactic radiosurgery and or WBRT on
analysis of 33 HCC-brain metastasis cases.

Leptomeningeal Metastases

Leptomeningeal disease with HCC is rare. One woman with
HCC and headaches, hoarseness, dysphagia, and vomiting
was diagnosed with leptomeningeal metastasis by CSF
cytology in the setting of concomitant systemic and
parenchymal brain metastases [89]. Her symptoms improved
with intrathecal methotrexate and WBRT, but she passed
away four months after diagnosis.

Paraneoplastic Syndromes

Several patients with demyelinating neuropathy have been
reported [90–93]. In addition, there have been cases of motor
neuronopathy, polymyositis, and cancer-associated
retinopathy [94–97].

Gallbladder and Bile Duct
(Cholangiocarcinoma) Carcinomas (Fig. 24.2)

Gallbladder cancer is rare although highly fatal. About 5000
cases are diagnosed annually in the USA [1]. Higher rates of
gallbladder cancer are present in South America and East
Asia. Most are adenocarcinomas, and risk factors are related
to chronic gallbladder inflammation including gallstones,
gallbladder polyps, and chronic infection. Patients are often
asymptomatic but may present with jaundice, pain, and
fever. Surgery is the only potentially curative option for
gallbladder cancer, but most patients are ineligible for
curative intent surgery because of local invasion and/or
metastatic spread. For more advanced disease, palliation
with radiation and chemotherapy is often considered.

Cholangiocarcinoma is even less common with fewer
than 3000 cases a year in the USA; it is curable by surgery in
less than 10% of cases. It can be difficult to treat as it is often
characterized by early metastatic spread to lymph nodes and
surrounding organs. The main risk factors are primary
sclerosing cholangitis and choledochal cysts, but hepatobil-
iary flukes contribute to the high incidence in Southeast
Asia. Most patients present with painless jaundice, abdom-
inal pain, and weight loss [98]. As with gallbladder cancer,

Fig. 24.2 A 39-year-old woman with no past medical history
presented with 3 months of left scalp tenderness and an enlarging
mass. Post-Gd T1 MRI shows an extra-axial mass invading through the
calvarium. Body CT showed a large hepatic mass with satellite lesions.
Resection of the calvarial mass demonstrated metastatic adenocarci-
noma consistent with intrahepatic cholangiocarcinoma
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radiation and chemotherapy are given for locally advanced
and metastatic disease.

Brain Metastases

Large series have described the incidence of brain metastasis
to be less than 0.5% of gallbladder cancer patients [99]. Few
cases of brain metastasis in gallbladder cancer or cholan-
giocarcinoma have been reported [100–102].

Leptomeningeal Metastases

Although generally more rare than BM, several cases of
leptomeningeal metastasis have been published. One patient
with gallbladder cancer presented with psychosis [103],
while others presented with headaches and cranial neu-
ropathies [104, 105] and a meningitic picture [106]. Two
patients with cholangiocarcinoma and LM have been
described [107, 108].

Paraneoplastic Syndromes

One case of Guillain–Barré syndrome that may have been
paraneoplastic has been described in association with gall-
bladder cancer; patients with polymyositis and opsoclonus
have also been reported [109–111]. Another patient was
diagnosed with an anti-Hu paraneoplastic sensory neuropa-
thy related to small cell carcinoma of the gallbladder [112].

Pancreatic Cancer

Approximately 48,960 patients are diagnosed with exocrine
pancreatic cancer (arising from the exocrine cells of the
pancreas) annually, most of which are adenocarcinomas
originating from the ductal epithelium [1]. Unfortunately,
survival is often poor given the aggressive nature of the
disease. Risk factors for the development of pancreatic
cancer include obesity, cigarette smoking, chronic pancre-
atitis (hereditary and nonhereditary), pancreatic cysts, and
potentially germline mutations in specific genes such as
BRCA1, BRCA2, and STK11 [113, 114].

Patients often present late in the course of the disease
with abdominal pain, jaundice, and weight loss. Surgical
resection is the only potentially curative treatment, but only
15–20% of patients can get pancreatectomy. Patients who
cannot undergo full resection often receive chemotherapy
and radiation with limited results.

Brain Metastases

Pancreatic metastases to the brain are very rare (reported
incidence of 0.33–0.57%) potentially related to poor overall
survival [20, 115]. Kumar et al. [116] reported eight cases of
CNS involvement with pancreatic adenocarcinoma at Johns
Hopkins between 2004 and 2012. Six of the eight had other
systemic metastases, and median time to diagnosis of brain
metastasis was 29 months. Lemke et al. [117] retrospec-
tively analyzed 12 patients with pancreatic cancer brain
metastases reported in the literature. They identified two
patients who underwent pancreatectomy with curative intent
who developed solitary brain metastases (one 11 months and
the other 6 years after initial diagnosis). These were surgi-
cally resected with subsequent extended survival (5 years
and 4 years from diagnosis of the brain metastasis,
respectively).

Leptomeningeal Metastases

As with brain metastases, leptomeningeal disease from
pancreatic cancer is exceedingly rare. Several cases have
been reported with poor survival [50, 118–121].

Paraneoplastic Syndromes

One patient with encephalomyelitis was found to have
anti-GAD antibodies and another with small cell pancreatic
cancer who presented with PCD and later polyneuropathy
had anti-Hu antibodies [122, 123].

Peripheral Nervous System Complications

A rare complication of colorectal cancer is lumbosacral
plexopathy. This may be a direct effect of the tumor or a
secondary complication of radiation therapy. Direct com-
pression from tumor causes back and leg pain followed by
sensory changes and weakness. In a review of 85 patients
with lumbosacral plexopathy, 17 had colon and 2 gastric
cancer [124]. Symptoms differed slightly between colon and
rectal cancers. Colon cancer produced radicular pain down
the posterior aspect of the leg from lower plexus compres-
sion, while rectal cancer was associated with perineal sen-
sory changes from coccygeal plexus involvement. Patients
did poorly with a median survival of 5 months from diag-
nosis of plexopathy. Radiation-induced lumbosacral plex-
opathy is characterized by painless weakness that progresses
and ultimately stabilizes with a fixed deficit. Myokymia may
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be seen on EMG and provide a clue that neurologic dys-
function is a complication of radiation.

Metabolic Abnormalities

Volume depletion from vomiting or diarrhea results in the
secretion of antidiuretic hormone (ADH), which when cou-
pled with free water intake may lead to hypo-osmotic
hyponatremia. Low serum sodium levels can manifest
symptomatically as lethargy, confusion, seizures, or even
coma. Continued volume depletion can further lead to
deceased renal perfusion with hypokalemia and azotemia.
Severe and persistent emesis can lead to hypokalemic meta-
bolic alkalosis. Hypokalemia and hyperkalemia can present
as muscle weakness, while uremia can result in mental status
changes. McKittrick–Wheelock syndrome is the constellation
of dehydration, hyponatremia, hypokalemia, and azotemia
that is directly associated with malignancies in the rectum,
most commonly a villous adenoma, although rectal adeno-
carcinoma has also been implicated [125].

Treatment of volume depletion and electrolyte disorders
is supportive and often can be managed with isotonic fluids.
Electrolyte replacement should be done with care; it is rec-
ommended that the correction rate of serum sodium not
exceed 10–12 mEq/L per day in order to prevent osmotic
demyelination. Treatment for the underlying cause of the
electrolyte imbalance may require surgical intervention to
relieve a small bowel obstruction or resect the rectal tumor
as the case of McKittrick–Wheelock syndrome. The
administration of octreotide or sandostatin LAR can be very
helpful in reducing the diarrhea associated with carcinoid
syndrome and VIPomas.

Some of the physiologic changes that occur with gastric
cancer are related to surgery [126]. One complication is a
“gastric dumping” syndrome, where there is a delay in the
transportation of food into the small intestine due to loss of a
functional pylorus. A second complication is iron and B12
deficiency, the latter due to the loss of intrinsic factor which
can cause pernicious anemia, peripheral neuropathy, and
subacute combined degeneration of the spinal cord. This has
a delayed onset, and patients have loss of proprioception and
vibration, ataxia, and loss of deep tendon reflexes. Treatment
is with parenteral vitamin B12 replacement.

Neurologic Complications of Chemotherapy

The available treatments for GI malignancy are rapidly
expanding, and clinicians must be alert for neurologic
complications associated with therapy. The most commonly
used agents are covered here.

5-Fluorouracil (5-FU)

Intravenous fluorouracil (5-FU) can rarely be associated
with acute and chronic neurotoxicities. The acute toxicities
have two clinical presentations: the acute cerebellar syn-
drome characterized by ataxia, confusion, drowsiness, dis-
orientation, euphoria, headache, nystagmus, and visual
disturbances or an encephalopathy with the notable bio-
chemical changes: hyperammonemia and lactic acidosis
[14]. These toxicities usually develop shortly after therapy
and persist for 48–72 h after therapy has stopped. Dihy-
dropyrimidine dehydrogenase (DPD), which is necessary in
clearing 5-FU, is deficient in 2.4% of cancer patients; its
absence has been linked to an increase in neurotoxicity
[127].

In early studies combining levamisole and 5-FU in the
treatment of metastatic colorectal cancer, some patients
developed a subacute multifocal leukoencephalopathy
manifested as cognitive abnormalities, disturbances of con-
sciousness, dysarthria, focal extremity weakness, and gait
and limb ataxia 3–5 months post-therapy [128, 129].
Brain MRI revealed multifocal enhancing white matter
lesions, which were both supra and infratentorial. Discon-
tinuation of levamisole generally results in improvement.

Other reported side effects include ophthalmoplegia, optic
neuropathy, encephalopathy, focal dystonias, and parkin-
sonism [28].

Bevacizumab

Bevacizumab is a monoclonal antibody against VEGF. It has
been associated with reversible posterior leukoen-
cephalopathy syndrome (RPLS), which may present with
varied neurologic symptoms including headaches, seizures,
lethargy, confusion, blindness, or other visual disturbances.
Hypertension may precede the symptoms but is not neces-
sary for diagnosis. Magnetic resonance imaging is used to
confirm the diagnosis based on characteristic findings. The
incidence is less than 0.1% [130]. Bevacizumab increases
the risk of arterial thromboembolic events including stroke,
transient ischemic attacks, and myocardial infarctions.
Although less common than venous thrombotic disease in
general, the morbidity associated with arterial events can be
quite significant. The bevacizumab study AVF2107 g
reported 13 (3.3%) events compared to 5 (1.3%) when
treated with and without bevacizumab [131]. Similarly,
AVF2192 g reported an absolute doubling of the rate of
arterial thrombotic events when bevacizumab was used (10
vs. 4.8%). Of note, the study population had median age of
70 years [87]. In practice, clinicians must exercise caution in
prescribing bevacizumab for patients with risk factors for or
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with known vascular disease. Intratumoral bleeding is
another side effect that may occur in tumors; for intracranial
tumors, this could be fatal.

Oxaliplatin

Oxaliplatin is a third-generation platinum compound that
causes acute and chronic peripheral neuropathies. The acute
neurotoxicity may occur during, shortly after, or 1–2 days
postinfusion of the drug and is associated with paresthesias,
hypesthesias, and dysesthesias. These usually begin in the
hands or feet, but may occur around the mouth or in the
throat as well. Acute side effects occur at a dose of about
130 mg/m2 [132]. Patients may also have a sense of dyspnea
or dysphagia without bronchospasm, wheezing, stridor, or
laryngospasm. Patients have described an unusual sensation
in the tongue, jaw spasms, eye pain, and muscle spasms or
cramps, which are sometimes described as stiffness in the
hands or feet or an inability to release grip. Cold temperature
may exacerbate symptoms, and patients are educated to
avoid cold drinks, wear gloves when handling refrigerated
items, and avoid inhaling cold air. Symptoms usually last
only a few days post-therapy [133].

One suggestion for the mechanism by which oxaliplatin
causes an acute neurotoxicity has been coined “chan-
nelopathy.” Oxaliplatin has been shown to be associated
with the prolonged opening of sodium-gated channels on
peripheral nerves that leads to hyperexcitability [134–136].
Whether this is a direct effect or not is unclear but may be
related to the sequestration of calcium by the oxaliplatin–
oxalate metabolite.

There are little published data on how to prevent and treat
the acute neurotoxicity associated with oxaliplatin. Using a
lower dose or increasing the infusion time has been thought
to lessen the occurrence of these symptoms [137]. Admin-
istering calcium and magnesium salts like calcium gluconate
and magnesium chloride has reportedly decreased the
occurrence of pharyngolaryngeal dysesthesia (1.6 vs. 26%)
[132, 138], although subsequent studies did not confirm this.
Amifostine has also been studied as a preventative measure
in reducing acute oxaliplatin-induced neuropathy. Patients
receiving oxaliplatin, 5-FU, and leucovorin (a common first-
or second-line therapy for metastatic colon cancer) in addi-
tion to amifostine reported less cold-induced sensitivity.
However, there are significant toxicities associated with the
administration of intravenous amifostine including
hypotension, nausea, and vomiting that may limit its prac-
tical use; therefore, a subcutaneous preparation is recom-
mended [139].

Symptoms associated with a more prolonged adminis-
tration of oxaliplatin (total doses of � 540–850 mg/m2)

include paresthesia, hypesthesia, dysesthesia, and changes
in proprioception that do not resolve between cycles.
Proprioceptive dysfunction may present with difficulties in
fine motor coordination required for writing, holding
objects, picking up coins, and buttoning shirts. The chronic
neuropathy is cumulative with a reported incidence of
grade 3 toxicity occurring in 10% after nine cycles and in
roughly 50% after 12–14 cycles (based on oxaliplatin
doses of 85 mg/m2 infused over 2 h every 14 days) [140,
141]. Lhermitte’s phenomenon, an electric sensation
experienced with neck flexion, has also been reported as a
manifestation of chronic oxaliplatin-induced neuropathy
[142]. Other central neuropathic symptoms such as urinary
retention have also been reported less commonly. Symp-
toms usually last months with most resolving completely
or to grade 1–2 toxicity within 12 months [143]. Rare
symptoms include optic neuritis and visual field deficits
[144].

Preventive strategies such as those outlined above (e.g.,
longer infusion time) have some reported efficacy in helping
to prevent or at least minimize the chronic neuropathic
effects of oxaliplatin. Gabapentin has also been shown to
reduce the acute neuropathic toxicity but also prevents the
chronic form as well.

Capecitabine

Capecitabine is a prodrug metabolized to 5-FU by thymidine
phosphorylase. Neurologic toxicity is rare and limited to one
case of peripheral neuropathy and several cases of
encephalopathy. The latter is different from that seen with
5-FU/levamisole, as this is a reversible process with
diffusion-restricted changes that do not enhance on brain
MRI. This process starts earlier than that of 5-FU/levamisole
[145, 146]. Capecitabine can cause an erythpalmar dysesthia
that may mimic symptoms of neuropathy or give a sense that
an underlying neuropathy is worsening.

Gemcitabine

Gemcitabine is a deoxycytidine analogue with minimal CNS
effects. About 1% of patients complain of mild paresthesias
and rare autonomic neuropathy is reported [147]. It may
increase neurotoxicity when given after WBRT [148].

Cetuximab/Panitumumab

Cetuximab and panitumumab are anti-EGFR monoclonal
antibodies. Neither carries significant neurologic toxicity,
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but both have been noted to cause headache in recent trials
with metastatic colorectal cancer [149].

Conclusions
Neurologic complications from gastrointestinal cancers
are relatively rare, especially compared to other solid
tumors such as breast or lung cancer. However, they may
occur and it is crucial that they are considered when
patients with gastrointestinal cancers present with new
neurologic symptoms. Although indirect neurotoxicity
can occur from treatment, neurologic deficits are usually
caused by metastatic disease to the CNS.
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25Neurologic Complications of Genitourinary
Cancer

Jennie W. Taylor

Introduction

Cancers of the genitourinary system encompass a wide
variety of malignancies arising from the prostate, kidneys,
bladder, and testes. Combined, an estimated 365,000
patients will be diagnosed with one of these malignancies in
2015 in the USA. Cancers of the genitourinary system
comprise just over 20% of all malignancies [1]. These
neoplasms affect men and women of varying ages and
prognoses. Neurologic morbidity and mortality is not
uncommon in this patient population with frequent metas-
tases to the brain, spinal cord, and paraneoplastic syndromes.
Neurologic sequelae may also result from systemic or
localized treatments for these malignancies. Here, we will
highlight the most common neurologic complications arising
from malignancies of the genitourinary system.

Prostate Cancer

Prostate cancer is the third leading cause of malignancy in
the USA with an estimated 220,800 new cases diagnosed in
2015 [1]. Aside from the classic TNM staging, the Gleason
score is the preferred method for staging as it is more
informative of prognosis [2]. Decisions about treatment are
based on a combination of clinical and pathologic staging
that incorporates traditional TNM staging, Gleason score,
and several prognostic factors.

With the advent of screening using prostate serum antigen
(PSA), many patients are diagnosed with low-risk disease,
and management includes active surveillance, radiation, and
radical prostatectomy [3, 4]. Patients with intermediate or
high risk, but clinically localized disease, may be treated
with a combination of radiation, androgen deprivation

therapy (ADT) or bilateral orchiectomy, and radical prosta-
tectomy [5]. For patients with metastatic disease, treatment is
focused on ADT for castration sensitive disease [5]. How-
ever, most patients with metastatic disease eventually
become castration resistant, and treatment is focused on
androgen inhibition (abiraterone or enzalutamide) and
chemotherapy (docetaxel, cabazitaxel, and mitoxantrone)
[6].

Surgical-Related Neurologic Complications

Complications from treatment for prostate cancer result in
local injury during surgery or radiation [7]. Impotence often
results from injury to the neurovascular bundle during
resection and is also seen in 62% of patients treated with
focal radiation [8]. Advances in nerve-sparing laparoscopic
surgical technique [7] and intensity-modulated radiation
therapy [9] are aimed at preserving sexual function after
treatment. Radical prostatectomy may also result in obturator
nerve injury [10].

Brain Metastases

Intracranial involvement from prostate cancer is rare, and a
marker of advanced disease with evidence of systemic
metastases and average time from diagnosis of 3–4 years
[11]. Autopsy studies identify brain involvement in 1–6% of
patients with known diagnosis of prostate cancer [11, 12],
though clinical incidence is <2% [11]. Solitary metastases
are more common and location is usually supratentorial [11,
13]. Small cell histology is more likely to metastasize to the
brain than the more common adenocarcinoma histology,
behaving similarly to small cell malignances from other
organs [11, 14]. Treatment should be considered similarly to
other brain metastases with a role for surgical resection for
appropriate solitary or symptomatic lesions, radiotherapy,
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and whole-brain radiation for diffuse disease. Median sur-
vival is estimated between 3 and 9 months [11, 14].

Patients with prostate cancer may also develop metastasis
to the calvarium or dura. Given prostate cancer’s tendency to
metastasize to bone, calvarial metastases have been reported
in 2–8% of patients [15, 16]. Though often asymptomatic,
calvarial metastases may exert mass effect on venous sinuses
leading to increased intracranial pressure or venous infarct
[17]. Metastases to the skull base may cause cranial neu-
ropathies [18]. Radiation is often the treatment of choice,
with good responses and high rates of local control, though
often a marker of advanced disease with prognosis <1 year
[18, 19]. Dural metastases (Fig. 25.1a, b) have also been
reported in 13–21% of patients [11, 20] and may mimic
meningiomas or hematomas. Treatment, again, usually
includes radiation, though surgery may be needed for
decompression of large lesions.

Leptomeningeal Metastases

Leptomeningeal metastasis from prostate cancer is very rare.
It is a late complication of disease, and thereby often asso-
ciated with hormone refractory disease and a poor prognosis
[21]. As patients with prostate cancer survive longer, there
may be increased incidence of relapse in the CNS, including
in the leptomeninges [22]. Aside from identifying malignant
cells on cytology, PSA can also be detected in the CSF [23].
Treatment is palliative with radiation as the backbone of
treatment.

Epidural Spinal Cord Compression

The vertebral bodies are a common location for bone
metastases in advanced prostate cancer. Prostate cancer
accounts for 16% of all malignant epidural spinal cord

compression (MESCC) with 5% of patients with prostate
developing MESCC [24]. Back pain in this patient popula-
tion should prompt evaluation for epidural spinal cord
compression, as pain often precedes neurologic symptoms
by weeks or months and early intervention may prevent
deficits. Patients may also present with a myelopathy and
bowel/bladder dysfunction, depending on the location of the
lesion. Prostate cancer rarely presents as MESCC, which is a
marker of advanced metastatic disease [25]. Although the
thoracic spine is the most common site of MESCC overall in
cancer, the lumbar region is more often affected in prostate
cancer [26].

Evaluation and treatment considerations for MESCC
from prostate cancer are similar to those from other neo-
plasms. Importantly, the entire spine should be screened if
MESCC is suspected or a lesion is identified, as it may be
multifocal. The intent of treatment is palliative and focused
on pain control and preservation of neurologic function.
Prostate histology and ambulation prior to treatment are
favorable predictors of outcome and improvement in neu-
rologic function [27, 28]. Glucocorticoids and opioids are
used acutely for pain control. Though high-level evidence is
limited, surgical decompression and spinal stabilization
should be considered in select patients with spinal instability
who are felt to be good surgical candidates [29, 30]. This is
particularly true for patients with MESCC from prostate
cancer with median survival >9 months [28].

Prostate cancer is highly radiosensitive, and radiation is a
cornerstone in the treatment of MESCC. Radiation, usually
30–40 Gy in 10–20 fractions, is an effective method for pain
control from MESCC without spinal instability [31]. Surgery
is often followed by radiation for improved rates of local
control [29, 30]. Radiation is the treatment of choice for the
remainder of patients who are not felt to benefit from surgery
with high rates of local control and median survival of
>9 months [28]. Radiation effectively preserves ambulation
in nearly all patients who are ambulatory at presentation.

Fig. 25.1 MRI of 79-year-old
man with a history of prostate
cancer who presented with
diplopia. a Coronal, T1
post-contrast image with arrow
demonstrating dural lesion in the
right anterior temporal lobe.
b Corona, T1 post-contrast image
with arrow demonstrating several
dural lesions in the right frontal
lobe
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For those who are paretic at presentation, ambulation rates of
52–83% are reported after radiation, though only 20–25%
of paraplegic patients will regain their ability to walk
[29, 32, 33]. Though courses of hypofractionated radiation
and stereotactic radiation can be considered for selected
patients with short-life expectancy, protracted courses of
30–40 Gy over 10–20 fractions are recommended with
evidence of improved local control rates over shorter courses
[34, 35]. Patients with MESCC from prostate cancer who are
hormone-naïve may also benefit from androgen deprivation
in combination with radiation and/or surgery [29, 32].
Despite effect treatments, however, patients remain at risk of
compression at the same site, or a new site, within two years
[36].

Paraneoplastic Syndromes

Paraneoplastic syndromes have also been identified in
prostate cancer. The anti-Hu antibody is associated with a
subacute, distal, sensorimotor polyneuropathy found in
patients with squamous cell carcinomas of the prostate [37,
38]. It has also been identified in patients with limbic
encephalitis and squamous cell carcinomas of the prostate.
Symptoms may respond to treatment of the underlying
malignancy or immunotherapy, though overall response
rates are low [39]. Anti-Hu antibodies have also been dis-
covered in cerebellar degeneration in patients with prostate
cancer [40]. Symptoms include weeks to months of pro-
gressive ataxia, dysarthria, diplopia, nystagmus, and oph-
thalmoplegia. Imaging reveals cerebellar atrophy late in the
disease. Lambert-Eaton syndrome, a paraneoplastic disorder
affecting the neuromuscular junction whereby an antibody to
voltage-gated calcium channel (VGCC) impairs release of
acetylcholine from nerve terminus, is rarely seen in patients
with prostate carcinoma [41]. Presentation mimics that of
myasthenia gravis, only the limbs are predominately weak
and oculobulbar muscles are spared. Dermatomyositis has
also been described in prostate cancer [42].

Renal Cell Carcinoma

There are 50,000 new cases of renal cell carcinoma diag-
nosed per year in the USA [43, 44]. The most common
histology is clear cell adenocarcinomas, followed by papil-
lary, chromophobe, oncocytic, and collecting duct. RCC is
associated with several genetic syndromes including von
Hippel-Lindau and tuberous sclerosis. Patients usually pre-
sent with hematuria, abdominal pain, and palpable flank
mass [45].

Localized disease is often surgically curable and, there-
fore, the recommended treatment in patients who are

appropriate surgical candidates. Trials of adjuvant treatment
with immunotherapy or anti-angiogenic-targeted therapy
(sunitinib and sorafenib) have not improved disease-free or
overall survival. Patients with stage I or II disease have
five-year overall survival rates of 75–95%. Five-year sur-
vival rates of stage III of 59–70% with invasion of vena cava
[46, 47] and urine collection system [48] associated with
worse prognosis.

Treatment for advanced RCC includes immunotherapy
with interleukin-2 (IL-2) and interferon alpha (INF-α).
Several tyrosine kinase inhibitors such as pazopanib, suni-
tinib, sorafenib, and axitinib target the vascular endothelial
growth factor (VEGF) pathway. Bevacizumab, the mono-
clonal antibody against VEGF, has also been shown to
improve progression-free survival when combined with
INF-α [49, 50]. Everolimus or temsirolimus target the
mammalian target of rapamycin (mTOR) pathway. Treat-
ment decisions are based on several prognostic factors, and
contemporary median overall survival with stage IV disease
is 28–29 months [51–53].

Brain Metastases

The incidence of metastases to the brain in RCC is estimated
at 10% (Fig. 25.2a, b) [54]. Brain metastases from RCC also
have increased risk of hemorrhage [26] and are more likely
to present as a single lesion versus multiple [55]. Median OS
is 10 months with poor KPS and increasing number of
metastases at diagnoses as poor prognostic factors [56–58].
The approach to treatment is similar to brain metastases from
other malignancies with consideration for resection of single
metastases majority of patients succumb to systemic versus
brain disease [59]. Despite its radioresistance, higher doses
of radiation with stereotactic radiosurgery have demon-
strated efficacy. For patients with limited number of
intracranial metastases, good performance scores, and stable
extracranial disease, stereotactic radiosurgery may provide
rates of local control 83–95% [60–62].

The effectiveness of kinase inhibitors (KIs)—such as
VEGFR inhibitors sorafenib and sunitinib and mTOR inhi-
bitor temsirolimus—on control of brain metastases is
unclear. Preclinical data suggest synergy and without sig-
nificant toxicity when combining KIs with radiation [63–65].
In prospective trials of sunitinib in brain metastases from
RCC, CNS toxicity was low with one instance of hemor-
rhage and four seizures [63]. Despite preclinical evidence
that KI may be radiosensitizing, outcomes for patients with
brain metastases in the KI-era are not markedly changed [56,
57]. Despite small case series suggesting efficacy of KIs as
monotherapy for brain metastasis [56, 66], prospective data
have failed to demonstrate efficacy [65] and local treatment
with surgery and radiation is still favored. Evaluation of
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brain metastases patients in the expanded-access trials for
sorafenib [67] and sunitinib [63] demonstrated response
rates of at least stable disease in 74 and 64%, respectively,
suggesting efficacy and need for further study [63, 67].
Prospective data have also demonstrated a decrease in inci-
dence of brain metastases in patients treated with sorafenib
versus placebo [68].

Leptomeningeal Metastases

Leptomeningeal carcinomatosis is extremely rare in RCC
with only case reports in the literature. As is the case with
leptomeningeal disease from other solid malignancies, it is
associated with poor outcome and treatment usually includes
radiation [69, 70].

Epidural Spinal Cord Compression

RCC commonly metastasizes to bone with spinal involve-
ment in 40% of cases [71]. Spinal metastases risk metastatic
epidural spinal cord compression (MESCC), which can have
a marked impact on quality and duration of life [72]. Median
survival of RCC metastasis to the spine is reported at 8–
13 months [73–77].

Evaluation and treatment of MESCC from RCC should
be similar to other neoplasms, including evaluation of the
entire spine, as disease may be multifocal. The intent of
treatment is palliative and focused on pain control and
preservation of neurologic function. The radioresistant nat-
ure [78] of RCC and poor response to systemic therapy have
set a low threshold for surgery. Prognostic factors include
Fuhrman grade (a four-grade system based on nuclear size,

shape, and nucleoli appearance [79]) of the initial nephrec-
tomy, state of systemic disease, and presurgical neurologic
deficits and correlate with outcome after surgery [73].
Patients with spinal instability should also be considered for
surgical decompression and stabilization.

Conventional, fractionated radiation is felt to be less
effective for patients with radioresistant tumors, such as
RCC [28]. However, there is increasing evidence for
improved local control rates and symptomatic improvement
with radiosurgery in patients with spinal metastases with
stable spines [27]. Studies have also demonstrated 80%
improvement in neurologic function with epidural spinal
cord compression without high-grade compression [80].
Retrospective studies also report local control rates of 80%
when radiosurgery doses of 18–36 Gy were used after
decompression surgery [81, 82].

Intramedullary Spinal Cord Metastases

Intramedullary spinal cord metastases are rare and account
for 4–9% of all CNS metastases [83]. Renal carcinoma is
thought to comprise *4% of all cases of intramedullary
metastases and is reported in small case series and case
reports [84]. Patients often present first with symptoms of
pain, followed by weakness and sphincter dysfunction, that
is, often rapid. Patients usually have advanced metastatic
disease, including other CNS metastases, though intrame-
dullary metastases may rarely be the presenting symptom
[84, 85]. Decisions regarding treatment are dependent on
functional status and extent of systemic disease, with surgery
reserved for those with controlled systemic disease who are
good surgical candidates. Otherwise, radiation treatment is
used to palliate and stabilize disease [83, 84].

Fig. 25.2 MRI of
62-year-old-man with history of
renal cell carcinoma who
presented with dizziness. a Axial,
T1 post-contrast image of
homogenously enhancing mass in
the right hemisphere. b Axial,
FLAIR image demonstrating
significant surrounding vasogenic
edema
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Paraneoplastic Syndromes

Paraneoplastic syndromes are uncommon in RCC. There are
reports of limbic encephalitis in patients with renal cell [86].
Anti-Ri antibodies have been associated with opsoclonus
myoclonus syndrome in patients with RCC [87]. Patients
present with spontaneous chaotic eye movements of opso-
clonus, with myoclonic movements of the trunks and limbs,
and cerebellar ataxia. Dermatomyositis has also been seen in
RCC [88]. Presenting symptoms include progressive pain
and hypertrophy of proximal muscles and violet-colored rash
of the face and hands.

Bladder Cancer

Bladder cancer accounts for an estimated 4.5% of malig-
nancies in the USA with an estimated 74,000 cases diag-
nosed in 2015. It is the fifth leading cause of cancer and
much more common in men [1]. The most common histol-
ogy is transitional cell, followed by squamous cell, adeno-
carcinoma, small cell carcinoma, sarcoma,
rhabdmyosarcoma, and leiomyosarcoma. Spread is through
local invasion and hematogenous dissemination and
involves liver, lung, and bone [89, 90].

Prognosis and treatment are dependent on histology and
staging based on the depth of invasion [91]. Superficial,
non-muscle invasive bladder tumors may be amenable to
transurethral resection and intravesical delivery of
chemotherapy or immunologic agents, such as bacillus
Calmette–Guerin (BCG) [91, 92]. Invasive tumors, however,
often necessitate neoadjuvant systemic chemotherapy com-
binations followed by cystectomy. Chemotherapy regimens
include MVAC (methotrexate, vinblastine, doxorubicin, and
cisplatin) [93] or gemcitabine and cisplatin (or carboplatin)
[94]. Overall, neurologic complications are infrequent from
bladder carcinoma [95].

Brain Metastases

Brain metastases are a rare finding in bladder cancer with
reports of 0–7% with longer survivors being more at risk
[95, 96]. First, the use of the MVAC regimen, and more
recently combination therapy with a platinum and gemc-
itabine, has significantly improved outcomes in patients with
bladder cancer. However, these regimens have limited blood
brain barrier penetration, therefore increasing the risk of late
CNS relapse [97] with an estimated incidence *16% [98].
Multiple lesions are more common and are a marker of
advanced disease [99]. Median survival is 2–7 months [97,
100, 101]. Treatment consists of surgical resection, when

appropriate, and radiation therapy—prospective studies
comparing combinations of these treatments are lacking.
Retrospective trials have identified the number of metas-
tases, status of extracranial disease, and RPA status as
prognostic factors [102, 103].

Leptomeningeal Metastases

Leptomeningeal carcinomatous is noted in case reports for
bladder cancer. It is seen in longer survivors of pretreated
patients, again indicating the propensity for relapse in the
CNS when chemotherapeutics are unable to penetrate the
blood–brain barrier (Fig. 25.3a, b) [104, 105]. There are also
case reports of transitional cell carcinoma of the bladder
presenting as leptomeningeal carcinomatosis [106].

Epidural Spinal Cord Compression

Epidural spinal cord compression from bladder cancer is rare
with reports of <2% in the literature and usually presenting
with pain [95]. Hematogenous dissemination to bone is the
most common mechanism, though erosion from metastasis
to the paraspinal lymph nodes and erosion is also reported.
Treatment usually includes radiation [95].

Paraneoplastic Syndromes

Several paraneoplastic syndromes have been associated with
bladder malignancies [107]. The anti-Ri [108, 109] antibody
is associated with opsoclonus myoclonus syndrome in
patients with transitional cell carcinoma of the bladder.
Patients present with spontaneous chaotic eye movements of
opsoclonus, with myoclonic movements of the trunk and
limbs, and cerebellar ataxia. Polymyositis [110] and der-
matomyositis [111], with progressive pain and hypertrophy
of proximal muscles and violet-colored rash of the face and
hands, have both been seen in bladder cancer.

Lambert-Eaton syndrome [112] is a paraneoplastic dis-
order affecting the neuromuscular junction where the anti-
body to voltage-gated calcium channel (VGCC) impairs
release of acetylcholine from nerve terminus. Anti-VGCC
antibodies are rarely seen in patients with bladder carcinoma.
Presentation mimics that of myasthenia gravis, only the
limbs are predominately weak and oculobulbar muscles are
spared. Anti-Yo antibodies are associated with cerebellar
degeneration in patients with bladder cancer [113]. Symp-
toms include weeks to months of progressive ataxia, dys-
arthria, diplopia, nystagmus, and ophthalmoplegia. Imaging
reveals cerebellar atrophy late in the disease.
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Other

Retroperitoneal metastases may locally invade the lum-
bosacral plexus causing a plexopathy. Patients commonly
present with back pain and may have radiographic evidence
of retroperitoneal mass on imaging. Treatment includes
radiation [95].

Testicular Cancer

Although testicular cancer is the most common solid
malignancy diagnosed in men between 15 and 35 years of
age [105], it accounts for <1% of all newly diagnosed
cancers in the USA [1]. It is among the most curable solid
tumors with five-year survival rates >95% in the USA [1].
Greater than 95% are germ-cell tumors (GCT), which are
broadly classified as seminomas or nonseminomatous
germ-cell tumors (NSGCTs). Seminomas are more likely to
present with localized disease, have a lower tendency to
metastasize, and are highly radiosensitive. NSGCTs carry a
worse prognosis and are more radioresistant [114].
Metastases occur most often to the chest, retroperitoneum,
or neck. Early stage disease may be cured with orchiec-
tomy. However, higher risk patients may require adjuvant
chemotherapy; such as bleomycin, etoposide, and cisplatin
(BEP) or etoposide plus cisplatin (EP) [115]. Though
neurologic complications from testicular cancer are rela-
tively rare, there are several syndromes of particular
importance.

Brain Metastases

Brain metastases develop in 0.4–4% of men with metastatic
germ-cell tumors and are associated with poor prognosis
[116, 117]. Metastases to the brain are more common in
nonseminomatous tumors [118]. Patients presenting with
synchronous disease at the time of diagnoses are felt to have
platinum-sensitive disease and have five-year survival rates
of 45% [116]. However, patients who relapse in the brain
either during or after chemotherapy treatment have far
poorer prognosis with five-year survival rates of 12%
[116, 118].

Brain metastases from testicular germ-cell tumors are felt
to be sensitive to chemotherapy; first line treatment involves
cisplatin and etoposide, both of which have some blood–
brain barrier penetration. Surgery or focal radiation may be
appropriate in certain clinical scenarios. Whole-brain radia-
tion, however, is reserved for patients with refractory disease
given the risk of delayed neurotoxicity [116, 118, 119].

Leptomeningeal Metastases

There are case reports of leptomeningeal carcinomatosis
from testicular cancer in patients with seminomatous [120]
and nonseminomatous [121–123] tumors. Similar to
intracranial metastases, it is likely a marker of advanced
disease with CNS relapse of aggressive disease after treat-
ment with therapy that does not cross the blood–brain bar-
rier. Treatment with radiation is usually recommended [122].

Fig. 25.3 MRIs of an 80-year-old man with bladder cancer. He had
recently received carboplatin and gemcitabine with a complete systemic
radiographic response but developed low back pain followed by
deafness and gait ataxia. a Coronal T1 post-contrast images reveal

patchy bilateral enhancement of VIII nerves. b Sagittal T1 post-contrast
image demonstrates enhancement of the distal cord and cauda equina
with signal abnormality involving the distal cord and conus
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Epidural Spinal Cord Compression

Epidural spinal cord compression secondary to metastatic
germ-cell tumors is rare and accounts for <1% of spinal
metastases [124]. Treatment may include surgical interven-
tion for unstable spine or rapidly deteriorating neurologic
function. Radiation may be used for radiosensitive semino-
mas, or platinum-based therapy given the chemosensitivity
of GCT [124, 125].

Paraneoplastic Syndrome

Limbic encephalitis is a constellation of symptoms in
behavioral changes, sleep disruption, seizures, and memory
impairment. MRI depicts non-enhancing, T2/FLAIR
changes most commonly in the temporal lobes.
Anti-Ma2-associated encephalitis (also known as anti-Ta)
may also affect the diencephalon or brainstem and is found
in patients with testicular cancer [126, 127]. Symptoms may
also include ophthalmoplegia or other eye abnormalities and
sleep disorders [128]. Ma2-associated encephalitis is more
responsive to treatment directed against testicular cancer and
immunotherapy and is associated with a better outcome than
other causes of limbic encephalitis [128, 129]. Dermato-
myositis has been associated with testicular cancer [130].
Presenting symptoms include progressive pain and hyper-
trophy of proximal muscles and violet-colored rash of the
face and hands.

Chemotherapy-Related Neurologic
Complications

Treatment for testicular cancer is highly dependent on
platinum-based therapy. This puts patients at high risk for
developing peripheral neuropathy and ototoxicity. The
incidence of persistent paresthesias is estimated at 29% for
testicular cancers, and neuropathy may persist for years
[131]. Ototoxicity is an even more prevalent toxicity from
platinum therapy with *20% long-term survivors reporting
tinnitus and hearing loss [131, 132].

Targeted agents used to treat RCC also have associated
neurologic toxicities. The VEGFR kinase inhibitors (KIs),
such as sorafenib and sunitinib, have been associated with
increased risk of hemorrhage and seizures [63]. This has
particularly been seen in patients with brain metastases
[133]. There are also several case reports in the literature of
reversible posterior leukoencephalopathy syndrome (RPLS)
in patients with RCC treated with sunitinib [134, 135].
Several of these neurologic toxicities are also seen with
bevacizumab, including hemorrhage and RPLS, as well as
the risk of intracranial ischemia [136].

Patients with prostate cancer treated with androgen
deprivation therapy will frequently experience fatigue,
insomnia, and cognitive changes. Though it is unclear if this
is a direct medication or result of androgen withdraw, there
is no clear correlation with testosterone levels [137]. Prostate
cancer patients treated with taxanes, such as docetaxel or
cabazitaxel, are at risk for developing a sensory neuropathy.
Though less neurotoxic than paclitaxel, sensory and motor
neuropathies are seen more often in cumulative doses in
excess of 400 mg/m2 for docetaxel [138]. Cabazitaxel
appears less neurotoxic with peripheral neuropathy noted in
<20% of patients [139, 140].

Conclusion
In conclusion, tumors of the genitourinary system are a
common and heterogeneous group of malignancies
affecting people of all ages with varying prognosis.
Neurologic complications from these malignancies are an
important cause of morbidity and mortality and can result
from metastatic disease and treatment. As outcomes from
patients with these malignancies improve, neurologic
sequelae from delayed relapse and chronic
treatment-related effects are likely to increase. Manage-
ment of these neurologic complications from genitouri-
nary cancer is an important focus for future research.
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26Neurologic Complications of Female
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Introduction

Malignancies of the female reproductive tract can cause
direct and indirect complications on the central and periph-
eral nervous system. Direct effects include malignant cell
infiltration of the brain, spinal cord, nerve roots and plexi, and
peripheral nerves, as well as compression of surrounding
structures by the tumor itself or regional lymph nodes. With
the exception of choriocarcinoma, gynecologic cancers,
however, are regarded as “neurophobic” due to their low
metastatic potential to the central nervous system (CNS). The
most common gynecologic tumors to cause CNS metastases
are chorio-, ovarian, and endometrial carcinoma. Indirect
effects of gynecologic cancers include paraneoplastic syn-
dromes, particularly paraneoplastic cerebellar degeneration
and anti-NMDA receptor encephalitis, and complications of
cancer treatment, such as chemotherapy-related peripheral
neuropathy, surgery-induced peripheral nerve, and
radiation-induced plexopathy. This chapter reviews the epi-
demiology, clinical features, treatment, and prognostic data
of some of the most common metastatic, paraneoplastic, and
treatment-related complications of gynecologic cancers.

Nervous System Metastases from Gynecologic
Cancers

Choriocarcinoma

Choriocarcinomas are classified under the category of gesta-
tional trophoblastic diseases (GTDs) . All types of GTDs arise
from placental trophoblastic tissue after normal or abnormal
fertilization [1]. They are grouped into hydatidiform moles
(also known as “molar pregnancy” and subclassified into
complete and partial hydatidiform moles) and gestational
trophoblastic neoplasia (GTN; subclassified into invasive
moles, choriocarcinoma, placental site trophoblastic tumor,
and epithelioid trophoblastic tumor) [2]. Choriocarcinoma is
the most aggressive type of GTN, due to its propensity for
early vascular invasion and widespreadmetastasis, and causes
CNS metastases in up to 40% of patients [3]. Although most
cases of choriocarcinoma are gestational (i.e., arising from a
normal or abnormal pregnancy), a non-gestational form also
exists, which can be of gonadal (e.g., ovarian or testicular) or
extragonadal origin (e.g., the pineal body, mediastinum, and
retroperitoneum) [4].

The incidence of choriocarcinoma varies greatly with
geographical location. According to the National Cancer
Institute, the estimated incidence in the USA is 2–7 per
100,000 pregnancies [5], similar to incidence ratios in Eur-
ope, Australia, some areas of Latin America, and the Middle
East [1]. In Asia, the incidence ranges from 5 to 12 per
100,000 in Japan and 63–202 per 100,000 in Thailand,
India, Indonesia, and China [1]. These wide ranges are partly
attributed to differences in reporting and diagnostic criteria.
The two best established risk factors for choriocarcinoma are
extremes of maternal age (<20 years, >40 years) and pre-
vious molar pregnancy [1]. The latter increases the risk of a
subsequent one to 1%. With two or more previous molar
pregnancies, this risk further increases to 25% [1, 6]. Most
choriocarcinomas occur after a molar pregnancy but they can
also be preceded by a normal term pregnancy, abortion, or
ectopic pregnancy [4].

K.I. Ly
Stephen E and Catherine Pappas Center for Neuro-Oncology,
Massachusetts General Hospital, Yawkey 9E, 55 Fruit Street,
Boston, MA 02114, USA
e-mail: ily@partners.org

K.I. Ly
Center for Neuro-Oncology, Dana-Farber Cancer Institute,
Boston, MA, USA

M.M. Mrugala (&)
Department of Neurology, University of Washington Medical
School, Fred Hutchinson Cancer Research Center, 1959 NE
Pacific St, Box 356465Seattle, WA 98195-6097, USA
e-mail: mmrugala@uw.edu

M.M. Mrugala
Department of Neurology and Division of Medical Oncology,
Mayo Clinic, 5777 East Mayo Boulevard,
Phoenix, AZ 85054, USA

© Springer International Publishing AG 2018
D. Schiff et al. (eds.), Cancer Neurology in Clinical Practice,
DOI 10.1007/978-3-319-57901-6_26

497



Histopathologically, choriocarcinoma is characterized by
highly invasive and vascular masses of cytotrophoblasts and
syncytiotrophoblasts without villi surrounded by necrosis
and hemorrhage [1]. Human chorionic gonadotrophin
(hCG) produced by malignant cells is characteristically
elevated and serves as a tumor marker for diagnosis, moni-
toring of treatment response, and posttreatment surveillance
[1, 6].

Classically, patients present with abnormal uterine
bleeding. In addition, a rapidly enlarging uterus, pelvic pain,
and signs of hCG overstimulation, including hyperemesis
gravidarum, pre-eclampsia, and hyperthyroidism may be
elicited. The most common sites of metastases are lung
(80%), vagina (30%), brain (10%), and liver (10%) [7].
Patients may come to medical attention due to symptoms
related to metastatic rather than primary disease such as
dyspnea, cough, vaginal bleeding or purulent discharge,
neurologic symptoms, jaundice, and epigastric pain [8].
Work-up of suspected choriocarcinoma should include pel-
vic examination, quantitative measurement of serum hCG,
pelvic ultrasound, thyroid, liver, and renal function tests, and
chest X-ray due to the high risk of pulmonary metastases.
Further evaluation with CT of the chest, abdomen, and
pelvis and brain MRI may be necessary if the initial work-up
or clinical presentation is concerning for metastatic disease
[8].

Choriocarcinoma is staged according to a combined
system defined by the International Federation of Gynecol-
ogy and Obstetrics (FIGO) and World Health Organization
(WHO). The former includes the conventional anatomic
staging criteria, whereas the latter incorporates a prognostic
scoring system of eight variables that predicts response to
single-agent chemotherapy (CHT) with methotrexate
(MTX) and actinomycin D: age, antecedent pregnancy,
interval from index pregnancy, pretreatment serum hCG
level, largest tumor size (including uterus), site and number
of metastases, and prior CHT [8]. Patients can be stratified as
“low risk” (score 0–6) or “high risk” (score � 7), which
predicts low versus high resistance to single-agent CHT,
respectively, and the need for multiple chemotherapeutic
agents [8].

CNS metastases typically cause symptoms of increased
intracranial pressure (ICP) , including headache, vision
changes, nausea, vomiting, tinnitus, and altered mental status
[8–10]. Other manifestations are hemiparesis and seizures,
the latter being particularly common with cortically-based
lesions. In addition to the standard aforementioned work-up,
brain MRI with and without contrast is the diagnostic study
of choice for CNS metastases [8]. The most common pre-
sentation is intracerebral hemorrhage, due to invasion of
blood vessels by chorionic villi [10]. The diagnosis of
metastatic choriocarcinoma should thus be considered in any
woman of reproductive age with a hemorrhagic brain lesion.

Endovascular metastases can also lead to formation of
cerebral aneurysms with subsequent rupture [11–14]
(Fig. 26.1a–f) as well as arterial [15] and venous infarctions
[16]. Spinal and epidural metastases are very rare [17–19].

Human chorionic gonadotropin levels can vary dramati-
cally in metastatic CNS disease, ranging from <500 to
>500,000 mIU/ml [9, 10, 20]. Given the high risk (70–
100%) of concurrent lung involvement with CNS metastases
[9, 10, 20–22], CT chest should be routinely performed as
part of the work-up [8]. The rate of concurrent renal and
liver metastases is lower, ranging from 12 to 19% [10, 20,
21]. Pelvic ultrasound is helpful to detect uterine involve-
ment and identify those who may require hysterectomy [8].

Systemic CHT forms the cornerstone of treatment of
metastatic choriocarcinoma and consists of MTX- and acti-
nomycin D-based therapies. The most widely accepted
approach is EMA-CO (etoposide, MTX, and actinomycin D,
alternating weekly with cyclophosphamide and vincristine)
or, in those with concurrent metastatic liver disease,
EMA-EP (etoposide, MTX, and actinomycin D, alternating
weekly with etoposide and cisplatin). The dose of MTX is
lower (1 g/m2) than that commonly used in other types of
CNS malignancy such as primary CNS lymphoma (3.5–
8 g/m2), but higher than for metastatic choriocarcinoma to
other systemic sites [20]. In those with a high burden of CNS
disease or significant systemic involvement at the time of
CNS diagnosis, low-dose etoposide and cisplatin can be
administered before definitive treatment with EMA-CO/EP
[20]. The duration of therapy varies among practitioners.
The Charing Cross group recommends treatment until serum
hCG levels have normalized, followed by consolidation for
eight additional weeks thereafter [20, 21]. Others have given
shorter courses of EMA-CO/EP (as few as two cycles) and
EMA only as consolidation therapy (up to six cycles) [22].
In addition, dexamethasone should be administered to
reduce cerebral edema.

The routine use of surgery, radiotherapy (XRT), and
intrathecal (IT) CHT is controversial. Craniotomy with
surgical resection of solitary or superficial metastases can
prevent hemorrhage, relieve mass effect, and improve neu-
rologic outcome. Whole-brain radiotherapy (WBRT) at
2000–3000 cGy (in fractions of 200–300 cGy) has been
used at some centers with systemic EMA-CO/EP [9, 10].
However, the benefit of WBRT plus systemic CHT over
systemic CHT alone is not clearly established. Some argue
that the addition of WBRT results in disease remission if
CNS disease is diagnosed at the time of clinical presentation
(“early” disease) but not if it develops during active treat-
ment with CHT or after an initial complete or partial
response to treatment (“late” disease) [10]. In one case series
[10], three of four patients with “early” disease achieved
remission after WBRT plus EMA-CO, whereas all three
patients with “late” disease undergoing the same treatment
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protocol died. This could, however, reflect the overall poor
performance status and response to therapy of those with
“late” disease rather than a direct effect of WBRT on sur-
vival. Given the known long-term neurotoxic sequelae of
WBRT, some groups thus advocate against routine use of
WBRT [20]. Instead, stereotactic radiosurgery (SRS) has
assumed an increasingly important role in treating CNS
metastases, particularly multiple small or unresectable
lesions and after completion of systemic CHT to prevent
relapse and/or treat residual disease [9, 10, 20, 21]. Lastly,
IT CHT has been employed as an adjunct to systemic CHT,
with the goal of achieving higher cerebrospinal fluid
(CSF) drug levels. Some administer IT MTX (12.5 mg)
routinely during non-EMA weeks until serum and CSF hCG
levels have normalized [20, 21], whereas others [10] reserve
it for patients with “late” disease. Treatment response is
monitored by serial measurements of serum hCG levels,
neurologic and overall clinical status, and disease burden on
MRI brain.

The cure rate for metastatic choriocarcinoma is higher
than that for metastatic disease from other solid tumors but

reported response rates vary. The Charing Cross group
observed remission in 85% of patients treated with
EMA-CO/EP plus IT MTX, in the absence of WBRT [20,
21]. In another case series [9] comparing overall survival
(OS) in patients treated before and after 1995, survival rates
had increased from 46 to 64% but did not reach the numbers
reported by the Charing Cross group. The remission rate was
even lower (27%) in a cohort from the Philippines, although
this was likely influenced by local confounders such as
financial barriers and access to treatment [10].

The presence of neurologic symptoms at the time of
presentation [9], “late” (vs. “early”) disease [10], and
concurrent liver metastases [21] may portend a worse
outcome. Some data also suggest that a long interval from
antecedent pregnancy to diagnosis of CNS metastasis is
associated with poorer prognosis [23]. There is no clear
established treatment protocol for those who fail to respond
to EMA-CO/EP, but regimens based on etoposide and a
platinum agent (e.g., cisplatin) have been used in combi-
nation with bleomycin, ifosfamide, or paclitaxel with
modest success [9].

Fig. 26.1 CNS complications of choriocarcinoma. Representative
images of an aneurysmal hemorrhage from choriocarcinoma. a, b CT
head shows an intraparenchymal hemorrhage in the right temporopari-
etal lobe with mass effect. Axial T1 MR imaging (c) and T2-weighted

MR imaging (d) reveals a heterogeneous lesion with blood products. e,
f Cerebral angiogram demonstrates an aneurysm in the distal right
middle cerebral artery. Used with permission of Elsevier from Wang
et al. [11]
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Ovarian and Fallopian Tube Cancer

Ovarian neoplasms are divided into epithelial ovarian cancer
(EOC) and ovarian germ cell tumors. EOC constitutes the
vast majority (95%) of ovarian malignancies and is regarded
as one entity with fallopian tube and primary peritoneal
cancer, given their shared embryonic origin and similarities
in pathogenesis, clinical behavior, and treatment [24]. This
section discusses the neurologic complications of EOC and
primary fallopian tube cancer. The neurologic sequelae of
ovarian germ cell tumors, specifically ovarian teratoma, are
typically seen in paraneoplastic syndromes and will be dis-
cussed in a separate section of this chapter.

Ovarian cancer is the second most common gynecologic
cancer after endometrial cancer and the leading cause of
gynecologic cancer-related mortality [25], with a mortality
rate of 7.7 per 100,000 per year [26]. The lifetime risk for a
woman to develop ovarian cancer is 1.3%. The incidence is
12.1 per 100,000 [26] and highest in the developed world
(Europe, USA) [24]. The most significant risk factor is
family history of ovarian and breast cancer. Specifically, the
presence of a genetic mutation in the BRCA1 and BRCA2
genes increases the risk of EOC to 39–46% and 12–20%,
respectively [24]. Additional well-established risk factors are
nulliparity, early menarche, late menopause, and age >50
[27]. By contrast, primary fallopian tube cancer is very rare,
comprising less than 1% of all gynecologic malignancies
[28]. In a Finnish study, the incidence was 5.4 per million
per year [29]. Risk factors for fallopian tube cancer are less
well established than for ovarian cancer, but high parity
appears to be protective [29]. Most fallopian tube cancers are
serous adenocarcinomas [28, 29].

Early-stage EOC often presents with nonspecific symp-
toms, such as anorexia, fatigue, early satiety, back pain,
weight loss, nausea, vomiting, and urinary urgency and
frequency. Patients rarely complain of abdominal or pelvic
discomfort [24], often resulting in diagnostic delay. With
disease progression, increased abdominal girth, pain, bloat-
ing, and fullness can develop [24]. About 75% of patients
with EOC have stage III or IV disease at the time of diag-
nosis [24]. By contrast, fallopian tube cancer is rarely
asymptomatic and typically presents with vaginal bleeding
or spotting and abdominal pain due to tubal distension [28].

The initial step in the diagnosis of EOC is transvaginal
ultrasound, which is more sensitive than CT in detecting and
characterizing pelvic masses [24]. Serum CA-125 level is
helpful in establishing the diagnosis as it is raised in >80%
of those with advanced disease but lacks sensitivity and
specificity [30]. It is also routinely used to monitor response
to treatment and tumor recurrence [24, 29]. Surgical staging
by exploratory laparotomy is performed in most patients and
consists of total abdominal hysterectomy and bilateral

salpingo-oophorectomy (TAH-BSO), examination of peri-
toneal surfaces, infracolic omentectomy, biopsies of pelvic
and para-aortic lymph nodes, and peritoneal washings [24].
Patients with high-grade (grade 3 or higher) disease of any
stage receive adjuvant CHT (a combination of a platinum
agent such as carboplatin or cisplatin and a taxane such as
paclitaxel or docetaxel). Individuals with stage I moderately
differentiated (grade 2) cancer may also benefit from CHT
[24]. The use of intraperitoneal (IP) CHT varies amongst
providers due to potential problems with toxicity, drug
administration, and risk of complications (e.g., intraperi-
toneal infections and adhesions) [24].

Local metastases involve the abdomino-pelvic-peritoneal
compartment and regional lymph nodes first [24, 28]. The
most common extra-abdominal metastatic sites are the
pleural space (33%), liver (26%), and lung (3%) [24, 31].
Although EOC is the second most common cancer of the
female reproductive tract to metastasize to the CNS, this
occurrence is very rare with an incidence between <1 and
2.5% [32, 33]. Notably, these numbers may underestimate
the true incidence and merely reflect symptomatic lesions,
given that brain imaging is not routinely performed in
ovarian cancer [33]. Given its much rarer occurrence, the
incidence of CNS metastases from fallopian tube cancer is
likely even lower [34].

CNS metastases can occur in isolation or in the setting of
disseminated metastatic disease. Approximately, 30–44% of
patients have isolated CNS relapse [32, 35, 36]. In general,
CNS involvement is a manifestation of late disease that
afflicts patients with prolonged survival after treatment of
their systemic disease. More than 80% have stage III or IV
cancer when CNS metastases are diagnosed, and most have
grade III disease [35]. Figure 26.2a, b illustrates a charac-
teristic patient with stage IIIc ovarian cancer who developed
multifocal CNS involvement five years after her initial
diagnosis. The median time from EOC diagnosis to CNS
involvement was 21.5–46 months in different review series
[32, 35], which was significantly longer than the time to
development of liver and lung metastases (five and seven
months, respectively) [32]. In up to two-thirds of patients,
the underlying histology is of serous origin [32, 36].

In addition to parenchymal brain metastases, lep-
tomeningeal dissemination has been described in ovarian
cancer [37–39]. Although even less common than
parenchymal disease, recognition and work-up of lep-
tomeningeal involvement is important as it has significant
implications for treatment and prognosis. Patients most often
present with multifocal neurologic deficits, including mul-
tiple cranial nerve palsies, radiculopathy from nerve root and
cauda equina infiltration, ataxia from cerebellar involvement,
and signs of increased ICP secondary to hydrocephalus [40].
Contrast-enhanced MRI of the neuraxis may show
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enhancement in the subarachnoid space but sensitivity of
imaging is low, with false negative rates ranging from 30 to
70% [40]. CSF cytology was only 71% sensitive in one
study but the diagnostic yield can be increased by repeated
large-volume lumbar punctures, rapid sample processing,
and obtaining fluid from symptomatic sites [41]. High CSF
opening pressure, pleocytosis, and elevated protein support
the diagnosis of leptomeningeal carcinomatosis.

As with most parenchymal brain metastases, corticos-
teroids can rapidly restore neurologic function but their
effects are short-lived. Median OS was two months only on
corticosteroids alone [35]. In general, patients with good
performance status, controlled or absent systemic disease,
and a solitary and surgically accessible lesion may be good
surgical candidates. In this population, prospective data have
shown that surgery plus WBRT prolongs OS and reduces the
rate of local relapse, compared to WBRT alone [42, 43].
Such randomized controlled data are not available for
metastatic ovarian cancer specifically but a retrospective
case series [44] found that resection of solitary metastases
and adjuvant WBRT improved OS (23 months) compared to
WBRT (5 months) or surgery alone (7 months). In an
uncontrolled case series, surgery followed by either WBRT
or carboplatin resulted in OS of 16 months [36]. Surgery is
more difficult if multiple metastases are present. Although
feasible and associated with prolonged survival (14 months
vs. 3 months in those who did not undergo surgery) [45], its
implementation largely depends on the anatomic location of

the lesions, the patient’s clinical and functional status, and
expertise of the neurosurgeon.

For patients with unresectable lesions, nonsurgical can-
didates, or those refractory to WBRT, SRS may be an
alternative option [25, 46]. SRS involves high doses of
focused radiation to brain metastases, delivered either by a
linear accelerator or gamma knife. The limiting factor for
SRS is lesion size, and it is typically only considered for
lesions <3 cm in diameter. It remains controversial whether
WBRT plus SRS is superior to SRS alone [47]. Similarly, no
randomized controlled trials to date have compared surgery
versus SRS.

The role of systemic CHT in the management of meta-
static ovarian cancer is unclear. The main disadvantage of
CHT is its inability to cross the blood–brain barrier (BBB),
although CNS drug penetration may partly be facilitated by a
disrupted BBB as a result of metastatic disease. Sys-
temic CHT is often administered in the presence of con-
current extracranial metastases, sometimes resulting in
improved OS. Although this may merely reflect better sys-
temic disease control rather than CNS remission, others have
reported potential benefits of systemic CHT in isolated CNS
disease [48, 49]. Treatment of leptomeningeal disease is
largely palliative and typically consists of WBRT, IT CHT
(MTX, cytarabine, thiotepa), or systemic CHT [40].

Overall prognosis for patients with parenchymal CNS
metastases from ovarian and fallopian tube cancer is poor
and likely significantly worse in the setting of

Fig. 26.2 CNS complications of ovarian cancer. Post-contrast a axial
and b coronal T1-weighted MR images of a 55-year-old woman with a
history of stage IIIc ovarian cancer (serous histologic subtype, BRCA-
positive disease) who presented with headaches five years after initial
diagnosis. MRI revealed parenchymal metastases in the (a) right
cerebellar hemisphere, (a, b) left upper brainstem, and (b) left frontal

lobe. CSF was positive for malignant cells. She underwent surgical
resection of the right cerebellar lesion, followed by XRT to the
resection cavity and residual disease. She is currently receiving IT
topotecan every two months for leptomeningeal disease and is two
years out from her CNS diagnosis. Courtesy of and reproduced with
permission of Dr. Jose Carrillo, University of California, Irvine
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leptomeningeal disease. Two factors appear to consistently
affect OS: performance status and presence of concurrent
extracranial metastases [32, 36]. For instance, median OS
was nine months in those with concurrent extracranial dis-
ease versus 21 months in those with isolated CNS metas-
tases [36]. Prolonged survival is exceptionally rare. One
patient survived for 31 months after diagnosis of multiple
brain metastases from stage IV EOC and successful treat-
ment with carboplatin but ultimately succumbed to recurrent
abdominal disease [48]. Micha et al. [50] reported a patient
with stage IV EOC who remained in clinical remission for
7 years after surgery and WBRT. Lastly, a small number of
case reports have documented prolonged OS (range of
36–82 months) in patients with advanced-stage fallopian
tube cancer [34, 51].

Endometrial Cancer

The vast majority of uterine malignancies originate from the
endometrium. Endometrial carcinoma is the most common
gynecologic malignancy in the developed world, with an
incidence of 24.6 per 100,000 women per year and a lifetime
risk of 2.7% in the USA [52–54]. In developing countries, it
is the second most common gynecologic malignancy after
cervical cancer. More than 75% are endometrioid adeno-
carcinomas and most occur as a result of excess endogenous
or exogenous estrogen without opposing progestin [53]. The
typical presentation is abnormal uterine bleeding in
post-menopausal women and intermenstrual, heavy, fre-
quent, or prolonged uterine bleeding in pre-menopausal
women [53, 55].

At the time of diagnosis, most women (80%) have grade I
and II endometrioid cancer (“type I”), which is usually
estrogen-responsive and portends a good prognosis [53].
The remaining 20% have grade III or non-endometrioid
cancer of other histologic origin (“type II”), including pap-
illary serous, clear cell, squamous cell, mixed, and undif-
ferentiated subtypes [53, 56]. Prognosis in type II
endometrial cancer is less favorable, partly because it
responds less robustly to estrogen-based therapy. The
non-endometrioid subtypes also have a higher propensity to
metastasize [53], usually via the lymphatic system to pelvic
lymph nodes or by local invasion [57]. Although rare,
metastases can also occur via the hematogenous route to the
lungs and liver [57].

Endometrial carcinoma is staged by the FIGO and “tu-
mor, nodes, metastasis” (TNM) surgical staging system,
which incorporates various risk and prognostic factors,
including histologic (FIGO) and nuclear grade, depth of
myometrial invasion, involvement of the uterine cervix, and
presence of local or distant metastases [53]. For disease

confined to the uterus, the standard treatment is TAH-BSO
with or without pelvic and para-aortic lymph node dissection
[52], although conservative management may be considered
in those with well-differentiated disease and lack of
myometrial invasion and adnexal disease who wish to pre-
serve fertility [56]. The use of adjuvant CHT or XRT is
determined by numerous clinical and pathologic factors,
including patient age and ethnicity, histologic grade, disease
stage, status of peritoneal cytology, and involvement of the
lower uterine segment [53]. Recurrence of disease following
treatment can occur either locally or at distant sites [56].

Endometrial carcinoma is the third most common gyne-
cologic cancer to metastasize to the brain [25, 58] but, as
with ovarian and fallopian tube cancer, CNS involvement is
exceedingly rare and occurs in only 0.3–0.9% of patients
[59, 60]. This number increases to 3% if autopsy cases are
included [61]. Tumor cells likely disseminate to the lungs
first via the hematogenous route, with subsequent spread to
the CNS. Factors that increase the risk of brain metastasis
include certain histologic subtypes (papillary serous, clear
cell, poorly differentiated tumors) and advanced surgical
stage [59, 60]. Although most CNS metastases occur in the
setting of widely disseminated late-stage disease, exceptions
have been reported. Martinez-Manas et al. [57] treated a
woman with isolated disease recurrence in the brain
1.5 years after treatment for a stage IIB papillary
endometrioid adenocarcinoma. Similarly, Gien et al. [60]
observed two patients with successfully treated stage IIB and
IIIc endometrial carcinoma and no systemic disease who
presented with multiple brain metastases two and seven
months after completion of treatment, respectively. In
another patient, neurologic symptoms preceded the diagno-
sis of an endometrioid carcinoma [60].

The reported median time between diagnosis of
endometrial carcinoma and brain metastasis ranges from 0 to
52 months [58, 59, 62, 63]. Some authors have observed
CNS involvement early during the disease course, especially
in patients with vascular and deep myometrial invasion, thus
underscoring the aggressive nature of tumors with metastatic
tendency [60, 62].

Treatment recommendations for brain metastases in
endometrial cancer are largely based on observational
results. Similar to data from CNS metastases in ovarian
cancer, surgical resection followed by WBRT is superior to
surgery or XRT alone for patients with controlled extracra-
nial disease and good performance status. In one case series
of ten patients, those who underwent surgery and WBRT
with or without SRS had a median OS of 15 months,
compared to those who had XRT or surgery alone (median
OS 2.4 and 2.7 months, respectively) [58]. Another study
reported even longer OS (28 and 83 months) in two patients
treated with surgery and WBRT, compared to OS of
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3 months in patients receiving WBRT only [59]. For patients
with multiple symptomatic brain metastases with or without
uncontrolled extracranial disease, WBRT is the treatment of
choice [58, 59]. The role of adjuvant CHT is less well
defined but usually reserved for those with multiple brain
lesions and concomitant systemic disease. One proposed
regimen is four to six cycles of paclitaxel and carboplatin in
addition to pelvic XRT for patients with advanced or
high-risk (stage III) disease [60].

In general, prognosis is grim and median OS after diag-
nosis of CNS disease ranges from one to 19 months [57–60,
62, 64]. Survival may be improved in those with single
compared to multiple brain lesions. For instance, two
patients survived for 82 [64] and 83 [59] months, respec-
tively, after diagnosis of a solitary brain metastasis treated
with resection and WBRT.

Cervical Cancer

Cervical cancer is the third most common gynecologic
cancer in the developed world, following ovarian and
endometrial cancer [65]. The incidence in the USA is 7.7 per
100,000, and the estimated lifetime risk is 0.6% [66]. It has
long been recognized that human papillomavirus (HPV),
specifically HPV 16 and 18, is the key pathogenic driver of
cervical neoplasia, being present in 99.7% of affected
patients [67]. Other risk factors include early onset of sexual
activity, multiple sexual partners, increasing parity, early age
of first birth, low socioeconomic background, history of
sexually transmitted diseases, and immunosuppression [68].
The typical clinical presentation of early disease is irregular,
heavy vaginal, or post-coital bleeding, whereas pelvic or
back pain can indicate advanced-stage disease [69]. Squa-
mous cell carcinoma is by far the most common histologic
subtype, followed by adenocarcinoma [68].

Most metastases from cervical cancer occur via direct
local invasion or by lymphatic spread. Hematogenous
spread is rare and tends to affect lungs, bone, and liver first
before involving the CNS. Concurrent lung metastases
have been reported in up to two-thirds of patients with
CNS disease [70]. The reported incidence of metastatic
CNS disease ranges from 0.4 to 1.2% [71–73]. As with
ovarian and endometrial carcinoma, CNS metastases have
been observed in patients of all disease stages and can
occur before, during, or after completion of systemic
therapy [72, 74]. Median OS with metastatic CNS disease
is poor, ranging from 2.3 to 8 months [71, 72, 74, 75].
Patients undergoing surgery and adjuvant XRT tend to
survive longer than those receiving either treatment
modality alone [71, 72, 74, 75]. SRS alone prolonged
survival to 22.5 months in one patient [72].

Paraneoplastic Diseases Associated
with Gynecologic Cancers

Unlike direct malignant cell infiltration from a primary
tumor, paraneoplastic syndromes (PNS) arise from an
immune-mediated reaction by the host to an underlying
cancer. Certain malignancies express proteins similar to
those found on neuronal tissue and can trigger an immune
response against these proteins, with subsequent
cross-reactivity involving the nervous system. PNS can
antedate the diagnosis of an underlying malignancy by
months or years but also occur after a cancer has been
diagnosed or during remission following cancer treatment.
Of all solid tumors, small cell lung cancer (SCLC) is the
leading cause of PNS, followed by breast and gynecologic
malignancies [76].

The general management of PNS relies on the identifi-
cation and appropriate treatment of the primary tumor (e.g.,
surgical resection of tumor with or without systemic CHT),
immunosuppression (e.g., corticosteroids), and targeted
removal of circulating onconeural antibodies (e.g., intra-
venous immunoglobulin (IVIG) and plasma exchange
(PLEX)). Refractory cases may require treatment with a
cyclophosphamide or rituximab. In some instances,
long-term immunosuppression with azathioprine or
mycophenolate mofetil is needed. In addition to pharmaco-
logic treatment, physical, occupational, and speech therapy,
and intensive rehabilitation should be incorporated to
improve and maintain functional outcome.

Gynecologic cancers are most frequently associated with
paraneoplastic cerebellar degeneration (PCD) and
anti-NMDA receptor (NMDAR) encephalitis. Other PNS,
including paraneoplastic peripheral neuropathies, opso-
clonus myoclonus syndrome, limbic encephalitis, retinopa-
thy, and Lambert-Eaton syndrome are rarely seen with
gynecologic tumors [76, 77]. Table 26.1 provides a sum-
mary of these PNS.

Paraneoplastic Cerebellar Degeneration

Paraneoplastic cerebellar degeneration (PCD) occurs in
<0.1% of gynecologic cancers [78] but is the most common
paraneoplastic disease seen in reproductive tract cancers
[76]. The type of underlying cancer and antibody determines
the severity of symptoms, presence of other non-cerebellar
features, and clinical outcome. The typical presentation is a
subacute, severe, and progressive pancerebellar syndrome,
with axial, appendicular, and gait ataxia, vertigo, dysarthria,
and diplopia. Cognitive impairment [79] and non-cerebellar
symptoms have been described. For instance, anti-Hu
antibody-associated PCD can present with concomitant
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peripheral neuropathy and a brainstem/limbic encephalitis
[80].

PCD is most frequently seen with ovarian, breast, and
SCLC but has also been reported in association with fal-
lopian tube, uterine, and cervical cancer [79, 81]. In most
cases of PCD, the associated onconeural antibody is directed
against an intracellular protein. The antibody varies
depending on the underlying malignancy. In ovarian and
breast cancer, there is a strong association with anti-Yo
antibody (also known as Purkinje cell cytoplasmic antibody
type 1 (PCA 1)) [76]. These antibodies have also been found
in patients with uterine [79, 82], fallopian tube [78, 79, 82–
84], cervical [76, 85], and primary peritoneal malignancy
[84]. By contrast, PCD in non-gynecologic cancers is asso-
ciated with anti-Hu (anti-neuronal nuclear antibody 1 or
ANNA1), anti-Ri (ANNA2), and anti-Tr antibody [81]. In
one case series, anti-Yo antibodies were the most frequently
detected antibodies in PCD with a relative frequency of
38%, compared to lower rates of anti-Hu (32%), anti-Tr
(14%), and anti-Ri (12%) antibodies [80]. Given the strong
association of anti-Yo antibody with gynecologic and breast
neoplasms, its presence should prompt a thorough search for
underlying malignancy. Its specificity for gynecologic can-
cers ranges from 47 to 60% [79, 80] to >80% [76, 84, 86].

CSF studies can be normal [78] or show a
lymphocyte-predominant pleocytosis, mildly elevated IgG
and protein, and oligoclonal bands [79, 86, 87]. Brain MRI
is usually normal in the early stages but can evolve to
cerebellar or brainstem atrophy with disease progression
(Fig. 26.3a, b), reflecting the histopathologic hallmark of

cerebellar cortical atrophy and loss of cerebellar Purkinje
cells [79, 88]. All patients with suspected PCD should
undergo comprehensive work-up for underlying malignancy,
including CT of the chest, abdomen, and pelvis, mammog-
raphy, pelvic ultrasound, and CA125 measurement to screen
for ovarian cancer [78]. FDG-PET should be considered if
CT imaging does not reveal malignancy; sensitivity and
specificity of FDG-PET to detect occult malignancy in PNS
can be as high as 83 and 25%, respectively [89]. If initial
work-up is negative, some authors advocate for repeat
mammography, pelvic examination, uterine dilatation and
curettage, and eventually surgical exploration of the pelvic
organs [79, 86]. When an underlying gynecologic cancer is
found, it is typically high grade. In one case series, most
patients with a gynecologic malignancy, a clinical syndrome
consistent with PCD, and positive anti-Yo antibody titers
had poorly differentiated grade III cancer [84]. Interestingly,
total metastatic volume was significantly smaller compared
to controls with confirmed ovarian cancer and no PCD,
suggesting that the autoimmune process limits metastatic
spread [84].

PCD typically follows a relentless, progressive course.
Neurologic symptoms tend to stabilize at the time of diag-
nosis and with initiation of treatment [79, 80] but neurologic
recovery is rare, even with exhaustive therapy [79, 88]. In
some patients, antibody titers remain elevated despite suc-
cessful treatment of the underlying primary malignancy and
stabilization of neurologic disease [79]. PCD associated with
gynecologic cancers and anti-Yo antibodies carries a par-
ticularly dismal prognosis. In a retrospective case series of

Table 26.1 Paraneoplastic
syndromes associated with
gynecologic malignancies

Paraneoplastic
syndrome

Typical onconeural antibody;
gynecologic neoplasm

Treatmenta Prognosis

Paraneoplastic
cerebellar
degeneration

Anti-Yo; most commonly
ovarian cancer but also
fallopian tube, uterine, and
cervical cancer

Corticosteroids, IVIG, PLEX
Tacrolimus
RTX

Poor

Anti-NMDAR
encephalitis

Anti-NMDAR; ovarian
teratoma

First-line: corticosteroids, IVIG,
PLEX
Second-line: RTX,
cyclophosphamide

Good

Peripheral
neuropathy

No clear antibody association;
ovarian, endometrial, cervical
cancer

Corticosteroids, IVIG Variable

Opsoclonus
myoclonus
syndrome

Anti-Ri (weak association);
ovarian and fallopian tube
cancer, ovarian teratoma

Corticosteroids, IVIG
Symptomatic treatment
(benzodiazepines,
levetiracetam, gabapentin,
valproic acid, topiramate)

Variable
but
generally
good

Limbic
encephalitis,
retinopathy,
Lambert-Eaton
syndrome

Individual cases reported with ovarian, endometrial, and cervical cancer. General
treatment approach consists of corticosteroids, IVIG, PLEX, and/or
immunosuppression. Guanidine and 3,4 diaminopyridine may be helpful in
Lambert-Eaton syndrome. Prognosis is variable

aIn all cases, the underlying neoplasm should be treated
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fifty patients with PCD, 79% of those with anti-Yo anti-
bodies were bedbound at the peak of disease, compared to
<60% of those with anti-Tr and anti-mGluR1 antibodies and
17% of those with anti-Ri antibody [80]. The same study
also showed a trend toward worse median OS in those with
anti-Yo (13 months) and anti-Hu (7 months) antibodies
compared to those with anti-Tr (>113 months) and anti-Ri
(>69 months) antibodies [80]. In another series following
patients with breast or gynecologic cancer and PCD over a
median of 84 months or until death, median OS was
22 months in those with gynecologic cancers compared to
100 months in the breast cancer group [85]. Similarly,
Hammack et al. [86] observed that patients with positive
anti-Yo antibody survived for only 17.3 months compared
to 39.9 months in those with negative antibody titers.

Given that many patients are treated with multiple agents
simultaneously and the rarity of PCD, it has proven difficult
to systematically study the efficacy of individual treatment
modalities [81]. The general consensus is that early diag-
nosis of PCD is critical as unrecognized and untreated dis-
ease inevitably leads to irreversible loss of Purkinje cells. As
with all PNS, treatment of PCD is based on primary tumor
control and removal of circulating antibodies with
immunosuppressive or -modulatory therapy with the goal to
reduce antigenic burden. With ovarian cancers, this
encompasses surgical resection, maximal cytoreduction, and
platinum-based chemotherapy [88]. Corticosteroids are typ-
ically given as IV methylprednisolone (1 g daily) for
3–5 days, followed by oral prednisone (60–80 mg daily).

An alternative regimen is repeated courses of high-dose
methylprednisolone [81].

The benefit of IVIG in anti-Yo antibody-associated PCD
is controversial [81]. A typical dose is 2 g/kg over five days
and 1–2 g/kg for repeated courses [81]. No improvement
was seen in four patients with PCD and anti-Yo antibodies
treated with one to 11 courses of IVIG [90]. A combined
approach of IVIG, cyclophosphamide (600 mg/m2 at day 1),
and methylprednisolone (1 g daily from day 1 to 3) was also
disappointing; it stabilized disease in one-third of patients
with a modified Rankin scale (mRS) � 3 (ambulatory) for
up to 35 months but had no impact on disease progression in
those with mRS � 4 (bedridden) [91].

PCD is thought to be mediated by cellular rather than
humoral immunity as supported by recent treatment results
with T and B cell-targeting agents. In one trial, patients
received combined tacrolimus (0.15–0.3 mg/kg daily in
two divided doses) and prednisone (60 mg daily, followed
by a taper over one to four weeks) [92]. Tacrolimus is a T
cell inhibitor with good BBB penetration and steroids may
induce apoptosis in mature T cells [93], resulting in potent
induction of T cell death [92]. Thirteen patients with
anti-Yo antibody and ovarian cancer were included, and
significant subjective neurologic improvement was
observed in eight of them. Median OS was 38 months,
which is longer than in other studies [85]. In addition, there
was a significant lowering of median CSF WBC count,
thus substantiating the role of cellular immunity in the
pathogenesis of PCD.

Fig. 26.3 Paraneoplastic cerebellar degeneration. Sagittal
T1-weighted images of a 71-year-old woman with FIGO stage IIIc
ovarian cancer (a, b). Following surgery, the patient was treated with
carboplatin and taxol and several months into therapy started having
some difficulty with balance. She underwent brain MRI (a) which was
unremarkable. She was tested for presence of paraneoplastic antibodies

and was found to have anti-Yo antibodies. She subsequently received
several courses of IVIG without improvement. Her symptoms
progressed gradually over the next two years and she developed severe
ataxia and dysarthria. Her MRI 27 months after diagnosis of the
ovarian cancer showed atrophy of the cerebellum (b)
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By contrast, rituximab (RTX) , a monoclonal antibody
against CD20 used to treat B cell malignancies, has not
shown convincing benefit. In a case series of nine patients
(eight with anti-Hu and one with anti-Yo antibody), only
one-third improved by � 1 point on mRS (two with anti-Hu
and one with anti-Yo antibody) [94]. The lack of improve-
ment with RTX may support the predominant role of T cells
in disease pathogenesis.

Plasma exchange (PLEX) has demonstrated variable
efficacy [81]. Some studies did not show any objective
improvement with PLEX [86], while others did in 50% of
patients when PLEX was given with cyclophosphamide or
cancer-directed treatment [95]. The trend was less favorable
for those with gynecologic cancers and anti-Yo antibodies
(27% with improvement) than those with other onconeural
antibodies (71% with improvement) [95], again highlighting
the more dismal prognosis associated with anti-Yo
antibodies.

Anti-NMDA Receptor Encephalitis

Anti-NMDAR encephalitis is the most common autoimmune
encephalitis after acute demyelinating encephalomyelitis
[96] and, in young individuals, occurs much more frequently
than any type of viral encephalitis [97]. It is thought to be the
most common cause of paraneoplastic encephalitis [98].

The key mediators of anti-NMDAR encephalitis are IgG
antibodies against the NR1 subunit of N-methyl D-aspartate
(NMDA) receptors, which are prominently distributed on the
cell membranes of GABAergic neurons [99, 100], resulting
in various downstream effects, including disinhibition of
excitatory pathways and concurrent release of glutamate in
the extracellular space [98]. It also affects dopaminergic,
noradrenergic, and cholinergic pathways, which may explain
the prominent autonomic instability seen in this disease.
Involvement of the brainstem respiratory center leads to
central hypoventilation [98].

The typical patient is a young woman who presents with
prominent psychiatric symptoms, including behavioral dis-
turbance, psychosis, grandiose delusions, catatonia, anxiety,
and paranoia [98, 101]. A history of a viral-like prodrome
predating the onset of psychiatric features by a few days to
two weeks may be elicited in up to 70% of patients [98].
Significant language difficulties, ranging from decreased
speech output and echolalia to mutism, are often seen [98].
The psychiatric features then progress to development of
memory loss and decreased level of consciousness. Move-
ment abnormalities, including orofacial dyskinesias,
choreoathetosis, dystonia, rigidity, and oculogyric crisis are
common, as is autonomic dysfunction, which typically pre-
sents with hyperthermia, fluctuating blood pressure and heart
rate, hypersalivation, and genitourinary dysfunction [98].

Central hypoventilation, along with impaired level of con-
sciousness and status epilepticus, often necessitates intuba-
tion and prolonged ventilator support [98, 101]. Seizures
occur early and invariably and often progress into status
epilepticus [98].

The above clinical constellation, especially in a young
woman, should prompt an immediate work-up for
anti-NMDAR encephalitis and thorough search for an
underlying malignancy as timely implementation of treat-
ment hastens recovery and improves prognosis [101]. The
associated tumor is almost always an ovarian teratoma,
which expresses NMDAR [102, 103]. In some cases, no
underlying tumor is found despite extensive screening; this
is more common in younger (age < 12) and nonblack
patients [98, 101]. Diagnostic evaluation should include CT
or MRI of the chest, abdomen, and pelvis, pelvic and/or
transvaginal ultrasound, contrast-enhanced brain MRI, CSF
studies, and testing for paraneoplastic antibodies.

CSF studies typically show a lymphocytic pleocytosis
and normal or mildly elevated protein levels. CSF oligo-
clonal bands are found in 60% of afflicted individuals [98].
The presence of NMDAR antibodies in CSF or serum
confirms the diagnosis. CSF NMDAR antibody is more
sensitive than serum NMDAR antibody (100% versus
85.6%), and higher CSF titers have been observed in those
with clinical relapses, underlying teratoma, and poor out-
come (defined as mRS � 3). Specificity is 100% for both
CSF and serum NMDAR antibodies [104].

Brain MRI and EEG are useful to exclude other causes of
encephalitis and altered mental status but lack sensitivity and
specificity. MRI can be normal in up to half of patients
[105]. Alternatively, it may show T2/FLAIR hyperintensity
in the hippocampi, cerebellar or cerebral cortex, frontobasal
and insular regions, and basal ganglia, with or without
associated enhancement in these areas or the meninges [98].
Brain atrophy can occur as a result of intractable seizures.
EEG frequently shows nonspecific slowing, epileptiform
discharges, and electrographic seizures [98].

In addition to removal of the underlying tumor, first-line
treatment includes corticosteroids plus IVIG or PLEX [98].
Second-line therapy is added if patients experience little to
no improvement with first-line treatment. This typically
consists of combined RTX (375 mg/m2 every week for four
weeks) and cyclophosphamide (750 mg/m2 with first dose of
rituximab, then monthly thereafter) [98, 101]. Most physi-
cians treat until a satisfactory clinical response has been
achieved.

Overall prognosis is good but clinical recovery can take
months to more than a year. In an observational study of 577
patients, 81% of patients had a significant clinical response
to tumor removal and first-line immunotherapy at a median
follow-up time of 24 months [101]. Recovery continued to
occur until 18 months of follow-up. Prompt initiation of
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immunotherapy, tumor removal, and lower symptom
severity were independent predictors of a favorable outcome
[101]. In addition, patients with an underlying ovarian ter-
atoma tend to perform better neurologically than those
without [98]. In those failing first-line immunotherapy, the
addition of second-line therapy led to improved clinical
outcome, compared to those who did not receive second-line
therapy [101]. Relapses occur more frequently in those
without an underlying tumor and who do not receive
immunotherapy [101]. Mortality in anti-NMDAR
encephalitis is 4–7% [101, 106], and patients typically suc-
cumb to medical complications, neurologic deterioration, or
tumor progression.

Paraneoplastic Peripheral Neuropathies

Paraneoplastic peripheral neuropathies (PNs) are one of the
more common paraneoplastic manifestations of cancer and
typically seen in SCLC, thymoma, and hematologic disease
(monoclonal gammopathy of undetermined significance
(MGUS), Waldenström’s macroglobulinemia, and lym-
phoma) [107]. Their incidence in gynecologic cancers is
low. They have been reported in cancer of the ovary,
endometrium, and cervix [76, 108–110]. The neuropathy is
usually axonal and either sensory-predominant [76],
motor-predominant [108], or mixed sensorimotor [109, 110].
Concurrent involvement of the dorsal root ganglia (neu-
ronopathy) is possible [76]. Whereas paraneoplastic PNs
observed in SCLC and thymoma often associate with a
specific onconeural antibody (such as anti-Hu or anti-CRMP
antibody) [111], such an association is less clear for PNs in
gynecologic cancers. For instance, in a series of patients with
gynecologic malignancies and paraneoplastic PN, two were
positive for anti-Hu antibody, one had atypical antibody, and
two were negative for onconeural antibodies [76]. No clear
data on response to treatment and prognosis exist. In the
aforementioned case series [76], one patient with cervical
cancer had progressive disease despite treatment with ster-
oids whereas another with ovarian cancer improved with
IVIG. Another case had improvement of neurologic symp-
toms after resection of an endometrial carcinoma [108].

Opsoclonus Mycolonus Syndrome

Opsoclonus myoclonus syndrome (OMS) is typically a
disease of childhood and associated with neuroblastoma
[112]. Adult-onset disease is much rarer and usually devel-
ops over a course of a few weeks. Patients present with
truncal ataxia, gait problems, falls, and myoclonus. The
myoclonus can affect different body segments (limbs,

truncal, craniocervical) and cause dysarthria and dysphagia
[113]. Opsoclonus refers to involuntary, chaotic, multidi-
rectional, and irregular saccades, causing vision abnormali-
ties. Patients can be afflicted by other symptoms secondary
to brainstem and cerebellar involvement and present with
encephalopathy [113].

OMS can be paraneoplastic, parainfectious,
toxic/metabolic, autoimmune, or idiopathic in origin [113].
An underlying tumor is rarely found; if present, it is most
commonly SCLC or breast cancer [113, 114]. An association
with gynecologic cancers is even less common but has been
reported in patients with ovarian and fallopian tube carci-
noma [76, 113–115] and ovarian teratoma [116]. In a case
series of 92 patients with breast or gynecologic malignancy
and definitive or possible PNS, four had OMS (three breast
and one ovarian carcinoma) and two had positive anti-Ri
antibody [76]. A paraneoplastic antibody is only found
occasionally, most commonly anti-Ri antibody [113, 117].
Brain MRI is often normal but can show T2/FLAIR hyper-
intensity in the dorsal pons or midbrain [118].

Based on uncontrolled observational studies, response to
treatment is good. Klaas and coworkers reviewed 21 patients
with OMS and found that most achieved clinical remission
with immunotherapy (corticosteroids and/or IVIG) and
symptomatic therapy (benzodiazepines, levetiracetam, val-
proic acid, and gabapentin) and remained symptom-free
upon discontinuation of therapy [113]. Long-term
immunosuppression, e.g., with mycophenolate mofetil, was
rarely needed [113]. Prognosis is better for those without an
underlying cancer and, if present, for those who undergo
targeted treatment of their neoplasm [117]. A suggested
treatment plan is a short course of IV methylprednisolone or
IVIG for 3–5 days, followed by weekly infusions for six
weeks. Patients refractory to this regimen may be considered
for combination immunotherapy and PLEX [113]. Lastly,
rare cases of complete response to clonazepam (8–12 mg)
and topiramate have been reported [119, 120].

Hypercoagulability and Non-bacterial
Thrombotic Endocarditis

Hypercoagulability of malignancy is mediated by a number
of factors, including increased pro-coagulant activity and
decreased fibrinolytic activity [121]. Non-bacterial throm-
botic endocarditis (NBTE) is a rare manifestation of
cancer-related hypercoagulability that has been described in
association with gynecologic tumors, most commonly
ovarian cancer, although cases of endometrial cancer have
also been reported [122, 123]. Arterial thromboembolic
complications include arterial strokes in multiple vascular
territories and myocardial infarctions. Venous embolic
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events can manifest as deep venous thromboses in the lower
extremities and pulmonary emboli [122]. Transthoracic or -
esophageal echocardiogram reveals vegetations, typically on
the mitral or aortic valve. Blood cultures are characteristi-
cally negative. The underlying gynecologic tumor can be
benign [123] or malignant and of various histologic grades
and stages [122, 124, 125]. Notably, NBTE has been
observed more frequently in adenocarcinomas than other
histologic subtypes [126]. Treatment of NBTE involves
treatment of the underlying cancer and anti-coagulation,
preferably low-molecular weight heparin [127].

Treatment-Related Complications
of Gynecologic Cancers

Surgery-Induced Peripheral Nerve Injuries

The incidence of peripheral nerve injury after gynecologic
surgery is <2%, based on prospective and retrospective data
[128–130]. Injuries can occur through compression, stretch,
entrapment, or transection of nerves. The risk of postoper-
ative neuropathy and the distribution of nerve involvement
depends on the type of surgery, patient positioning, and
duration of surgery. For instance, the lithotomy position
carries a higher risk of sciatic, femoral, and peroneal nerve
injury. Deep abdominal surgery, including abdominal hys-
terectomy, is a common cause of femoral neuropathy due to
stretch injury from hyperflexion of the thigh and compres-
sion of the femoral nerve against the pelvic wall [131]. The
risk of compression injury is particularly high with
self-retaining retractors [131]. The ilioinguinal and iliohy-
pogastric nerves can be injured with transverse (e.g., Pfan-
nenstiel) incisions, due to entrapment from sutures or
neuroma formation during the healing or scarring process
[132]. Other potentially affected nerves are the lateral
femoral cutaneous, genitofemoral, obturator, and pudendal
nerves. Bilateral nerve injury has been reported in as many
as 27% of patients [128]. Patients commonly complain of
sensory loss or weakness in the distribution of the affected
nerve. Pain is less common but can occur with transection or
ligation injuries and neuroma formation. Preventive
intra-operative measures include appropriate patient posi-
tioning (avoiding excessive extension, flexion, abduction,
and external rotation) [133], avoiding the lithotomy position
for >2 h [134], attention to incisional technique, and posi-
tioning of retractor blades.

Treatment is typically conservative and, in most cases,
symptoms resolve over weeks to months. In one study, all
but one patient (91%) had complete resolution of neuro-
pathic symptoms after a median of 31.5 days (range of
1 day–6 months) [128].

Radiation-Induced Lumbosacral Plexopathy

Patients with gynecologic cancers may receive pelvic XRT
or brachytherapy, which can damage regional nerves via
direct toxicity on axons, myelin, and the vasa vasorum,
with resultant nerve infarction [135]. Radiation-induced
lumbosacral plexopathy is a rare but potentially debilitating
complication of gynecologic malignancies. It has been
reported in cervical, uterine, and ovarian cancer [70, 136,
137]. Onset is typically insidious and can occur months to
years after completion of treatment [138]. Toxicity of
radiation is dose-dependent but has also been reported at
lower doses (1700 cGy) [138]. Vaginal brachytherapy is
used in the treatment of locally advanced cervical and
uterine cancer to achieve better local disease control and
prevent vaginal recurrence [139, 140]. Since most patients
receive combined external beam radiation and brachyther-
apy, it is unclear whether brachytherapy alone significantly
increases the risk of regional nerve damage. In a case series
of 2410 patients, four cases who had received whole-pelvis
XRT and intracavitary brachytherapy for cervical carci-
noma developed flaccid lower extremity weakness 8–
26 months after completion of radiation [136]. Pain was
uncommon.

Careful differentiation of radiation-induced plexopathy
from neoplastic plexopathy is important, given the different
implications for treatment and prognosis. Radiation-induced
plexopathy typically presents with paresthesias, flaccid
weakness, and accompanying limb edema. Pain, the hall-
mark of neoplastic plexopathy (present in 98% of patients),
is less prominent (10%) in radiation-induced injury [138].
Electromyogram (EMG) may reveal myokymia, which is
generally absent in neoplastic or compressive plexopathy
[138]. The imaging modality of choice is contrast-enhanced
MRI of the plexus. With tumor- but not radiation-related
injury, enhancement of the nerve roots is common, although
radiation can produce T2-weighted hyperintense changes
[141]. Most importantly, the absence of local tumor on
imaging suggests a treatment-related rather than neoplastic
etiology.

Management of radiation-induced plexopathy is primarily
symptomatic and focuses on pain control, physical therapy,
and rehabilitation. Although frequently used, there is no
evidence that hyperbaric oxygen is beneficial [142, 143].
Unfortunately, most patients experience progressive func-
tional decline [138].

Chemotherapy-Induced Peripheral Neuropathy

Platinum-based agents and taxanes are frequently used in the
treatment of gynecologic cancers but are notoriously known
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to cause peripheral neuropathy. Cisplatin causes an axonal
neuropathy of primarily large myelinated sensory fibers in
up to 60% of patients receiving a cumulative dose of 225–
500 mg/m2 [144]. The most susceptible site is the dorsal root
ganglion. Neuropathic symptoms can persist or worsen even
after discontinuation of the drug [145]. The risk of peripheral
neuropathy with carboplatin at conventional doses is lower
than with cisplatin [144]. Paclitaxel and docetaxel can also
cause a predominant sensory neuropathy. Paclitaxel appears
to be more neurotoxic than doxetaxel, with an incidence of
approximately 60 and 15%, respectively [146, 147]. As for
platinum-based agents, the cumulative dose is the main risk
factor for taxane-induced peripheral neuropathy, with a
neurotoxic threshold of 1000 mg/m2 for paclitaxel and
400 mg/m2 for docetaxel [148].

In addition, cisplatin has been associated with
dose-dependent ototoxicity, which typically manifests with
bilateral and irreversible sensorineural hearing loss, ear pain,
and tinnitus [149]. The underlying mechanism involves
deposition of the drug and generation of reactive oxygen
species in the cochlea, outer hair cells, spiral ganglia, stria
vascularis, and spiral ligament. There is insufficient evidence
to support use of any particular agent (such as vitamin E,
sodium thiosulfate, or amifostine) to prevent
cisplatin-induced ototoxicity [149].

Conclusions
Gynecologic cancers can cause a variety of neurologic
complications via direct malignant cell infiltration of the
nervous system, paraneoplastic phenomena, and
treatment-related effects. CNS metastases from gyneco-
logic tumors are rare except with choriocarcinoma and
generally portend an unfavorable prognosis. Paraneo-
plastic cerebellar degeneration and anti-NMDAR
encephalitis are well-characterized paraneoplastic syn-
dromes associated with ovarian tumors and should be
considered in any woman presenting with typical symp-
toms. Lastly, with the development of more sophisticated
treatment modalities and improved survival in patients
with gynecologic cancers, the incidence of long-term
surgery-, chemotherapy-, and radiation-related neurologic
complications will likely increase.
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27Neurological Complications of Sarcomas

Megan L. Kruse and David M. Peereboom

Introduction

Sarcomas are malignant tumors that are derived from mes-
enchymal cells and can originate from a large variety of
tissues including bone, muscle, fat, cartilage, and peripheral
nerves. At least 50 different subtypes of soft tissue sarcoma
have been described to date, which highlights the incredible
heterogeneity existing within this tumor family [1]. Sarco-
mas are fairly rare tumors that account for approximately 1%
all cancers overall. Although it is generally uncommon for
sarcomas to occur within or metastasize to the CNS (ap-
proximately 3% of all brain metastases are sarcomas), there
is concern that CNS involvement may become more com-
mon in the future due to better control of systemic disease
through chemotherapy and radiation therapy without effec-
tive CNS treatment options [2]. Neurologic complications of
sarcoma can also occur when the tumor is outside of the
central nervous system specifically through extrinsic spinal
cord compression, compression of peripheral nerves, or by
paraneoplastic syndromes. This chapter will highlight com-
mon subtypes of sarcomas and the associated neurologic
complications of the disease and its treatment.

Chondrosarcoma

Chondrosarcomas are malignant tumors that arise from a
cartilaginous matrix. They can occur in any bone including
those of the skull base where it is thought that they arise
from embryonic cartilaginous remnants. As a group, chon-
drosarcomas account for 20–27% of primary malignancies

of bone [3]. Intracranial chondrosarcomas are rare,
accounting for less than 0.2% of all intracranial tumors and
approximately 6% of all skull base tumors [4]. They have
been known to occur in the petrosal bone, occipital
bone/clivus, sphenoid bone, frontal bone, and ethmoidal and
parietal bones but can also arise from dural tissue [5].
Chondrosarcomas can also infrequently arise in the orbit and
have potential for intracranial extension [6]. Metastasis from
a systemic primary tumor may occur although this scenario
is less commonly reported than primary skull base chon-
drosarcoma [7].

These tumors have no gender predominance and most
commonly occur in the 3–4th decade of life although have
been reported in both infants and the elderly [5]. Chon-
drosarcomas that occur outside of the head and neck are most
commonly (90%) low-to-intermediate grade tumors that grow
slowly and have low metastatic potential [8]. In contrast,
intracranial chondrosarcomas have been reported to be more
evenly distributed between lower grade tumors and the more
aggressive mesenchymal subtype [5]. Chondrosarcomas can
arise from preceding osteochrondromas or enchondromas,
both of which are benign cartilaginous tumors. The congenital
syndromes of Ollier disease and Maffucci syndrome are
characterized by the presence of multiple enchondromas and a
risk of chondrosarcoma of up to 50% [9–11].

Skull base chondrosarcomas commonly present with
cranial nerve deficits. Oculomotor dysfunction was the most
frequent cranial nerve deficit reported in a series of 192
patients with intracranial chondrosarcoma by Korten and
colleagues [5]. The abducens nerve is particularly vulnerable
to compression by these tumors due to proximity of the
nerve to the skull base [12]. Other symptoms of intracranial
chondrosarcomas include headache, hearing loss, sensory
changes of the face/facial palsy, ataxia, hemiparesis, mem-
ory loss, and nausea/vomiting [5]. On imaging, these tumors
may demonstrate bony destruction and calcification and can
appear very similar to meningioma, making histologic
examination crucial for diagnosis.
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The management of both intra- and extracranial chon-
drosarcomas relies heavily on surgical resection to obtain
optimal outcomes. For extracranial chondrosarcomas, man-
agement with wide local excision is the preferred approach.
Lower grade tumors may be amenable to intralesional
curettage with subsequent local cryotherapy/chemical ther-
apy (phenolization) although there is concern for higher rates
of local recurrence and greater risk of metastasis [13–17].
Radiation therapy can be used in the event of incomplete
resection to obtain the best local control and in situations
where surgical resection is not possible or would be asso-
ciated with unacceptable morbidity. These tumors, however,
are generally considered relatively radioresistant [18, 19].

Treatment of intracranial chondrosarcoma is similar to
that of extracranial lesions; however, complete resection is
often not feasible due to the proximity of critical neurovas-
cular structures. Use of conventional radiation therapy has
also been limited because high doses of radiation, which can
cause damage to cranial nerves and the brain stem, are often
required to be effective for these slow-growing tumors.
Newer approaches involve use of charged particle radiation
therapy and stereotactic radiosurgery to overcome the issues
with conventional surgery and radiation [20, 21].

Systemic chemotherapy has been used in the setting of
recurrence and metastatic disease; however, its role is not
clearly defined. In a 2003 review of 23 cases of intraspinal
chondrosarcoma, 11 patients received chemotherapy with
agents including ifosfamide, doxorubicin, cisplatin, etopo-
side, carboplatin, epirubicin, cyclophosphamide, and
methotrexate [22]. Chondrosarcoma is known as a relatively
chemoresistant tumor, and in the aforementioned review,
improvement in CNS disease was seen in some patients
although the number was too few to draw any definitive
conclusions [22, 23].

A 2009 systematic review of 560 patients with intracra-
nial chondrosarcoma reported a 5-year mortality rate of 12%
with median survival of 24 months and an average survival
time of 53 months [24]. In this review, mortality was sig-
nificantly greater for patients with mesenchymal histology
versus conventional histology (6% vs. 54%, respectively).
Those patients treated with surgery alone had a 5-year
mortality rate of 26%, while those who had postoperative
radiation therapy had a 5-year mortality rate of 4%.

Malignant Fibrous
Histiocytoma/Undifferentiated Pleomorphic
Sarcoma

Malignant fibrous histiocytoma (MFH) is a soft tissue sarcoma
pathologically consisting of fibrohistiocytic cells and spindle
cells most commonly arranged in a storiform pattern [25]. In
2002, theWorldHealthOrganization (WHO) removedMFHas

a formal diagnostic entity and renamed it “undifferentiated
pleomorphic sarcoma” (UPS) in an attempt to reflect the
uncertainty about the cell of origin for these tumors. UPS very
rarely occurs in the central nervous system (<3% of cases) but
has been described in the brain, dura, spine, peripheral nerves,
and cranial bones [26, 27]. Intracranial UPS may represent a
primary central nervous system tumor or a metastasis from a
systemic primary tumor [27]. The most common intracranial
sites are supratentorial and can mimic meningioma on imaging
(Fig. 27.1a, b) [28, 29]. UPS has also been found in the cere-
bellum and at the cerebellar pontine angle [28]. While many of
these tumors appear as mass lesions on imaging, one report
describes a case of intracranial UPS that infiltrated the pons,
cerebellum, and basal surface of the left temporal lobe without
any visible mass [30]. On autopsy, these areas of the brain were
found to contain anaplastic proliferation of spindle-shaped cells
in a storiformpatternwith immunophenotype studies consistent
with UPS.

UPS is most commonly seen in middle-aged adults with no
clear gender predominance [28]. The etiology of these tumors
is also unclear although they may be associated with prior
radiation or trauma to tumor site [31]. Neurologic symptoms
related to an intracranial UPS vary depending on the location
of the tumor with common symptoms being those of increased
intracranial pressure such as headache. Neurologic compli-
cations can also arise from aUPS that arises outside theCNS in
which case symptoms are related to compression of nearby
peripheral nerves with resulting pain, altered sensation, or
weakness. This is most often seen in the setting of retroperi-
toneal or lower extremity tumors. Paraneoplastic syndromes
related to UPS can include opsoclonus-myoclonus syndrome
and brain stem encephalitis [32, 33].

Surgical resection of UPS is the cornerstone of treatment
[29]. The typical approach to treatment of these tumors when
they occur outside the CNS consists of maximal safe
resection followed by adjuvant chemotherapy and radiation.
Consideration of doxorubicin-based combination
chemotherapy has been previously proposed [34]; however,
the effectiveness of chemotherapy for UPS is uncertain [29].
The approach to treatment of intracranial UPS also focuses
on maximal safe resection often followed by radiation
therapy. Utilization of chemotherapy is limited in this sce-
nario as doxorubicin (the most well-studied chemotherapy
used for systemic UPS) has poor blood-brain barrier pene-
tration. Overall prognosis of UPS is generally poor due to
frequent and rapid local recurrent following resection.

Solitary Fibrous Tumor/Hemangiopericytoma

Hemangiopericytoma (HPC) was originally described in 1942
as a soft tissue neoplasm thought to arise from pericytes,
the cells that form the walls of capillaries and post-capillary
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venules. Pathologically, HPC was defined by a distinctive
“staghorn” branching pattern of vasculature [35]. While the
term “hemangiopericytoma” is still used by neuropatholo-
gists, general consensus is that the tumors traditionally been
called HPCs are actually quite heterogeneous. Previously,
these tumors were classified separately as meningeal solitary
fibrous tumors (SFTs) and hemangiopericytoma. The most
recent WHO classification of central nervous system tumors,
however, has grouped these tumors into a single entity named
solitary fibrous tumor/hemangiopericytoma (SFT/HPC). [36].
Most of these tumors can be identified by STAT6 nuclear
expression, which is detectable by immunohistochemistry
[36]. In reviewing the literature on this topic, one may find the
terms CNS HPC or intracranial HPC used to describe
SFT/HPC of the CNS.

Solitary fibrous tumors have 3 typical primary locations:
pleura, meninges, and extrathoracic soft tissue [37]. Most
(80%) of pleural-based SFTs are benign. Pleural-based SFTs
generally occur in the 5th–7th decade of life, occur equally
in men and women, and have no clear risk factors. These
tumors may cause symptoms characteristic of pleural irrita-
tion (pleuritic pain, cough, dyspnea) and have also been
associated with paraneoplastic osteoarthropathy and para-
neoplastic hypoglycemia [37–39]. Extrathoracic soft tissue
SFTs also tend to occur in the 5th decade of life and occur
equally in both genders. They generally present as painlessly
enlarging soft tissue masses that may be asymptomatic until
they cause compression of adjacent structures.

SFT/HPC represents 2–3% of all meningeal tumors and
<1% of all intracranial tumors [40, 41]. These tumors gen-
erally occur in those aged 40–50 and have been suggested to
have a gender distribution that is dependent on age. In a
recent systematic review of over 500 patients with
SFT/HPC, it was found that below age 45, the tumors were
more common in men, while above age 45, they were more
common in women [40]. The most common symptoms
associated with intracranial HPC include headache and
upper/lower limb weakness [42]. SFT/HPCs generally grow
slowly although they can cause great morbidity due to their
highly vascular and invasive nature. They often appear
similar to a benign meningioma on radiographic studies,
making preoperative diagnosis of HPC difficult.

Surgical resection is the most important component of
management of all SFTs/HPCs. Multiple studies have
demonstrated statistically significant improved overall sur-
vival in patients with SFT/HPC who had complete resection
rather than incomplete resection [40]. The role of radiation
therapy in management of intracranial HPC has been deba-
ted. Although the review by Ghose and colleagues showed a
statistically improved survival when adjuvant radiation
therapy was added to surgical resection [40], multiple other
studies have been unable to show a survival benefit with
addition of adjuvant radiation [43, 44]. Adjuvant radiation
may play a role in decreasing local recurrence and improving
time to local recurrence [41, 42, 45]. Adjuvant chemother-
apy is not a standard component of management of localized

Fig. 27.1 A 34-year-old man presented with left-sided headaches,
word finding difficulty, and short-term memory loss. Contrast-enhanced
T1 coronal MRI (A) demonstrates a heterogeneously enhancing mass
that appears to extend to the dura. CT scans of the chest, abdomen, and
pelvis were negative. Resection of a mass that intraoperatively appeared
to arise from the dura with left temporal mass May 2015 revealed a

hypercellular lesion (B, H, and E) composed of pleomorphic cells with
hyperchromatic, atypical nuclei. Immunostains and molecular tests for
high-grade glioma (GFAP, OLIG2, S100, EGFR, IDHmt, and MGMT),
carcinoma, melanoma, rhabdomyosarcoma, and leiomyosarcoma were
all negative. The findings best supported a diagnosis of undifferentiated
pleomorphic sarcoma
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soft tissue/pleural-based SFTs; however, response to
chemotherapy (particularly doxorubicin) appears to be better
in these tumors than in SFT/HPC [46]. There has been
interest in using temozolomide and VEGF inhibitors in
SFT/HPC with evidence showing response to this combi-
nation in small numbers of patients. However, a controlled,
prospective trial is lacking [47].

SFT/HPCs tend to have high local recurrence rate but can
also cause extracranial metastases. Although complete
resection of the primary SFT/HPC improves overall survival,
complete resection appears to have no impact on controlling
rates of distant metastasis [40, 48]. The pattern of develop-
ment of extracranial metastases requires long-term follow-up
and awareness on the part of the provider as metastases can
develop years after the primary tumor (typically 5–8 years
but up to 20 years). Typical extracranial metastatic sites
include bone, lung, and liver [37, 49, 50].

Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is a soft tissue sarcoma that is
morphologically similar to other small round cell tumors but
is specifically characterized by features of skeletal muscle
including histological identification of cross-striations. This
tumor is the most common soft tissue tumor of childhood but
accounts for only 3–4% of pediatric cancers overall [51].
The majority of cases are diagnosed in children under the
age of 6 with a slight male predominance and higher inci-
dence in African Americans compared to Caucasians. His-
tologically, these tumors are classified as either embryonal or
alveolar. Embryonal RMS is more commonly found in the
head and neck or urinary tract, while alveolar-type RMS is
more commonly found in the extremities [52]. No clear risk
factors for RMS have been identified although there is an
association with higher incidence with neurofibromatosis,
Li–Fraumeni syndrome, Beckwith–Wiedemann syndrome,
and Costello syndrome [53–56]. Despite the association with
these syndromes, sporadic cases of RMS are most common.
Rhabdomyosarcomas often present as areas of swelling
either in the head and neck region or in the extremities with
variable degrees of pain.

Primary intracranial RMS is very rare. Most CNS
involvement with RMS occurs as a result of intracranial
extension of tumors that occur in the head and neck (in areas
such as the orbit, paranasal sinuses, middle ear, infratem-
poral fossa) rather than by lymphatic spread [57]. As in other
sarcomas, brain metastases occur uncommonly with sys-
temic RMS. The most common sites of metastases for RMS
include bone marrow and lungs [57]. If brain metastases do
occur, they generally develop with or after pulmonary
metastases [58]. Neurologic symptoms associated with
intracranial RMS, whether primary or metastatic, are largely

dependent on the site of the tumor and can include headache,
visual disturbance, papilledema, or proptosis with orbital
tumors and nasal discharge due to sinus obstruction [52, 59].
Direct extension from these locations can result in lep-
tomeningeal disease [60, 61].

Treatment of RMS generally involves use of combined
modality therapy under guidelines developed by cooperative
groups such as the Soft Tissue Sarcoma Committee of the
Children’s Oncology Group (formerly known as the Inter-
group Rhabdomyosarcoma Study Group or IRSG). The use
of multimodality therapy has been crucial in the improve-
ment of survival rates in RMS in children [62]. Treatment
decisions are based largely on a prognostic stratification
system with the knowledge that prognosis of RMS is highly
dependent on site of presentation. For example, a SEER
database review of 558 cases of head and neck RMS
reported from 1973 to 2007 showed 5-year survival rates of
49, 70, and 84% for parameningeal sites, non-parameningeal
non-orbital sites, and orbital tumors, respectively [63].
Prognosis in adults is generally worse than in children, and
studies have demonstrated that results of treatment are most
favorable when adults are treated using pediatric clinical trial
protocols (often enroll patients up to age 50) [64]. RMS
tends to be quite radiosensitive, and radiation therapy has
been a critical component of management of parameningeal
primary tumors as well as metastatic intracranial disease
[65]. Chemotherapy regimens for systemic RMS including
vincristine, doxorubicin, and cyclophosphamide have lim-
ited utility for intracranial disease due to lack of blood-brain
barrier penetration [64]. Once a patient develops cerebral
metastases, survival is very short. In a series of over 400
pediatric patients with RMS, 2% of patients were found to
have brain metastases and median survival was 2.7 months
after diagnosis of brain metastases despite aggressive ther-
apy [66].

Leiomyosarcoma

Leiomyosarcomas are soft tissue sarcomas that occur most
commonly in the retroperitoneum, GI tract, uterus, and skin
[67]. Primary CNS leiomyosarcoma is a very rare entity that
has been reported more frequently in the HIV/AIDS era due
to an association between development of leiomyosarcoma
and EBV infection [68]. A similar rise in incidence has been
seen in patients with solid organ transplant due to
immunosuppression although the absolute incidence of pri-
mary CNS leiomyosarcoma remains very low [67]. Pri-
mary CNS leiomyosarcomas have been described from ages
4 to 72 years with no clear gender predominance [69–72].
Risk factors for development include immunosuppression as
well as prior CNS radiation exposure [73]. As with other
intracranial sarcomas, symptoms correlate with location of
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tumor and can include headache, motor deficits, and sei-
zures. The prognosis of primary CNS leiomyosarcoma is
poor with the longest reported overall survival of 32 months
[69, 71, 74]. The approach to treatment of primary CNS
leiomyosarcoma is not standardized due to the small number
of cases; however, a multimodality approach utilizing sur-
gical resection, radiation therapy, and chemotherapy is typ-
ically advocated [72]. Doxorubicin is the typical first-line
chemotherapy for systemic leiomyosarcoma although
dacarbazine, gemcitabine, and docetaxel are all reported to
be active agents for leiomyosarcoma [23, 75]. It is unknown
what the optimal chemotherapy regimen for CNS
leiomyosarcoma is and outcome data are sparse.

Metastatic disease to the CNS from a systemic
leiomyosarcoma is also very rare. To date, only 16 cases of
CNS metastases from uterine leiomyosarcoma have been
reported [67]. When CNS metastases do occur, they are
generally found supratentorially with reports of involvement
of the frontal and parietal lobes [76]. Treatment of brain
metastases may include surgical resection, if feasible, though
most commonly includes radiation, either whole-brain radi-
ation therapy or stereotactic radiosurgery [77]. Prognosis
once a patient develops CNS metastases from systemic
leiomyosarcoma is also very poor and likely measured in
months [67].

Malignant Peripheral Nerve Sheath Tumor

Malignant Peripheral Nerve Sheath Tumors (MPNSTs) are
soft tissue sarcomas that arise from peripheral nerves. They
can arise from any component of the nerve sheath including
Schwann cells, fibroblasts, and perineural cells [78]. These
tumors occur in approximately 0.001% of the general pop-
ulation but affect individuals with neurofibromatosis type 1
(NF1) at a higher rate with a 5–10% lifetime risk [79]. There
is also a weak association with neurofibromatosis type 2
(NF2) [80]. Previous radiation exposure is an additional risk
factor with approximately 10% of MPNSTs occurring in
patients who have had prior radiation [81, 82]. MPNSTs
occur in men and women with equal distribution and can
occur at any age with a mean age of 40 years [83, 84]. The
age of onset tends to be younger in patients with NF1.
Intracranial MPNSTs are more common in men and are less
likely to be associated with NF1 [83]. MPNSTs tend to
occur most commonly in the extremities at sites of major
nerve trunks like the sciatic nerve [78]. These tumors can
also occur in the trunk or head and neck. Involvement of
cranial nerves or intraosseous nerves is rare but can cause
important neurologic symptoms including cranial nerve
palsies and spinal cord compression [85, 86].

The presentation of MPNST commonly includes evi-
dence of a painful enlarging mass. As these tumors originate

from nerve sheaths, other common presenting symptoms are
those of nerve compression including motor deficit or
paresthesias in the innervated region of the particular nerve
affected [78]. Intracranial involvement may occur with cra-
nial nerves (primarily centered around the cerebellopontine
angle but can also be intraventricular or intraparenchymal
[87]. Presenting symptoms can be non-specific such as
headache or dizziness. Other patients present with more
specific signs of cranial nerve palsy. Karami and colleagues
reported a case of MPNST of the vestibulocochlear nerve
and brain stem in a young woman who presented with
dizziness, headache, ataxia, and sudden unilateral hearing
loss with hemifacial paralysis [85].

MPNSTs are generally aggressive tumors with high rates
of local recurrent and metastasis via hematogenous spread.
A review from 2014 reported a recurrence rate of MPNSTs
as high as 40% with approximately two-thirds of patients
experiencing metastatic spread (most commonly to lungs
and bone) [78]. They also reported a poorer prognosis
associated with larger tumors (variably defined as either
greater than 5 cm or 7 cm depending on the series), those
with higher histologic grade and those associated with NF1.
Prognosis of intracranial MPNST also appears to be worse
than extracranial disease with one review reporting 5-year
overall survival of 14% [87].

Treatment of both extracranial and intracranial MPNSTs
is focused on maximal safe surgical resection. These tumors
have limited sensitivity to chemotherapy and radiation so the
role of adjuvant therapy is unclear. Adjuvant radiation may
improve local control rates although there is no clear sur-
vival benefit [88, 89]. A 2013 review of all reported cases
(n = 61) of intracranial MPNST showed that nearly equal
numbers of patients received partial resection and gross total
resection. The majority of patients in this review received
radiation after surgery, while very few (4 of 61) received
chemotherapy [87]. Survival seems to be improved with
adjuvant radiation therapy regardless of surgical results
(partial or gross total resection) as the irradiated patients had
a mean survival of 30 months with a 5-year survival of 30%,
while unirradiated patients had a mean survival of
8.6 months with no survivors at 5 years. Notably, this study
included 5 patients with history of NF1, and these patients
were found to have survival from time of diagnosis of 3–
5 months.

Osteosarcoma

Osteosarcoma is the most frequently occurring primary
malignant tumor of bone [90] although it is rare overall and
accounts for approximately 1% of all cancers in the USA
annually [91]. It has a bimodal distribution in incidence with
peaks occurring in adolescence and again at age over 65
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[91]. In both adolescents and adults, males are more com-
monly affected than females. In children, African Americans
are more commonly affected than whites; however, in adults,
whites are more commonly affected than other races [91].
Predisposing factors include prior radiation and Paget’s
disease. Several genetic conditions also predispose to the
development of osteosarcoma including hereditary
retinoblastoma, Li-Fraumeni syndrome, and Rothmund–
Thomson syndrome [92]. Typical sites of primary
osteosarcoma include femur, tibia, humerus, and pelvis.
Osteosarcomas usually present with bone pain. Osteosarco-
mas of the vertebral column and skull bones are rare. When
the tumor involves the spine, presenting symptoms can
include those of spinal cord compression. One case of pri-
mary osteosarcoma of the lamina of L2 presented with
painless paraplegia in a young woman [93].

Osteosarcoma typically has a hematogenous route of
spread with common metastatic sites including lung and
other bones [94]. CNS metastasis of osteosarcoma is
uncommon, occurring in only 2–6% of cases [95]. Pul-
monary metastasis usually precedes CNS metastasis. A case
report described an orbital metastasis of osteosarcoma in an
eight-year-old girl, which presented as severe, progressive
ptosis with associated visual disturbance after a minor orbital
injury [96]. On evaluation, this patient was found to have a
primary tumor of femur without pulmonary metastasis.
A recent review of 55 cases of metastatic osteosarcoma
involving the CNS showed that brain metastases have
occurred throughout the cerebrum (with the frontal lobe
being most common) and cerebellum in addition to the
bones of the skull [90]. Treatment of these patients included
a combination of surgical resection, whole-brain radiation
therapy, or stereotactic radiosurgery. Chemotherapy may be
used for osteosarcoma of the central nervous system; how-
ever, given the small number of cases reported in the liter-
ature, there is no consensus on optimal regimen to use. In a
review of 19 cases of primary meningeal osteosarcoma, use
of “standard osteosarcoma chemotherapy” was described
[97]. Typical osteosarcoma regimens include doxorubicin
with high-dose methotrexate and cisplatin [98]. Both
methotrexate and cisplatin have known ability to penetrate
the blood-brain barrier so are reasonable choices for treat-
ment of CNS metastases [99]. Other agents used in
osteosarcoma include ifosfamide and etoposide which also
have been known to cross the blood-brain barrier [98, 99].
The overall mean survival for patients following diagnosis of
brain metastases was 18.4 ± 30.4 months, highlighting the
variability in clinical course [90].

Ewing’s Sarcoma

Ewing’s sarcoma accounts for approximately 6% of all
childhood malignancies with peak incidence from age 10–
15 years [100, 101]. Unlike osteosarcoma, Ewing’s sarcoma
rarely affects adults. Any bone can be affected; however, the
femur, pelvis, and axial skeleton are most commonly
involved [102]. The most common presenting symptom of
Ewing’s sarcoma is pain, which is typically progressive. The
pain can often be exacerbated by activity and tends to be
worse at night [103]. Up to 80% of patients have subclinical
metastatic disease at the time of presentation [104]. Ewing’s
sarcoma has been known to metastasize to the CNS in 32–
56% of cases with less than 2% of these cases comprising
brain metastases [105]. More commonly, direct extension of
tumor from location in bony elements of the spine causes
CNS involvement. Symptoms of spine involvement can
include back pain, radiculopathy, lower extremity weakness,
or paresthesias. A recent review of 40 cases of Ewing’s
sarcoma brain metastases showed that the parietal lobe was
most commonly affected followed by the frontal lobe, then
the temporal/occipital lobes [90]. Management of primary
Ewing’s sarcoma is generally treated with multimodality
therapy including chemotherapy, radiation, and surgical
resection. In the review referenced above, management of
Ewing’s sarcoma brain metastases included surgical resec-
tion (25%), whole-brain radiation therapy (70%), stereotactic
radiosurgery (18%), and conservative management (17%).
The overall survival of these patients was 7.1 months
(±7.7 months, range 0–24 months) after detection of meta-
static disease to the brain [90].

Typical first-line chemotherapy regimens for Ewing’s
sarcoma include agents such as cyclophosphamide, dox-
orubicin, vincristine, etoposide, and ifosfamide [98]. Of
these agents, etoposide and ifosfamide are known to be
active in the CNS and this 5-drug regimen has been used
previously in a case of primary intraspinal intradural extra-
osseous Ewing’s sarcoma [99, 106]. Other chemotherapy
regimens used for systemic recurrence of Ewing’s sarcoma
including cyclophosphamide/topotecan, irinotecan/
temozolomide, and gemcitabine have also been used in
cases of CNS involvement by Ewing’s sarcoma [107]. In a
study of 18 children with CNS involvement by sarcoma (10
had Ewing’s sarcoma), survival from time of CNS
involvement until death, or last follow-up was similar
between those receiving CNS-directed therapy
(radiation/surgical resection) and chemotherapy, ranging
from 2 to 6 months [107].
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Gliosarcoma

Gliosarcoma is a rare primary brain tumor composed of a
combination of malignant glial cells and mesenchymal ele-
ments. The mesenchymal elements of the tumor can show
fibrosarcomatous, pleomorphic sarcomatous, leiomyosarco-
matous, or osteosarcomatous patterns [108]. These tumors
represent approximately 2% of glioblastomas (GBM) [109]
and are molecularly identical to GBM with presumed sar-
comatous metaplasia. They occur more commonly in men
with typical age of onset in the 5th−6th decade of life [110,
111]. Gliosarcomas are most often found in the temporal
lobe [111] and can present with symptoms such as headache
and motor weakness [110]. These tumors have a similar
clinical pattern of behavior as GBM overall although they
have a unique propensity to metastasize extracranially.
Involvement of the lungs, pancreas, bone marrow, and liver
has all been reported with gliosarcoma [110, 112, 113].
Typical GBMs do not spread hematogenously but rather
spread via the cerebrospinal fluid with resulting metastasis
throughout the neuraxis [114–116]. Gliosarcomas also
metastasize to other locations within the neuraxis as evi-
denced in the report of an intramedullary cervical spinal cord
metastasis from a temporal lobe primary gliosarcoma by
[117]. Prognosis for both glioblastoma and gliosarcoma is
poor with overall survival on the order of months. In a 2009
review of all cases of glioblastoma and gliosarcoma reported
in the SEER database of the US National Cancer Institute
from 1988 to 2004, overall survival was slightly worse for
gliosarcoma [118]. As this tumor is very rare, there is no
standardized approach to treatment; however, surgical
resection and radiation have been used [118]. Typically,
these tumors are managed similarly to GBM and are gen-
erally included in GBM clinical trials.

Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GISTs) are mesenchymal
tumors that arise from the interstitial cells of Cajal [119].
They commonly originate in the stomach and small intestine
although they can occur throughout the GI tract or in
extraintestinal sites such as the omentum or retroperitoneum
[120–122]. GISTs account for up to 3% of all GI neoplasms
and 5–7% of all sarcomas [123, 124]. Common presenting
symptoms include abdominal pain, vomiting, anorexia, or
bowel obstruction [122]. These tumors commonly metasta-
size, and up to one half of patients will have distant
metastases at the time of diagnosis [125]. Common meta-
static sites include the liver, peritoneum, and lung. CNS
metastases are very rare although there have been reports of
brain parenchymal lesions in both children and adults [122,
126]. Symptoms reported with intracranial space occupying

metastases include headache, weakness, and vomiting [122,
126]. There has also been a report of metastatic GIST
involving the thoracic and lumbar spine which resulted in
bilateral scapular tightness/pain and low back pain [125].

GISTs have traditionally been resistant to chemotherapy
and radiation therapy [127]. Surgical resection is the treat-
ment of choice for primary GIST [128]. Advances in treat-
ment for relapsed or advanced disease occurred with the
introduction of molecularly targeted therapy, specifically
imatinib mesylate a small molecule kinase inhibitor. Lower
concentrations of imatinib are achieved in the central ner-
vous systems of both mice and humans [129, 130], which
correlates with clinical observations of imatinib being inef-
fective in treatment of CNS metastases. Surgical resection
has been utilized for management of intracranial or spinal
metastases [119, 122, 125, 126].

Targeted Therapy for Sarcoma
and Implications for CNS Involvement

Traditionally, sarcomas have been divided into groups based
on site of origin and histopathologic features. More recently,
effort has been directed to separating sarcomas into different
categories based on their genetic characteristics. Some sar-
comas are characterized by discrete genetic changes that
may serve as the target for therapy, such as the 11:22
translocation seen in Ewing’s sarcoma [1]. Other sarcomas
are characterized by complex genetic changes that are not as
easily targetable, such as leiomyosarcoma or undifferentiated
pleomorphic sarcoma [1]. Identification of specific genetic
targets or discovery of particular cellular pathways impli-
cated in oncogenesis has opened the door for new drug
development and testing of existing drugs in sarcoma with
the hope of improving clinical outcomes.

Cellular pathways involved in angiogenesis have been an
area of interest for drug development in sarcoma. Pazopanib
is an angiogenesis inhibitor that targets VEGF receptors 1–3,
PDGF receptor a/b, and c-kit that has recently been
approved for use in patients with advanced soft tissue sar-
comas who have received prior chemotherapy [1]. In the
phase III PALETTE (pazopanib for metastatic soft tissue
sarcoma) study, an improvement in progression-free survival
was found for pazopanib compared to placebo (4.6 months
vs. 1.6 months, respectively) with no difference in overall
survival in the setting of advanced soft tissue sarcoma [131].
While no data exist for the use of pazopanib in sarcomas
involving the CNS, there is a report of renal cell carcinoma
brain metastases that were responsive to pazopanib [132].
This suggests that pazopanib may be helpful for intracranial
disease. In this case report, the patient received whole-brain
radiation therapy prior to pazopanib so it is unclear whether
the drug has CNS activity on its own or whether the effect of
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radiation was necessary to allow CNS activity. In either case,
pazopanib may have a role in treatment of sarcoma with
CNS involvement. Although not FDA approved, agents
including temozolomide/bevacizumab and sunitinib, which
also have anti-angiogenic activity, have activity in small
numbers of patients with hemangiopericytoma/solitary
fibrous tumor extraskeletal myxoid chondrosarcoma and
may be considered for off-label use with CNS involvement
[47, 133, 134].

There has been interest in targeting the insulin-like
growth factor 1 (IGF1) receptor in Ewing’s sarcoma since it
was discovered that the 11:22 translocation characteristic of
Ewing’s sarcoma produces a fusion protein (EWS-FLI1) that
helps to upregulate IGF1 [135]. Two monoclonal antibody
IGFR inhibitors, ganitumab and figitumumab, have been
studied in Ewing’s sarcoma. Although these agents have
shown some activity in Ewing’s sarcoma, the reported
response rates are low and the duration of response is gen-
erally brief which has limited commercial development [1].

Mammalian target of rapamycin (mTOR) inhibition is
another potential route of targeted therapy for sarcoma.
mTOR inhibitors inhibit the PTEN pathway which has been
implicated in the pathogenesis of different types of sarcomas
[1, 136]. A phase II study of ridaforolimus in advanced bone
and soft tissue sarcoma showed clinical benefit in 28% of
patients with the majority experiencing stability of disease
[137]. Results of this study prompted the phase
III SUCCEED (Sarcoma Multi-Center Clinical Evaluation of
the Efficacy of Ridaforolimus) study which investigated the
role of ridaforolimus maintenance therapy in patients with
metastatic soft tissue or bone sarcomas that have responded
to chemotherapy. In this study of 711 patients with a variety
of sarcoma types, there was a statistically significant
improvement in progression-free survival with ridaforolimus
maintenance versus placebo with no impact on overall sur-
vival [138]. As there was no overall survival benefit with
ridaforolimus as maintenance therapy in metastatic sarcoma,
the drug was not FDA approved for this indication; however,
these results suggest that further evaluation of mTOR inhi-
bitors in metastatic sarcoma (including those who have not
responded to chemotherapy) may be warranted. There is also
interest in combined use of mTOR inhibitors with IGFR
inhibitors with phase I and II study data showing activity of
this combination in bone and soft tissue sarcoma although
further investigation is needed [139, 140].

While there are many promising targeted therapies for
sarcoma, the appropriate patient population, clinical sce-
nario, and sequence of therapies with regard to conventional
chemotherapy, surgery, and radiation are yet to be deter-
mined. The potential for these agents to penetrate the
blood-brain barrier will also need to be investigated prior to
use in the CNS sarcoma population although they may

currently have a role for disease outside the CNS causing
neurologic symptoms by other means.

One strategy to select agents for patients with intracranial
sarcomas is the use of next-generation sequencing (e.g.,
FoundationOne®, Cambridge, MA, USA) to determine
genomic alterations in a patient’s tumor that might be
amenable to targeting with an agent that crosses the BBB.

Most importantly, patients with intracranial sarcoma
should be included in clinical trials. This inclusion can occur
in several venues. First, patients with intracranial sarcomas
should be eligible for trials of systemic sarcoma. Such
patients, who will likely constitute a small fraction of the
patients accrued, might be included as an exploratory cohort
that would not be included in determination of the primary
endpoint(s). Any signal of activity would, however, be
useful. Second, patients with intracranial sarcomas should be
allowed to enter phase I clinical trials of new agents [141].
Third, these patients should be encouraged to enroll on
biomarker-defined trials such as the Molecular Analysis for
Therapy Choice (MATCH) Trial (NCT02465060) or the
Signature array of clinical trials [142]. Although intracranial
sarcomas are rare cancers, the determination of agents with
potential activity should be pursued in the context of geno-
mic sequencing and clinical trials.

Conclusion
Sarcomas are a diverse grouping of tumors that can create
neurologic complications through direct CNS involve-
ment or via proximity to peripheral nervous system
structures. Outcomes for patients with sarcoma are gen-
erally poor when the CNS is involved and development
of new treatment strategies is needed. There has been
progress in the field of targeted therapy for systemic
sarcomas; however, it is yet to be determined if these
treatment approaches will be applicable to disease within
the CNS.
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28Neurologic Complications of Head and Neck
Cancer

Sepideh Mokhtari and Thomas J. Kaley

Background

Each year approximately 48,000 Americans are diagnosed
with a head or neck cancer. Head and neck cancer accounts
for approximately 3–5% of all newly diagnosed cases of
cancer in the USA. The estimated number of diagnoses and
deaths in 2014 were 59, 340, and 12,290, respectively [1].
Worldwide, more than 550,000 new cases with approxi-
mately 300,000 deaths are projected annually [2]. More than
90% of head and neck cancer is squamous cell carcinoma
(HNSCC) in histology, and the majority of tumors are
associated with smoking and alcohol use [1]. Most HNSCC
are thought to arise from potentially malignant disorders
(PMDs) such as leukoplakia, erythroplakia, oral lichen
planus, oral submucous fibrosis, actinic cheilosis, and snuff
patch [3]. The mucosa of the head and neck undergoes a
change, perhaps due to carcinogen exposure, and becomes
more susceptible to the development of many foci of
malignant transformation (field cancerization theory) [4]. It
is crucial to understand the biologic tumorigenesis of a
second primary tumor to prevent relapse or multiple primary
tumors after definitive therapy is delivered [5].

Over the last three decades, development of molecular
biology has made major contributions to the basic under-
standing of tumorigenesis and identified multiple genes
involved in the tumorigenesis process (i.e., p53
mutation/overexpression, erbB family, 9p21 deletion, 11q13
amplification, 17p loss, 3p loss, etc.) [6–11]. Over 50% of
HNSCCs have TP53 gene mutation and over 50% demon-
strate chromosomal loss of 17p, the site where the TP53
gene resides [5]. The most targeted component of the Rb

pathway is the p16INK4A tumor-suppressor gene, which
inhibits the cyclin-dependent kinases 4 and 6. Loss of
heterozygosity (LOH) at chromosomal region 9p21 (where
p16INK4A resides) occurs in up to 80% of HNSCCs [6].
A Japanese series of 102 patients with larynx cancer treated
surgically showed overexpression of cyclin D1, located at
11q13, in 57.8% of patients [9]. Chromosome 3p loss is seen
in approximately 60% of HNSCC, which is one of the ear-
liest events in the progression of HNSCC [11]. TP53
mutation often coincides with the loss of chromosome 3p,
and the combination of these events is associated with a
surprising decrease in survival time (1.9 years vs. >5 years
for TP53 alone) [10].

Patients typically present with advanced local invasion,
and symptoms vary with tumor location. Tumors of the oral
cavity and oropharynx present with swelling or ulcer,
odynophagia, dysphagia, otalgia, otitis, weight loss, and
trismus. Laryngeal tumors present with hoarseness, stridor,
dyspnea, or pain, which are also seen with common benign
conditions [12, 13], thus leading to a delay in diagnosis. The
findings of paresthesia and anesthesia, in the absence of a
history of trauma, strongly suggest an invasive malignancy.
Metastatic dissemination occurs through the submandibular,
cervical, and jugular lymphatic pathways, and distant
metastases most commonly target the lung [13].

Treatment

Surgical Treatment

Surgical treatment remains the mainstay of multi-modal
treatment for oral cancers with the goal of adequate clear-
ance of tumor tissue [14]. The treatment is determined based
on stage and location of the head and neck cancer. For
early-stage disease, surgery or brachytherapy is the treatment
of choice, whereas for advanced-stage disease
multi-disciplinary treatment including chemotherapy and
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radiation therapy is recommended. However, with surgery
there is risk of disfigurement, trismus, speech impairment,
and dysphagia [13]. After resection of large primary tumors,
reconstructive surgery is required. Free tissue transfer is
currently one of the most popular and reliable techniques for
oral reconstruction [15].

The aim of surgical resection is adequate clearance of
tumor tissue, since inadequate clearance can result in
increased risks of local and regional recurrences, and
decreased long-term survival rates [16]. Currently,
three-dimensional 1-cm resection margins are considered
acceptable. However, increasing the resection margins may
result in increased functional morbidities [17–19]. For the
past several decades, radical neck dissection (RND) is the
gold standard for patients with positive cervical lymph nodes
[14]. Interestingly, elective neck dissection is also consid-
ered when the risk of occult metastases is >20% [20].

RND involves complete removal of the lymphatic chan-
nels in the neck and many anatomical structures in the neck
including the sternocleidomastoid muscle, spinal accessory
nerve, and jugular vein, which are commonly injured. More
recently, modified radical neck dissections (MRND) are
being performed, which are less morbid and spare some of
these structures [21]. MRND involves clearance of the cer-
vical lymph nodes, with preservation of one or more of the
following: the accessory nerve, internal jugular vein (IJV),
and sternocleidomastoid muscle. Sentinel node biopsy has
received considerable attention as a means of avoiding
unnecessary lymph node dissection [22]. Postoperative
radiotherapy or concurrent chemoradiotherapy is often rec-
ommended as adjuvant therapy for patients with multiple
node metastases or extracapsular spread of tumors, since
they often have recurrence after neck dissection [23–25].

Radiation Therapy

Radiation therapy (RT) plays an important role in the
treatment of head and neck cancer, especially in cases of
unresectable tumor or advanced tumors with cervical lymph
node involvement and/or metastasis. RT could be used either
as an effective alternative to surgery or a valuable adjunct to
surgery and/or chemotherapy [13, 26]. In planning for
advanced disease, it is important to consider the risk of
recurrence, cosmetic and functional outcome, quality of life,
speed of treatment, patient reliability, effectiveness of sal-
vage therapy, and individualization of treatment options [27,
28].

Major high risk factors for recurrence are positive
microscopic resection margins and extracapsular nodal
extension. Other risk factors are � 2 lymph node metastases
with a diameter of 3 cm or more, perineural invasion, Level
4 (inferior internal jugular lymph node) or Level 5

(accessory nerve lymph node) lymph node metastasis in
oropharyngeal cancer/oral cavity cancer and signs of vas-
cular tumor embolism [28]. In the postoperative setting, the
standard adjuvant therapy is concurrent chemotherapy and
radiation to prevent recurrence in patients with high risk
factors, with radiation alone for patients with intermediate
risk and those at high risk for recurrence who are unsuitable
for postoperative chemoradiotherapy [28].

Several studies have shown that concomitant chemora-
diotherapy improves both locoregional control and survival
compared with chemotherapy followed by RT [26, 29, 30].
Disease-free survival (DFS) was demonstrated in the
Radiation Therapy Oncology Group (RTOG) 91-11 study to
be significantly prolonged in patients who received
chemoradiotherapy compared with RT alone [31]. In addi-
tion, elective RT can be beneficial in patients with clinically
negative regional lymph nodes who have >20% increased
risk of occult cervical nodal disease. The principal aim of
either elective surgery or RT is to maximize the rate of
control of the disease in the neck. Söderström and colleagues
showed that RT fractionation in the head and neck resulted
in significant risk reduction for regional recurrences of
elective treatment [32].

Chemotherapy

Chemotherapy has been shown to be beneficial in recurrent
disease or in the locally advanced previously untreated
patients. Historically, the most common regimens for
recurrent/metastatic HNSCC included cisplatin plus 5-FU,
cisplatin plus a taxane, or single-agent methotrexate with
unproven survival benefits [33–35]. Cisplatin has been a key
agent and has shown to be effective [36, 37]. However,
combination cytotoxic chemotherapy (cisplatin plus
5-fluorouracil, cisplatin plus paclitaxel, 5-fluorouracil plus
hydroxyurea) has been a more standard treatment as a
component of definitive chemoradiotherapy for locally
advanced and unresectable disease.

A randomized phase II trial (RTOG 97-03) comparing
outcomes with three doublet regimens in combination with
RT in patients with advanced disease comparing cisplatin
plus paclitaxel, cisplatin plus 5-fluorouracil, or hydroxyurea
plus 5-fluorouracil showed cisplatin plus paclitaxel to have
much better 2-year DFS, OS, and CR rates with less
locoregional failure at 2 years [38]. Also, a combination of
three chemotherapy agents has been used in recurrent or
metastatic HNSCC. In a phase II study of paclitaxel, ifos-
famide, and carboplatin (the TIC regimen) in patients with
recurrent or metastatic head and neck squamous cell carci-
noma, 59% experienced major response [39].

Understanding the molecular basis of HNSCC has led to
the study of EGFR-targeting agents such as cetuximab and
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lapatinib [40]. The RTOG 90-03 trial demonstrated that high
EGFR expression measured by immunohistochemistry was
associated with a higher risk of both locoregional recurrence
and death in comparison with tumors with EGFR expression
below the median [41]. Based on the RTOG-0522 trial, there
appears to be no benefit from adding cetuximab to cisplatin
and RT in the curative setting.

The benefit of neoadjuvant chemotherapy is still contro-
versial [42, 43]. For the most part, adjuvant chemotherapy is
not indicated for postoperative HNSCC patients [28]. In a
randomized trial comparing surgery and adjuvant RT versus
concurrent chemoradiotherapy (CCRT) in patients with
advanced, nonmetastatic HNSCC for patients with oral
cavity cancer, survival was significantly better in those who
underwent primary surgery compared with CCRT [44].
However, CCRT has been shown to have significant
advantage over RT alone in the adjuvant setting for high-risk
disease (defined as extracapsular extension and microscopic
disease at the resection margin) [45].

The role of induction chemotherapy (ICT) has been
reconsidered since the introduction of taxane–
platinum-based(TPF) combinations that have proven to be
superior to a platinum–fluorouracil (PF) schedule in
locoregionally advanced disease. However, induction
chemotherapy is not considered standard treatment in
advanced disease [46]. Studies of induction chemotherapy,
followed by chemoradiation, have failed to improve survival
or decrease the risk of distant metastases [47, 48].

Neurologic Complications of Head and Neck
Cancer

Neurologic complications of head and neck cancer are quite
different from most other solid tumors. Brain metastases and
leptomeningeal metastases are quite rare. However, due to
the close proximity of the skull and brain, the brain is sus-
ceptible to both local spread of cancer as well as the toxic-
ities of local therapies.

Direct Extension of Primary Tumor

The main routes of tumor extension include direct extension
into the skull either through openings in the skull or through
erosion of bone and creation of an opening, or via extension
of long nerves [49]. Additionally, tumor may spread via
lymphatics. The incidence rates of perineural spread range
from 14 to 63.2%. Of head and neck tumors, the adenocystic
carcinoma of the salivary gland, nasopharynx, oropharynx,
or paranasal sinus is reported to have approximately 50%
incidence rates of perineural growth [50].

Perineural spread of tumor is the most difficult to detect
as patients typically present with rather nonspecific symp-
toms such as pain, numbness, or paresthesias. Careful neu-
rologic examination can localize the lesion. Imaging is
challenging as these tumors growing along nerves tend to do
so linearly rather than creating a large bulky mass. MRI is
the preferred imaging technique due to its superior soft tissue
resolution. MRI can also examine the entire course of the
nerve to detect skip lesions and plan for correct treatment
(surgery vs. RT) targeting the entire extent of disease [49].

In a retrospective study of 89 patients who underwent
radical surgery for oral tongue squamous cell carcinoma,
perineural invasion was found in 27.0% of cases and the
5-year disease-specific survival (DSS) and overall survival
rates for these patients were significantly lower than those
without perineural invasion [51]. Perineural growth in
HNSCC is often found in the fifth and seventh cranial nerves
and their branches [52, 53]. This may be due to widespread
innervation of the head and neck by these two nerves. In
addition, these nerves meet at three different points and may
provide routes for the cancer to spread from one nerve to the
other [54]. See Fig. 28.1a, b.

When HNSCC has spread intracranially along peripheral
nerves or cranial nerves, treatment may include surgery,
intensity modulated radiation therapy (IMRT), or stereotac-
tic radiosurgery (SRS). The surgical excision must always
follow the path of the involved nerve until clear margins are
obtained. The adjuvant therapy is mandatory; IMRT and
SRS offer the advantage of reduced toxicity and, therefore, a
better quality of life for these patients [55]. IMRT is pre-
ferred for large or diffuse intracranial spread. Even though
SRS may provide effective local control with less morbidity
for recurrent head and neck cutaneous squamous cell car-
cinoma, the rate of out-of-field failures remains unacceptably
high [56].

Head and neck cancer can spread through thin bones of
sinuses, cribriform plate, skull, orbit, and cavernous sinus
and produce neurologic symptoms such as anosmia, cere-
brospinal fluid leak, or frontal lobe syndromes. See
Fig. 28.2a, b. In a study of 40 cases of head and neck can-
cers that sufficiently invaded adjacent skull, dura, or brain,
the most common tumors were found to be sinonasal-origin
tumors (n = 17) and cutaneous tumors (n = 10); others were
olfactory neuroblastomas, middle ear-origin basal cell car-
cinoma, recurrent glomus jugulare, and orbital malignant
hidradenoma [57]. The cavernous sinus invasion can be seen
at the first presentation in advanced cases or in recurrent
cases of nasopharyngeal carcinoma via the inferior orbital
nerve. Patients may complain of diplopia, headache, prop-
tosis, ptosis, or trigeminal paresthesias [58, 59]. The best
imaging with highest specificity to detect bone erosion is
multi-detector computed tomography (MDCT) with
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multi-planar reformations and bone and soft tissue algo-
rithms [60].

Nasopharyngeal Carcinoma
Nasopharyngeal carcinoma (NPC) commonly presents with
neurologic symptoms and complications. In a study of 381
patients with NPC, 113 (30%) were found to have neuro-
logic complications. Sixteen percent presented with neuro-
logic symptoms within one month to seven years. In
two-thirds of patients, the neurologic picture began with
either diplopia or sensory disturbance in the face. Neurologic
examination revealed cranial nerve damage in almost all
cases. The abducens nerve was involved in 68% of patients,
the trigeminal in 47%, and the glossopharyngeal-vagus in
38%. Combinations of fifth and sixth cranial nerves were the
most common [61]. NPC can also present with ptosis and a
fourth nerve palsy. The frequency of diagnosed CN palsy in
NPC ranges from 8.0 to 12.4%. NPC can invade upward and
backward through the skull base to the cavernous sinus and

middle cranial fossa and invade CN II to VI (upper CN
palsy). It may also involve the carotid space and invade
CN XII as it exits through the hypoglossal canal, CN IX to
XI as they emerge from the jugular foramen, and the cervical
sympathetic nerves.

Invasion of brain parenchyma, dura, and leptomeninges is
rare; however, a few cases have been documented [62, 63].
NPC may spread into the cavernous sinus from tumor sur-
rounding the horizontal portion of the internal carotid artery,
foramen ovale, orbital fissures, or directly through the skull
base [64, 65]. MRI with contrast is the best study to detect
CN, parenchymal, dural, or leptomeningeal involvement. It
shows either enhancement of soft tissue tumor along the
course of the nerve, or perineural spread, with enlargement or
abnormal enhancement of the nerve, or neuroforaminal
enlargement. Meningeal involvement appears as nodular
enhancement, often along the floor of the middle cranial fossa
or posterior to the clivus [65]. Clinicians need to maintain a
high index of suspicion for dural metastasis in patients with
radiographic signs (dural tale) of dural mass [62].

Orbital Tumor
Given the proximity of the nasal cavity and paranasal
sinuses to the orbit, many tumors arising from these struc-
tures can cause orbital invasion via the inferior orbital fis-
sure, optic canal, and superior orbital fissure [65, 66]. The
incidence varies with the site of origin, histology, and
aggressiveness of the particular tumor. Visual symptoms,
including unilateral epiphora, proptosis, and diplopia, occur
in 50% of patients with malignant sinonasal tumors and
obviously relate to the site of disease with 62% of ethmoidal
as opposed to 46% of nasal tumors producing orbital prob-
lems. Tumors may invade the orbit via preformed pathways,
via neurovascular structures, or by direct extension through
bone. Tumor extension into the orbit occurs particularly in
ethmoid tumors, because of the thin lamina papyracea sep-
arating the two structures [67, 68].

Orbital invasion (bone erosion/invasion) occurs in 60–
80% of maxillary sinus malignancies [69]. Orbital involve-
ment is associated with a significant reduction in survival
both in ethmoid and maxillary sinus tumors [68]. CT or MR
with contrast is a good diagnostic tool for orbital metastasis
[70]. Management consists of surgery in which the orbit is
usually spared if there is no involvement of soft tissue, and
orbital clearance when there is soft tissue involvement.
Studies have not shown any significant difference in survival
and recurrence rate in sparing the orbital content or including
orbital clearance [69, 71]. Also, simultaneous combined
conservative surgery, RT, and regional chemotherapy have
been shown to have 5-year survival and local control to up to
60% [72, 73].

Fig. 28.1 Histological analysis of perineural invasion of HNSCC.
Perineural (a) and intraneural invasions (b) by squamous cell
carcinoma of the head and neck (H&E staining). White dotted lines
indicate the nerve; black dotted lines indicate perineural invasion, and
black arrows indicate intraneural invasion. (Used with permission of
Elsevier from Roh et al. Perineural growth in head and neck squamous
cell carcinoma: a review. Oral Oncol 2015; 51(1): 16–23.)
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Skull Base Paragangliomas
Another tumor frequently manifesting neurologic symptoms
is paraganglioma of the head and neck. These tumors are
also known as chemodectomas or glomus tumors. The origin
of these cells is from paraganglionic cells in the adventitial
of the jugular bulb. The medial wall of the jugular bulb
prevents tumor spread. However, once it is invaded, the
tumor involves the lower cranial nerves and can also spread
intracranially. Inferiorly, it spreads to the neck through the
carotid foramen and the carotid sheath. These tumors are
four to six times more common in women [74]. Approxi-
mately 30% of apparent familial head and neck paragan-
gliomas are due to germ line mutations in one of the genes
SDHB, SDHC, and SDHD. The risk of manifestation of the
disease phenotype is only increased if the mutation is
inherited through the paternal line [75].

These tumors are slow growing, but rarely can produce
problems by local invasion. The four main locations of
glomus tissue within the head and neck are as follows: (1) at
the carotid bifurcation (carotid body tumor); (2) in the
inferior ganglion region (ganglion nodosum) and cervical
portion of the vagus nerve (glomus vagale); (3) in the jugular
bulb region (glomus jugulare); and (4) in the middle ear
cavity (glomus tympanicum, associated with the tympanic
branch of the glossopharyngeal nerve). Glomus tympanicum
is associated with the tympanic branch of the glossopha-
ryngeal nerve and can produce pulsatile tinnitus and con-
ductive hearing loss over a few years. Glomus vagale can
grow rostrally and compress CN VII and VIII in the internal

auditory canal causing loss hearing loss (in 60-80%) and
pulsatile tinnitus and, in some cases, facial paralysis. Glo-
mus jugulare can involve CN IX, X, and XI, causing
hoarseness, dizziness, or dysphagia [74, 76, 77].

The best imaging modality to detect the extent of the
lesion is high resolution CT (HRCT) and gadolinium-
enhanced MRI. MRI is superior to CT scanning in providing
exact delineation of glomus tumors and better differentiation
of tumor from inflammatory tissue and areas of hemorrhages
[76]. There is no consensus on the appropriate treatment for
malignant paraganglioma. However, gross total surgical
resection remains the mainstay of treatment. Postoperative
irradiation has been shown to be beneficial in slowing the
progression of residual disease and improving median
overall survival by about 33 months [78, 79].

Metastatic Disease

Leptomeningeal Metastasis
The incidence of leptomeningeal disease in HNSCC is about
1–2% versus 5–10% in solid tumor SCC. Perineural inva-
sion is the predominant route of spread to the meninges [80].
Leptomeningeal spread in head and neck cancer is rare and
has a poor prognosis [81]. Unlike SCC of solid tumors,
HNSCC rarely involves spinal cord and spinal nerve roots.
Only one case of intramedullary spinal cord metastasis has
been published [82]. The most sensitive imaging is currently
MRI, which shows nodules or meningeal contrast

Fig. 28.2 Magnetic resonance
images indicate perineural spread
of head and neck cancer. MRI of
carcinoma in a 67-year-old female
in the a cavernous sinus which
houses several cranial nerves, the
foramen ovale where the V3
branch of the trigeminal nerve
emerges from the brain, and
b foramen rotundum where the
V2 branch of the trigeminal nerve
emerges from the brain. White
dotted lines indicate perineural
spread

28 Neurologic Complications of Head and Neck Cancer 531



enhancement [83]. Currently, treatment options include RT,
intrathecal chemotherapy, or systemic therapy with CNS-
penetrating agents. Epidermal growth factor receptor inhi-
bitors and locally delivered chemotherapy may be effective
in such cases [81].

Parenchymal Brain Metastases
Parenchymal brain metastases are very rare, and only a few
case reports have been documented. The majority of these
cases had long periods of time over which the patients had
untreated primary disease [84, 85]. If brain metastasis
appears in long-term survivors of HNSCC, there should also
be high suspicion for a second primary malignancy. The
origin of these brain metastases is either hematogenous
(majority involving lung) or from CSF spread [86, 87]. In an
autopsy of 2452 patients, 3% of all intracranial metastases
were found in patients with HNSCC [87]. Over the past
decade, there has been some rise in the incidence of brain
metastasis from HNSCC. Some relate this rise to the increase
in distant metastasis in patients with HNSCC who are
HPV-positive [85]. In a study of 38 patients who underwent
surgical excision of squamous cell carcinoma to the brain, 7
(18%) were from head and neck, and HPV-16 was detected
in 4 (57%) of these HNSCC. In this study, invasive neuro-
surgical interventions, systemic chemotherapy, and RT were
attempted to palliate symptoms in patients who presented
with neurologic decline [85]. Hardee and colleagues rec-
ommend surveillance brain MRI for patients with
long-standing untreated primary oral SCC [84].

Epidural Spinal Cord Compression
Epidural spinal cord compression is also very rare in
HNSCC compared with other solid tumors. In a study of 759
patients with head and neck cancer, 5 developed epidural
compression (1%) [88]. In two large studies from Memorial
Sloan Kettering Cancer Center, one showed 6% of cases of
epidural metastasis originated from HNSCC [89, 90].
Another study of 337 patients with epidural spinal cord
compression at the Mayo Clinic found HNSCC accounted
for 1.5% of all cases [91]. Rades and colleagues developed a
scoring system based on eleven factors including age, gen-
der, performance status, tumor site, time from cancer diag-
nosis until epidural spinal cord compression, affected
vertebrae, walking ability, further osseous lesions, organ
metastases, time developing motor deficits, and radiation
regimen to estimate 6-month survival probabilities of these
patients [92]. In general, aggressive treatment of spinal
epidural compression (surgical resection and RT) is recom-
mended to achieve long-term survival [88]. Due to the rarity
of epidural spinal cord compression of HNSCC tumors, if
they are seen in patients without evidence of disease for
more than 2 years, clinicians should suspect a second pri-
mary malignancy.

Brachial Plexopathy
The brachial plexus is occasionally involved with advanced
HNSCC. In a series of 75 patients at Memorial Sloan Ket-
tering with brachial plexopathy due to neoplastic infiltration,
only four patients had head and neck cancers [93]. These
tumors will grow inferiorly, invading the superior plexus.
The pattern of plexus involvement could be patchy due to
irregular and random involvement of different areas of the
plexus proximally and distally [94]. Contrary to
radiation-induced plexopathy, neoplastic brachial plexopa-
thy is painful and pain is the most common presenting
symptom (75%) [93]. Prior neck dissection, concurrent
chemotherapy, and maximum dose RT are significant risk
factors for brachial plexopathy [95]. Treatment of metastatic
plexopathy is palliative and includes RT to the tumor mass
and chemotherapy [96].

Syncope and Glossopharyngeal Neuralgia
Glossopharyngeal neuralgia (GPN) is a rare complication of
HNSCC [97, 98]. As in idiopathic cases, a brief severe
stabbing pain felt in the ear, base of the tongue, tonsillar
fossa, or beneath the angle of the jaw triggered by swal-
lowing, talking, or coughing commonly exacerbates the
pain. Syncope may accompany both idiopathic and
tumor-related glossopharyngeal neuralgia in about 84% of
cases [99]. In rare cases, GPN can present with syncope with
no associated pain [100]. In nasopharyngeal carcinoma
(NPC), syncope may be caused by parapharyngeal space
extension, cervical lymph node involvement, and the inva-
sion of the skull base causing lower cranial nerve palsies.
This is mainly due to compression of the carotid sinus or
glossopharyngeal nerve invasion [98]. During severe GPN
pain, patients may experience pallor, followed by hypoten-
sion associated with bradycardia, which can lead to a loss of
consciousness and associated tonic-clonic limb jerking
movements [100]. Treatment for GPN includes anticonvul-
sant medications such as carbamazepine, gabapentin,
phenytoin, oxcarbazepine, or pregabalin. For syncope,
atropine should be used first, then RT with or without
chemotherapy maybe effective [98, 100]. Rhizotomy and
microvascular decompression of cranial nerves IX and X is
the first surgical choice for pain relief [100].

Paraneoplastic Neurologic Syndrome
HNSCC rarely accounts for neurologic paraneoplastic syn-
dromes (PNS). Among head and neck tumors, paraneo-
plastic SIADH is most commonly associated with squamous
cell oral cavity cancer. Two retrospective studies reported an
incidence of 2% in a series of 260 cases, and an incidence of
3% in 1436 patients [101, 102]. The resulting hyponatremia
may produce encephalopathy and seizures. Hormonal
hypercalcemia (HH) is the most common PNS in patients
with HNSCC with an incidence of 2.6–7.2% and has a poor
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prognostic significance. Most of the reported cases of para-
neoplastic HH with oral cancer were diagnosed after RT
and/or chemotherapy. Patients may experience confusion or
fatigue. Dermatologic PNS is less common, but when they
occur, they may precede the diagnosis of the oral tumor.
Acrokeratosis paraneoplastica is a dermatologic PNS asso-
ciated with HNSCC. The treatment of the skin lesions is
directly related to the eradication of the underlying neoplasm
by surgery, chemotherapy, or RT [103].

Neurologic Complications of Treatment

Surgery

Resection of primary head and neck cancers often requires
sacrifice of terminal branches of sensory nerves to the face,
oral, and nasal cavity, the oropharynx and hypopharynx, or
dermatomal branches of the upper cervical nerve roots. See
Fig. 28.3. This typically causes severe side effects such as
facial deformity, speech and swallowing difficulties, and
chronic pain in the oral cavity, neck, face, or shoulder. The
incidence of chronic pain approaches 40% at one year and
15% at five years. The accessory nerve and the nerves of the
superficial cervical plexus are commonly injured and can
cause typical and identifiable neuropathic pain syndromes
[104]. Medications such as anticonvulsants (gabapentin,
carbamazepine) are helpful in alleviating hyperalgesia and
allodynia confined to a peripheral nerve in the acute

postoperative setting [105]. Postoperative physical therapy
techniques prevent chronic shoulder pain syndromes [106].

The most characteristic postoperative neurologic com-
plications seen in patients with head and neck cancer are
those related to neck dissection. The standard radical neck
dissection involves removal of the sternocleidomastoid,
digastric, and stylohyoid muscles, the internal and external
jugular veins, the submaxillary gland, and the spinal acces-
sory nerve. Swift examined 24 patients who underwent a
total of 33 radical neck dissections in the years from 1951 to
1967. All had shoulder weakness, droop (accessory nerve),
and scapular winging (cervical plexus). He also found
lesions of the mandibular branch of the facial nerve in 67%,
hypoglossal nerve in 39%, sympathetic nerve fibers in 33%,
the vagus nerve in 15%, and phrenic nerves in 10%. Patients
with involvement of the carotid sheath were at greater
postoperative risk of Horner’s syndromes. Sensory loss was
mostly limited to the ear, occiput, and supraclavicular
regions [107]. However, recently there have been many
attempts to spare the spinal accessory nerve, which has been
shown to improve quality of life [108].

Carotid rupture is another significant neurologic compli-
cation from neck dissection or advanced HNSCC. Invasion
of the carotid artery could also be seen by recurrent HNSCC.
Many surgeons remove the affected carotid artery along with
the tumor and do reconstruction of the vessel. Carotid artery
rupture (carotid blowout) may occur either as a surgical
complication in 3–5% of aggressive HNSCC resections, or
in the setting of post-RT tumor resection [109, 110].
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the neck which might be injured
by radical neck dissection.
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Ligation of the common carotid or internal carotid artery was
standard therapy; however, it led to major strokes. One study
showed major neurologic complications with carotid ligation
in an emergency setting of about 60% with mortality rates of
40% [110]. In a retrospective study of 28 patients with
advanced head and neck malignancy who underwent carotid
resection, 12 patients underwent immediate carotid artery
resection and ligation, one patient died of severe neurologic
deficits, two patients experienced neurologic deficits with
good recovery, and one patient was moderately disabled
[111]. This poor outcome has been significantly improved
by endovascular techniques (e.g., coils, balloons, stents)
[112].

Sacrifice of the internal jugular vein(IJV) can also pro-
duce major neurologic deficits such as increased intracranial
pressure (ICP) [113]. This may be associated with headache,
facial swelling, and cerebral edema resulting in seizures and
obtundation. The symptoms may worsen in a supine patient
due to the effects of impaired venous drainage upon
ICP. Attempts have being made to spare the IJV; however,
IJV preservation is associated with an increased risk of neck
failure and a worse outcome mainly in patients with extra-
capsular node involvement [114]. Benign intracranial
hypertension has also been documented in either bilateral or
unilateral RND due to resection of the dominant IJV in the
presence of a hypoplastic or aplastic contralateral IJV or
transverse sinus. In some cases, this can result in permanent
visual loss. MRA is an effective technique to diagnose and
follow these patients [115].

Radiotherapy

Radiotherapy for head and neck cancers typically involves
the administration of 7000 cGy over six to seven weeks with
a dose of 5600 cGy delivered to the areas of likely micro-
scopic disease involvement, and 5000–5250 cGy delivered
to areas at very low risk for presence of tumor [116]. Some
patients with radiation injury to the cervical spinal cord
experience Lhermitte’s sign (LS) , which is an electric
shock-like sensation, spreading along the spine in a
cervico-caudal direction and also into both arms and legs
upon forward flexion of the neck. Radiation can produce
spinal cord toxicity in a transient form or reversible
myelopathy characterized by LS, which appears soon after
or within six months of RT with duration of weeks to six
months [117]. The toxicity is due to demyelination of the
ascending sensory axons. The incidence of LS developing in
the context of transient radiation myelopathy was reported to
be between 3.6 and 13% in large patient groups receiving
RT for head and neck and thoracic malignancies [118]. At
present, the maximum dose considered safe for spinal cord
tolerance and the prevention of delayed radiation

myelopathy is 45–50 Gy delivered in 1.8–2 Gy daily frac-
tions. When the spinal cord dose is kept below 50 Gy, the
incidence of delayed radiation myelitis is very low [119]. In
transient cases, MRI may be normal even if the patient has a
severe neurologic deficit, as positive MRI findings appear
only in delayed radiation myelitis [120]. In the absence of
pain or other signs of myelopathy, close follow-up is all that
is needed. However, occasionally patients with HNSCC
develop serious late-delayed radiation myelopathy (inci-
dence of 0.5–5%). The incidence increases with doses above
5500 cGy, high dose fractions, and longer length spinal cord
in the radiation field [121]. Time of onset of symptoms
following RT is variable and ranges from 12 months to eight
years. Typical symptoms are those of a slowly progressive
ascending sensorimotor disturbance. MRI has enabled both
an early and specific diagnosis of radiation myelitis. Imaging
reveals central cord swelling confined to the irradiated field
and, in some cases, cord atrophy [122]. Clinical features of
radiation myelopathy are discussed in Chap. 14. See
Fig. 28.4a, b.

Patients with treated head and neck cancer may have
focal neurologic symptoms and personality changes due to
delayed cerebral radionecrosis. These lesions are usually in
the frontal and temporal regions and on imaging may
resemble high-grade gliomas or metastatic tumors.
Histopathologic changes include fibrotic response of the
meninges with pleomorphic and vacuolated fibroblasts,
capillary hyperplasia, reactive astrocytes, and fibrosis of the
blood vessels. Craniotomy is the recommended course of
treatment [123] for symptoms unresponsive to corticos-
teroids or bevacizumab.

Cranial nerve palsy (CNP) is a rare complication of RT.
In a study of 328 patients with nasopharyngeal carcinoma
who received RT, 72 were found to have CNP after a mean
follow-up of 11.2 years. The latency of palsy ranged from
0.6 to 16 years. Most patients develop CNP after two years.
In those who received first course RT, CN IX and CNX were
mostly affected (85%). In patients with reradiation, most had
multiple upper cranial nerve injuries. Patients with facial–
cervical field radiation had a significantly longer latency
compared with patients who developed facial–cervical split
fields [124]. In other studies, CNXII nerve has been shown
to be most commonly affected [125].

Vasculopathy from RT for head and neck cancers may
cause neurologic symptoms. The damage to small vessels
and the endothelium can produce cerebral radionecrosis
[123]. The injury to large vessels, such as the carotid artery,
leads to stroke. The key mechanism of accelerated carotid
atherosclerosis, endothelial damage, and fibrosis are due to
tissue necrosis and inflammation caused by radiation. These
mechanisms resemble morphologic features of spontaneous
atherosclerosis [126]. Radiation-induced carotid disease is
limited to the irradiated area and is less likely associated
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with atherogenic risk factors [127]. In a meta-analysis of 34
papers on radiation-induced carotid atherosclerosis, the
authors found relative risk of stroke to be 5.6 in patients
treated for head and neck cancer. The prevalence of carotid
artery stenosis was increased by 16–55%, and carotid intima
medial thickness was increased by 18–40% [128]. Carotid
Doppler is recommended for long-term follow-up of these
patients.

Chemotherapy

Cisplatin produces dose-related ototoxicity and peripheral
neuropathy. It occasionally causes LS, which indicates the
involvement of the centripetal branch of the sensory pathway
within the spinal cord [129]. Chemotherapy protocols for
head and neck cancers using cisplatin (commonly
100 mg/m2 for every 3 weeks with concurrent radiation)
rarely achieve the cumulative dose of cisplatin sufficient to
produce a high incidence of peripheral neuropathy (cumu-
lative dose � 300 mg/m2). Peripheral sensory neurotoxici-
ties with platinum agents vary from paresthesias in fingers,
loss of vibration, and ankle jerks to ataxic gait (loss of
proprioception), which might be transient or irreversible. It
damages peripheral nerves and dorsal root ganglia neurons,
possibly because of progressive DNA-adduct accumulation

and inhibition of DNA repair pathways which mediate
apoptosis [130]. However, severe neuropathy is seen in <1%
of patients treated for head and neck cancer. Ototoxicity is
another progressive and irreversible adverse effect of plat-
inum chemotherapy with a high frequency of almost 88%; it
usually presents bilaterally and may occur during or years
after treatment [131]. Cisplatin accumulates in the cochlear
tissue, forms DNA adducts, and causes inefficient and dys-
functional protein and enzyme synthesis leading to apoptosis
of auditory sensory cells [132]. However, severe ototoxicity
is seen in fewer than 5% of treated HNSCC patients. Cis-
platin is almost always given in combination with other
chemotherapy drugs and/or radiation, which could also be
neurotoxic. However, the concurrent use of cisplatin/5-FU in
moderate doses with radiation resulted in no instances of
myelopathy or other CNS complications [133].

Other chemotherapeutic agents, including paclitaxel and
docetaxel, are used in combination with cisplatin for treat-
ment of head and neck cancer. This increases the risk of
peripheral neuropathy. Paclitaxel-induced peripheral neu-
ropathy is also associated with proximal muscle weakness
[134]. The combination of paclitaxel, ifosfamide, and cis-
platin (TIP regimen) is sometimes used for recurrent head
and neck cancer, which can cause a higher incidence of
peripheral neuropathy and fatigue. When cisplatin was
replaced with carboplatin in the regimen (TIC), the side

Fig. 28.4 Sagittal post-Gd and T2-weighted MR images of a
64-year-old man with six weeks of right-sided numbness from the
neck down. He had received radiation (74 Gy) and concomitant
chemotherapy three years earlier for squamous cell carcinoma of the
hypopharynx. His cancer was in remission; body PET-CT and brain

MRI were normal. He remained clinically stable without intervention,
and follow-up MRI two years later showed resolution of contrast
enhancement and the development of myelomalacia consistent with
evolving radiation myelopathy
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effects decreased significantly [39]. Other new chemother-
apy agents, such as cetuximab, can cause peripheral neu-
ropathy, fatigue, and weakness. However, there are not
many cases reported in the literature.

Conclusion
Head and neck cancers, along with their treatments, can
cause many neurologic complications. These are high-
lighted by the close proximity to the brain which proves
challenging for treatment as well as offers the opportunity
for cancers to extend directly into the cranium. Cranial
neuropathies are quite common, mostly due to perineural
spread of cancer. HNSCC rarely causes the more tradi-
tional CNS metastasis or leptomeningeal disease; how-
ever, when they occur, clinicians should suspect a second
primary malignancy as a result of HNSCC treatment with
chemotherapy and radiation. Surgical resection of head
and neck cancer can cause significant neurologic com-
plications such as cranial neuropathies, chronic pain
syndrome, syncope, seizure, and stroke. Modified radical
neck dissection and advanced endovascular techniques
are some of the newer methods that have decreased the
incidence of serious neurologic complications. Personal-
ity changes, myelopathy causing LS, and strokes are
some of the serious adverse effects of RT and should be
considered as a cause. Cisplatin is the most commonly
used chemotherapy for HNSCC. Cisplatin in combination
with other chemotherapy agents such as paclitaxel, ifos-
famide, or docetaxel can increase the incidence of
peripheral neuropathy.
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29Neurological Complications of Malignant
Melanoma
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Malignant Melanoma

Incidence and Age-Groups

Skin cancer is the most commonly diagnosed cancer in the
USA. Melanoma comprises less than 2% of all skin cancer
cases, but causes the majority of skin cancer deaths [1]. The
highest incidence rates have been in Australia and New
Zealand with approximately 60,000 cases per 100,000.
Melanoma is the fifth most common cancer in men and the
seventh most common cancer in women [1, 2].

According to the American Cancer Society, melanoma
incidence rates have steadily risen over the past 30 years [3],
though rates have begun to plateau in younger age-groups.
Melanoma is the most common cancer among individuals
25–29 years of age. From 2007 to 2011, incidence rates
have plateaued in individuals under 50, but increased by
2.6% per year in those over 50, especially in men [4]. The
average age of diagnosis is 62. Pediatric melanoma is rare,
accounting for 1–3% of all pediatric cancers and 1–4% of all
melanoma cases [5]. The lifetime risk of melanoma is 2.4%
in whites, 0.5% in Latinos, and 0.1% in African Americans.
Between 2004 and 2007, the rates among whites were 25.4
per 100,000 men and 16.9 per 100,000 women [6, 7]. It is
estimated that there will be 9940 deaths from melanoma in
2015. Overall, the mortality rates have remained stable since
the 1980s despite increased incidence likely due to earlier
detection at a curable stage [8].

In the 1990s, mortality rates in the USA declined among
individuals aged 20–44 (39% in women, 29% in men), but

increased in men over age 45 (70% among men aged 45–64
and 157% among men over age 65). It is theorized that the
increased mortality in men over age 45 may be due to fewer
self-examinations, a difference in biology in this patient
population, or altered host defense mechanisms [9].

There has been an increase in the diagnosis of melanoma
in young women over the past thirty years. According to
SEER (Surveillance Epidemiology and End Results), there
was an increase from 8.1 in 1975 to 17.4 in 2008 in women,
while in men, the rate increased from 8.3 to 12.5 [10, 11].
The peak difference in gender incidence rates in young
adults occurs between ages 20 and 24. It is important to note
that this increased incidence was not observed in
non-melanoma skin cancers, which suggests that other fac-
tors are involved such as hormones [12].

Risk Factors

Although anyone can develop melanoma, most patients with
this cancer have fair skin. People with red or blond hair and
green or blue eyes are at highest risk.

Ultraviolet radiation is well known to contribute to cases
of melanoma via gene mutations, immunosuppression,
cyclobutane pyrimidine dimers, and oxidative stress [13].
A history of sunburns or tanning also increases the risk of
developing melanoma; indoor tanning increases the risk by
75%.

A family history of melanoma, especially in one or more
first-degree relatives, also increases a person’s chance of
developing melanoma. Approximately 10% of individuals
with melanoma have a family history. Familial melanoma
occurs in 5–10% of patients and is consistent with an
autosomal dominant, highly penetrant mutation [14]. Diag-
nosis typically occurs at an earlier age than sporadic cases
with more than one primary melanoma visualized. This
particular population is referenced as having Familial Mel-
anoma Syndrome, Hereditary Dysplastic Nevus Syndrome,
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or Familial Atypical Mole and Malignant Melanoma
Syndrome [15, 16]. 30–40% of cases of familial melanoma
are due to CDKN2A and CDK4 mutations [17].
Li-Fraumeni syndrome has also been linked to melanoma
and may have an associated CDKN2A pathway [18, 19].
Numerous additional mutations can be found in melanoma
[20–30].

There is a 5% chance that a person with a prior history of
melanoma will develop melanoma again. A history of basal
cell carcinoma or squamous cell carcinoma also increases
risk of developing melanoma. Cutaneous melanomas have
been associated with neurofibromas [31] and meningiomas
[32].

Patients who have received solid organ transplants have a
2.4-fold increased incidence of melanoma as compared to
the general population [33]. It is postulated that the
immunocompromised state is the independent risk factor,
though the immunosuppressant medication itself may also
play a role [33]. Tumor necrosis factor (TNF)-a inhibitors
have been noted to increase incidence of melanoma in a
dose-dependent fashion [34].

There is a sevenfold increased relative risk of melanoma
in individuals with Parkinson’s disease. Conversely, those
with melanoma have an increased risk of developing
Parkinson’s disease. It is unclear whether dopaminergic
therapies (levodopa in particular) play a role [35–37].

Early Detection and Prevention

Melanoma begins in melanocytes which produce melanin,
making the lesions black or brown, though they can also
appear white, tan, or pink. Melanoma is more commonly
found on the trunk and extremities in younger individuals
and on the head or neck in older individuals. It is thought
that melanomas located on the trunk are seen in the setting of
multiple or atypical nevi, while head and neck melanomas
are related to chronic actinic damage [8].

Staging and Treatment Overview

Clinical staging takes into account findings from a physical
examination, biopsy or resection of the tumor, and imaging
studies. Pathologic staging refers to the aforementioned
clinical staging but also includes lymph node biopsy results
[3].

The American Joint Commission on Cancer (AJCC)
created a TNM system to stage melanoma, which can
determine overall prognosis and help guide treatment [38].
The T stage stands for tumor classification and refers to the
thickness of the melanoma. Depth of invasion is also refer-
red to as the Breslow measurement, which involves using an

ocular micrometer to measure from the granular layer of the
epidermis to deepest point of invasion. The thickness is rated
from 0 to 4 (measured in millimeters). Melanomas less than
1 mm thick are less likely to spread with increasing risk of
spread overtime as thickness increases. An “a” or “b” may
also be added and refers to mitotic rate and ulceration.
A high mitotic rate is suggestive of a rapidly spreading
melanoma, and ulceration refers to breakdown of the skin
over the melanoma, both leading to a worse prognosis.
Stage IA melanoma has a five-year survival rate of 97%.

The N stage refers to lymphatic spread and is rated 0–3
depending on whether there is lymph node or lymphatic
channel involvement based on the sentinel lymph node
biopsy. N2 and N3 can involve spread to surrounding skin
(satellite tumors) or spread to surrounding lymph nodes
areas (in-transit tumors). An “a, b, or c” may also be added;
the “a” refers to microscopic spread only, “b” denotes that
the melanoma involving the lymph nodes was either palpa-
ble or visible on imaging studies (macroscopic spread), and
“c” refers to melanoma spread involving satellite tumors or
spread to skin lymphatic channels surrounding the tumor.

The M stage stands for metastases and also includes LDH
levels. It is rated 1 if there is any evidence of metastasis and
a-c depending on whether serum LDH is elevated (c).

Patterns of Distant Metastases

The five- and ten-year survival rates for Stage IV melanoma
are about 15–20% and 10–15%. The overall outcome is
slightly improved if the serum LDH is normal or if the
spread is only to distant lymph nodes or distant parts of the
skin.

Melanomas metastasize via hematogenous or lymphatic
spread. 25% of patients with metastatic melanoma have
visceral metastases commonly located in the lung (18–36%),
brain (12–20%), liver (14–20%), and bone (11–17%) [39,
40]. Other sites of metastases include the lymph nodes, soft
tissue, and colon. Overall prognosis is poor with a median
survival in untreated patients of 6–9 months, though this is
dependent on LDH levels and location of the metastases
[41].

CNS Metastases

Incidence

Melanoma is the third most common malignancy to metas-
tasize to the brain, second only to lung and breast cancer [42,
43]. In one study, melanoma was the second most common
type of brain metastasis, which may in part be due to
improved therapies for breast cancer causing the incidence
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of brain metastases to plateau [44]. There is some evidence
that melanoma, of all solid tumors, has the highest tendency
to metastasize to the brain, occurring in up to 10% of
patients with melanoma [42, 44, 45]. Half of the patients
with stage IV melanoma have radiographic evidence of
central nervous system (CNS) metastases, and autopsy series
have found evidence of brain metastases in 70% of patients
[14, 43, 46]. There does not appear to be an association with
CNS metastases and involved lymph node characteristics,
such as nodal region, size, number of involved nodes, or
capsular spread [47].

Risk Factors for Developing CNS Metastases
in Malignant Melanoma

There are multiple known risk factors for developing CNS
metastases. Primary melanoma located in the head, neck,
and the upper extremities is associated with an increased risk
[14, 41, 48–50], perhaps due to proximity to the CNS. Uveal
melanoma has a lower risk of CNS metastases than cuta-
neous melanoma [48].

The morphology of the primary melanoma is significantly
related to the risk of cerebral metastases. Factors such as
ulceration and/or superficial diameter of the skin lesions, and
increased thickness as measured per Clark’s Level or Bres-
low’s Depth, increase brain metastases risk [1, 7, 9, 10].

Male gender may also increase risk of CNS metastases,
perhaps because men develop melanoma of the head and
neck more often [14, 48, 50–52]. Some studies suggest that
patients over the age of 50 or 60 had an increased risk of
CNS metastases [44, 53], while others showed no impact of
age [50]. African Americans also seem to have a higher risk
of CNS metastases compared to Caucasians [44].

Systemic findings can give insight to the risk of CNS
metastases. The presence of visceral tumor metastases,
especially in the liver or lung, is highly predictive and may
precede the diagnosis of CNS metastases by only a few
weeks [14, 48, 50]. In addition, metastatic melanoma of
unknown origin has a higher risk of CNS metastases [48].
Elevation of serum LDH levels at the time of diagnosis of
stage III or stage IV melanoma also increases the risk of
CNS metastases [48, 50, 54, 55]. Melanoma that is BRAF-
or NRAS-positive is also more likely than wild type to
metastasize to the CNS [56].

Parenchymal Brain Metastases

The median time from diagnosing melanoma to developing
CNS is two to four years [14, 42, 57]. Although CNS
metastases tend to occur later on in the disease course, they

usually represent the first metastatic focus [58, 59]. Mela-
noma mainly spreads through the CNS via the vasculature
rather than through local diffuse infiltration or
well-demarcated growth [60]. In order to metastasize to the
CNS, melanoma develops molecular characteristics that
differentiate it from both the primary and extracranial
tumors. These changes allow melanoma cells to penetrate
the blood–brain barrier and may also give increased resis-
tance to chemotherapy [61]. Both intracerebral and extrac-
erebral metastases have identical ERK, p-ERK, and AKT
immunohistochemistry staining patterns; however, intrac-
erebral melanoma has been found to have hyperactivation of
the AKT to p-AKT and loss of expression of PTEN. In
addition, there was more activation of AKT to p-AKT in
melanocytes cultured in an astrocyte medium than in a
fibroblast medium. This suggests that the activation may be
due to intracerebral factors. Furthermore, resistance to
BRAF inhibitors (of melanoma brain metastases) seems to
be related to the PI3K-AKT pathway and downstream sig-
naling through MEK [62]. Additional traits that seem nec-
essary for CNS metastases include expression of VEGF,
STAT3, and heparinase activity [62–68].

The local CNS environment of a melanoma brain
metastasis is unique and likely plays a role in promoting
tumor survival and growth. One study evaluated 12 cytoki-
nes and chemokines of CSF samples of controls and CNS
melanoma patients, finding a significant difference between
the two. Chemokine CL22 and cytokines IL1a, CXCL10,
CCL4, CCL17, and IL8 were all increased. There was also
suggestion that the suppression of IL1a, IL4, IL5, and
CCL22 with an elevation of CXCL10, CCL4, and CCL17
may be related to more aggressive CNS metastases [69].
These immunologic changes may help explain the activity of
CTLA-4 and PD-1 inhibitors in brain metastases.

Clinical Presentation

The clinical manifestation of CNS melanoma metastases
depends on their location and disease burden [14]. Patients
often present with focal neurological symptoms, including
cranial nerve dysfunction, motor weakness, or generalized
symptoms such as cognitive impairment or seizures [50].
Around 40% of patients present with seizures at the time of
their initial diagnosis [55]. An additional common initial
presentation is headache with or without meningismus [14].
The CSF may have an increased opening pressure, elevated
WBCs, and/or protein and may have decreased glucose [14].
There may also be abnormal EEG findings, with intermittent
focal delta activity, localized higher frequency dysrhythmia,
or sharp waves or spikes. EEG findings are sensitive but not
very specific of CNS melanoma [14].
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Radiographic Findings

The distribution of melanoma cerebral metastases is related
to cerebral blood flow, with 85% of lesions in the cerebrum,
10–15% in the cerebellum, and 3–5% involving the brain-
stem. Lesions are usually within the gray-white matter
junction [70–73]. Single metastases are present in one-fourth
to one-third of patients on MRI [74]; however, compared
with other primary tumors, melanoma is more likely to have
multiple lesions [75–78].

As with other soft tissue cerebral lesions, MRI is more
sensitive in diagnosing metastatic melanoma compared with
CT, especially smaller lesions and infratentorial lesions [79–
81]. Melanoma enhances with contrast and tends to be
heterogenous in appearance (Fig. 29.1a–d). Lesions may
have hemorrhage or necrosis within them. Because of the
methemoglobin and melanin, melanoma commonly has
increased intensity on T1-weighted imaging sequences
before contrast. Due to the hemorrhagic nature, evidence of
cerebral metastases can be found on gradient echo sequen-
ces. If leptomeningeal disease is present, enhancement may
be seen in the cerebellar folio, leptomeninges, cranial nerves,
or on the ependymal surface [82] (Fig. 29.2a, b).

Tumor Hemorrhage

Brain metastases from malignant melanoma have a
hemmorhagic rate of 25–50% [73, 83–96]; even small
lesions can lead to significant hemorrhage. Intratumoral
hemorrhage presents with similar subacute progressive
symptoms as non-hemorrhagic brain metastases [86]. They
may also present with an abrupt onset of a headache with
focal neurological deficits progressing into obtundation,
while other will have worsening of their previous neuro-
logical deficits [86, 89, 97, 98]. Patients may be completely
asymptomatic with BM found on screening MRI [84].
Hypertension and thrombocytopenia do not lead to the
intratumoral hemorrhage [95].

Macroscopic bleeding is present in up to 80% of patients
with cerebral melanoma metastases [86, 90]. Patients with
multiple metastases tend to have bleeding into most of their
lesions rather than an isolated hemorrhage [86]. In addition,
up to 25% of patients who were previously thought not to
have hemorrhage were found to have histological evidence
of prior hemorrhage [90]. Hemorrhage may be intratumoral,
adjacent to the tumor, or may present as a larger intracerebral
hematoma surrounding scattered tumor fragments [89].
Intratumoral hemorrhage may be secondary to loss of vessel
integrity associated with inter- and intratumoral necrosis and
neovascularization [95]. The lesion size does not seem to
affect the risk of developing a hemorrhage; lesions ranging
from microscopic to 8 cm in diameter can bleed [89].

Intratumoral hemorrhage usually has non-contiguous
enhancing lesions, with hemorrhage occurring outside of
the basal ganglia region [86, 99], and enhancement adjacent
to the blood clot [86, 97]. Neoplastic hemorrhage usually
does not resolve on serial images and tends to have a
heterogenous intensity pattern on spin-echo sequences [100].

One report showed that up to 50% of patients with
cerebral melanoma may develop subdural hematomas [101].
Most subdural hematomas are asymptomatic, with only
one-fourth of patients presenting with symptoms. Usually,
patients will present with acute confusion or lethargy, and
only 10% have focal neurological deficits [86]. It is thought
that the etiology is secondary to neovascularization of tumor
cells that spread to the leptomeninges [98, 102]. Thrombo-
cytopenia is likely not related to the development of sub-
dural hematomas [86].

Prognosis

Like other systemic metastases to the CNS, melanoma
metastases carry a poor prognosis. CNS metastases are
present in up to 75% of patients who die from the disease
and are the cause of over half of all melanoma deaths [14,
42, 50, 103–105]. Patients with initial melanoma metastasis
in the CNS may have a better prognosis than patients with
initial metastasis elsewhere in the body [14, 46, 50].
Metastases to the lungs or liver have been found to worsen
the prognosis [14, 50]. There is also a relationship with the
prognosis and the location of the primary lesion, with head
and neck lesions shortening the survival time [50]. In
patients with >4-mm-thick melanomas, ulcerated primaries
had a significantly worse five-year survival rate, even when
controlling for thickness, mitotic rate, histotype, vascular
involvement, and lymph node status [49]. Early hemorrhage
also worsens the patient’s prognosis [106]. Unsurprisingly,
patients who respond to their initial management tend to
have a better prognosis than those who fail their initial
therapy [46].

The number and location of cerebral metastases discov-
ered at diagnosis is another factor that worsens prognosis,
with cerebellar and leptomeningeal metastases having a
worse survival [46, 96]. The extent of extracranial metas-
tases is associated with survival. The median survival in one
study of patients with controlled extracranial disease activity
was 12.7 months, which dropped to 3.9 months if the dis-
ease was active [96]. Hence, improving the prognosis for
patients with CNS metastases necessitates also controlling
systemic disease [96, 107].

The patient’s clinical status is another prognostic factor.
Patients who present with asymptomatic brain metastases or
have a systemic response after their first treatment have an
overall better prognosis [108]. Patients with Karnofsky
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Performance Score (KPS) � 90 do significantly better than
patients with a score � 80 [96, 107]. In addition, patients
with a higher Recursive Partitioning Analysis (RPA) class
had a worsened survival. In one study comparing patients’
RPA classes, those who were class 1 had a median survival
of 12.7 months, class 2 had 4.9 months, and class 3 had
2.3 months [96].

When one study evaluated 17 patients surviv-
ing > three years from initial diagnosis of cerebral
metastases, some shared characteristics included the lack
of a primary lesion in the head and neck region, only a
single CNS lesion discovered at diagnosis, no visceral
metastases, and surgical resection performed as the initial
treatment [50].

Treatment Overview

Patients with untreated brain metastases have a median
survival between 3 and 8 weeks [52, 70, 109, 110]. Once a
patient develops CNS metastases, it is important that pal-
liative care be a part of therapy discussions [57]. Although
current management can significantly prolong survival, in
particular for solitary brain metastases, the overall prognosis
remains poor [14]. This is largely due to melanoma being
characteristically radioresistant and chemoresistant. More-
over, in most cases, multiple metastases are found at pre-
sentation [45].

Some positive strides have been made in the past few
decades in the treatment of CNS melanoma. One study

Fig. 29.1 Brain MRI reveals
hemorrhagic melanoma
metastasis in the left frontal, left
superior temporal, and right
posterior temporal lobes. a, b
Gradient echo sequence; c, d T1
post-contrast sequence
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evaluating melanoma patients with cerebral metastases from
1986 to 2004 found that patients diagnosed before 1996 had
an average survival of 4.14 months, while those diagnosed
after 1996 had an average survival of 5.92 months. The
increase may be due to a lead time bias since the use of
MRIs has increased during this period of time; however, the
number of patients who underwent SRS has also doubled
likely improving the overall prognosis [46]. Current treat-
ment options include surgical resection, stereotactic radio-
surgery (SRS), whole-brain radiotherapy (WBRT), systemic
therapy, and supportive care. An additional confounder of
such retrospective can be selection bias, whereby therapies
are often chosen based on a patient’s burden of disease.
Patients with less than three lesions and low tumor burden
are usually treated with surgical resection or SRS. The
patient with diffuse metastases and high tumor burden is
usually treated with whole-brain radiotherapy, chemother-
apy, or supportive care [46]. In general, WBRT has limited
efficacy for the treatment of melanoma due to radioresis-
tance. Radiosurgery is often more effective due to the ability
to deliver a large fraction in a single dose, though this
technique is often limited by the number and size of lesions.

Whole-Brain Radiation Therapy for Brain
Metastases
Retrospective studies evaluating the effectiveness of WBRT
and SRS have been challenging due to the selective bias of
patients who undergo these treatments. WBRT is typically
used in patients who have multiple cerebral metastases or
leptomeningeal disease and therefore have an overall poorer
prognosis [107]. However, evidence shows that patients with
multiple intracerebral metastases receiving WBRT with SRS

as initial management increased the time before the patient
developed further disease progression from two months to
six months. In patients with single metastases, WBRT did
not seem to affect disease progression in the same way. The
impact on its effect of survival depends largely on whether
intracranial disease or extracranial disease is the main driver
of mortality in melanoma patients. If intracranial disease
affects the mortality, then WBRT improves mortality by
decreasing intracranial disease. The efficacy of salvage
WBRT after SRS still remains in question [107]. Never-
theless, WBRT remains a viable option as initial treatment in
patients where SRS is not indicated [96]. For limited burden
of CNS disease, radiosurgery is preferred.

Surgery for Brain Metastases
Surgery remains as the initial standard of care for patients
with brain melanoma metastases [45, 111]. The optimal
surgical candidates are those with a good performance status
(Karnofsky performance status of � 90%), minimal
comorbidity, and having up to three brain metastases [112].
The location of the cerebral metastases is also important.
Patients with superficial metastases in relatively
non-eloquent brain are better candidates for surgery [112].
Surgery should be considered in patients who have larger
lesions (>3.5 cm) precluding the use of SRS, producing
symptomatic edema, causing significant headaches, seizures,
or mass effect threatening herniation. Surgery may also be
performed to relieve mass effect or to evacuate hemorrhages
produced by the tumors.

Technological advancements and improved surgical
technique have helped to improve patient outcomes, with
five-year survival rates increasing from 7 to 16% and median

Fig. 29.2 T1 post-contrast MRI
revealing innumerable small
enhancing brain lesions, all
located along the surface of the
brain, likely reflecting
leptomeningeal carcinomatosis
from melanoma
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survival increasing from 7 to 12 months. Complete resection
may produce control rates up to 85%, and incomplete
resection can produce a palliative effect without improve-
ment in overall survival. Post-resection, radiotherapy may be
used to the surgical cavity or any additional lesions. If there
are too many lesions for SRS, WBRT is preferred.

Radiosurgery for Brain Metastases
SRS tends to be the initial management in patients with 1–3
cerebral metastases [106], although data for more cerebral
metastases exist and suggest that total volume of disease
regardless of number of metastases is a strong predictor of
benefit [113–115]. Most patients who undergo SRS only
require one session [106]. The dose of radiation depends on
the lesion size and volume, and it can range between 12 and
24 Gy [106]. The median survival after undergoing SRS
ranges from 4.8 to 10.6 months [96, 106]. SRS may also be
used for palliative management of symptoms later in the
disease course, and there is evidence that patients with up to
six metastases may benefit from SRS [96]. After patients fail
their previous therapy, there seems to be no difference in
survival if SRS is used as primary or salvage therapy [96]. In
one study evaluating patients a median of 4.3 months after
they had SRS, 6.1% had complete radiographic disappear-
ance of their tumors, 32% had regression and 52.8% had no
change, while 13.8% had progression [96]. The median time
to appearance of new lesions after SRS was 4.2 months;
increased lesion size and hemorrhagic metastases were pre-
dictors of SRS failure [96].

There is morbidity associated with SRS. Up to 10% of
patients develop radiation necrosis on follow-up MRI,
which can be visualized as increased contrast enhancement
and signal changes. Only 7% of patients are symptomatic
from this. In most of these cases, symptoms and radio-
graphic changes completely resolve with a course of
steroids. For the subset of patients refractory to steroids, a
craniotomy or treatment with bevacizumab may be con-
sidered, although bevacizumab may increase the risk of
hemorrhage [96, 116]. The patient’s age, prior history of
cranial irradiation, radiation dose, or tumor location does
not seem to increase the risk of radiation effects. The only
risk factor that has been correlated to developing these
symptoms was radiation volume [96]. At a median of
4.3 months after SRS, 8.3% of patients had clinical
improvement and 63.1% had stable disease, while 28.6%
had clinically worsened. Among the patients who deteri-
orated, the most common cause was hemorrhage occurring
in 45.8% of those patients. Adverse radiation effects and
increased tumor burden, respectively, occurred in 27.1% of
the patients. In addition, following radiosurgery, 13.1% of
the patients required craniotomy, half for hemorrhage, 14%
due to local progression, 11% due to new metastases, and
7% due to radiation injury [96].

Up to 22.3% of patients of all patients with melanoma
brain metastasis may develop hemorrhage, with a majority
of cases having undergone radiosurgery [96]. A history of
hemorrhagic melanoma, increased tumor size, and radio-
surgery volume were all risks of developing a hemorrhage
[96]. The mean time from SRS to developing hemorrhage is
1.8 months. The potential role of SRS therapy in hemor-
rhage formation remains unclear but is thought to involve
SRS-induced vascularized tumor necrosis.

Radiosurgery Versus Surgical Resection

SRS and surgical resection are both targeted methods for
treating patients with few cerebral metastases to provide
immediate relief. Both SRS and surgery seem to have similar
tumor control rates with or without fractionated radiotherapy
[117–123]. To date, there is no known randomized trial
addressing the superiority of one over the other; however,
there are some considerations which should be made before
choosing a therapy. SRS is less expensive than surgery and
may have an overall reduced morbidity [124]. Because SRS
is associated with peritumoral edema or radiation necrosis
oftentimes necessitating steroids, there is concern that the
efficacy of immunotherapy will be hindered. Thus, in
patients who are planning to receive immunotherapy, sur-
gery may be preferred [125].

Systemic Therapy

Systemic therapy for melanoma CNS metastasis has many
challenges. Extracranial melanoma is already very resistant
to chemotherapy, and agents used must cross the blood–
brain barrier [61]. In addition, because of the poor prognosis
of patients with cerebral metastases, patients with CNS
metastases tend to be excluded from clinical trials for sys-
temic therapy, making the data on efficacy limited [126].
Until recently, even systemic melanoma responded poorly to
the available systemic treatments, in part due to the intrinsic
resistance of the disease.

Fotemustine, dacarbazine (DTIC), and temozolomide
(TMZ) are chemotherapy agents used to treat extracranial
melanoma metastases. All are alkylating agents with pene-
tration into the CNS. Unfortunately, phase II trials showed
that they were not as effective as hoped; TMZ and fote-
mustine had a response rate of 6 and 5.9%, respectively [57,
127]. Of note, the fotemustine study compared it to dacar-
bazine (DTIC), which at the time was the primary treatment
for malignant melanoma. DTIC had a CNS response rate of
0%, and the study showed a trend toward fotemustine pro-
longing the time to brain metastases (22.7 vs. 7.2 months;
p = 0.059) [126].
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A multicenter, open-label, phase II trial with TMZ
enrolled 151 patients with histologically confirmed mela-
noma metastases to the brain without prior radiotherapy or
radiosurgery. Previously untreated patients were started on
TMZ 200 mg/m2/day for five days, and previously treated
patients were started on TMZ 150 mg/m2/day for five days
every 28 days. Of the 117 patients who had no prior treat-
ment, one patient had a complete response, seven had a
partial response, and thirty-four had stable disease of the
brain. Of the 34 patients who had previous therapy, one had
a partial response and six had stable disease of the brain.
Kaplan–Meier estimates of these groups showed
progression-free survival of 1.2 and 1.0 months, and median
survival or 3.5 and 2.2 months, for the previously untreated
and treated groups, respectively. The improved response of
the melanoma to TMZ in patients without prior treatment
was speculated to be due to the melanoma cells being naïve
to the chemotherapy. Disease progression occurred in 74%
of patients and was the most common reason for discon-
tinuation of the treatment. Of note, 6% of the patients had a
response to temozolomide, comparable to the rates in the
other visceral sites, suggesting it has similar efficacy for
both. This also suggests that the reason other chemotherapy
may have been failing at treating melanoma metastases was
the difficulty in penetrating the blood–brain barrier [57]. One
phase II pilot study substituting TMZ for DTIC reduced the
incidence of CNS relapse, but it did not affect overall sur-
vival [128].

Thalidomide is an agent with both antiangiogenic and
immunomodulatory effects. A phase II trial of 35 patients
who had a WHO performance scale of � 2 examined the
effect of a thalidomide at doses starting at 100–400 mg/day
over a span of four weeks. No patient had any response to
brain metastases, although three had a partial response to
their extracranial lesions. Four of the patients had stable
CNS disease for over four months, suggesting some CNS
activities. Twenty patients were placed on the maximum
dose of 400 mg, with seven requiring dose reductions due to
side effects that were reversible [129].

The potential to target molecular aberrations and muta-
tions in melanoma brain metastasis has been the focus of
recent research. Current studies are evaluating BRAF,
NRAS, and KIT for melanoma metastases and BRAF for
cerebral metastases [61]. The BRAF mutation is a particu-
larly promising target with 50% of melanoma patients har-
boring the mutation [56]. There are two known mutation
types: 71.9% have a substation of valine with glutamic acid
at position 600, BRAFVal600E, while 22.5% have a substi-
tution with lysine, BRAFVal600K [56]. There is currently no
evidence of a relationship between KIT inhibitors and
cerebral metastases [61].

BRAF works by phosphorylating and activating MEK
proteins, which then activate MAP kinases. The MAP kinase

pathway is responsible for regulating proliferation and sur-
vival of tumor cells [130]. BRAF inhibitors are currently the
standard of care for patients who have BRAFV600E-positive
metastatic melanoma [54]. Dabrafenib acts as an
ATP-competitive inhibitor against BRAF kinase and seems
to work similarly on intracranial and extracranial metastases
[131]. To what extent penetrates the blood–brain barrier
remains unclear. A phase II trial investigated the effects of
dabrafenib on patients harboring BRAFV600E or BRAFV600K

mutations and at least one cerebral metastases between 5 and
40 mm. The patients were divided into two cohorts: cohort
A contained 89 patients who had not received any previous
treatments and cohort B contained 83 patients who had
cerebral metastases with progression after receiving local
treatment. The patients were started on dabrafenib 150 mg
twice a day until disease progression, intolerable toxicity, or
death. Using a modified version of the Response Evaluation
Criteria in Solid Tumors (RECIST), for patients with
BRAFV600E, an intracranial response was found in 39.2%
(29 of 74) in cohort A and 30.8% (20 of 65) in cohort B.
Two of the patients in cohort A had a complete response to
the therapy. The patients who were BRAFV600K-positive had
fewer overall responses, 1 of 15 in cohort A and 4 of 18 in
cohort B. The global disease control rate was 80% in
BRAFV600E-positive and 50% in BRAFV600K-positive
patients. In these patients, serum LDH level made an impact
on prognosis, with higher levels predicting slightly worsened
response, and marginally shorter median progression-free
survival and overall survival. The median survival was
33 weeks for cohort A and 31 weeks in cohort B [54].

Another inhibitor of BRAF kinase is vemurafenib.
A phase III trial enrolled 371 patients with BRAFV600 and
included patients with poor performance status, to provide
vemurafenib to patients in medical need and to evaluate the
tumor response. The patients were given oral vemurafenib
960 mg twice a day, and patients were followed up at a
median of 2.8 months. The overall response rate was 54%,
including 13 of 31 patients who had an ECOG PS of 2 or 3
and who normally would have been excluded from other
studies for their poor prognosis. 20% of the patients had
seizures; however, these were likely to be pre-existing and
not related to therapy [132]. Of note, vemurafenib was only
tested in patients with a positive 4800 BRAFV600 mutation,
an allele-specific PCR test for BRAFV600E. Therefore, unlike
for dabrafenib which has been tested in BRAFV600E and
BRAFV600K, its effectiveness against other mutation types is
unknown [61]. There has been some evidence of patients
with cerebral metastases on either dabrafenib or vemurafenib
with a rare BRAFV600R mutation responding to therapy
[133].

Interleukin-2 (IL-2) has been used in patients with
metastatic melanoma with some success; however, its use for
cerebral metastases has been limited due to concerns of
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cerebral edema, intracerebral hemorrhage from thrombocy-
topenia, and neurotoxicity [61, 134].

Ipilimumab is a human IgG-1 monoclonal antibody that
blocks cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4), an inhibitor of T-cell activity. A phase 3 study
was done to determine whether ipilimumab with DTIC
improved overall survival. This study found significant
improvement in survival; however, patients with cerebral
metastases were excluded from the trial [135]. To further
investigate this, a phase 2 study evaluated the treatment of
ipilimumab in patients with evidence of cerebral metastasis.
This study gave patients four days of ipilimumab
10 mg/kg/day every three weeks; patients stable at 24 weeks
received additional doses every 12 weeks. The study
enrolled 72 patients, dividing them into 51 patients without
neurological symptoms (cohort A) and 21 patients who were
symptomatic and receiving steroids (cohort B). After
12 weeks, 18% of the patients in cohort A and 5% in cohort
B had disease control. The median survival in cohort A was
7 months, with two-year survival rate of 25%, while cohort
B had a median survival of 3 months and a two-year survival
of 10% (see Table 29.1 for further results from this study
[136]).

To investigate whether chemotherapy-induced release of
tumor antigens could amplify the effect of ipilimumab, a
phase II study enrolled 86 patients with metastatic mela-
noma, 20 of which had asymptomatic brain metastases, for
treatment with the combination of ipilimumab with fote-
mustine. Patients were given 10 mg/kg of ipilimumab every

three weeks a total of four times in addition to fotemustine
IV 100 mg/m2 weekly for three weeks followed by once
every three weeks from week 9 to week 24. Patients who had
a clinical response were eligible for maintenance therapy
every 12 weeks with ipilimumab from week 24 and every
3 weeks with fotemustine. By the end of the study, 46.5% of
the patient achieved disease control, including 50% of those
with brain metastases. The improved survival was theorized
to be secondary to chemotherapy-induced release of tumor
antigens amplifying the effect of ipilimumab [126].

The effect of radiotherapy on the tumorigenicity of ipil-
imumab via the potential release of tumor antigens has also
been investigated. In this study, the median survival of
patients who received ipilimumab in addition to radiotherapy
was 18.3 months compared to 5.3 months (with radiother-
apy alone). In addition, patients who underwent radiotherapy
first had an overall survival of 18.4 months, while patients
who received ipilimumab first had a survival of 8.1 months.
Furthermore, four of the ten patients who received ipili-
mumab before radiotherapy had a partial response to the
radiotherapy, while only 2 out of 22 who did not receive
ipilimumab had a partial response to the radiotherapy [137].

Anti-programmed death 1 (PD-1) antibodies have also
shown promise in treating BM. These antibodies block the
interaction between PD-1 receptors on T-cells and the
PDL-1 ligand expressed on tumor cells. Typically, when
PD-1 attaches to its ligand, T-cells become inactivated and
are unable to attack the tumor. Nivolumab and pem-
brolizumab both have shown promising results in some

Table 29.1 Summary of systemic therapy for cerebral melanoma metastases in patients who have not had previous therapy, unless otherwise
specified

Study drug # Of
patients

OR CR PR SD PD PFS OS

DTIC 22 0 0 N/A N/A N/A N/A N/A

Fotemustine 22 5.90% N/A N/A N/A N/A N/A N/A

TMZ 117 6.84% 0.85% 5.98% 29.06% 46.15% 1.2 months 3.5 months

Thalidomide 35 0.00% 0.00% 0.00% 11.43% 100.00% 1.7 months 3.1 months

Debrafenib (BRAF Val600Glu) 74 39.19% 2.70% 36.49% 41.89% 12.16% 4 months 8.3 months

Debrafenib (BRAF Val600Lys) 15 6.67% 0.00% 6.67% 26.67% 40.00% 2 months 4 months

Vemurafenib with previous
treatment

68 52.94% 0.00% 52.94% 27.94% 16.18% N/A N/A

Ipilimumab (asymptomatic, no
steroids)

51 15.69% 0.00% 15.69% 7.84% 76.47% 1.4 months 7 months

Ipilimumab (symptomatic,
steroids)

21 4.76% 4.76% 0.00% 4.76% 90.48% 1.2 months 3.7 months

Ipilimumab and fotemustine 20 50.00% 20.00% 30.00% 10.00% 50.00% 3 months 13.4 months

Ipilimumab before radiotherapy 10 40.00% 0.00% 40.00% 20.00% 40.00% 2.7 months 8.1 months

Ipilimumab after radiotherapy 12 16.67% 0.00% 16.67% 41.67% 41.67% 2.7 months 18.4 months

OR overall response (complete response + partial response), CR complete response, PR partial response, SD stable disease, PD progressive
disease, PFS progression-free survival, OS overall survival. Data from Refs. [54, 57, 126, 127, 129, 132, 136, 137]
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phase I studies [138], and pembrolizumab has shown activity
in a phase II trial [139].

Overall, patients with metastatic melanoma should be
considered for enrollment into a clinical trial. Multidisci-
plinary teams are critical to deciding the best overall
approach to treatment. The patient’s overall disease process,
including performance status, rate of progression, presence
of symptoms, and extracranial disease burden needs to be
evaluated and taken into account prior to selecting a treat-
ment strategy. Patients with one to three lesions should be
evaluated as candidates for SRS or surgery with or without
WBRT depending on the clinical status. If patients have
multiple lesions, then WBRT might be initiated, and SRS or
surgery may also be considered for symptomatic or adjuvant
therapy. In patients with a BRAFV600 mutation, a BRAF
inhibitor should be started as initial management, with local
therapy for non-responsive or any progressive metastases.
BRAF inhibitors should also be considered in patients who
have failed local therapy. If patients are BRAF wild type,
then local therapy would be the first-line management.
Ipilimumab may also be co-administered with the local
therapy; however, it is important to consider the possible
negative impact steroids may have on the activity of ipili-
mumab. Table 29.1 has a summary of the current systemic
treatment options available to patients with cerebral metas-
tasis of melanoma. Finally, with all patients who have
cerebral metastases, addressing goals of care should be a
central part of discussions, attending to symptomatic treat-
ment and palliative care [61].

Leptomeningeal Metastases

Breast cancer, lung cancer, and melanoma are the most
common causes of leptomeningeal metastasis among solid
tumors with melanoma comprising 17–25% of all cases
[139]. The rate of spread of melanoma to the leptomeninges
is 22–46% [14, 92, 140].

In melanoma, 19% of individuals with CNS metastases
also had evidence of leptomeningeal involvement. This trend
is also seen in other solid tumors [92]. Harstad and col-
leagues found that among 110 cases, the median interval
from diagnosis of melanoma to leptomeningeal involvement
was three years.

The overall prognosis for an individual with lep-
tomeningeal metastases is extremely poor, ranging from 8 to
16 weeks after diagnosis [18, 140]. The prognosis is slightly
improved if leptomeningeal involvement is captured before
the onset of neurological deficits [140].

LDH (lactate dehydrogenase) is a surrogate marker of
systemic disease involvement in late-stage melanoma. Ele-
vated serum LDH coupled with leptomeningeal disease is
also associated with a poor prognosis [18].

Current treatment includes whole-brain radiation and
intrathecal and systemic chemotherapy [139]. Intrathecal
chemotherapy is preferred as the blood-CSF barrier is
bypassed and systemic toxicity is reduced. Also, the half-life
of cytotoxic agents is longer in the CSF as compared to
plasma [140]. In cases of melanoma complicated by lep-
tomeningeal metastases, methotrexate and cytarabine (ara-C)
are most commonly used, followed by thiotepa. However,
these agents are not particularly effective in melanoma.
Ipilimumab, an anti-CTLA4 monoclonal antibody, and
vemurafenib along with dabrafenib (therapies that target
BRAF) have been shown to be effective in treating lep-
tomeningeal metastases [141–143].

For a more complete review of leptomeningeal carcino-
matosis please refer to Chap. 5.

Spinal Metastases

Most cases of bone metastases occur in the spine [144]. 5–
17% of patients with stage IV melanoma have evidence of
skeletal metastases which carries a poor prognosis with an
estimated survival time of 4–6 months after diagnosis [145,
146]. The median time from diagnosis to discovery of bone
metastases was 72 months [146]. Most spinal metastases are
located extradurally (90%) with 5% intradural, and <1%
intramedullary [147].

Patients have various presentations including pathologic
fractures and cord compression. 5–10% of patients with
known spinal metastases will go on to develop epidural
compression [148, 149].

Melanoma comprises only 1–2% of all cases of metastatic
epidural spinal cord compression [150]. Most cases of
symptomatic compression occur in the thoracic spine (50–
70%), followed by the lumbar spine (20–30%) and cervical
spine (10–30%) [151].

Treatment options include resection, chemotherapy,
radiation, intralesional debulking, spinal kyphoplasty, or
stabilization and are aimed at local disease control and pal-
liation. Coleman and colleagues [146] found that resection
leads to increased overall survival as compared to other
treatment options, with an estimated one-year survival rate
of 24.8% but observed survival rate of 50% and a median
overall survival of 11.8 months (mean 19 months). With
resection, there is a risk of local recurrence which is man-
aged with revision surgery, adjuvant radiotherapy, or a
combination of the two [146]. Local recurrence is estimated
to occur in 6–30% of resection cases [149]. Surgery is also
useful for an unstable spine, pain relief in the setting of
instability, or decompression [152].

As melanoma is known to be less radiosensitive than
other cancers, overall response to radiation is fair at best,
though when coupled with resection, improved outcomes
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have been reported [150]. Radiation options include con-
ventional external beam radiotherapy (cEBRT) and spinal
stereotactic radiosurgery (SSRS) [153]. Local recurrence
after radiation appears to be dose-dependent [152].

For a complete review of spinal metastases please refer to
Chap. 6.

Intramedullary Spinal Cord Metastases

Intramedullary tumors are extremely rare with an estimated
0.5 cases per 100,000 per year with melanoma being a less
common cause (breast and lung cancers are the most com-
mon) [154]. Melanoma comprises 9% of intramedullary
spinal cord metastases [155]. 8.5% of CNS metastases are
secondary to intramedullary spinal cord metastases [156].
Melanoma that involves the spinal cord is usually intradural
and extramedullary, while intramedullary melanoma is quite
rare and is commonly found in the thoracic spine [157–159].
These metastases are thought to arise from melanocytes in
the Virchow–Robin spaces.

For a complete review of intramedullary spinal metas-
tases please refer to Chap. 6.

Plexus/Peripheral Nerve Metastases

In cases of metastatic melanoma, tumor spread can occur
along the cervical plexus and cranial nerves [160–162].
Desmoplastic melanoma is a rare melanoma variant char-
acterized by pleomorphic dermal spindle cells and most
commonly occurs in the head and neck region followed by
the extremities [163]. It is occasionally associated with
lentigo maligna. There is typically neural invasion that his-
tologically can resemble peripheral nerve sheath tumors.
Staining is positive for S100 and collagen type IV with
occasional positive staining with Melan-A, HMB-45, and
tyrosinase [160].

Melanoma-Associated Retinopathy

Autoimmune retinopathy (AIR) encompasses
cancer-associated retinopathy (CAR), melanoma-associated
retinopathy (MAR), bilateral diffuse uveal melanocytic
proliferation (BDUMP), and other AIRs. AIR refers to
retinal degeneration from aberrant recognition of retinal
antigens as autoantigens. It manifests as painless visual loss
that progresses rapidly over weeks to months [164, 165]. An
electroretinogram (ERG) reveals abnormal cone, rod, and
even bipolar cell responses. Funduscopic examination can be
variable; it can show retinal pigment epithelium (RPE)
mottling or atrophic degenerative changes, optic disk pallor,

attenuated retinal vessels indicative of retinal degeneration
or be normal.

Cancer-associated retinopathy has been described as
photoreceptor degeneration and is most commonly associ-
ated with small cell lung cancer, cervical cancer, and
gynecological cancers. Melanoma accounts for 16% of CAR
[166]. CAR usually presents at the onset of malignancy.
Serum from patients with CAR reacts with recovering,
which is a calcium-binding protein found in photoreceptors
[164, 167]. CAR affects both cones and rods, with symptoms
of rod dysfunction including nyctalopia, ring scotomas,
extensive peripheral visual field deficits, and prolonged dark
adaptation. Cone dysfunction presents with reduced visual
acuity, decreased color perception, central scotomas, pho-
toaversion, and prolonged glare after light exposure [166,
168]. CAR typically occurs over days to years [165].
The ERG may be abnormal, and the fundus usually appears
normal early in the course. There is evidence of cone and rod
photoreceptor degeneration on histological study [169].
CAR typically affects individuals over age 45 and is more
prevalent in women (2:1) [164, 166]. Treatment of CAR is
limited but consists of long-term immunosuppression,
including corticosteroids [170]. Intravenous immunoglobu-
lin (IVIG) is thought to only be effective when given before
irreversible degeneration occurs [166]. Antioxidants may
also be effective in controlling retinal degeneration [171].

MAR often presents after melanoma has metastasized,
occurring on average 3.6 years after diagnosis [166, 172]. It
is more common in men, typically occurs in patients in their
50s or older, and is seen in patients with uveal or metastatic
cutaneous melanoma. Visual impairment can occur later in
the course (progresses over months) and is characterized by
photopsias (pulsating, flickering, or shimmering), nyctalopia,
and painless vision loss in the midperiphery (central and
paracentral scotomas) [164] all of which suggests rod dys-
function. The funduscopic examination can range from being
completely normal to revealing vitreous cells, optic disk
pallor, attenuated vessels, and retinal pigmented epithelium
changes [172]. Bipolar cell function may be affected on ERG
with normal photoreceptor cell function in some cases [172].
This is consistent with histopathological studies which show
a reduced number of bipolar neurons with preserved pho-
toreceptor cells [172]. Atrophy of trans-synaptic ganglion
cells is also present [173]. MAR is associated with autoan-
tibodies against bipolar cells, rhodopsin, transducing, alpha
enolase, and arrestin, among others [164]. Laboratory testing
includes evaluating for anti-retinal antibodies or immuno-
histochemical staining [174]. Treatment has not been shown
to be particularly effective, but includes IV corticosteroids,
plasmapheresis, IVIG, immunosuppression, radiation, and
cytoreductive surgery [164, 172].

BDUMP can lead to bilateral vision loss and is charac-
terized by rapid development of cataracts, exudative retinal
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detachments, multiple small red patches in the RPE, and
multiple uveal melanocytic tumors with thickening of the
uveal tract [175]. Visual changes precede the diagnosis of
cancer. BDUMP is associated with melanoma, pancreatic
and colorectal cancers, gynecological cancers, and lung
cancer [164, 176]. BDUMP is quite rare with an average
survival of 17 months [164]. Studies have suggested that
plasmapheresis and radiation may be of use [177, 178].

Anti-Hu-Related Encephalomyelitis

Type 1 antineuronal nuclear autoantibodies (ANNA-1) , also
known as anti-Hu, are typically seen in small cell lung
cancer, neuroblastoma, prostate, breast, Hodgkin, testicular
cancers but can be associated with melanoma. Lucchinetti
found that in 13% of cases of patients with ANNA-1, an
unrelated primary malignancy was detected in addition to
small cell lung cancer. Patients most commonly present with
neuropathy (sensory more common than motor), cerebellar
findings, limbic encephalitis, and cranial neuropathies [179].

Chronic Inflammatory Demyelinating
Polyneuropathy

Several case reports have suggested a relationship between
melanoma and CIDP. It must be noted that both Schwann
cells and melanocytes are derived from neural crest cells.
Gangliosides are an antigenic glycolipid component of
melanocytes and are upregulated when malignant transfor-
mation of melanocytes occurs. CIDP, Guillain-Barre, and
multifocal motor neuropathy with conduction block have
been associated with an autoimmune response to ganglio-
sides. Immunotherapy targeting the specific antigens has
been shown to induce demyelinating polyneuropathies [180–
183]. Demyelinating polyneuropathies have been reported in
patients who received monoclonal anti-GM2 antibodies and
in patients vaccinated with melanoma cell lysates [181].

Conclusion
CNS metastases in melanoma are diagnosed several years
after the primary diagnosis and can present with focal
neurological findings, seizures, and CSF abnormalities.
The overall prognosis is poor, though the location of the
lesion, degree of disease progression, response to treat-
ment, and presence or absence of concurrent lep-
tomeningeal disease all affects survival. Intratumoral
hemorrhage is also very common and can present as
macroscopic and microscopic on neuroimaging. Patients
with metastatic melanoma should be enrolled in a clinical
trial if they meet the criteria, though the high mortality

rate makes this difficult. Early treatment of melanoma is
crucial and includes surgical resection, chemotherapy,
and radiation. It has been shown that aggressive early
management leads to improved outcomes. In patients
with brain metastases or leptomeningeal disease and a
high tumor burden, goals of care discussions should be a
priority early in the course even if there are treatment
options.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
neoplasm in children, with 3000 newly diagnosed patients
under age of 20 each year (SEER 2004–2008 data). Modern
intensive systemic and intrathecal (IT) chemotherapy regi-
mens have achieved 5-year event-free survival rates as high
as 79–82% among children [1–3] and about 50% for adults
[4]. Most cases are B-precursor cell ALL. About 10–15% of
pediatric and 25% of adult cases represent the more
aggressive T-cell ALL (T-ALL) subtype [5].

Acute myeloid leukemia (AML) is primarily a disease of
aging, especially among those with previous cytotoxic
therapy for solid tumor. It is most prevalent among adults
over age 60 (15 per 100,000) [6]. Survival is poor. The most
favorable cytogenetic subtypes, inv[7] or t[8, 9], achieve a
60% 3-year relapse-free survival (RFS) [10]. Survival in
acute promyeloid leukemia has improved with all-trans
retinoic acid. However, the 3-year RFS decreases to 20–30%
if other poor prognostic factors are present. The “monosomal
karyotype” has a median survival of only 6 months [8].
Pediatric disease has a somewhat different biology and can
have up to 50% 5-year event-free survival [11].

Chronic lymphocytic leukemia (CLL) is a common (4.1
cases per 100,000 per year) [12] but diffuse group charac-
terized by clonal proliferation of mature, typically
CD5-positive B-cells [13]. It can be divided into two broad
prognosis groups. The favorable “mutated” group (> 2%
mutation in the VH gene from native clones) can survive for
many years without therapy. The unfavorable “unmutated”
group (CD38+ or ZAP-70+) has a rapidly fatal course [14].

In young adults, fludarabine-based regimens produce median
progression-free survival (PFS) of 48 months [15]. Yet it
carries significant infection risk among older patients as a
result of profound leukopenia (56%) [15]. Alternative tar-
geted therapies currently being investigated include mono-
clonal antibodies against B-cells (CD-20—rituximab,
ofatumumab, obinutuzumab; CD-52—alemtuzumab) and
small molecular inhibitors (fostamatinib, idelalisib, ibrutinib,
dasatinib) [12].

Chronic myeloid leukemia (CML) is characterized by
presence of the Philadelphia chromosome (t9;22; Ph+), and a
reciprocal rearrangement and fusion of the BCR and ABL
genes. It is predominantly a disease of adulthood (age 57–
60) with annual incidence of 0.7–1.0 per 100,000 [16]. In the
chronic phase, tyrosine kinase inhibitors (TKI) have dra-
matically improved overall 5-year survival to 89% [17].
However, resistance to TKI starts to emerge in the acceler-
ation phase (15–19% blasts in blood; 30–49% blasts plus
promyelocytes in marrow; platelets <100 � 109/L; or clonal
abnormality in Ph+ cells [7]). Despite four additional
second-generation TKI (nilotinib, dasatinib, bosutinib and
ponatinib) targeting various mutations [18, 19], acceleration
phase patients still tend to evolve into a terminal acute
leukemia-like blast phase (>20% blasts in blood).

Leukemic Infiltration or Compression
of the Nervous System

Leptomeningeal Leukemia

The leptomeninges and spinal fluid (CSF) are sanctuary sites
for leukemia. In autopsy series, CNS leukemic infiltrates
were found in 81% of ALL cases, 46% of AML cases [20],
17% of CLL cases [21] and only in 1 out of 17 (6%) of CML
cases [20]. Overall, myelogenous leukemia tends to have
more prominent dural infiltration and less perivascular
invasion [9, 22]. Mechanisms of leukemia entry into the
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CNS are thought to include translocation via the perforating
vessels from the bone marrow, escape into the CSF via the
choroid plexus, direct cerebral parenchymal invasion via
brain capillaries, extravasation during hemorrhage, lep-
tomeningeal infiltration via bony lesions, growth along nerve
roots or iatrogenic via lumbar puncture [21, 23, 24].
Symptoms and signs of leptomeningeal leukemia include
those related to meningeal irritation (headache, vomiting,
lethargy), papilledema, visual disturbance from optic neu-
ropathy, other cranial nerve dysfunctions (double vision,
facial numbness, hearing loss), cerebellar symptoms,
radiculopathies or cauda equina syndrome (Fig. 30.1a–f).
Altered spinal fluid reabsorption may give rise to commu-
nicating hydrocephalus with a combination of cognitive
decline, urgent micturition and gait apraxia. However, the
most common patient (>70%) is asymptomatic [23, 25]. The

most useful diagnostic tool is a lumbar puncture combined
with modern molecular techniques. These include BCR-ABL
fusion detection by fluorescence in situ hybridization (FISH)
analysis for CML, flow cytometry and PCR amplification of
the variable region of the immunoglobulin heavy chain
(IgH) gene [26] for CLL. False negative rate of lep-
tomeningeal enhancement by contrast enhanced MRI may
be as high as 60–65% [27].

Treatment
As early as in the 1960s, “prophylactic” CNS irradiation
(pCRT) plus intrathecal methotrexate (IT-MTX) reduced the
cumulative risk for CNS dissemination of ALL in children
from 60% [28] to around 4.5% [29]. However, this treatment
regimen resulted in a substantial risk of delayed
radiation-associated neurological toxicity and secondary

Fig. 30.1 a A 57-year-old man with acute lymphoblastic leukemia
presented with right-sided Bell’s palsy, a left-sided vocal cord paralysis
and an abducens nerve palsy on the right. T1-weighted MRI brain with
gadolinium showed thickening and enhancement of both trigeminal
nerves diagnostic of meningeal dissemination of leukemia. b–f
63-year-old woman with relapsed pre-B-cell ALL. She described
visual change in her right eye (“a center black dot”) that progressed to
complete blindness over two days. She also had a few weeks of back

pain, perineal numbness, difficulty urinating and gait instability.
T1-weighted MRI of brain and spine with gadolinium showed
prominent enhancement of both optic nerves (b); abnormal linear
leptomeningeal enhancement along the cerebellar folia (c); multifocal
thickening and enhancement of the cervical and thoracic spinal cord as
well as extensive enhancement of the cauda equina nerve roots. This is
indicative of pial and cord infiltration by leukemia (d–f)
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brain tumors. Currently, high-dose methotrexate and triple
IT therapy (MTX, cytarabine (ARAC), prednisolone) have
nearly eliminated pCRT in all except few high-risk patients
(T-ALL; poor response to prednisone; t(4;11); t(9;22); t
(1;19) with CNS involvement [30, 31]). These patients are
either treated with a decreased pCRT dose (12 Gy; 6-year
CNS relapse risk: 2.2%) [30, 32], or an intensified regimen
including HD-MTX, asparaginase, dexamethasone and IT
therapy (5-year CNS relapse rate of 2.6–2.7% [31, 33]).

For adults without overt CNS disease, multiple studies
similarly showed that the combination of HD-MTX,
IT-MTX and ARAC [34–36] reduces risk for CNS dissem-
ination to 4–6%, comparable to previous pCRT protocols.
For the 5–10% adults with overt CNS disease, treatments
typically include IT chemotherapy, cranial radiation
(CRT) followed by either allogeneic hematopoietic stem cell
transplantation (HSCT) or chemotherapy intensification [36,
37]. This provides a 90% remission rate, comparable to
patients without overt CNS disease. Nonetheless, CNS dis-
ease still carries an adverse prognosis, with 5-year overall
survival rate at 29% compared to 38% without CNS disease
(p = 0.03) [38].

In pediatric AML, there is no randomized study regarding
the efficacy of pCRT. Contemporary protocols including
systemic chemotherapy agents with good CNS penetration
and intensified intrathecal therapy have demonstrated low
rates of CNS relapse between 1.5 and 3% [39–41] in
CNS-negative children and no adverse prognostic signifi-
cance in children with low CNS disease burden [42, 43].
Many study groups now provide CRT only to children with
cranial nerve infiltration or bulky disease impinging on
important parameningeal structures who do not respond
quickly to chemotherapy [11].

CNS involvement in adult AML patients is generally asso-
ciated with a poorer prognosis [44, 45]. Adult patients with
intermediate or unfavorable cytogenetic markers are recom-
mended to receive standard allogeneic stem cell transplant
(HSCT), investigational therapies or new approaches to HSCT
[46]. One study using pre-HSCT routine diagnostic lumbar
puncture identified up to 12% of patients with CNS disease
involvement. The CNS+ patients treated with intrathecal
chemotherapy had significantly poorer outcomes (RFS 6% at
5 years) than those who underwent additional irradiation
(RFS-532%;p = 0.004) or thosewhowere free ofCNSdisease
(RFS-5 35%). This suggests a role of CNS irradiation boost in
HSCT conditioning for CNS + AML patients [47].

Symptomatic CNS involvement by CLL is rare, with an
estimated 1.5–3% incidence [48]. Neither risk factors nor
optimal treatment have been well established. Case series
showed that CNS involvement occurred across all Rai stages
(Stage 0: 25%; I: 15%; II: 19%; III: 15%; IV: 24%) and CLL
forms [49]. Treatment includes IT chemotherapy (MTX or

ARAC, twice weekly x 4; followed by weekly up to a total
of 12 treatments), systematic fludarabine-based chemother-
apy or radiation [49]. There is no randomized control study
for efficacy. Case series showed no evidence of marked
outcome differences between radiation alone (69%), IT
therapy alone (76%) or both (86%) [49]. There is anecdotal
evidence that IT therapy may be more efficacious in optic
neuropathy [49–51]. Of note, there are reports of neurolog-
ical symptom resolution [49] or long-term survival despite
failure to clear the CSF of tumor cells [48]. Overall, this
suggests that systemic disease control may be of most
importance. CNS treatment should be aimed toward symp-
tomatic relief only.

CNS involvement of CML is also rare. Risk factors are high
tumor cell burden [52] or blast crisis [53]. Among high risk
patients, incidence of meningeal dissemination may be as high
as 46.7%, comparable to that in AML [54]. Risk factors com-
bined with poor CNS penetration of imatinib [55] likely con-
tribute to isolatedCNS relapsemonths after achieving complete
hematological andmajor cytogenetic responseon imatinib [56].
Treatments for isolated CNS disease after imatinib failure
include IT liposomal cytarabine [57], IT-MTX along with
dexamethasone [58] or a TKI with increased CNS penetration,
such as dasatinib [59]. Some investigators also consider allo-
geneic HSCT [56]. Orbital irradiation is provided for optic
nerve infiltration. Otherwise roles for CNS irradiation and CNS
prophylaxis have not been well established.

Spinal Cord Compression

Malignant spinal cord compression, estimated at a cumulative
incidence of 2.5% among all cancer patients [60], is an
uncommonbut devastating complication. In about 0.3% [60] of
acute leukemia patients, epidural deposits or vertebral
destruction results in spinal cord compression. Early warning
signs include localized pain from infiltration of the richly
innervated periosteum, excruciating radicular pain from nerve
root compression, motor paresis and spasticity (“leg heavi-
ness,” difficulty climbing stairs) followed by segmental sensory
deficits and alarming symptoms of urinary retention and flaccid
paresis. Emergency MRI studies of the entire spine should be
pursued with care in excluding confounding etiologies such as
epidural hemorrhage or abscess. Emergency treatment consists
of dexamethasone and radiation therapy (40 Gy at 2 Gy/day in
20 fractions or biologically equivalent regimens).

Myeloid Sarcoma (Chloroma)

Myeloid sarcomas are immature myeloid mass lesions
outside of the bone marrow. First described in 1811 [61],
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these were later termed chloromas given a characteristic
green color on cross sectioning from presence of
myeloperoxidase. They can rarely involve the skull, orbits,
periosteum, dura or meninges; invade the brain par-
enchyma; or cause spinal cord compression as described
above (Fig. 30.2a). They are most common among AML
patients with t(8;21) or inv(16) and certain morphological
subtypes (FAB classification M2, M4, M5). In patients
with known chronic myeloproliferative disorders, they
often herald progression to AML. On non-contrast CT,
chloromas most often are hyperdense masses with avid
homogenous enhancement [62]. A biopsy and detailed
immunohistochemistry for myeloid markers such as
myeloperoxidase is required for accurate diagnosis. Treat-
ment should be the same as for AML patients with CNS
involvement [63] with the addition of external beam radi-
ation as needed for bulky disease [64].

Richter Transformation

Richter transformation denotes the transformation of chronic
lymphocytic leukemia into an aggressive lymphoma. CNS
involvement is rare in this setting. Diffuse large B-cell
lymphoma is the most common type [65].

Leukemic Infiltration of the Peripheral
Nervous System

Asymmetric infiltration of peripheral nerves occurs in
advanced stages of leukemia and may be confused with
mononeuropathies of paraneoplastic, compressive or toxic
origins. The incidence in autopsy series is much higher than
in clinical studies [66]. Radiation is used for palliation and
treatment of bulky disease.

Indirect Leukemia Effects

Cerebral Leukostasis Syndrome

Cerebral leukostasis occurs at blast counts exceeding
400,000/mcl and results in diffuse cerebral edema and increased
intracranial pressure.Most commonly afflicted are patientswith
AML. Higher counts are usually required in lymphoblastic
leukemia (ALL) since cells are smaller and less adherent than
myeloid blasts [67]. Clustered cells within capillaries produce
localized ischemic events at the same time as leukemic nodules
appear in the white matter surrounding vessels. Patients com-
plain of symptoms indicative of microcirculatory collapse such
as transient hearing and vision loss. Treatment consists of

Fig. 30.2 a A 53-year-old man with history of AML presented with
progressive headache and imbalance. T1-weighted MRI of the brain
with gadolinium revealed an avidly enhancing mass in the posterior
fossa. Biopsy confirmed chloroma. b. A 20-year-old man presented
with a month of progressive lymphadenopathy and gum bleeding.
Laboratory studies showed a marked leukocytosis (472,000/mcl),
thrombocytopenia (16,000/mcl) as well as early signs of tumor lysis

and disseminated intravascular coagulopathy. He suddenly complained
of a headache, vomited and became unresponsive. Non-contrast
computerized axial tomography of the head (b) showed a large right
frontal hemorrhage with intra-ventricular extension, likely the result of
cerebral leukostasis. He was emergently treated with leukapheresis
followed by chemotherapy induction
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leukapheresis, rapid initiation of chemotherapy and low-dose
whole brain radiation therapy [68].

Intracranial Hemorrhage and Ischemic Stroke

Leukemia patients are at higher risk for cerebrovascular
accidents from various mechanisms, including infective or
non-bacterial thrombotic endocarditis, thrombocytopenia,
dysfunctional platelets, coagulopathies and cerebral
leukostasis [69, 70] (Fig. 30.2b). Chemotherapy regimens
with L-asparaginase predispose to both venous and arterial
thrombosis. Disseminated intravascular coagulopathy
(DIC) is most common in acute promyelocytic (M3) or
monocytic leukemia (M5) [71].

Paraneoplastic Neurological Syndromes

Paraneoplastic immune dysfunctions in the wider sense of the
word are commonamongpatientswithCLL (10–25%) [72] and
myelodysplastic syndrome (MDS) (10%) [73], in particular in
MDS-derived chronic myelomonocytic leukemia (CMML).
Presumably, leukemic cells [74, 75] can serve directly as
immature antigen presenting cells or interfere with regulatory
T-cell function [76]. The majority of cases are hematological
disorders such as hemolytic anemia or thrombocytopenia.
Anecdotally, paraneoplastic syndromes affecting the nervous
system have been reported, including: acute demyelinating
encephalomyelitis (ADEM) preceding pediatric ALL [77] and
an aggressive case of CLL (Ki-67 > 30%) [78]; fulminant
myopathy over 1 week with transient bone pain and fever [79]
leading to diagnosis of ALL; limbic encephalitis associated
with voltage-gated potassium channel antibody prior to
relapsed AML [80]; and chronic inflammatory demyelinating
polyneuropathy heralding transformation of MDS-chronic
anemia to CMML and AML [75]. Almost all cases responded
to leukemia treatment suggesting that indeed there was a
pathogenetic link between the neurologic illness and leukemia.
However, given the rarity of these disorders, coincidental
occurrence cannot be excluded.

Complications of Leukemia Treatments

Complications of Chemotherapy

Neurologic toxicities to chemotherapeutic agents are rather
common in the setting of leukemia. As treatment involves

various modalities and chemotherapy combinations, the
effect of any single agent is difficult to ascertain.

Methotrexate neurotoxicity is dependent upon mode of
administration, dose and association with other neurotoxins,
especially ionizing radiation. Within hours, IT methotrexate
may cause chemical meningitis. Within hours to days of
immediate-to-high IV doses or IT injection, patients can
develop delayed leukoencephalopathy with stroke-like pre-
sentation manifesting as seizures, severe headache or tran-
sient focal neurological symptoms (sensory disturbance,
aphasia, weakness) (Fig. 30.3a). Complete recovery is the
rule. Re-exposure to methotrexate is possible without
recurrence of the neurological syndrome. However, the dose
is frequently reduced, or leucovorin rescue is intensified
[81]. A chronic leukoencephalopathy with MRI evidence of
demyelination is seen in recipients of IT or HD-MTX
administered after cranial irradiation.

Cytarabine induces cerebellar and spinal cord toxicity
[82]. The gait instability and incoordination, within weeks of
therapy, is more pronounced in recipients of high-dose
cytarabine, elderly patients and those with impaired renal
function. Therapy should be ceased.

L-asparaginase has been linked to thrombotic and hem-
orrhagic cerebrovascular complications in 1–2% of patients.
Patients are at risk for arterial and venous thrombosis [83].
These complications are likely due to depletion of plasma
proteins involved in coagulation and fibrinolysis. Fresh
frozen plasma is provided as an emergency treatment but
also as prophylaxis in patients who suffered a complication
during a previous cycle. Dural sinus thrombosis (Fig. 30.3b)
is treated with anticoagulation, often combined with fresh
frozen plasma or antithrombin III concentrate.

Vincristine produces a cumulative dose-related disorder
of sensory nerves in the face or extremities giving rise to
tingling or burning paresthesia or jaw pain. Autonomic
involvement leads to gastrointestinal dysmotility and
abdominal cramping. Some improvement is noted with
cessation of treatment and with neuropathic pain medica-
tions such as gabapentin or amitriptyline. Once weakness
(e.g., foot drop) ensues, the drug has to be discontinued.

Fludarabine affects the peripheral and central nervous
system at high doses. A highly morbid acute toxic
leukoencephalopathy with cognitive dysfunction, decreased
levels of consciousness and vision changes has been
described [84, 85]. Risk factors include older age, decreased
renal function, previous fludarabine-based transplant [85]
and polymorphisms leading to high activity of the
pro-drug-converting enzyme deoxycytidine (CdR) kinase in
the brain [86].
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All-trans retinoic acid treatment can be complicated by
pseudotumor cerebri (Fig. 30.3c).

Complications of Ionizing Radiation

Increasing emphasis has been placed on substitution of “safe”
chemotherapeutic agents for whole brain radiation for CNS
prophylaxis and treatment of CNS disease in leukemia
patients. Depending on total and single fraction dose, WBRT
alone or combinedwith intrathecal or systemicmethotrexate is
associated with irreversible white matter changes and cogni-
tive dysfunction [87, 88]. This dysfunction likely reflects the
underlying calcificmicroangiopathy affecting thewhitematter
[89, 90]. WBRT is also associated with aresorptive hydro-
cephalus poorly responsive to ventriculoperitoneal shunting.

Neuroendocrine difficulties are dependent on dose and
age at the time of exposure. The growth hormone (GH) axis
is most sensitive and can be the only axis affected following
irradiation of less than 30 Gy [91]. Even at 18 Gy, a subtle
insufficiency of the GH axis during the puberty growth spurt
is observed [92]. Treatment is available with early hormone
replacement therapy.

A seven-fold excess of all cancers and a 22-fold increase in
the risk of central nervous system tumors have been observed
among leukemia patients [93]. Radiation-induced tumors
occur at amedian latency of 6 years (range 0.9–15 years) [32].
High-grade glioma (median latency 9 years) and meningioma

(median latency 19 years) arise with equal frequency
(Fig. 30.4). The risk is dose dependent [94].

Opportunistic Infection (OI)

In general, B-lymphocyte dysfunction predisposes the host
to encapsulated bacterial infections (e.g., Streptococcus,
Hemophilus, Klebsiella). Rituximab, a CD-20 specific
monoclonal antibody that is effective in treating CLL, is also
known to reactivate viral infections such as hepatitis B,
cytomegalovirus, herpes simplex virus, varicella zoster
virus, West Nile virus and JC virus (Fig. 30.5a) [95]. Allo-
geneic stem cell transplantation requiring immunosuppres-
sive therapy results in T-lymphocyte dysfunction, which
predisposes to infections with fungi (Fig. 30.5b), viruses
(e.g., human herpesvirus 6, JC virus), parasites (toxoplas-
mosis) or fastidious organisms (listeria, mycobacteria) [96].
Routine screening and prophylactic administration of acy-
clovir or ganciclovir for high-risk patients have essentially
eliminated cytomegalovirus encephalitis [97]. Diagnosis of
OI can be challenging, as clinical and radiographic presen-
tations may be atypical. An example is cerebral toxoplas-
mosis, which may lack characteristic features such as
rim-enhancement and vasogenic edema on MRI
(Fig. 30.5c).

Among patients with AML, invasive fungal infection is a
leading cause of mortality [98, 99]. Systemically, the most

Fig. 30.3 a A 14-year-old boy with pre-B-cell ALL awoke with left
face and arm numbness and weakness five days after intrathecal
methotrexate administration. Diffusion weighted images showed
restriction of water diffusion in the right centrum semiovale. He
recovered within two days receiving supportive care only. b. A
17-year-old boy undergoing induction therapy for pre-T-cell ALL
which included L-asparaginase awoken one morning with a headache
as well as right arm and leg weakness. He then had a focal motor
seizure involving his right side. Magnetic resonance venogram with

contrast (b) showed extensive filling defects in the superior sagittal
sinus confirming cerebral venous thrombosis. c A 20-year-old woman
with acute promyelocytic leukemia (APML) had an insidious onset of a
holocephalic headache, double vision and transient visual obscurations
with Valsalva maneuver while undergoing therapy with all-trans
retinoic acid. T2-weighted MRI showed a partially empty sella turcica,
mild tortuosity of the optic nerves and widening of the optic nerve
sheaths. Lumbar puncture showed an increased opening pressure
indicative of pseudotumor cerebri
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common organisms are mold (64% of cases; 90% aspergil-
lus, <5% zygomycetes) followed by yeast (35% of cases;
90% candida, <5% cryptococcus) [99]. CNS aspergillosis or
zygomycosis can present as abscesses or hemorrhagic
strokes from angioinvasive fungal hyphae causing mycotic
aneurysm, vasculitis and venous occlusion [100]. Candida
and cryptococcus have a predilection for the meninges and
present as meningitis or diffuse cerebral micro-abscesses
[101]. For candida meningitis, the IDSA Practice guidelines
[102] recommend intravenous amphotericin B plus flucyto-
sine. However, treatment success with liposomal ampho-
tericin for aspergillus [103] and zygomycetes [104] has been
limited. Voriconazole is now considered first-line therapy for
CNS aspergillosis [105]. Posaconazole has shown some
promise against zygomycetes [106, 107].

Of special note, alemtuzumab, a monoclonal antibody
directed against CD52, suppresses B-lymphocyte and natural
killer cells for up to 6 months and CD4+ and CD8
+ T-lymphocyte for years. In one report, almost 9% of
patients who received alemtuzumab conditioning developed
Guillain–Barre syndrome or myelitis associated with vari-
cella zoster virus (VZV) or human herpesvirus-7 [108].
Post-transplant acute limbic encephalitis (PALE; amnesia,
hyponatremia, abnormal EEG) has also been associated with
human herpesvirus-6, particularly after receiving alem-
tuzumab [109, 110].

Fig. 30.4 A 38-year-old man who had received prophylaxis cranial
radiation (pCRT) as part of childhood ALL treatment presented with
a sudden onset of headache and mild right hemiparesis. Workup
revealed a left parietal hematoma (not shown). After resolution of the
hematoma, T1-weighted MRI brain with gadolinium showed a
heterogeneously enhancing mass lesion. Stereotactic biopsy demon-
strated glioblastoma

Fig. 30.5 a A 68-year-old woman was admitted with progressive
confusion one year after completion of fludarabine therapy for CLL. On
examination, there was left hemineglect, anosagnosia, somatagnosia
and a mild left hemiparesis. T2-weighted MRI brain showed confluent
T2 hyperintensities in the right frontoparietal region extending through
the splenium of the corpus callosum into the deep white matter of the
left hemisphere. Cerebrospinal fluid analysis revealed amplifiable JC
virus DNA confirming the diagnosis of progressive multifocal

leukoencephalopathy. b Aspergillus abscess in the left temporal lobe
in a 48-year-old woman after allogeneic stem cell transplantation
(apparent diffusion coefficient (ADC) map). c A 64-year-old gentleman
status post allogeneic stem cell transplant for peripheral T-cell
lymphoma/leukemia presented with progressive delirium.
T1-weighted MRI brain with contrast revealed multiple small irregu-
larly enhancing lesions. Brain biopsy revealed toxoplasma tachyzoites
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Non-infectious Complications of Bone Marrow
and Stem Cell Transplantation

Reversible posterior encephalopathy syndrome (PRES) is a
clinical syndrome comprised of headache, seizures and
vision loss observed in patients on chronic immunosup-
pression with cyclosporine or tacrolimus and various
chemotherapeutic agents. It is named after its MRI correlate
[111]. Blood pressure management and modification of
immunosuppressive therapy usually lead to complete
recovery.

Graft versus host disease (GVH) involving the CNS is
rare, and a pathogenetic link to cerebral vasculitis-like syn-
drome is difficult to establish. However, a few cases of
primary CNS angiitis have been described in recipients of
allogeneic bone marrow or peripheral blood stem cell
transplants [112, 113]. There may be some benefits from
cyclophosphamide or corticosteroid treatment.

Immune reconstitution inflammatory syndrome (IRIS), a
dramatic and often dysfunctional inflammatory response to
systemic or CNS infections after a rapid rise in CD4+ count,
occurs during engraftment after stem cell transplantation or
after discontinuation of immunosuppression. It has been
reported after treatment for cryptococcal meningitis, tuber-
culosis meningitis, toxoplasmosis and VZV meningoen-
cephalitis [114, 115]. IRIS affecting the eye has been
reported after CMV retinitis [116]. Corticosteroid treatment
is aimed at edema suppression.

Post-Transplant Lymphoproliferative Disorder (PTLD)
after allogeneic stem cell transplantation often reflects EBV
reactivation or recent infection. Isolated CNS manifestations
are rare. If identified at an early stage of transformation, the
process may be reversed by administration of corticosteroids,
reduction of the dose of immunosuppression or provision of
radiation therapy. Whether antiviral therapy is of additional
benefit is unproven. For later stage disease or disease unre-
sponsive to these manipulations, treatment with rituximab
may be successful [117], although its poor penetration into the
CNS may hamper its efficacy in primary CNS PTLD.
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31Neurologic Complications of Lymphoma

Lakshmi Nayak and Christian Grommes

Introduction

Systemic lymphoma can affect any level of the nervous
system, including the central (brain, spinal cord, meninges)
or the peripheral (nerve root, plexus, peripheral nerve, neu-
romuscular junction, muscle) nervous system. Neurologic
complications may result from direct invasion or compres-
sion of these structures, or indirect involvement via para-
neoplastic syndromes. Vascular and infectious complications
are additional examples of non-invasive involvement of the
nervous system by lymphoma. Therapy-related complica-
tions as a result of chemotherapy, biologics, radiation, and
stem cell transplant are covered in separate chapters
(Chaps. 14–20) in this book.

This chapter will cover complications of non-Hodgkin’s
and Hodgkin’s lymphoma (HL) and briefly discuss parane-
oplastic syndromes associated with lymphoma as this topic
is covered in detail in Chap. 13.

Complications Associated
with Non-Hodgkin’s Lymphoma (NHL)

Direct Complications of NHL

Epidemiology and Risk Factors
Systemic NHL can lead to involvement of the nervous
system at the time of initial diagnosis, but more frequently at
relapse. The central nervous system (CNS) is affected and
the sole site of involvement in the majority of cases. The
median time to development of CNS disease is less than a

year, though for many can be within 6 months or less of
initial treatment, which may be related to subclinical CNS
disease at the time of initial diagnosis [1]. CNS relapse may
occur as an isolated event or in conjunction with systemic
relapse.

The risk of secondary CNS lymphoma varies depending
on several factors with an overall incidence of 2–7% [1–5].
Risk factors associated for CNS involvement include the
histologic subtype, site of disease, advanced disease, and
rituximab use during initial treatment:

• Histologic subtypes: Patients with aggressive subtypes of
NHL are at a higher risk of development of CNS
involvement [2]. The incidence is up to 30–50% in
Burkitt and lymphoblastic lymphoma, 5% in diffuse large
B cell lymphoma (DLBCL), 2–4% in peripheral T cell
lymphoma, and <5% in indolent lymphomas including
mantle cell lymphoma [6–9]. Mycosis fungoides with
large cell transformation has an increased risk of CNS
relapse [10].

• Primary Site: An increased risk of CNS relapse is seen
with lymphomatous involvement of the testes, orbit, and
paranasal sinuses [4, 7, 11]. Intravascular lymphoma is
also seen frequently in association with CNS disease in
up to 40% of patients [12, 13]. Other sites with an
increased risk of CNS involvement include kidneys,
adrenal glands, breast, bone marrow (large cell involve-
ment), and epidural disease [6].

• Other risk factors: These include age >60, performance
status >1, advanced stage disease (stage III/IV),
involvement of >1 extranodal site, high International
Prognostic Index (IPI), or elevated serum lactate dehy-
drogenase level [2, 3].

Double-hit lymphomas (DHL) characterized by the
presence of cytogenetic MYC and BCL2 and/or BCL6 rear-
rangements are associated with 4–7% risk of CNS involve-
ment at diagnosis with a 3-year cumulative risk of CNS
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relapse at 13% [14–16]. DLBCL co-expressing MYC/BCL2,
or those that are CD5 positive have a propensity for devel-
oping CNS relapse [16, 17].

The impact of rituximab on CNS relapse is unclear.
Several studies have shown that addition of rituximab to
first-line chemotherapy treatment of NHL reduces the inci-
dence of CNS relapses [18–21]. Other studies indicate no
difference in relapse rates with rituximab [22–24].

Central Nervous System Involvement
CNS involvement from systemic NHL can involve the brain,
spinal cord, leptomeninges, or dura in isolation or in com-
bination. Signs and symptoms are based on the site of NHL
in the CNS. Patients typically present with acute or subacute
development of symptoms. Brain and spine MRI help to
identify lesions and extent of disease in the CNS. This is
followed by lumbar puncture for CSF and/or brain biopsy to
confirm diagnosis. It is important to evaluate the presence of
co-existing systemic disease by body CT and/or PET in
addition to bone marrow biopsy if needed. Treatment
options include systemic and/or intrathecal chemotherapy,
high-dose chemotherapy, and autologous stem cell trans-
plant and radiation. The overall prognosis is poor.

Leptomeningeal Metastases

Incidence and Clinical Features
Leptomeningeal metastases or lymphomatous meningitis is
the most common CNS complication of NHL occurring in 6–
8% of NHL patients [25]. Conversely, the primary cancer in
11–24% of patients with leptomeningeal metastases is lym-
phoma [26, 27] Patients often present with cranial nerve pal-
sies, seen in up to 80% of patients [28]. One ormultiple cranial
nerves may be involved. There is a predilection for cranial
nerves II, III, V, VI, and VII, although virtually any cranial
nerve may be affected. Other symptoms such as radicu-
lopathies, pain, focal motor or sensory symptoms, gait imbal-
ance, mental status changes, or seizures may occur [25, 29].
Leptomeningeal disease may lead to hydrocephalus and
raised intracranial pressure with the resulting symptoms of
headaches, nausea, vomiting, visual obscurations and
depressed level of consciousness.About one-fourth of patients
with leptomeningeal disease may have concurrent brain
metastases [30].

Diagnosis
Brain and spine MRI with and without gadolinium is rec-
ommended to all patients suspected with CNS involvement
of NHL, although the sensitivity of imaging in hematologic
malignancies is only about 50% [31]. Subarachnoid nodular
enhancement involving the cauda equina and lumbosacral
nerve roots, enhancement of the cerebellar folia, basal

cisterns, or cranial nerves may be seen (Fig. 31.1). Hydro-
cephalus may also be noted. CT and PET scans are not ideal
imaging modalities to diagnosis leptomeningeal metastases.
It is important to obtain MRI before lumbar puncture for
CSF studies as the procedure may lead to intracranial
hypotension and associated pachymeningeal enhancement,
which may mimic leptomeningeal enhancement particularly
in the spine [32]. CSF studies suggestive of leptomeningeal
metastases include elevated protein and white cells, and low
glucose. CSF beta-2 microglobulin and lactate dehydroge-
nase may also be elevated. CSF cytology for identification of
malignant cells is the definitive diagnostic test, although the
sensitivity may be as low as 50% on the first lumbar punc-
ture increasing to 90% on the 3rd lumbar puncture [33–35].
Other CSF studies helpful in making the diagnosis include
flow cytometry and polymerase chain reaction (PCR) am-
plification of IgH gene or T-cell receptor [36].

Treatment
Intrathecal chemotherapy is often used to treat lep-
tomeningeal metastases from hematologic malignancies as it
is relatively well tolerated, particularly in those with normal
intracranial pressure with no evidence of bulky disease or
CSF outflow obstruction. Oncologists prefer to use
intrathecal chemotherapy when patients have concurrent
systemic disease as it can be easily combined with the sys-
temic chemotherapy. An ommaya reservoir may be placed

Fig. 31.1 MRI lumbar spine T1 post-contrast sagittal image showing
leptomeningeal enhancement of the cauda equina and lumbosacral
nerve roots in a 74-year-old man with a transformed follicular
lymphoma, presenting with headaches, tinnitus, diplopia, and radicular
pain in the right leg. CSF studies confirmed involvement by lymphoma
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surgically for easier drug administration. Methotrexate and
cytarabine separately or in combination with hydrocortisone
may be used intrathecally. Liposomal cytarabine allows for a
longer interval between treatments (every 2 weeks) and
possibly a better response [37]. Intrathecal rituximab with or
without liposomal cytarabine has also been tried [38]. Tox-
icity associated with intrathecal chemotherapy may include
chemical meningitis, acute or subacute encephalopathy, and
hydrocephalus.

Systemic chemotherapy with high-dose methotrexate and
cytarabine is considered for bulky disease [39, 40]. Other
agents such as nitrosoureas and thiotepa have been used.
Often, systemic chemotherapy is used in combination with
intrathecal chemotherapy.

While patients may respond to the above treatment, the
risk of recurrence is very high and high-dose chemotherapy
followed by autologous stem cell rescue should be consid-
ered for young patients with chemosensitive disease [41–44].

Whole brain radiation has been used before or after
chemotherapy in the treatment of leptomeningeal metastases.
There is a significant risk of neurotoxicity from the combi-
nation of chemotherapy and radiation [45], and so it is
usually reserved for palliation and/or refractory disease.
Cauda and lower nerve root or base of skull involvement can
be treated with focal radiation particularly in patients not
responding to chemotherapy or for palliation of symptoms.

Brain Metastases

Incidence and Clinical Features
Prior studies have shown that parenchymal or brain metas-
tases are less common than leptomeningeal metastases from

NHL, accounting for 16% of CNS involvement. However,
more recent studies have demonstrated that 50–75% of the
patients with CNS involvement develop brain relapse only
[18–20, 46]. Signs and symptoms may be focal or general-
ized depending on the site and number of lesions. Patients
may develop progressive focal motor or sensory symptoms,
gait abnormalities, mental status changes, or symptoms and
signs of raised intracranial pressure. Cranial nerve deficits
are often seen. Seizures and headaches are less common, but
can occur. Involvement of the brain by intravascular lym-
phoma can lead to strokes.

Diagnosis
Gadolinium-enhanced MRI of the brain is the optimal
imaging for the CNS. Brain metastases can occur anywhere
within the brain and appear as single or multiple, homoge-
nously enhancing lesions on T1 post-contrast sequences of
MRI. See Fig. 31.2a, b. There is associated surrounding
edema as evidenced by T2 hyperintensity. The appearance is
radiographically similar to primary CNS lymphoma
(PCNSL) with a common site being deep gray matter. The
differential includes primary brain malignancy such as
glioma or other neurologic disorders, such as infectious,
vascular, inflammatory, demyelinating, or autoimmune
conditions. Diagnosis is made by evaluation of CSF or by
brain biopsy for pathologic confirmation.

Treatment
Systemic chemotherapy with high-dose methotrexate
(HD-MTX) is the standard treatment for lymphoma in thebrain
parenchyma [47–49]. This is associated with high response
rates that are typically not durable. Addition of high-dose

Fig. 31.2 MRI brain T1 post-contrast (a) and T2 axial (b) images
showing contrast-enhancing right parietal lesion with surrounding T2
changes and mass effect in a 78-year-old man with testicular lymphoma

treated with chemotherapy and CNS prophylaxis with intrathecal
methotrexate, presenting 3 years later with cognitive impairment and
Left leg weakness. Brain biopsy confirmed diagnosis of lymphoma
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cytarabine and rituximab, which are used in treatment of
PCNSL, may be considered [50, 51]. Some studies have
combined HD-MTX with ifosfamide or procarbazine. More
recently, studies with high-dose chemotherapy followed by
autologous stem cell rescue have shown improved survival in
patients with CNS involvement by NHL [41–44]. Intrathecal
chemotherapy may be considered in combination with sys-
temic chemotherapy especially in patients with CSF involve-
ment, but by itself it is not recommended due to inadequate
brain penetration. Radiation is typically used for palliative
treatment in secondary CNS lymphoma, particularly in those
who do not respond to or are not candidates for systemic
chemotherapy. Whole brain radiation may be considered for
brain involvement. Involved field radiation is typically not
recommended in CNS lymphoma due to its invasiveness and
extent of disease, but may be considered for palliation and
symptom management. While craniospinal radiation would
treat the full extent of disease particularly in leptomeningeal
metastasesordiseasewithbrain and spinal cord involvement, it
is associated with significant morbidity including neurologic
side effects, fatigue, and bone marrow toxicity.

Corticosteroids can help with symptom management by
reducing tumor burden and associated edema. They also
have direct lymphocytolytic effects, and so should be held
prior to obtaining pathologic diagnosis.

Spinal Cord Metastases

Incidence and Clinical Features
Intramedullary spinal cord metastases from NHL are rare
[52]. Often, spinal cord involvement is a result of epidural
disease or in conjunction with leptomeningeal metastases.
Patients may present with signs and symptoms of a
myelopathy such as weakness, sensory level, spasticity, and
bladder/bowel dysfunction. Spinal cord lesions may be
present at multiple levels.

Diagnosis
Total spine MRI with and without gadolinium contrast is
optimal for evaluation of spinal cord metastases, which
typically show intramedullary contrast-enhancing lesions
with associated cord edema. There may be involvement of
the cauda equina associated with intradural lesions or lep-
tomeningeal enhancement along the cord and nerve roots.
Spinal cord biopsies are typically not performed due to the
risk of permanent neurologic deficits and reserved for cases
in which CSF is negative and the clinical and radiographic
picture are not suggestive of lymphoma.

Treatment
For acute onset and progressive myelopathy, corticosteroids
are helpful with symptom management, followed by focal

radiation. Chemotherapy is considered when neurologic
symptoms are mild.

Dural and Epidural Metastases

Incidence and Clinical Features
Dural and epidural metastases typically occur in the spine as
a result of vertebral body, intervertebral foramina or para-
spinal muscle involvement of NHL [52]. Patients typically
present with signs and symptoms of cord compression or
cauda equina syndrome depending on the location in the
spine. Patients may present with back pain or weakness.
Back pain in a patient with systemic NHL particularly with
known bony involvement should raise the suspicion for
epidural spinal cord compression.

Dural metastases in the brain are less common and cause
symptoms from compression of the brain and mass effect.
Patients may present with headache, seizures, or focal defi-
cits based on the location and size of the lesion.

Diagnosis
Spine and brain MRI are useful for diagnosis. Occasionally,
leptomeningeal metastases may also be present. Biopsy may
be considered in patients without a known diagnosis of NHL.

Treatment
Cord compression is a neurosurgical emergency, and surgery
and decompression may be necessary in unstable cases.
High-dose corticosteroids, such as dexamethasone, are used
for acute management. NHL is radiosensitive and in patients
with a known diagnosis emergent radiation is preferred.
Chemotherapy is typically not preferred in patients with cord
compression as neurologic and radiographic response is
slower than with radiation.

Peripheral Nervous System Involvement

Plexopathy

Clinical Features
Direct compression or infiltration by NHL can lead to
plexopathies. Symptoms include severe pain in addition to
weakness and sensory loss in the distribution of the involved
levels of the plexus. The differential includes radiation
induced plexopathy and paraneoplastic plexopathy, both
which may be seen as indirect complications of NHL. The
distinguishing feature is pain, which typically indicates
lymphomatous plexopathy.

Diagnosis
Imaging withMRI demonstrates enhancement of the involved
plexus (Fig. 31.3). Rarely, biopsy is employed for diagnosis.
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Treatment
Focal radiation or chemotherapy is used for treatment of
lymphomatous plexopathy. Radiation also helps with
quicker pain relief.

Peripheral Neuropathy

Clinical Features
Neurolymphomatosis or lymphomatous involvement of
nerve roots and peripheral nerves is a rare complication of
NHL [53, 54]. Patients typically present with a painful
peripheral neuropathy or radiculopathy. Mononeuropathies
of the sciatic, median or radial nerves may be seen. Occa-
sional cranial nerves are also involved. Motor or sensory
nerves can be involved. This may also be seen in association
with plexopathies. Pain is absent in 25–50% of the cases.

Diagnosis
PET imaging is helpful in diagnosis of neurolymphomatosis.
The involved areas show increased uptake. MRI is also
useful when the involved segment of nerve is imaged.

Treatment
Chemotherapy and focal radiation are the modalities of
treatment.

Chemotherapy-induced and paraneoplastic peripheral
neuropathy are described in detail in other chapters.

Myopathy
Lymphomatous involvement of the muscle is rare. The most
common form of muscle involvement in NHL is related to
corticosteroid induced proximal myopathy, which is dis-
cussed in Chap. 19. The muscle (dermatomyositis and

polymyositis) and neuromuscular junction may be involved
in paraneoplastic syndromes from NHL (later in this chapter
and reviewed in Chap. 13 in detail).

Central Nervous System Prophylaxis
The issue of CNS prophylaxis in NHL is controversial.
There is minimal consensus with regards to which patients
should be treated, the optimal treatment, and the timing of
treatment due to lack of adequate evidence to date [6, 55]. In
general, patients with aggressive histologic subtypes, such as
Burkitt’s and lymphoblastic lymphoma and intravascular
lymphoma, should certainly undergo frontline therapies with
CNS-directed treatment. Others associated with risk factors
as outlined earlier in this chapter should undergo baseline
evaluation for evidence of CNS disease at initial diagnosis
and be considered for CNS prophylaxis. Systemic high-dose
methotrexate and high-dose cytarabine with or without
intrathecal methotrexate are utilized to reduce the risk of
CNS relapse in high-risk patients [56, 57].

Indirect Complications of NHL

Paraneoplastic Syndromes
Classic paraneoplastic neurologic syndromes are rare in
lymphomas and different from those seen in association with
solid tumors. The incidence of paraneoplastic syndromes is
higher in HL, and the type and frequency differ between
NHL and HL [58]. Onconeural antibodies are often absent
except with paraneoplastic cerebellar degeneration (more
common in HL). Dermatomyositis, polymyositis, and sen-
sorimotor neuropathies are seen in association with NHL.
Brainstem and limbic encephalitis, neuromyotonia, and

Fig. 31.3 MRI brachial plexus
T1 post-contrast coronal image
showing contrast enhancement of
the right brachial plexus in a
26-year-old man with an
aggressive double-hit lymphoma
presenting with right arm pain
and weakness associated with
atrophy
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motor neuron disease have also been reported [58, 59].
A detailed description of paraneoplastic neurologic syn-
drome is available in Chap. 13.

Vascular Complications: Intravascular Lymphoma

Clinical Features
Intravascular lymphoma, previously known as angiotropic
lymphoma, is a rare and aggressive extranodal DLBCL
characterized by lymphoma cells within the vascular lumen,
particularly capillaries. It can involve any organ; the skin
and the CNS being the most common sites [12]. CNS
involvement occurs in up to 40% of the cases. Clinical
presentation includes fever, cutaneous lesions, neurologic
symptoms, pain, and fatigue. In the nervous system, signs
and symptoms are related to ischemic events from occlusion
of small arteries by malignant cells. Neurologic presentation
can be varied, in the form of acute focal neurologic deficits,
subacute encephalopathy, myelopathy, polyneuropathy,
mononeuritis multiplex, or myopathy. CNS and skin
involvement is uncommon in the hemophagocytosis variant
of intravascular lymphoma reported in Japanese patients.

Diagnosis
Brain MRI demonstrates T2 hyperintense lesions with
restricted diffusion. The lesions may or may not on enhance
on administration of gadolinium contrast. Cerebral angiog-
raphy may show occlusions of medium or small vessels.
Skin biopsy or occasionally bone marrow biopsy may be
diagnostic. Occasionally, brain biopsy may be necessary.

Treatment
The overall prognosis is poor, and prompt diagnosis fol-
lowed by rapid institution of treatment is of importance to
prevent widespread progressive disease. Treatment involves
addition of high-dose methotrexate and rituximab to sys-
temic anthracycline-based regimens. High-dose chemother-
apy followed by autologous stem cell rescue should be
considered in younger patients for improved relapse-free
rates.

Treatment-Related Complications
Neurologic complications can result from the various treat-
ment modalities for NHL including chemotherapy, radiation,
autologous stem cell transplant, and allogeneic transplant.
Please refer to Chaps. 14–20 for specific treatment-related
complications.

Complications Associated with Hodgkin’s
Lymphoma

Direct Involvement of the Central Nervous System

Brain Metastases

Incidence and Clinical Features
Parenchymal metastases are less common in HL than in other
lymphomas with an incidence rate of only 0.2–0.5% [60–62].
Women and men are equally affected [63]. No specific risk
factors have been identified for intracranial HL disease [64],
but a role of Epstein Barr virus infections has been suggested
[65, 66]. Hematogenous dissemination is the most common
route for spread to the brain. HL brain metastases are almost
exclusively found in patients with advanced and/or refractory
disease but may also be present at diagnosis. Very rarely, the
brain can be the sole site of disease (primary CNS HL) [65].
Clinical signs and symptoms depend on the location of the
parenchymal metastases and include cranial neuropathies
(55%), headache (36%), weakness (35%), papilledema
(19%), nausea and vomiting (17%), memory problems
(17%), seizures (14%), and gait difficulties (5%) [67].
B symptoms, including weight loss, night sweat, and fevers,
are uncommon in patients with CNS involvement and only
present with concomitant systemic disease.

Diagnosis

Usually, HL presents as solitary brain metastatic lesions
within the subcortical and periventricular white matter, with
well circumscribed contrast-enhanced lesions on MRI and
multiple lesions are uncommon. Metastases are found
mainly in the brain parenchyma (67%), dura (19%) and
pituitary gland (3%) [67]. Dural lesions may have the radi-
ological appearance of a meningioma [68] and should raise
suspicion in a patient with HL. Brain biopsy or evaluation of
CSF may be performed for confirmation of diagnosis.

Treatment

Due to its rarity and the lack of prospective clinical trials,
treatment options are not well established. Surgery, radiation
(whole brain radiation or stereotactic focal radiation), and
several different chemotherapeutic regimens (MVPP:
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mustine, vinblastine, vincristine, bleomycin, etoposide,
prednisone; Stanford V: mechlorethamine, doxorubicin,
vinblastine, vincristine, bleomycin, etoposide, prednisone;
ABVD: doxorubicin, bleomycin, vinblastine, dacarbazine;
IVAC: if osphamide, etoposide, and high-dose cytarabine
[63]) have been used. There seems to be an improved
response rate and survival in early diagnosed and aggres-
sively treated patients who received combination
radiochemotherapy [61, 63]. CNS prophylaxis is not rou-
tinely recommended in HL [61].

Spinal Metastases

Incidence and Clinical Features
The spine can be affected by HL through intramedullary
metastases or epidural involvement. Intramedullary
involvement is extremely rare and arises from hematogenous
spread or by centripetal tumor growth along spinal nerve
roots with secondary invasion of the spinal cord [69, 70].
Epidural HL is more common and estimated to be found in
0.2–5% of cases [69]. As with brain metastases, epidural
disease is mainly seen in patients with advanced disease. The
mixed cellularity histology seems to have a higher
predilection for development of epidural compression [71]
and the thoracic spinal cord is most commonly affected site
of the spinal cord. Epidural HL is typically diagnosed in the
setting of preexisting extranodal disease [72]. Clinical signs
of spinal involvement and cord compression are not unique
to HL and include back pain, weakness, sensory level,
autonomic dysfunction (painless urinary retention, fecal
incontinence, and impotence), and ataxia.

Diagnosis
Radiographic evaluation by spine MRI with and without
gadolinium is optimal, followed by CSF or tissue analysis,
although spinal cord biopsy is rarely performed.

Treatment
Spinal HL responds well to radiation and/or chemotherapy.
Surgery is reserved for patients with spinal instability and
progressive neurologic deficits [73]. The degree of motor
deficits remains the single most important prognostic factor
for outcome and recovery of function after treatment.

Leptomeningeal Disease

Incidence and Clinical Features
Although lymphomatous involvement of the leptomeninges
is very rare in HL, it can develop at any time during the
course of disease [74, 75]. Leptomeningeal disease usually
affects the base of the skull and conus medullaris, resulting

in the development of global cerebral dysfunction and
multiple cranial neuropathies.

Diagnosis
Cerebrospinal fluid (CSF) studies generally reveal elevated
protein and lymphocytic pleocytosis. The identification of
Reed-Sternberg cells in the CSF cytology is a definitive
indicator of HL-related leptomeningeal metastases [76].
Additionally, if eosinophilic pleocytosis is identified, one
should consider HL-related leptomeningeal metastases [74].

Treatment
No standard treatment exists for HL-related leptomeningeal
disease, but intrathecal chemotherapy may play a role in
these patients. If untreated, patients die from their disease
within weeks to months.

Indirect Effects on the Central Nervous System

Many of the indirect effects of HL are similar for both HL
and NHL. The indirect effects preferentially found in HL are
described in the following section.

Vascular Complications: Primary Angiitis
of the CNS

Clinical Features
HL has been associated with a rare non-infectious granu-
lomatous angiitis affecting exclusively the small vessels of
the brain and spinal cord [77–79]. Primary angiitis of the
CNS was first described by Cravioto and Feigin in 1959
[80] and its pathogenesis has not been well established but
associations with hypersensitivity, autoimmune reactions,
and viral infections have been suggested [77, 81]. Neuro-
logic signs and symptoms are the main clinical findings as
the lack of changes in extracranial vessels leads to a paucity
of systemic symptoms. Depending of the site of CNS
involvement, the patients can develop headaches,
encephalopathy, seizures, confusion, focal stroke-like defi-
cits, and multifocal infarcts [82]. The rarely occurring spinal
lesions can manifest as cord compression or transverse
myelitis.

Diagnosis
The diagnosis of primary angiitis of the CNS and HL is often
made simultaneously or closely correlated in time [77]. The
diagnosis is challenging because there exist no specific
findings on MRI, CSF analysis, or cerebral angiography; in
fact, these results can appear normal [83]. One should be
suspicious of this entity if the cerebral angiography identifies
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multifocal and segmental narrowing of blood vessels, or
microaneurysm formation. Ultimately, the diagnosis requires
a biopsy of the leptomeninges or brain parenchyma
demonstrating focal and segmental non-necrotizing granu-
lomatous inflammation of small vessels. Other conditions
associated with primary angiitis of the CNS include herpes
zoster, HIV, and Sjögren syndrome.

Treatment
No evidence-based treatment strategies are available for the
treatment of primary angiitis of the CNS associated with HL,
but the combination of corticosteroids and immunosup-
pression with specific treatment of HL should be initiated.
Unfortunately, results are usually disappointing.

Infectious Complications
Patients with HL are at a higher risk for opportunistic
infections of the CNS. HL associated alteration of
cell-mediated immunity through functional and quantitative
deficits of CD4+ T-cells weaken the patient’s ability to
withstand microorganisms. Additionally, suppressed immu-
nity in the setting of staging splenectomy in combination
with chemotherapy or radiotherapy further increases the risk
of infection. Therefore, both the incidence and severity of
infections are increased in HL patients and can lead to life
threatening illnesses of the CNS. These infections range from
fungal and protozoan pathogens, including Cryptococcus
neoformans and toxoplasma gondii, to common bacterial
(Listeria meningitis; brain abscess with Nocardia asteroides)
and viral agents, particularly the herpes and papova groups of
viruses [84, 85]. Zoster can occur at any time during the
course of HL and account for 25% of infection in HL patients
[84]. Disease can be disseminated in up to 20% of cases.
The most common neurologic complications include
encephalitis/meningitis, shingles (thoracic > lumbar > cer-
vical dermatome), and post-herpetic neuralgia [86].

One of the most severe CNS infections observed in HL
patients is progressive multifocal leukoencephalopathy
(PML) caused by the papovavirus John Cunningham virus
(JC virus). This virus is widely distributed in humans by late
childhood but rarely cause CNS pathology in normal hosts.
In immunocompromised HL patients, the JC virus can have
devastating effects. Patients affected by PML develop vari-
able clinical presentation which can include progressive
weakness, encephalopathy, headaches, visual changes, dys-
arthria, and ataxia [87]. On imaging, multiple confluent
perivascular white matter changes that are hyperintense on
T2/FLAIR sequences can be observed [88]. The ultimate
diagnosis can be achieved by the identification of JC virus
through viral PCR in the CSF or biopsy material. Before
1990, most PML cases occurred among persons with
Hodgkin disease, whereas in recent years, with the

development of purine analogs, hematopoietic stem cell
transplantation procedures, and rituximab, most PML cases
occur among non–HIV-infected persons with NHL or
chronic lymphocytic leukemia [89].

Paraneoplastic Syndromes
Paraneoplastic syndromes occur in 1–5% of patients with
HL [90]. HL is mainly associated with subacute cerebellar
degeneration (Anti-Yo, Anti-Tr), limbic encephalitis
(Anti-Hu), subacute necrotic neuropathy and chronic motor
neuropathy [91–93]. The CSF in these patients can be
abnormal in early stages, displaying a mild pleocytosis and
an increase in the total protein value [94]. Paraneoplastic
syndromes and clinical signs can develop prior to a cancer
diagnosis and should trigger a thorough work-up for
malignancy. For a more detailed overview and description of
paraneoplastic syndromes, see Chap. 13.

Conclusion
Lymphoma can affect the nervous system at any level
both directly and indirectly. Direct invasion or compres-
sion of brain, spinal cord, or meninges can result in
numerous nervous system complications. Indirectly
lymphoma can result in several paraneoplastic syndromes
and affect the CNS by increasing risk of infectious and
vascular complications. A thorough understanding of
how lymphoma affects the nervous system can aid in the
identification of complications and implementation of
therapy when appropriate.
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32Neurologic Complications of Plasma Cell
Dyscrasias
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Abbreviations
AL Primary systemic amyloidosis
CBC Complete blood count
CIDP Chronic inflammatory demyelinating polyradiculoneuropathy
CNS Central nervous system
CSF Cerebrospinal fluid
DADS-M Distal acquired demyelinating symmetric neuropathy with M protein
EMG Electromyography
FLC Kappa-lambda free light chains
INCAT Inflammatory neuropathy cause and treatment
M protein Monoclonal protein
MGUS Monoclonal gammopathy of undetermined significance
MM Multiple myeloma
PNS Peripheral nervous system
SCT Stem cell transplant
SPEP Serum protein electrophoresis
TTR Transthyretin
WM Waldenström macroglobulinemia

Introduction

Plasma cell dyscrasias are a group of disorders resulting
from monoclonal proliferation of a B cell clone and are
accompanied by the secretion of monoclonal immunoglob-
ulins. They are often associated with neurologic involvement
most frequently affecting the peripheral nervous system.
Neurologic complications can be caused by direct effect of
the plasma cells themselves or indirect effect through their

secreted proteins including immunoglobulins. However, in
many situations, the underlying pathogenic process is yet to
be discovered. In patients with a peripheral neuropathy and a
monoclonal gammopathy, the type of the monoclonal pro-
tein, the neuropathy phenotype, and laboratory findings can
help establish the diagnosis (Table 32.1).

Monoclonal Gammopathy of Undetermined
Significance

Immunoglobulins are made of two heavy chains and two
light chains. Heavy chains can be of IgG, IgA, IgM, IgD or
IgE subtype. Light chains are either kappa (j) or lambda (k)
subtype. A monoclonal population of B lymphocytes or
plasma cells may produce one type of immunoglobulin,
creating a monoclonal gammopathy. Monoclonal
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gammopathies can be associated with an underlying malig-
nant plasma cell dyscrasia such as multiple myeloma or
Waldenström macroglobulinemia. They can also cause pri-
mary amyloidosis with multi-organ involvement including
the peripheral nervous system. When monoclonal gam-
mopathies are found in isolation without evidence of an
associated hematological malignancy, they are called a
monoclonal gammopathy of undetermined significance or
MGUS. To be called MGUS, the plasma cell content of the
bone marrow has to be less than 10%, the monoclonal
protein spike less or equal to 3 g/dL and there should be no
evidence of end-organ damage (hypercalcemia, renal insuf-
ficiency, anemia or bone lesions) [1].

MGUS is found in approximately 3.2 percent among
persons 50 years of age or older, 5.3 percent among persons
70 years of age or older and 7.5 percent among those
85 years of age or older [2]. The risk of progression from
MGUS to a malignant plasma cell dyscrasia is about 1
percent per year [3]. Risk factors for malignant transforma-
tion include monoclonal protein of 1.5 g/dL or greater,
non-IgG subtype, and abnormal kappa-lambda-free light
chains (FLC) ratio (<0.26 or >1.65) [3, 4].

Laboratory Evaluation

Serum protein electrophoresis and immunofixation should be
performed when looking for a monoclonal gammopathy.
Immunofixation is more sensitive for detection of mono-
clonal proteins when compared to electrophoresis [5].

Serum-free light chain (FLC) ratio can also be done to fur-
ther increase the sensitivity [6]. When detected, the amount
of the monoclonal protein (M protein) needs to be quantified
in both serum and urine (via 24-h urine collection). A com-
plete blood count (CBC), serum electrolytes including cal-
cium, renal function assessment, and skeletal survey should
be done to assess for end-organ damage. Bone marrow
aspirate and biopsy may be performed for individuals with
high-risk features [7].

Given the risk of progression detailed above, routine
follow-up testing should be performed. There is no con-
sensus on the frequency of testing; nonetheless, it should be
tailored to the size of the monoclonal protein and risk factor
profile [7]. Usually, we monitor with SPEP and serum FLC
ratio at 6 months then yearly thereafter. Urine protein elec-
trophoresis is performed if an M spike was initially found in
urine.

MGUS Neuropathy

In the general population, the prevalence of
length-dependent peripheral neuropathy is about 1.66% [8].
MGUS is found in up to 10% of patients with peripheral
neuropathy seen at a tertiary referral center [9]. Due to the
common occurrence of both peripheral neuropathy and
MGUS, which increases with age, it is important to deter-
mine whether their presence is purely a chance association or
whether the neuropathy is secondary to the process causing
the monoclonal gammopathy. In the general population, IgG

Table 32.1 Plasma cell dyscrasias

Hematologic
disorder

Most
common
monoclonal
protein type

Neuropathy phenotype Autonomic
involvement

Helpful laboratory markers

Monoclonal
gammopathy of
undetermined
significance

IgM kappa Length-dependent, sensory
predominant, demyelinating with
prolonged distal latencies

– Anti-MAG antibodies

Waldenström
macroglobulinemia

IgM kappab Length-dependent, sensory
predominant, axonal or
demyelinating with prolonged
distal latencies

– Hemoglobin, platelet count
(thrombocytopenia), IgM levels,
b2-microglobulin

Immunoglobulin
light
chain amyloidosis

Lambda
more than
kappa

Length-dependent, sensory and
motor, axonal

+++ 24-h urine total protein, complete blood count,
creatinine, alkaline phosphatase, troponin,
brain natriuretic peptide, or N-terminal
pro-brain natriuretic peptide levels

Multiple myelomaa IgG more
often than
IgA

Length-dependent, sensory and
motor, axonal

± Hemoglobin, calcium, creatinine, 24-h urine
total protein

POEMS syndrome IgG or IgA,
lambda

Polyradiculoneuropathy, sensory
and motor, demyelinating

+ Platelet count (thrombocytosis), VEGF,
endocrine studies, CSF protein

aMultiple myeloma-associated neuropathy, without amyloid
bWaldenstrom macroglobulinemia by definition is IgM kappa
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is the most common monoclonal gammopathy, while IgM is
the most frequent monoclonal gammopathy found in patients
with peripheral neuropathy (Fig. 32.1) [10, 11]. Laboratory
work up, electrodiagnostic testing, and the neuropathy phe-
notype may help resolving this dilemma.

The classic phenotype of MGUS neuropathy is called
DADS-M or distal acquired demyelinating symmetric neu-
ropathy with M protein [12]. It affects men more than women
usually between the fourth and ninth decade. Initially, the
symptoms are predominantly sensory; however, mild distal
lower limb weakness is not uncommon and patients might
present with, or evolve into a disabling polyradiculoneu-
ropathy with proximal and distal weakness. MGUS neu-
ropathy is most commonly associated with IgM kappa
monoclonal gammopathy. On electrodiagnostic testing,
patients typically have demyelinating features with slowing
of motor conduction velocities and marked prolongation of
distal latencies implying terminal nerve involvement. Sen-
sory potentials are typically reduced or absent.

Antibodies against myelin-associated glycoprotein
(MAG) are found in nearly half of DADS-M patients. In
patients with MAG positivity, the IgM binds to the periph-
eral nerve MAG causing widening of the myelin lamellae
that can be seen on electron microscopy [13–16]. However,
the clinical presentation and course of DADS-M is the same
in the presence or absence of MAG antibodies [11, 17] and
MAG positivity may be seen in amyloid neuropathy patients
and in IgM MGUS without neuropathy [18]. Therefore,
subdividing patients with MGUS neuropathy into two cat-
egories, based on the presence of anti-MAG antibodies, is of
uncertain clinical significance.

DADS-M is often considered a subtype of chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP)
[12, 19]. DADS-M was distinguished from CIDP as patients
with CIDP and IgM MGUS were found to respond poorly to
conventional CIDP treatment [11, 12, 20]. On the other

hand, there was no difference in response between CIDP
patients with and without IgA or IgG MGUS. Therefore, the
presence of IgA and IgG in CIDP patients might be just an
incidental finding. Furthermore, the evidence of an associ-
ation of IgA or IgG MGUS with peripheral neuropathy in
general remains unclear.

In summary, there is no definitive way to determine with
confidence whether a MGUS and peripheral neuropathy
have a causal relationship in a specific patient. Therefore, the
clinician should gather as much evidence as possible before
assuming the patient has a paraproteinemic neuropathy
guided by the clinical phenotype, electrodiagnostic findings,
the type of the monoclonal protein (IgM vs. non-IgM) and
the presence of anti-MAG antibodies.

MGUS Neuropathy Management

Multiple case reports and case series using different
immunomodulating agents have been published with vary-
ing results. Some clinical trials only included patients with
IgM anti-MAG neuropathies, while others treated all patients
with IgM neuropathy regardless of anti-MAG status. A 2012
Cochrane Review did not find enough evidence to support
the use of intravenous immunoglobulin, interferon alfa-2a,
cyclophosphamide and steroids, and plasma exchange in
IgM anti-MAG neuropathies [21]. Earlier small studies
suggested possible benefit with rituximab [22, 23]. Subse-
quently, a double-blinded, placebo-controlled trial of ritux-
imab in IgM anti-MAG neuropathy was performed [24]. The
study did not meet the primary outcome of an absolute
improvement on the inflammatory neuropathy cause and
treatment (INCAT) sensory score at 12 months. However,
there was evidence of some improvement in secondary
outcomes including the INCAT disability scale in 20% of
patients and self-evaluation scale.

General population Patients with PN

M
15%

G
73%

A
15%

M
48%

G
37%

A
12%

Fig. 32.1 Overrepresentation of
IgM monoclonal protein in
patients with peripheral
neuropathy
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Currently, there is no reliable evidence to support the use
of immunotherapy in IgM neuropathy. Thus, treatment
decision has to be made on a case by case basis. Treatment is
usually offered for very young patients or older patients with
significant disability. Patients with proximal weakness
resembling a polyradiculoneuropathy tend to respond better
to treatment [25].

Waldenström Macroglobulinemia

Waldenström macroglobulinemia (WM) is a lymphoplasma-
cytic lymphoma associated with IgM monoclonal gammopa-
thy. Diagnosis is usually made via a bone marrow biopsy
demonstrating a lymphoplasmacytic infiltration with a pre-
dominantly intertrabecular pattern, supported by appropriate
immunophenotypic studies, and regardless of the IgM protein
concentration [26]. WM affects men more than women (2:1)
[27]. Patients most commonly present in their seventh decade
with fatigue related to the underlying anemia. Clinical mani-
festations include peripheral neuropathy, hepatomegaly, sple-
nomegaly, lymphadenopathy, and hyperviscosity syndrome.

Most commonly, WM is a chronic disease with a 5-year
relative survival rate of about 78% [28, 29]. Prognostic
factors associated with poor outcome include: age >
65 years, Hemoglobin � 11.5 g/dL, platelet count �
100,000/µL, b2-microglobulin > 3, and monoclonal IgM
concentration > 7 g/dL [27].

CNS Complications of Waldenström
Macroglobulinemia

Hyperviscosity syndrome is characterized by skin and
mucosal bleeding, retinopathy with retinal hemorrhages
mimicking central vein occlusion, and central nervous system
(CNS) involvement (intracerebral hemorrhage, seizures,
vertigo and altered level of consciousness including coma)
[30]. In addition to hyperviscosity syndrome, CNS involve-
ment can result from direct infiltration by lymphoplasmacytic
cells known as Bing-Neel syndrome. MRI of the brain and
cerebrospinal fluid (CSF) studies help establish the diagnosis.
Furthermore, patients may also develop Bing-Neel syndrome
without evidence of CNS infiltration. The underlying mech-
anism remains unclear but could be related to intra-
parenchymal IgM deposition [31]. When the CNS is
involved, large cell transformation needs to be ruled out.

Waldenström Macroglobulinemia Neuropathy

The peripheral neuropathy associated with WM is clinically
indistinguishable from IgM-MGUS neuropathy. It is a

predominantly sensory neuropathy with the most common
symptom being foot numbness resulting in sensory ataxia.

Nerve conduction studies and EMG demonstrate that
WM neuropathy is more commonly axonal with only 27%
of patients having demyelinating features compared to 62%
of patients with IgM-MGUS neuropathy [32]. The degree of
axonal loss on nerve conduction studies/EMG and on teased
nerve fibers is similar to that seen in IgM-MGUS, which
likely accounts for the similar type and severity of impair-
ments. Patients with WM have much higher IgM levels
(median 3100 mg/dL) and much greater presence of anemia
(median hemoglobin of 11.8 g/dL) when compared to
patients with IgM MGUS (median IgM level of 650 mg/dL
and median hemoglobin of 14.4 g/dL) [32]. While none of
these findings in isolation can rule in or rule out WM, they
should nonetheless serve as helpful clues to prompt further
evaluation and hematology consultation.

CT scan of the chest, abdomen, and pelvis identifying
hepatosplenomegaly or lymphadenopathy and bone marrow
biopsy with lymphoplasmacytic infiltrate can establish the
diagnosis of WM.

Waldenström Macroglobulinemia Management

Given the relatively good long-term survival of patients with
WM, potential toxicity of therapy should be taken in con-
sideration and treatment should be tailored depending on
disease severity [27]. Observation is recommended for
asymptomatic patients. Patients with hemoglobin < 11 g/dL
or platelet < 120,000/µL and patients with early disease
including patients with WM neuropathy, hemolytic anemia
or glomerulonephritis may be treated with one cycle of
rituximab as a single agent. Patients with advanced disease
including patients with bulky disease, profound cytopenias
(hemoglobin � 10 g/dL or platelets < 100,000/µL), or
hyperviscosity symptoms should be treated with rituximab,
cyclophosphamide, and dexamethasone [33]. Ibrutinib, an
inhibitor of the Bruton’s tyrosine kinase, has been recently
reported to be effective in WM-pretreated patients [34].
Plasmapheresis should be offered for patients with hyper-
viscosity symptoms. Autologous stem cell transplantation
may be considered in relapsing/refractory cases [33].

Primary Amyloidosis

Amyloidosis includes a group of disorders resulting from
the deposition of insoluble amyloid fibrils in various tis-
sues including peripheral nerves. Amyloidosis is classified
by the subunit of protein compromising the amyloid fibril
[35]. Amyloidosis associated with peripheral neuropathy
includes primary systemic amyloidosis (AL) and familial
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amyloidosis. Familial amyloidosis is most commonly due to
mutations in the transthyretin (TTR) and less often,
apolipoprotein A-1 or gelsolin [36]. On biopsy specimen,
amyloid consists of a homogenous amorphous material that
stains pink with hematoxylin and eosin and metachromati-
cally with methyl violet or crystal violet. Positive reactivity
is seen on Congo red staining with apple-green birefringence
when seen under polarized light (Fig. 32.2a–c).

Amyloidosis is not always systemic. It can be localized to
a specific site such as the skin, urinary tract or peripheral
nerves.

Immunoglobulin Light-Chain Amyloidosis

AL amyloidosis results from the deposit of monoclonal light
chains, kappa or lambda, in various tissues including the
heart, kidneys, gastrointestinal tract, and peripheral nerves.
Changes in the secondary and tertiary structure of the light
chains result in the formation of insoluble beta-pleated
sheets that disrupt organ function. Rarely, primary amyloi-
dosis can be associated with a heavy-chain fragment [37].

AL amyloid has an incidence of 8 per 1 million people
per year and median age of onset of 62 years [38]. It is
uncommon in patients under the age of 40 [39]. It affects
men more than women (ratio of 2:1) [40]. The most common
symptoms are fatigue and weight loss in nearly half of the
patients [40]. Cardinal clinical findings, including
macroglossia, facial purpura, hepatosplenomegaly, and
submandibular salivary gland enlargement, are present in a
minority of cases. At time of diagnosis, nephrotic syndrome,
with or without renal failure, is found in 28% of patients,
carpal tunnel syndrome in 21%, peripheral neuropathy in
17%, congestive heart failure in 17%, and orthostatic
hypotension in 11% [39]. Survival depends on the extent of
cardiac involvement. Typically, patients develop a car-
diomyopathy that results in congestive heart failure and/or
cardiac arrhythmias that can result in sudden death [41].
With the use of high-dose chemotherapy, the availability of
new chemotherapeutic agents, the decrease in post-stem cell
transplant (SCT) mortality, and the better selection of SCT
eligible patients, there is evidence of improvement in overall
survival rate [42]. Currently, the median survival is about 2–
4 years [43]. Nonetheless, the survival rate can vary from
less than 6 months for patients with overt cardiac failure, to
a 10-year survival of 43% after autologous stem cell trans-
plantation (SCT) [44].

AL Amyloidosis Neuropathy

Peripheral neuropathy affects 15–20% of patients with AL
amyloidosis [39]. The most common pattern of amyloidosis

neuropathy (including both AL and familial forms) is seen in
about two-thirds of patients and consists of generalized
autonomic failure with a painful, length-dependent,

Fig. 32.2 Arepresentative case of amyloidosis in nerveaHematoxylin and
eosin demonstrates amyloid deposition around endoneurial vessels, which is
b congophilic and shows c apple-green birefringence under polarized light.
(Used with permission of Oxford University Press from Mauermann ML,
Tracy JA, Singer W. Autonomic Neuropathies. In: Bennarroch E, ed:
Autonomic Neurology. Oxford: Oxford University Press; 2014.)
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sensorimotor peripheral neuropathy [45]. In some patients,
the generalized autonomic failure may be associated with a
painless, length-dependent, sensorimotor peripheral neu-
ropathy or can happen in isolation. Less likely, patients can
have a length-dependent, sensorimotor peripheral neuropa-
thy without generalized autonomic failure or can have gen-
eralized autonomic failure associated with a small-fiber
neuropathy [45].

The length-dependent peripheral neuropathy starts dis-
tally in the feet and spreads more proximally with time. It
usually affects the hands when it reaches the knee level.
Patients often report numbness, tingling, burning, stabbing
pains, and weakness. On physical examination, patients
commonly have pan-modality sensory loss including both
large-fiber (light touch, vibration and proprioception) and
small-fiber (pain, temperature) modalities. However, as
mentioned above, patients may only have a small-fiber
neuropathy with selective loss of pain and temperature
sensation.

Autonomic involvement can affect the cardiovascular,
gastrointestinal, and genitourinary systems. The most fre-
quent symptom is orthostatic intolerance, followed by
gastrointestinal symptoms including postprandial diarrhea
or vomiting, severe constipation, and gastroparesis [46].
Genitourinary involvement manifests with erectile dys-
function early on and dysuria and urinary retention later
with disease progression [36]. Patients also commonly
have sweating abnormalities. Light-near dissociation
of pupillary reactions (Argyll-Robertson pupil) may be
observed.

Localized deposit of amyloid, termed amyloidoma, can
cause a focal neuropathy by compression or amyloid depo-
sition within the nerve [47, 48]. Rarely, the whole IgM
molecule forms deposits within the nerve without
amyloid-associated proteins [49, 50]. Morphologically, the
deposition of the whole IgM molecule mimics amyloid, but
does not stain with Congo red.

Laboratory Evaluation

Nerve conduction studies/EMG typically shows a
length-dependent axonal, sensorimotor peripheral neuropa-
thy. However, in a pure small-fiber neuropathy, NCS/EMG
will be normal. If clinically indicated, quantitative sudo-
motor axon reflex testing, thermoregulatory sweat test,
and/or skin biopsy to determine epidermal nerve fiber den-
sity may be used to evaluate for small-fiber involvement.
Autonomic reflex screening usually shows generalized
adrenergic, cardiovagal, and sudomotor dysfunction.

Screening for suspected AL amyloidosis should include
serum and urine immunofixation as well as an
immunoglobulin free light-chain assay [51]. When amyloi-
dosis is suspected, tissue confirmation is required. Biopsy of
the iliac crest bone marrow combined with abdominal sub-
cutaneous fat aspiration will identify amyloid deposits in
85% of patients with amyloidosis [51]. If these are unre-
vealing, a biopsy of an affected tissue should be considered.
Thereafter, amyloid protein composition should be deter-
mined by mass spectrometry [52, 53]. Screening for other
organ involvement should include an echocardiography,
24-h urine total protein measurement, measurement of
complete blood count, creatinine level, alkaline phosphatase
level, troponin and N-terminal pro-brain natriuretic peptide
levels [51].

AL Amyloidosis Management

It is crucial to make the diagnosis of AL amyloidosis early
on as it has major treatment implications, and delay in
diagnosis may affect eligibility for stem cell transplant. SCT
is the treatment of choice for AL amyloidosis with survival
rates of 53% for patients with a complete response and 43%
for all treated patients [44, 54]. Unfortunately, only 20–25%
of patients are eligible for SCT at diagnosis. Eligibility
requirements include NT-proBNP <5000 ng/mL, troponin
T < 0.06 ng/mL, age < 70 years, <3 organs involved, and
serum creatinine � 1.7 mg/dL [51]. SCT-ineligible patients
should be given a chemotherapeutic regimen such as mel-
phalan–dexamethasone or cyclophosphamide–bortezomib–
dexamethasone. In patients with a peripheral neuropathy,
some therapies, including bortezomib and thalidomide,
should be used with caution due to the high risk of a
length-dependent, sensory-predominant, axonal neuropathy
as will be detailed in multiple myeloma section [55].

Multiple Myeloma

Multiple myeloma (MM) is a malignant plasma cell disorder.
It is more common in men with an average age of onset of
66 years and annual incidence of 4.3 cases per 100,000
people [56]. Patients usually present with fatigue, weight
loss, bone pain, and recurrent infections. A majority of
patients have an associated monoclonal protein (>90%) with
IgG kappa being the most common (34%) [57]. The main
features of MM that reflect end-organ damage include
hypercalcemia, renal insufficiency, anemia, and bone
involvement [58].
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MM neurologic complications can involve both the cen-
tral (CNS) and peripheral (PNS) nervous systems. They can
be caused by different mechanisms:

1. Direct tissue damage via infiltration by neoplastic cells or
compression

2. Indirect effect via autoimmune processes (e.g., paraneo-
plastic), amyloid deposition, or toxic metabolic
derangements caused by end-organ damage

3. Iatrogenic effect related to chemotherapeutic drugs.

Laboratory Evaluation

Laboratory evaluation should include serum and urine
monoclonal protein screen as detailed in the monoclonal
gammopathy section. Investigation should also evaluate for
end-organ damage and bone involvement via skeletal survey
or low-dose CT scan without contrast. The diagnosis of MM
requires the presence of a monoclonal protein (except in
non-secretory MM), plasma cell count greater than or equal
to 10% on bone marrow evaluation by bone marrow aspirate
or biopsy, and presence of end-organ damage [59]. In the
absence of end-organ damage, MM can be diagnosed if bone
marrow plasma cell count is � 60% [60].

CNS Complications

Spinal Cord Compression
MM has predilection for bone and bone marrow. Bone
health relies on a balance between bone resorption mediated
mainly by osteoclasts and bone formation by osteoblasts.
In MM patients, the balance is disrupted favoring osteoclast
activity, resulting in bone friability and the development of
lytic lesions. Consequently, spinal cord compression can
result from a vertebral fracture or from an expanding
myelomatous lesion in the marrow cavity of the vertebrae.
Less often, spinal cord compression is due to an extra-
medullary plasmacytoma [61].

Patients with thoracic spinal cord compression usually
present with acute severe back pain, weakness and/or
numbness in lower limbs with or without bowel and blad-
der symptoms. Spasticity may not be present upon presen-
tation. Furthermore, patients may present with slowly
progressive symptoms and dull pain. Less often, the com-
pression is at the level of the cervical spinal cord with
symptoms involving the upper limbs as well.

Spinal cord compression requires immediate attention.
Urgent imaging of the spinal cord helps establish the diag-
nosis. Immediate treatment with high-dose corticosteroids is
recommended, helping to alleviate the pain and improve

neurologic deficits. Decompression surgery or radiotherapy
will generally follow.

CNS Myelomatosis
Direct CNS infiltration by myelomatous cells is rare. MM
can involve the leptomeninges or the brain parenchyma.
Patients may present with a wide range of symptoms such as
symptoms related to intracranial hypertension, cranial nerve
involvement, nerve root involvement, pituitary malfunction,
diffuse cerebral dysfunction, and focal deficits depending on
the site of infiltration [62]. Intracranial plasmacytomas are
rare and most commonly resulting from direct extension of a
skull lesion [63]. Brain MRI with contrast and CSF studies
helps establish the diagnosis.

Hyperviscosity
Hyperviscosity syndrome is seen in multiple myeloma and
Waldenström macroglobulinemia. It is due to the increased
protein content of the blood and the large molecular size,
abnormal polymerization, and abnormal shape of
immunoglobulin molecules. Symptoms of hyperviscosity
usually appear when the normal serum viscosity of 1.4–1.8
cp reaches 4–5 cp [64]. Patients with hyperviscosity syn-
drome usually present with focal neurologic symptoms,
visual disturbances, and bleeding as detailed previously in
the Waldenström macroglobulinemia section.

Toxic-Metabolic Encephalopathy
Encephalopathy in a patient with multiple myeloma warrants
a thorough investigation to assess for metabolic derange-
ments or electrolyte abnormalities due to end-organ damage
or medication side effects. Renal involvement can result in
uremia, metabolic acidosis, and electrolyte abnormalities
especially hyperkalemia. Hypercalcemia can present with
altered mental status, tetany, seizures, or focal neurologic
deficits. Interestingly, patients with MM can have hyper-
ammonemia in the absence of liver involvement [65].
Moreover, patients may develop hypoperfusion
encephalopathy in the setting of low cardiac output. Car-
diotoxicity can be seen in autologous stem cell transplant
patients treated with cyclophosphamide and/or melphalan
[66, 67], and in patients treated with proteasome inhibitors
(bortezomib and carfilzomib) [68–70]. Nonetheless, hyper-
viscosity syndrome and CNS involvement need to be con-
sidered in encephalopathic patients.

PNS Complications

Compression and Infiltration
Cranial nerves and nerve roots can be involved secondary to
leptomeningeal infiltration, adjacent bony lesions, or plas-
macytomas. A notable syndrome is the numb-chin syndrome
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caused by lytic lesions of the mandible and involvement of
the mental or inferior alveolar nerve [71]. About 10% of
MM patients have mandibular bony lesions [72].

Multiple Myeloma-Associated Peripheral
Neuropathy
Clinically, 5–20% of multiple myeloma patients have evi-
dence of peripheral neuropathy. Including patients with
subclinical peripheral neuropathy detected solely on elec-
trodiagnostic testing, the incidence of peripheral neuropathy
in untreated MM is about 39% [73].

Most commonly, the peripheral neuropathy associated
with MM is progressive, length-dependent, and sensorimo-
tor. On examination, there is evidence of pan-modality sen-
sory loss, mild distal weakness, and reduced or absent ankle
reflexes. Nerve conduction studies show low to absent
compound muscle and sensory action potentials, with mild
slowing of motor conduction velocities [74]. Rarely, multiple
myeloma patients can present with a pure sensory neuropathy
or ganglionopathy, or a motor polyradiculoneuropathy [74].

Patients with multiple myeloma-associated peripheral
neuropathy do not usually have marked pain or autonomic
involvement. Therefore, a painful neuropathy or marked
autonomic involvement should prompt considering neu-
ropathy secondary to amyloidosis or treatment-emergent
peripheral neuropathy as alternative diagnoses (Table 32.2).

Treatment-Emergent Peripheral Neuropathy
With the advent of new therapeutic agents, especially
bortezomib and thalidomide, in improving multiple mye-
loma outcomes, treatment-emergent peripheral neuropathy
has become the leading cause of peripheral neuropathy in
multiple myeloma patients. Chemotherapeutic drug neuro-
toxicity has major impact on management, as it often
requires dose reduction or even premature discontinuation of
an otherwise successful drug. Furthermore, it makes the
choice of an alternative treatment agent difficult, as many of
the available drugs are associated with peripheral neuropa-
thy. As peripheral neuropathy can be seen in up to 39% of
patients with untreated multiple myeloma, it may be chal-
lenging to determine whether the peripheral neuropathy is
related to the treatment or the disease itself. Hence, it is

crucial to screen the patients for symptoms and signs of a
preexisting peripheral neuropathy, and consider baseline
nerve conduction studies prior to starting chemotherapy.

Proteasome Inhibitors

Bortezomib is a reversible proteasome inhibitor prevent-
ing the proteasomal elimination of ubiquinated proteins.
Based on in vitro experiments using rat dorsal root ganglia
neurons, bortezomib alters microtubule polymerization and
axonal transport [75]. The incidence of bortezomib-
associated neuropathy increases with cumulative doses and
is often dose limiting. With the conventional regimen using
intravenous bortezomib twice a week, about a half to
two-thirds of multiple myeloma patients develop treatment-
emergent peripheral neuropathy [76, 77]. Replacing with
subcutaneous bortezomib or weekly doses of IV bortezomib
has shown a reduction in the incidence of peripheral neu-
ropathy to approximately 40% [78, 79]. Patients with pre-
existing peripheral neuropathy are more prone to develop a
severe treatment-emergent peripheral neuropathy interfering
with activity of daily living [80]. Bortezomib-associated
neuropathy is typically a painful, distal, and sensory-
predominant polyneuropathy. All sensory modalities are
usually affected. Nerve conduction studies usually demon-
strate low sensory nerve action potentials. Less commonly,
patients may develop a severe, motor-predominant,
polyradiculoneuropathy with demyelinating features on
nerve conduction studies and elevated CSF protein [81, 82].
Recognizing bortezomib-associated neuropathy is important
as it may be reversible in majority of patients with dose
reduction or discontinuation [76, 80.] Newer proteasome
inhibitors, such as carfilzomib, have a lower incidence of
treatment-emergent peripheral neuropathy [83].

Thalidomide

Thalidomide is an immunomodulatory drug with multiple
mechanisms of action. It is thought to cause dorsal root
ganglia degeneration [84]. The development of thalidomide-
associated neuropathy is dependent on the cumulative dose
and more so, the treatment duration. 38% of patients develop

Table 32.2 Multiple myeloma neuropathies

Neuropathy subtype Painful Sensory versus
motor

Autonomic
involvement

Treatment

MM-associated without amyloid ± Sensory more than
motor

± Treating the underlying disorder

MM-associated with amyloid ++ Sensory and motor +++ SCT for eligible patients

Treatment-emergent (Bortezomib,
thalidomide)

++ Sensory + Dose reduction or discontinuation of the
offending agent

MM multiple myeloma, SCT stem cell transplant
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it at 6 months and 73% at 12 months [85]. Similar to
bortezomib-associated neuropathy, thalidomide-associated
neuropathy is usually painful, predominantly sensory and
length-dependent. Nerve conduction studies demonstrate
low amplitude sensory nerve action potentials and some-
times low amplitude compound muscle action potentials as
well. The symptoms can present after treatment has stopped
and may progress for several months after discontinuation of
thalidomide. Peripheral nerve damage may be irreversible.
Treatment-emergent peripheral neuropathy is less commonly
seen with lenalidomide and pomalidomide [83].

Management

Treating the underlying plasma cell dyscrasia is the mainstay
of multiple myeloma-associated peripheral neuropathy
treatment. Current treatment options include autologous
stem cell transplant as well as varied chemotherapeutic
regimens. Risk stratification via cytogenetic markers help
guiding treatment decisions [60, 86]. For treatment-emergent
peripheral neuropathy, reducing the dose of the offending
agent is recommended; however, total discontinuation may
become necessary.

POEMS Syndrome

POEMS syndrome is a rare paraneoplastic disorder due to an
underlying plasma cell neoplasm. Other names for POEMS
syndrome include Takatsuki syndrome, Crow-Fukase syn-
drome or osteosclerotic myeloma. The POEMS acronym
refers to several common clinical features—peripheral neu-
ropathy, organomegaly, monoclonal plasma cell disorder
and skin changes [87]. These are some but not all of the
clinical features of this syndrome. Criteria for diagnosis have
been established for POEMS syndrome (Table 32.3).
Patients must have a monoclonal plasma cell disorder and
peripheral neuropathy. There must also be one of the three
other major criteria, which include Castleman disease,
sclerotic bones lesions and elevated vascular endothelial
growth factor, and one of the six minor criteria (detailed in
Table 32.3). Due to the high prevalence of diabetes mellitus
and thyroid abnormalities, this diagnosis alone cannot meet
the minor criteria. The monoclonal plasma cell disorder is
almost always lambda (>95%) [88].

Neuropathy in POEMS Syndrome

Peripheral neuropathy is required for the diagnosis of
POEMS syndrome and is typically the dominant, but not
always the presenting, feature of the illness. The neuropathy

presents initially in the feet and progresses symmetrically in
a length-dependent manner [89, 90]. Patients present with
sensory symptoms (numbness, paresthesias and pain) fol-
lowed by motor involvement. At the time of evaluation, the
neuropathy can either be a distal symmetric sensorimotor
peripheral neuropathy or a sensorimotor polyradiculoneu-
ropathy with significant proximal involvement and hypo- or
areflexia. The weakness is often severe such that 45% of
patients are in a wheelchair at the time of evaluation and
some are even bedbound [90]. Nerve conduction studies and
electromyography demonstrate both axonal loss and
demyelination [88]. The lower limb motor and sensory
responses are severely reduced or absent. Upper limb studies
demonstrate reduced motor and sensory amplitudes, slowed
conduction velocities and prolonged distal latencies. Con-
duction block and temporal dispersion may be seen. F-wave
latencies are prolonged. Due to the proximal involvement,
areflexia and EMG characteristics, these patients are often
mistaken for chronic inflammatory demyelinating polyneu-
ropathy. However, differentiating characteristics include
more frequent positive neuropathic symptoms and pain,
more severe distal lower limb weakness, and nerve con-
duction studies demonstrating greater axonal loss in the
lower limbs with uniform slowing and greater involvement
of intermediate nerve segments [88, 91].

Laboratory Evaluation

In cases of suspected POEMS syndrome or a CIDP-like
illness, it is imperative to search thoroughly for a mono-
clonal protein in both the serum and the urine. Finding an
IgG or IgA lambda monoclonal gammopathy acts as a red
flag for considering the diagnosis and pursuing further
evaluation. The evaluation should include a skeletal survey
as osteosclerotic lesions occur in approximately 95% of
patients. Lesions can be densely sclerotic, lytic with a scle-
rotic rim or have a mixed soap-bubble appearance [92].
Bone marrow biopsy should be performed to evaluate for a
monoclonal plasma cell disorder that is found in two-thirds
of patients (91% lambda) but often comprises less than 5%
of the bone marrow. There is also megakaryocyte hyper-
plasia and megakaryocyte clustering [93].

Laboratory studies should include CBC for thrombocy-
tosis [94], studies of endocrine function and alternative
causes of peripheral neuropathy. Computed tomography of
the chest, abdomen and pelvis can assess for organomegaly
and lymphadenopathy as well as signs of extravascular
volume overload. The cytokine VEGF (vascular endothelial
growth factor) correlates best with disease activity and is
markedly increased in POEMS. A plasma level greater than
200 pg/mL has a specificity of 95% and sensitivity of 68%
in support of a diagnosis of POEMS syndrome [95]. CSF
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evaluation typically demonstrates albuminocytologic disso-
ciation (the presence of an elevated CSF protein in the
absence of an elevated cell count) [88].

POEMS Management

Treatment for POEMS syndrome is aimed at the underlying
monoclonal plasma cell disorder. The method of treatment
depends on the number of bone lesions as well as the
presence of plasma cell involvement in the bone marrow. If
there are one to three bone lesions without bone marrow
involvement, patients are typically referred for curative
doses of radiation to the affected sites. Patients who are
candidates for radiation therapy have a better overall

survival [35]. A 4-year overall survival of 97% and
event-free survival of 52% has been reported [96]. Patients
with more than 2 or 3 lesions or bone marrow evidence of a
clonal population of plasma cells are referred for systemic
treatment. This includes systemic chemotherapy or autolo-
gous stem cell transplantation (SCT). An alkylator-based
regimen is most commonly used with lenalidomide,
thalidomide and bortezomib as promising alternatives.
High-dose chemotherapy with SCT is effective with one
study demonstrating a progression-free survival of 98% and
75% at 1 and 5 years, respectively [97]. The peripheral
neuropathy also improves following SCT with marked
improvement in neuropathy impairment scores, modified
Rankin Scale and nerve conduction study parameters over
5 years [90].

Table 32.3 Criteria for the
diagnosis of polyneuropathy,
organomegaly, endocrinopathy,
monoclonal plasma cell disorder,
and skin changes (POEMS)
syndromea,b

►Mandatory major criteria

Polyneuropathy (typically demyelinating)

Monoclonal plasma cell proliferative disorder (almost always lambda)

►Other major criteria (one required for diagnosis)

Castleman diseasec

Sclerotic bone lesions

Elevated vascular endothelial growth factor

►Minor criteria (one required for diagnosis)

Organomegaly (e.g., splenomegaly, hepatomegaly, or lymphadenopathy)

Extravascular volume overload (e.g., edema, pleural effusion, or ascites)

Endocrinopathy (e.g., adrenal, thyroid,d pituitary, gonadal, parathyroid, pancreaticd)

Skin changes (e.g., hyperpigmentation, hypertrichosis, glomeruloid hemangiomata, plethora, acrocyanosis,
flushing, white nails)

Papilledema

Thrombocytosis/polycythemiae

►Other signs and symptoms

Clubbing

Weight loss

Hyperhidrosis

Pulmonary hypertension/restricted lung disease

Thrombotic diatheses

Diarrhea

Low vitamin B12 level
aUsed with permission of John Wiley and Sons from Dispenzieri A. POEMS syndrome: update on diagnosis,
risk-stratification, and management. Am J Hematol 2012 Aug [cited 2015 Jun 16];87(8):804–14
bThe diagnosis of POEMS syndrome is confirmed when both of the mandatory major criteria, one of the three
other major criteria, and one of the six minor criteria are present
cThere is a Castleman disease variant of POEMS syndrome that occurs without evidence of a clonal plasma
cell disorder that is not accounted for in this table. This entity should be considered separately
dBecause of the high prevalence of diabetes mellitus and thyroid abnormalities, this diagnosis alone is not
sufficient to meet this minor criterion
eApproximately 50% of patients will have bone marrow changes that distinguish it from a typical monoclonal
gammopathy of undetermined significance or myeloma bone marrow. Anemia and/or thrombocytopenia are
distinctively unusual in this syndrome unless Castleman disease is present
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Conclusion
Monoclonal gammopathies and peripheral neuropathy
both commonly occur. A true association can be difficult
to determine and plasma cell dyscrasias can be chal-
lenging to diagnose. Collaboration between an experi-
enced hematologist and neurologist is crucial to deliver
the best possible care to the patient. This requires a
comprehensive knowledge of the evaluation of mono-
clonal gammopathies as well as a thorough understanding
of the neuropathy phenotypes and their associations with
certain gammopathy subtypes. An organized approach to
establish the correct diagnosis is fundamental in caring
for these patients.
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33Neurologic Complications of Pediatric
Systemic Cancer

Elizabeth S. Duke, Scott L. Pomeroy, and Nicole J. Ullrich

Introduction

Cancer is the most common disease-related cause of death
for children under the age of 20 years and remains the fourth
most common cause of all deaths, after accidents, suicide
and homicide [1]. The most frequently arising cancers in
children include leukemia and central nervous system
tumors, which comprise nearly half of new cases [2]. Brain
tumors are the second most common malignancy of child-
hood and the most common solid tumors, representing
approximately 25% of childhood cancers (Fig. 33.1).

Despite an increasing incidence in pediatric cancers (13
per 100,000 in 1975 compared to 17.7 per 100,000 in 2012),
there has been an overall decline in cancer mortality of
approximately 50% over the same time period [3]. However,
despite an equal increase in incidence of brain tumors, the
decrease in mortality was only 20% between 1975 and 2012.
The apparent increase in pediatric cancers may be, in part,
related to earlier identification, increased access to care, and
wider availability of advanced imaging and other diagnostic
techniques. Nearly two-thirds of children diagnosed with
cancer in the mid-1980s are now 20-year survivors of their
disease [4], and these numbers are expected to increase as
advancements continue in detection and treatment options.
As survival continues to improve, the detrimental conse-
quences of treatment on the nervous system, in particular the
developing nervous system, are now better appreciated.
Precise frequencies and attribution of these effects to the

underlying tumor or its treatment are often quite difficult to
determine.

As with adults, the incidence of neurologic complications
from systemic cancer in children has been increasing. This
may be partly due to the better overall recognition of these
types of issues, but is also likely a reflection of improved
overall survival, particularly in the pediatric population. In
the adult population, neurologic effects have been well
documented; it is estimated that as many as two-thirds of
patients with cancer develop some type of neurological
problem during the course of their illness and therapy [5–7].
Neurologic complications of childhood solid malignant
tumors have been increasingly described over the past dec-
ade, with exact incidence difficult to determine, although the
rate may be as high as one-third of patients [8–10]. In
general, the focus of prior studies has been on metastatic
disease in children [11–13].

As is well appreciated, children are not “mini-adults.”
Cancer presentation, manifestations, response to therapies
and late effects often differ in children compared to the adult
population. Rather than focusing on a particular tumor
subtype in children, as has been done for the adult malig-
nancies, this chapter will focus on the unique aspects of
pediatric cancer in general. In children as with adults, these
complications can be divided into direct tumor-related
effects including metastases and paraneoplastic disorders,
as well as indirect treatment-related effects from
chemotherapy, surgery, cranial irradiation and stem cell
transplant (Table 33.1).

Direct Neurologic Effects

Brain Metastases

Metastases of systemic cancers to the brain are the most
common intracranial tumor in adults, with 15–40% of
patients with advanced cancer developing CNS involvement
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[14–17]. By contrast, central nervous system metastases are
much less common in most extracranial pediatric solid
tumors, with an estimated 1.5–2.5% incidence in clinical
series and 6–13% in autopsy series [12, 18–22]. In adults,
the most common primary cancers that metastasize to the
brain are lung, breast, melanoma, renal and colorectal. In
children, CNS seeding is common in leukemia, but rarer in
solid extracranial primary tumors, with the most common
being adrenal/renal tumors and sarcomas (Table 33.2) [12,
13, 19, 21, 23]. Similar to cancer incidence in general, the

incidence of metastases in pediatric populations seems to be
increasing, perhaps due to more effective treatments of the
primary cancer, prolonged survival of patients and
improvement in neuroimaging techniques. However, most
studies are small and there remains debate as to whether
routine surveillance for brain metastases is warranted in all
patients [24].

Because of the relative rarity of brain metastases in
children, information regarding presenting symptoms, pat-
tern of spread, management and further prognosis is quite
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Fig. 33.1 Incidence of pediatric cancers. Age-adjusted and age-specific
SEERcancer incidence rates, 2008–2012, all races,male and female, ages
0–19. (Created from data in Howlader N, Noone AM, Krapcho M,
Garshell J, Miller D, Altekruse SF et al. Childhood Cancer by the ICCC,
Table 29.1: Incidence Rates by Age at Diagnosis: Age-Adjusted and
Age-Specific SEER Cancer Incidence Rates, 2008–2012. By International

Classification of Childhood Cancer (ICCC) Group and Subgroup and Age
at Diagnosis (includingmyelodysplastic syndromes andGroup III benign
brain/CNS tumors. All Races, Males and Females. In: SEER Cancer
Statistics Review, 1975–2012. National Cancer Institute, Bethesda, MD.
2015. https://seer.cancer.gov/archive/csr/1975_2012/browse_csr.php?
sectionSEL=29&pageSEL=sect_29_table.01.html)

Table 33.1 Neurologic
complications of cancer in
children

Direct, cancer-related toxicities Treatment-related/iatrogenic

Local compression Headache

Metastatic disease Seizure

Leptomeningeal carcinomatosis Neuropathy

Paraneoplastic syndromes Toxic/metabolic encephalopathy

Indirect, non-metastatic neurologic effects Cerebral infarction

Seizure Drug-specific effects

Headache/migraine Radiation complications

Tic disorder, movement disorder Central nervous system infections

Static encephalopathy Effects of stem cell transplantation
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limited. Children are thought to have more rapid onset of
neurologic manifestations compared with adults, perhaps
because of a higher proliferative rate of pediatric malig-
nancies [21]. Symptoms are dependent on location of disease
and can result from increased intracranial pressure, local
compression or disturbance of the tumor microenvironment.
The most commonly reported symptoms include headache,
nausea, vomiting, hemiparesis, cranial nerve palsies, mental
status changes and seizures, the latter with an incidence
ranging from 8 to 60% [8, 19, 21].

Patterns of metastatic spread differ by primary tumor site.
Pediatric patients who have solid tumors with pulmonary
metastases are more likely to have brain metastases, sug-
gesting a hematogenous spread of tumor emboli from the
pulmonary metastases [19, 20]. In neuroblastoma, by con-
trast, metastases are thought to arise from adjacent bone
metastases, and in these cases, local invasion of the skull or
brain parenchyma and spinal metastases are seen, rather than
isolated parenchymal lesions [21, 24]. Additionally, patients
with acute myeloid leukemia (AML) can get chloromas
(granulocytic sarcomas), which are a subset of parenchymal
metastases defined as an extramedullary manifestation of
AML in any organ including the brain [25].

Pediatric brain metastases are most often solitary and
supratentorial, and by the time CNS involvement is dis-
covered, prognosis tends to be poor despite aggressive
therapy. In most cases, surgical extirpation is not attemp-
ted, but over time potential treatments have expanded to
include stereotactic radiosurgery, whole brain radiation
therapy, chemotherapy and targeted agents [22, 26]. In one
recent study, patients with Wilms tumor had the longest
survival after the diagnosis of CNS metastasis, yet the
1-year survival rates remain approximately 50%. Indepen-
dent of underlying pathology or treatment, studies report a
median survival of 1–12 months after diagnosis of CNS
metastases; even with control of brain disease, the majority
of patients die of other systemic disease [8, 12, 18–21,
23, 24].

Leptomeningeal and Spinal Metastatic Disease

Leptomeningeal metastases are found most frequently in
children with leukemia or primary CNS malignancy
[27–29]. Prior to the use of prophylactic CNS therapy,
nearly 50% of children with leukemia had CNS disease,
which was the major cause of treatment failure, even after
bone marrow transplantation [28, 30]. Now, fewer than 10%
of patients have CNS leukemia; it is these patients at highest
risk who are treated with a combination of intrathecal
methotrexate, with or without cytarabine and dexametha-
sone, and craniospinal irradiation [28]. Leptomeningeal
lymphoma is more common in those patients with concur-
rent disease of the bone marrow [29, 31–33]. Solid tumors
can have a leptomeningeal component, either at presentation,
as an isolated event, or associated with local disease pro-
gression. This is seen most frequently with retinoblastoma
[34], neuroblastoma [35–37], rhabdomyosarcoma [38],
melanoma [39, 40], and Ewing’s sarcoma [41, 42], and most
commonly with advanced systemic disease.

Diagnosis of leptomeningeal disease is confirmed with
sampling of cerebrospinal fluid and imaging studies. A neg-
ative cytology does not preclude the diagnosis; in adults,
initial CSF was positive in 55–70%, but the yield increases
to 80–92% with repeated CSF sampling [31, 43]. The
diagnosis of CSF leukemia requires definable blasts in the
CSF, with a stratification based on number of leukocytes and
blasts detected. For germ cell tumors, elevated tumor
markers such as alpha fetoprotein and human chorionic
gonadotropin may support the diagnosis of leptomeningeal
metastases, along with simultaneous serum marker studies.
Other potential clues include elevated opening pressure,
decreased glucose and increased protein. Imaging studies
may be helpful to show bulky disease and to assess CSF
flow dynamics.

Leptomeningeal disease and spinal cord compression are
both thought to be more treatable and have a better prognosis
in children than in adults. Leptomeningeal disease can be

Table 33.2 Solid tumors that
lead to brain metastases in
children

Primary tumor type Frequency (range) (%)

Osteosarcoma 5–13

Ewing sarcoma 0–17

Soft tissue sarcoma 2–14

Wilms tumor 1–13

Germ cell tumor 0–50

Neuroblastoma 0–8

Other 2–19

Other = retinoblastoma, hepatoblastoma, melanoma, malignant schwannoma, lung cancer
Data from Refs. [12, 13, 19, 21, 173]
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bulky, nodular and more focal in nature or have more
widespread and diffuse involvement. The most frequent
mode of metastases is to the epidural or subarachnoid space
or by metastatic spread to the cord parenchyma. Presenting
features, therefore, reflect the pattern of involvement and
may include both non-specific and focal neurologic symp-
toms; these symptoms can be the presentation of underlying
malignancy in children, either with or without concurrent
symptoms of the underlying neoplasm [8, 44]. Patients may
also be asymptomatic clinically, with the diagnosis made by
surveillance of CSF cytology and/or neuroimaging studies
[27]. The most common presentation of leptomeningeal
disease is from symptoms of increased intracranial pressure,
including headache, nausea and vomiting. There may also be
involvement of the cranial nerves or spinal cord involvement
with weakness, sensory loss, pain, ataxia or paraparesis. The
most common non-traumatic cause of paraparesis in children
is neoplastic spinal cord compression [45]. Symptoms of
spinal cord compression often include back pain, lower
extremity weakness, paresthesias and urinary retention [8,
18, 27, 46]. Occasionally, leptomeningeal disease can mimic
a mass lesion in the cerebellum by infiltrating cerebellar
pathways [47]. For leukemia, the most common neurologic
symptoms overall include weakness and back pain, even
without leptomeningeal infiltration [44]. Lymphoma, by
contrast, is more likely to show direct meningeal infiltration
with spinal cord compression and/or cranial neuropathy [48].
Neuroblastoma may present with spinal cord compression
due to epidural spinal metastases.

Treatment for spinal cord compression can include a
combination of decompressive laminectomy and/or
high-dose steroids followed by therapeutic irradiation and
intrathecal and/or systemic chemotherapy. In children,
laminectomy is avoided as much as possible, particularly in
young patients, because of concerns for development of
anterior subluxation, kyphosis or scoliosis; surgery is
reserved for cases with rapid neurologic deterioration [49].
Children with neuroblastoma producing spinal cord com-
pression from local disease are often treated with
chemotherapy alone (Fig. 33.2).

Paraneoplastic Disorders

Paraneoplastic neurological syndromes, which are thought to
be autoimmune phenomena associated with specific cancers
and marked by specific autoantibodies, are rare complica-
tions of malignancy that are seen much more frequently in
the adult population. These syndromes affect <1% of all
patients with cancer and often occur while the primary tumor
is small and otherwise asymptomatic [50–52].

Paraneoplastic syndromes can be broken down into four
categories based on the mechanism of action of the

autoantibodies [53]. First are the neuromuscular paraneo-
plastic disorders including myasthenia gravis, Lambert-Eaton
myasthenic syndrome, autoimmune autonomic neuropathy,
Isaacs syndrome (acquired neuromyotonia) and inflamma-
tory myopathies (polymyositis, dermatomyositis). In these
cases, autoantibodies to the NMJ or peripheral nerve mem-
brane have direct physiologic effects and generally respond to
immunosuppressive treatment (steroids, IVIG, plasma-
pheresis). Second are the classical paraneoplastic disorders
with antibodies that mark a cell-mediated immune response,
but which do not directly cause disease and thus have a poor
response to immunotherapy; these include the anti-Hu,
anti-Ma/Ta and anti-Yo syndromes that can lead to
encephalomyelitis, limbic encephalitis or cerebellar degen-
eration, respectively. Third are autoantibodies to intracellular
synaptic and neuronal surface proteins, such as anti-GAD65,
which may be directly pathogenic or mark a T-cell response,
as there is often a mixed response to immunotherapy. And
finally, there are autoantibodies to extracellular surface epi-
topes of CNS synaptic and other neuronal membrane proteins
that do have direct effects, such as anti-NMDA receptor
syndrome and many others that are actively being identified.

Although paraneoplastic disorders are less common in
children, as identification of antigenic neuronal membrane

Fig. 33.2 Sagittal magnetic resonance imaging of a 3-day-old infant,
who presented with paraparesis and found to have spinal neuroblastoma
and spinal cord compression. He was treated with chemotherapy alone.
At 15 months, he now is crawling and standing with stander device
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proteins continues to progress, the incidence will likely
increase. The classic example in pediatric cancer is
opsoclonus-myoclonus syndrome (OMS), which is com-
monly associated with neuroblastoma. OMS is defined by the
classical acute onset of rapid and chaotic eye movements,
myoclonic jerks and appendicular and axial ataxia. It can also
be associated with behavioral changes and emotional lability.
OMS is associated with underlying neuroblastoma in more
than one half of cases and occurs in 2–3% of all children with
neuroblastoma [54, 55]. A thorough search for neuroblas-
toma is necessary in all patients with OMS. Despite contin-
ued research, there does not appear to be a universal
autoantibody detectable, although an autoimmune patho-
genesis has been suspected, particularly with the favorable
response to steroids and intravenous immunoglobulin [56].
Children with OMS are more likely to have serum antineu-
ronal antibodies than other children with neuroblastoma, but
the anti-Ri antibodies detected in adult cases of this syndrome
are less frequently identified in children [57].

In at least half of these cases, OMS is the first presenting
symptom of the neuroblastoma; the presence of OMS is
often thought to portend a more favorable prognosis, with
almost all being small, stage I–II, non-MYCN amplified
tumors. Despite a better oncologic prognosis, there can be
acute as well as chronic neurologic effects [54, 55, 58–60].
Personality changes, developmental regression with loss of
speech and language, and motor deficits may remain sig-
nificant, and many children will continue to experience
severe learning and language deficits [61]. Surgical removal
of the tumor in addition to prompt and strong immunosup-
pression remains the mainstay of therapy; however, very few
children actually receive early therapy [62]. There was a
recently completed Children’s Oncology Group randomized
phase III trial for patients with OMS and neuroblastoma to
determine the efficacy of immunosuppressive therapy with
cyclophosphamide, prednisone and IVIG in treating OMS,
with final results still pending (NCT00033293) [63].

A second paraneoplastic neurologic syndrome, paraneo-
plastic limbic encephalitis (PLE), has been better defined
over the past decade. PLE is thought to be not a single entity,
but rather a subset of autoimmune disorders with antineu-
ronal antibodies that primarily affect the limbic system [64].
There is an ever-increasing number of antineuronal anti-
bodies identified, the most common in pediatrics being the
anti-NMDA receptor syndrome, seen most frequently in
young women with ovarian teratomas. The illness often
begins with a viral prodrome, followed by behavioral or
cognitive changes, then variably with seizures, movement
disorders, eye movement abnormalities and/or autonomic
dysfunction. Without treatment, the illness often culminates
in coma, but is often improved with immunomodulators
[65]. Additionally, antibodies to the metabotropic glutamate
receptor 5 (mGluR5) have been described in patients with

Hodgkin lymphoma who experience the “Ophelia syn-
drome,” a constellation of altered mental status, insomnia,
short-term memory loss, depression and cognitive impair-
ment [66, 67].

Paraneoplastic neurologic syndromes are clinically
heterogeneous and can be quite difficult both to recognize
and to diagnose; more research is needed to further under-
stand their pathophysiology and efficacy of treatments with
immunotherapy, which appears to depend on the underlying
mechanism of action of the specific autoantibody.

Indirect and Treatment-Related Neurologic
Complications

Treatment of pediatric cancer is generally tailored to the
underlying tumor type and location, as in adults. While these
treatments are critical, from surgery to chemotherapy to
radiation to stem cell transplant, they often have neurologic
side effects that can be long lasting. These complications
include headaches, seizures, altered mental status, cerebral
infarctions, peripheral neuropathies, sleep disturbances,
cognitive effects and secondary tumors. Chemotherapy-
related effects in children are in many cases similar to those
experienced and reported in adults. The incidence of neu-
rotoxicity from acute lymphoblastic leukemia (ALL) therapy
is thought to range from 5% to 18% [68–70]. In addition to
toxicities of chemotherapy, radiation and stem cell transplant
have their own unique concerns. This section will review
some general complications of cancer treatment in children
and will discuss several chemotherapeutic agents and their
more common neurotoxic effects (Table 33.3).

Headaches

Headaches in children are a common neurologic complaint
and the most common cause for neurologic consultation in
children with cancer; the difficulty lies in determining the
underlying etiology (Table 33.4) [71]. Typical causes of
headache can be seen, such as migraine or tension-type
headaches. Of 147 childhood ALL survivors in at least
1-year of remission and 5 years from diagnosis, more than
40% had new-onset headaches; of those, approximately 1/3
were migraine, 1/3 were tension-type headache and 1/3 were
mixed [72].

Treatment-specific causes of headache can occur, such as
adverse drug reactions, post-LP headaches and posterior
reversible encephalopathy syndrome (PRES). Common drug
effects include fever, anemia or pseudotumor cerebri. Low
pressure headaches after lumbar puncture, with or without
intrathecal chemotherapy, are frequent with an incidence that
ranges from 8% overall [73] to as much as 50% in the
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adolescent population [74]. PRES is seen particularly in the
setting of hypertension, induction chemotherapy or treatment
with immunosuppressive agents (e.g., cyclosporine, tacroli-
mus and corticosteroids).

Complications of the disease itself can cause headaches,
from metastases to infection to vascular injury (arterial
occlusion, venous sinus thrombosis, hemorrhage). For sys-
temic cancers, brain metastases are the most common
structural cause of headache, followed by infections such as
abscess and meningitis, and less frequently by intracranial
hemorrhage [71]. The significant immunosuppression
induced by many cancer treatments makes patients suscep-
tible to many microorganisms, with life-threatening infec-
tions mainly caused by viruses (herpesvirus, VZV, CMV) or
fungi. Structural disease should be excluded even in the
absence of localizing signs, as 25% of children with sys-
temic cancer and headache have an underlying structural
lesion [75].

Seizures

The second most frequent reason for neurologic consultation
is seizures, which occur in children with both solid tumors
and hematologic malignancies, as well as children

undergoing bone marrow transplantation. Seizures in chil-
dren are more frequent than in adults and can result from
either tumor- or treatment-related toxicity. Seizure risk may
be increased in those patients who are known to have central
nervous system involvement. All types of seizures may be
observed in children who are treated with chemotherapy.
Seizures without evidence for mass lesion are reported in 8–
10% of children with leukemia and lymphoma [76, 77],
though it is estimated that as many as 50% of children with
solid tumors who experience a seizure have an underlying
structural abnormality [71]. A thorough evaluation must be
performed to search for intracranial lesions, infection,
encephalopathy and stroke as potential etiologies.

Primary CNS causes of seizure include primary brain
tumor, parenchymal or leptomeningeal metastases, ischemic
or hemorrhagic stroke, PRES, leukoencephalopathy or
intracranial infection (meningitis, cerebritis, abscess). At
least 15% of brain tumor patients will have seizures, which
may result from disruption of peritumoral environment,
tumoral edema, adjacent scar, local hypoxia, acidosis or
metabolic changes that affect neuronal excitability and
epileptogenesis in tumor cells [78]. In brain tumor patients,
several factors affect the incidence of seizures, including age,
location, histology and grade of the tumor. Low-grade and
slow-growing tumors tend to be more epileptogenic. Cortical

Table 33.3 Commonly used
chemotherapeutic drugs,
frequency and type of neurologic
side effects

Drug Common, >10% Uncommon, <10% Rare, <1%

Methotrexate Leukoencephalopathy,
esp. with radiotherapy

Myelitis,
arachnoiditis

Seizure

Cytarabine Ataxia, arachnoiditis

Vincristine Peripheral/autonomic
neuropathy

Seizures

Asparaginase Mental status D Sinus thrombosis

Corticosteroids Myopathy, tremor, behavioral
D

Psychosis, seizures,
neuropathy

Cisplatin/carboplatin Hearing loss Peripheral
neuropathy, seizure

Cyclosporine Tremor Seizure,
Leukoencephalopathy

Thalidomide Neuropathy

Table 33.4 Most common
reasons for neurologic assessment
in children with systemic cancer

Reason for neurologic evaluation % complaints

Headache 34.9

Back/neck pain 25

Limb pain/sensory change 12

Extremity weakness 7.1

Seizure 7

Altered mental status 8.4

Visual complaints/diplopia 6.5

Used with permission of Elsevier from Antunes et al. [75]
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lesions in the temporal, frontal and parietal lobes are more
often correlated with seizures than tumors in the occipital
lobe or posterior fossa [79].

Treatment-related causes of seizures include toxic-
metabolic effects of chemotherapy (cyclosporine, asparagi-
nase, imipenem), medication toxicity or withdrawal, radia-
tion injury, renal or liver failure, latent non-CNS infection,
and electrolyte abnormalities (SIADH, hypoglycemia,
hypomagnesemia, hypo- or hypercalcemia) [80]. The
strongest association with seizures and chemotherapy has
been reported with methotrexate, which is used to treat many
pediatric cancers, including ALL, lymphoma and sarcomas.
Estimates of seizure frequency suggest that 7–20% of chil-
dren with ALL experience seizures at some point during the
course of therapy [76, 81, 82]. One study of survivors of
ALL showed that 13% of children had experienced a seizure
at some point during their treatment, and all reported patients
except one experienced seizure after intrathecal methotrexate
or subcutaneous asparaginase [77]. Other agents known to
lower seizure threshold include cisplatin and vincristine, as
both of these agents can pass through the blood-brain barrier
and can secondarily induce seizures secondary to electrolyte
disturbances from hypocalcemia, hypomagnesemia or
hyponatremia.

Seizure prophylaxis must be carefully considered to
determine whether medications are needed and, if so, the
specific choice. The choice of anticonvulsant may be chal-
lenging, particularly as many of the more traditional anti-
convulsants, such as phenytoin, carbamazepine and
phenobarbital, can affect metabolism of chemotherapeutic
drugs by inducing increased activity of the cytochrome p450
system [83, 84]. This may result in decreased tumor therapy
efficacy, decreased seizure control and/or unexpected toxi-
city. Newer AEDs, especially those without significant
drug–drug interactions, are becoming accepted as first-line
seizure treatment in children who require ongoing seizure
prophylaxis [85, 86].

Change in Mental Status

Alteration of mental status is a relatively common occur-
rence in children undergoing chemotherapy and has been
reported in as many as 11% of children during the course of
treatment [87]. Similar to headache and seizure, altered
mental status can have multiple etiologies in patients with
cancer, both disease- and treatment-related. As in the adult
population, the underlying cause of mental status changes in
children is toxic-metabolic encephalopathy in two-thirds of
the cases and structural causes in the other one-third [71].
Many different agents are known to cause changes in level
of alertness and/or somnolence in children, including

asparaginase, cisplatin, ifosfamide, methotrexate (including
intrathecal), cytarabine, cyclosporine, etoposide and vin-
cristine. Independent of chemotherapy, opioids, benzodi-
azepines, H2-blockers, antihistamines and antibiotics may
cause delirium as well. Although medications may ulti-
mately be the culprit, it is important to eliminate other
potential causes, such as seizure, cerebrovascular event,
infection, hemorrhage or metabolic derangement, so as to
address potentially treatable sources.

Cerebral Infarction

Stroke is becoming an increasingly recognized complication
in pediatric cancer patients. As in adults, cerebral infarction
in childhood cancer patients may be ischemic or hemor-
rhagic. Etiologies range from disease-related complications
of hypercoagulability, disseminated intravascular coagula-
tion, thrombocytopenia or hemorrhagic metastases, to
treatment-related complications of chemotherapy (venous
sinus thrombosis, meningitis) or radiation (small and large
vessel vasculopathy) [88, 89]. Stroke manifestations may be
age-related. In the younger child, presentation may be more
insidious with irritability, altered level of alertness and sei-
zures while older children often report headaches, focal
deficits such as visual change, speech impairment, weakness
and seizures [90, 91].

Ischemic stroke is seen secondary to direct thrombosis,
septic emboli, non-septic embolic disease, venous sinus
thrombosis or disseminated intravascular coagulation. One
large study of children with leukemia reported a 0.47%
prevalence of ischemic stroke, all of which were sinovenous
thrombosis (Fig. 33.3) [92]. Despite a relatively high fre-
quency of elevated white blood cell counts and decreased
platelets in children with cancer, the overall rate of strokes is
thought to be quite low as a result of these risk factors.
Strokes from chemotherapy itself have been more commonly
associated with asparaginase and methotrexate [87, 93, 94].
In the pediatric population, neurologic outcome after
sinovenous thrombosis was related to underlying clinical
features such as seizures, impaired level of consciousness,
coincident intracranial hemorrhage, deep venous location,
lack of antithrombotic therapy and young age, less than six
years [95–98].

Hemorrhagic stroke is a serious risk in acute leukemia
patients, typically due coagulation abnormalities and most
often occurring during induction therapy. Intracranial hem-
orrhage is reported to be the second leading cause of mor-
tality in AML patients, accounting for up to 70% in some
series [99]. Treatment with L-asparaginase is an additional
risk factor. Superficial siderosis is a less common compli-
cation in CNS tumor patients, with deposition of
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hemosiderin in the subarachnoid space leading to sen-
sorineural deafness, cerebellar ataxia and myelopathy due to
recurrent hemorrhage [100].

Radiation therapy is a primary risk factor for cerebral
infarction [101]. Patients with hematologic malignancies and
primary brain tumors who receive radiation therapy are at
high risk, generally in a dose-dependent manner [102].
Location of radiation is another risk factor for cerebral
infarction, with mantle radiation in Hodgkin’s disease
(thought to trigger cardiac valvular dysfunction and carotid
artery disease) and radiation to the Circle of Willis in
suprasellar tumors both increasing risk [103]. Radiation
contributes to weakening of the microvasculature within the
blood-brain barrier and increasing capillary permeability,
leading to increased inflammation and thrombosis of small
vessels [104]. Inflammation also leads to premature
atherosclerosis, intimal fibrosis and macrophage activation
that can lead to stenosis or thrombus [105]. Damaged vas-
culature can lead to abnormal dilation and tortuosity, causing
vascular malformation, aneurysm or moyamoya syndrome,
and this risk is higher in children with neurofibromatosis
type 1 [106, 107]. These changes can result in seizures,
headaches and potentially life-threatening hemorrhage.
Hemorrhagic strokes presenting as delayed hemorrhagic
radiation vasculopathy, separate from tumor recurrence or
secondary tumor and unrelated to treatment dose, have been
reported after radiation alone or radiation in combination
with systemic chemotherapy in children [108].

Motor Deficits/Neuropathy

Pediatric oncology patients experience motor deficits for a
variety of reasons, with localization potentially anywhere

along the neural axis. Motor deficits can occur due to pri-
mary tumor or metastatic compression of fibers along the
motor strip, supplementary motor areas or corticospinal tract.
In the brainstem, cranial nerve deficits may also be observed,
particularly in patients who already have some cranial nerve
dysfunction.

In the spinal cord, acute cord compression is a neurologic
emergency in children as in adults and must be investigated
emergently for potentially reversible causes. Spinal cord
compression occurs in 3–5% of children with cancer, most
commonly if the tumor involves epidural or subarachnoid
space [109]. Childhood tumors implicated include neurob-
lastoma, sarcomas, non-Hodgkin lymphoma and germ cell
tumors. Symptoms include motor or sensory deficits,
sphincter abnormalities or back pain. Steroids should be
given immediately, followed by MRI to confirm diagnosis,
then more definitive treatment with surgical decompression,
radiation and/or chemotherapy. Some patients have persis-
tent neurologic deficits, with severity of deficits at time of
diagnosis most predictive of long-term symptoms.

The most well-studied nerve injury in cancer patients is
chemotherapy-induced peripheral neuropathy (CIPN), which
is known to damage axon, cell body or myelin depending on
the mechanism of action. CIPN can be difficult to assess in
children due to limited verbal expression and vocabulary to
express specific symptoms. Nerve damage is generally
length-dependent, with longest axons displaying abnormali-
ties first. Risk factors include higher dose of chemotherapy
with specific agents, intensity of treatment schedule, multi-
modal treatment, preexisting neuropathy and genetic predis-
position (e.g., decreased expression of CYP3A5) [110]. Some
of the more common agents used in pediatrics include vin-
cristine, a mitotic inhibitor that inhibits tubulin polymeriza-
tion and can cause sensory, motor and autonomic

Fig. 33.3 Magnetic resonance
venogram in a 4-year-old child
treated with L-asparaginase for
acute leukemia who experienced
sagittal sinus thrombosis and
subsequent venous infarction
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neuropathies as well as platinum-based agents that bind with
DNA strands and induce apoptotic cell death [111]. Platinum
drugs more commonly lead to high frequency sensorineural
hearing loss; ototoxic effects are related to total dose and often
synergistic in patients who have also received cranial irradi-
ation. The underlying mechanism is thought to be related to
permanent damage to the mitochondria of the hair cells.
Taxanes and epothilones, microtubule-stabilizing agents, can
contribute to peripheral neuropathy by inhibition of axonal
transport [110]. Finally, the newer antibody and enzyme
inhibitor therapies are less well studied, but agents such as
bortezomib appear to affect dorsal root ganglion cells, leading
to moderate to severe neuropathic pain [112].

Damage to the neuromuscular junction and muscle itself
can also occur, due to treatment toxicity or paraneoplastic
syndromes. Residual deficits are present in many long-term
cancer survivors, with one study documenting sensation,
vibration and reflex deficits in adult survivors of childhood
ALL treated with vincristine >20 years after completion of
treatment [113]. Studies are being conducted to analyze
agents with potential neuroprotective factors in children
receiving these treatments. In addition to physical and
occupational rehabilitation, treatment of neuropathic pain
with gabapentin, pregabalin and various antidepressants are
being studied in children.

Sleep Disorders

Sleep problems are common in the general population, and
even more so in children and adolescents with chronic
medical conditions, including cancer. Like many of the other
comorbidities described in this chapter, sleep dysfunction
can be due to specific cancer-related factors (direct brain
injury, chemotherapy, cranial radiation, pain, seizures,
endocrinopathies, medications) or other genetic and envi-
ronmental factors including familial predisposition, stress
and other mental health problems [114].

The specific sleep disturbances seen are varied and include
symptoms from cancer-related fatigue and excessive daytime
sleepiness (EDS) to insomnia, parasomnias and restless leg
syndrome [115]. There are limited studies of the prevalence of
sleep problems in children with cancer, but the Childhood
Cancer Survivorship Study (CCSS) found that 19% of adult
survivors were in the most fatigued range, 16.7% reported
disrupted sleep and 14% reported EDS [116].

Sleep disorders are particularly common in patients with
CNS tumors and metastases; one study showed 46% of
children with a neoplasm of the hypothalamus, thalamus or
brainstem had sleep-disordered breathing (obstructive
sleep apnea, central sleep apnea) and 80% had EDS [117].
In children with leukemia, insomnia was the most common

sleep problem identified (39%), especially in patients
receiving high-dose steroid treatment. Sleep irregularities are
not solely a result of obstructive sleep apnea; for example, in
craniopharyngiomas, direct injury to the hypothalamus can
result in disruption of circadian rhythms [118].

Sleep dysfunction is associated with reduced quality of
life in pediatric cancer patients and should be addressed
regularly, and if indicated, objectively measured with a
validated sleep scale, actigraphy, multiple sleep latency test
and/or nocturnal polysomnography [119, 120]. For treat-
ment, lifestyle modifications should be trialed including
weight loss, exercise, avoiding daytime naps and treatment
of thyroid hormone or cortisol deficiency. Pharmacotherapy
options include melatonin at bedtime or stimulants in cases
of EDS related to delayed sleep phase syndrome [121].

Cognitive Effects

Neurocognitive late effects are a multidimensional, globally
impacting and potentially modifiable problem in survivors of
childhood cancer. The nature and severity of deficits depend
on the patient’s neurodevelopmental stage at the time of
diagnosis and treatment. One study estimated that 40–50%
of acute lymphoblastic leukemia survivors and 70–80% of
brain tumor survivors would require special education ser-
vices during their school years [122]. The cognitive domains
most typically affected include memory, attention, process-
ing speed and executive functioning, in addition to motor
skills and psychosocial functioning [123]. Risk factors
include young age at time of treatment, female gender and
dose intensity of treatment.

In a study of nearly 3000 adolescent and young adult
survivors of cancer (ages 11–21 years at diagnosis) com-
pared with siblings, the patients had significantly increased
rates of depression and anxiety and more problems with task
efficiency, emotional regulation and memory [124]. Brain
tumor survivors are especially vulnerable to neurocognitive
dysfunction given the aggressive CNS-directed therapies
required for treatment of their tumors. Deficits can be due to
direct brain injury from the tumor (type, size, location), its
treatment (surgery, radiation or systemic effects of
chemotherapy), or disease-related complications; all of
which are further modified by the surrounding environment
and psychosocial factors of the child [125].

Craniospinal radiation is particularly injurious, with
destruction of white matter tracts and/or failure to develop
white matter at a rate consistent with the developmental
stage of the child implicated as the mechanism by which
cognitive deficits occur [126]. A unique deficit described in
children treated for posterior fossa tumors is cerebellar
mutism, a typically transient syndrome of paucity of speech
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often accompanied by emotional and behavioral dysregula-
tion that evolves after cerebellar injury and occurs in
approximately 25% of children following posterior fossa
tumor surgery [127].

Strategies for prevention of these neurocognitive deficits
include more directed therapies specific to tumor subtype,
focused surgical resections with improved imaging and
mapping of eloquent cortex, and research in molecularly
targeted therapies that may spare use of whole brain radia-
tion [128].

Secondary Tumors

Pediatric cancer survivors are at risk of developing sec-
ondary tumors up to decades after their initial diagnosis.
This is likely due to various treatments including radiation
and chemotherapy, in addition to underlying genetic pre-
dispositions [129].

The Childhood Cancer Survivor Study (CCSS) has a
population of nearly 15,000 five-year survivors of childhood
cancer who were treated from 1970 to 1986, and in a study
to assess the cumulative incidence of subsequent neoplasms
at 30 years after diagnosis, they found that nearly 10% of
survivors developed a second neoplasm [130]. Patients
surviving Hodgkin lymphoma and Ewing sarcoma were at
greatest risk, compared to patients with kidney cancer who
had a decreased risk of subsequent neoplasms. Other risk
factors include female sex and radiation therapy exposure.
A recent study found a relationship between less telomere
content and treatment-related thyroid cancer, suggesting that
shorter telomeres may contribute to certain subsequent
neoplasms in childhood cancer survivors [131].

In the CCSS cohort, the secondary cancers that occurred
most commonly included non-melanoma skin cancer, bone
cancer, thyroid cancer, head and neck cancer, breast cancer,
CNS malignancies (particularly meningiomas) and soft tis-
sue sarcoma [132]. Age at primary diagnosis affected type of
secondary neoplasm: younger age at diagnosis (<10 years)
increased risk for meningioma, malignant CNS tumor, sar-
coma and thyroid cancer. Older age at diagnosis increased
risk for breast, non-melanoma skin and other solid organ
cancers. The median time to first occurrence of a subsequent
malignant neoplasm was just under 18 years, with shorter
period for leukemia and longer period for GI cancers [130].
Diet and lifestyle factors have not been well studied to
understand their impact on these associations.

The overall mortality rate due to recurrence or progres-
sion of a primary malignancy is 0.44%/year [133]. This rate
decreases as time from diagnosis increases (9.9 deaths/1000
person-years at 5–9 years from diagnosis vs. 0.5
deaths/1000 person-years at >30 years from diagnosis),
whereas the mortality rate due to subsequent neoplasm

increases (1.3 at 5–9 years vs. 4.6 at >30 years). The stan-
dardized mortality ratio (SMR) from subsequent neoplasms
is 15.2, which is higher than other causes including pul-
monary death (SMR 8.8), cardiac death (SMR 7.0), external
causes such as accidents/homicides/suicides (SMR 0.9) and
all other causes (SMR 2.6) [133]. More studies are needed to
further assess risk related to specific primary diagnoses,
determine appropriate screening protocols and continue to
balance maximizing cure rates while minimizing long-term
effects of cancer treatments.

Drug-Specific Effects

Several chemotherapeutic agents, which are used with much
higher frequency in children based on underlying disease
prevalence, are known to have quite specific neurologic
effects. These offending agents include methotrexate,
cytarabine, vincristine, asparaginase and corticosteroids.
However, because standard therapy often relies on combi-
nations of chemotherapy, it is sometimes difficult to isolate
the offending agent.

Methotrexate is often implicated as a major cause of acute
neurologic issues. All of the major risk factors for
methotrexate-induced neurotoxicity, including use in higher
doses [134], intrathecal administration [135], young age at
time of treatment [136, 137], and concurrent use of cranial
irradiation [137], are applicable in the pediatric age
group. The characteristic radiographic finding in patients
with associated neurotoxicity is thought to be reversible
leukoencephalopathy, radiographically signified by hyper-
intense regions on T2-weighted MRI that are typically
located in the periventricular white matter [137, 138]. These
white matter changes often recover spontaneously, but some
patients have irreversible lesions [139]. Chemical
arachnoiditis/aseptic meningitis occurs in 10–60% of
patients receiving intrathecal therapy with acute onset
headache, meningismus, nausea, vomiting and altered
mental status [140]. CSF analysis typically shows pleocy-
tosis but cultures are negative. Transverse myelopathy is an
uncommon complication of intrathecal methotrexate, more
common with exposure to radiation, repeated injections or
leukemic CNS infiltration [99]. Recovery is variable;
pathology demonstrates a vacuolar necrotizing demyelina-
tion of the spinal cord and brainstem [140].

One of the mainstays of therapy for children with acute
lymphoblastic leukemia is asparaginase, which functions by
depletion of downstream stores of l-asparagine and aspartic
acid. Secondary toxicities from asparaginase include alter-
ation of coagulation and hypersensitivity reactions. Reported
central nervous system complications include cerebral
hemorrhage and cerebral thrombosis [141]. Defects in
coagulation are thought to result from an imbalance of the
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pro- and anticoagulating systems, leading to decreased
antithrombin III, protein S and protein C. Common pre-
senting symptoms of sinus venous thrombosis, associated
with secondary parenchymal hemorrhage, include headache,
seizure and increased intracranial pressure. These symptoms
were all evident in this 5-year-old boy with ALL, who
experienced a sagittal sinus thrombosis, for which additional
therapy with asparaginase had to be discontinued and frac-
tionated low-molecular weight heparin was initiated
(Fig. 33.3).

Vincristine is one of the basic components of therapy for
leukemia as well as many central nervous system tumors,
including low-grade glioma. Vincristine is thought to impair
motor function by causing a peripheral neuropathy, which
manifests as decreased deep tendon reflex responses,
decreased peripheral motor abilities, motor clumsiness and
decreased distal sensation [142, 143]. Although considered
reversible, these effects can last months to years after com-
pletion of therapy, and signs of motor problems have been
reported up to five years after therapy for ALL when patients
are followed with careful electromyographic studies [144].
Other agents such as thalidomide can produce a peripheral
neuropathy, which may continue to progress even after
cessation of treatment [145].

Newer biologically targeted agents are being studied that
may be able to deliver specific anticancer effects while
limiting damage to healthy tissue. Data are still limited in
children, and more neurotoxicity may occur in the pediatric
population because some agents target pathways that control
tumorigenesis or neural maturation [146]. Further investi-
gation is needed into long-term neurologic effects.

Neurologic Effects of Radiation in Children

Radiation therapy remains an important component of can-
cer treatment. Like many other therapies, radiation has
non-specific cytotoxic effects on the adjacent nervous system
when used to treat malignancies located in close proximity to
the brain and spinal cord. Although tissue thresholds have
been established, individual persons may have individual
radiation tolerances. Moreover, patients may experience
different complications related to age, disease status, con-
comitant therapies, length of survival and radiation features
such as dose, size of the field and fractionation schema
[147]. Radiation, used alone or in combination with
chemotherapy, is associated with significant adverse neuro-
logic effects, including headache, neuropathy, neurocogni-
tive deficits, endocrine abnormalities, sleep dysfunction,
secondary neoplasms and cerebrovascular disease. Radiation
injury can affect each level of the nervous system and can be
acute (at the time of therapy), subacute (within six months of
treatment) or delayed (6 months to years after completion of

therapy). Acute and subacute symptoms tend to be rever-
sible, whereas delayed injury often is not.

Acute radiation encephalopathy is rare and more fre-
quently occurs in patients with already increased intracranial
pressure and vasogenic edema surrounding the tumor;
symptoms typically improve with steroids [140]. Subacute
radiation encephalopathy can be seen from one to six months
after treatment, with headache, nausea, worsening or reap-
pearance of original neurologic symptoms, and occasionally
“somnolence syndrome,” a profound lethargy described in
children receiving cranial irradiation for a primary brain
tumor or CNS prophylaxis for acute leukemia [148].

Delayed complications from radiation include
focal-enhancing lesions of radiation necrosis, leukoen-
cephalopathy, myelopathy or neuropathy, vasculopathy,
endocrinopathy and secondary tumor formation (atypical
meningiomas, gliomas, nerve sheath tumors) [149]. There are
ongoing studies of drug-based approaches for neuroprotec-
tion, including statins, antioxidants, anti-inflammatory agents
and antiangiogenic drugs [140]. A unique post-radiation
syndrome is SMART (stroke-like migraine after radiation
therapy) characterized by prolonged and usually reversible
episodes of headache and focal deficits including seizures
[150]. MRI shows ribbon-like cortical and leptomeningeal
enhancement along with gyral thickening (Fig. 33.4) with
focal slowing on EEG and hypermetabolism on PET. Treat-
ment includes symptomatic headache control, AEDs as nee-
ded and avoidance of vasoconstrictive agents [151].

The two most common forms of neurologic sequelae after
radiation in children are related to cognitive and neuroen-
docrine damage. The frequency, degree of and etiology of
neurocognitive dysfunction is less than completely eluci-
dated, and the exact relationship between radiotherapy and
the volume and dose of radiotherapy and degree of cognitive
damage is unclear. Cognitive deficits are progressive in
nature, and younger children are more likely to suffer the
most severe damage; but no patient of any age is free of risk
of damage [152, 153]. In addition to core deficits in attention
and concentration [154], declines of intelligence and
impairment of working memory and information processing
are also seen after cranial irradiation [155, 156]. Due to
growing concerns that larger doses of radiation contributed
to worse cognitive declines in children with ALL, a reduc-
tion in dose from 2400 to 1800 cGy was attempted, but
significant declines in IQ persisted, perhaps confounded by
the fact that as radiation doses were reduced, doses of
methotrexate were increased [157, 158].

There continues to be renewed interest in reduction of
total radiation dose, both for solid tumors and primary brain
tumors. For example, while it is thought that preventive
therapy to the central nervous system with intrathecal
chemotherapy and/or irradiation reduces the probability of
relapse in patients with ALL, currently cranial irradiation is
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reserved for patients with central nervous system relapse or
high-risk disease. Other potential interventions include using
cognitive remediation as an educational strategy to improve
preparedness and on task performance [159]. In addition,
stimulant medications are sometimes used to help improve
cognitive performance [160].

Thyroid hormone and growth hormone impairment are
the most common forms of neuroendocrine dysfunction after
cranial irradiation in children [161, 162]. Radiation to the
brain can lead to dysregulation of the hypothalamic-pituitary
axis, especially affecting regulators of growth. Higher doses
of radiation can lead to more widespread effects. Early
puberty is now recognized and is often treated with
gonadotrophin-releasing hormone analogs in order to max-
imize final height. Radiation to the spine and adjuvant
chemotherapy can both lead to long-term consequences
including decreased fertility and premature ovarian failure
[163].

Current Children’s Oncology Group recommendations for
survivors of childhood cancers who received radiation are
stratified based on dose [164]. Those who received >40 Gy to
the neck region should have annual neurologic examinations
and assessment for diminished carotid pulses/presence of
carotid bruits, and diagnostic imaging of carotid arteries as
clinically indicated and in most cases 10 years after radiation
therapy. Those who received >18 Gy cranial irradiation
should have annual neurologic examinations and brain
MRI/MRA as clinically indicated. Referrals to endocrinology
should be made if radiation dose >30 Gy or for signs of poor
growth, precocious puberty, thyroid dysfunction or other
abnormalities of the HPA axis.

Neurologic Effects of Stem Cell Transplantation
in Children

Hematopoietic stem cell transplantation (HSCT) is now used
as the main treatment for a large number of heritable and
acquired diseases, including leukemia, lymphoma, histio-
cytosis and myelodysplastic syndrome as well as refractory
anemias. HSCT is an effective, yet intensive, therapy used in
the treatment of several pediatric malignancies, and neuro-
logic complications are an important cause of transplant-
related morbidity, affecting 10–25% of pediatric patients
undergoing transplant [165].

Neurotoxicity can be seen pre-transplant (secondary to
drugs used for marrow ablation during conditioning) or
post-transplant (secondary to ongoing pancytopenia, meta-
bolic disturbances, graft vs. host vs. tumor effects) [166–
168]. Drug-related effects including encephalopathy, sei-
zures and PRES are common, especially with calcineurin
inhibitors and busulfan [165]. Infections are also common,
with opportunistic organisms and fungi being difficult to
diagnose in many cases. Cerebrovascular dysfunction varies
from intracranial hemorrhage secondary to thrombocytope-
nia or infection, to vasculitis to cardiac emboli to global
cerebral ischemia [169].

Graft versus host disease (GVHD) can affect both the
central and peripheral nervous systems [170]. Manifestations
in the PNS include polymyositis, myasthenia gravis and
chronic inflammatory demyelinating polyneuropathy
(CIDP), often developing late in the course of transplanta-
tion at a time of reduction in immunosuppressive therapy. In
the CNS, GVHD is rare but has been described with variable

Fig. 33.4 Magnetic resonance
imaging of diffuse leptomeningeal
enhancement with gyral
thickening in the left parietal and
occipital thought to represent
sequela of radiation therapy
(SMART syndrome)
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presentations: meningitis, vasculitis with focal parenchymal
hemorrhage, focal lymphocytic encephalitis or acute
demyelinating encephalomyelitis.

In a large series of 272 consecutive children undergoing
allogeneic or autologous hematopoietic stem cell transplant
for both hematologic and non-hematologic diseases, 13.6%
developed severe neurologic events [167]. These events
typically occurred within the first year, with a median of
90 days after transplant. The most frequent complications
were related to neurotoxicity from cyclosporine A. This was
followed by what was thought to be irreversible late effects
from irradiation and reversible and irreversible effects from
chemotherapy. In another large series, which included chil-
dren and adults, neurologic complications were present at an
even higher frequency of more than 50%; moreover, overall
survival was significantly worse in patients with major
neurologic issues [166]. Of the group with severe neurologic
sequelae, mortality ranged from 6 to 30% [167, 168].

Risk factors for neurologic complications after transplant
include more immunosuppressive drugs, mismatched trans-
plantation, AML, grade II or higher GVHD, allogeneic
transplants (compared to autologous) and the use of total
body irradiation [167] (Table 33.5). Underlying disease type
was not an independent risk factor in the development of
post-transplant complications. Neurologic complications
continue to cause significant mortality for patients under-
going HSCT, with diverse causes and clinical features. Even
after reduced-intensity stem cell transplantation (RIST),
CNS complications remain a significant problem, particu-
larly after umbilical cord blood transplantation, which has
the potential for a rare, unique side effect of limbic
encephalopathy [171].

Conclusions
Outcomes for children with cancer have improved sig-
nificantly over the past several decades, with greater than
80% of patients today becoming 5-year survivors [172].
As therapies improve, we continue to learn more about
the long-term side effects of cancer treatment. As is now
better appreciated, therapy for cancer can lead to
long-lasting neurologic toxicity, particularly in the set-
ting of the developing nervous system. Many of the
complications of the disease itself and the therapies for

cancer in children are often not appreciated until many
years after the completion of therapy. The precise
mechanisms by which neurotoxicity in childhood or
young adulthood translates to later functioning are not
yet fully elucidated, but long-term follow-up into adult-
hood for survivors of childhood cancer is critical. Future
cooperative group studies should include systematic
neurologic assessment of childhood cancer patients to
better determine the incidence of neurologic sequelae
and therefore provide a means to prevent and/or ame-
liorate these late effects.
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34Neurological Complications of Cancer
and Cancer Therapies in Long-Term Survivors

Isabel Arrillaga

Introduction

The advent of improved cancer therapies has increased
patient survivorship and with it the need to better understand
the long-term sequelae of cancer and cancer therapies. With
earlier detection methods and improved treatments, the
number of cancer survivors by the year 2020 is estimated to
reach approximately 20 million [1]. As this number increa-
ses, so does our awareness of the long-term neurological
complications of cancer treatments. Among several cancer
treatment-related side effects, neurotoxicity can be particu-
larly severe and impact quality of life and overall function-
ing [2–4]. Given the inherent susceptibility of the developing
nervous system to toxicity and an estimated high survival
rates of up to 80% [5, 6], survivors of childhood cancers are
affected disproportionately. Much of what we know about
the long-term neurological complications of cancer and
cancer therapies has been learned from research on survivors
of childhood cancers.

This chapter will focus on several common long-term
neurological side effects of cancer and cancer treatments,
with some emphasis on CNS toxicity in long-term survivors
of pediatric cancers. Some of the most common CNS com-
plications to be discussed below include impaired cognition,
seizures, cerebrovascular events, and peripheral neuropathy.
A discussion of these complications in acute and subacute
treatment settings can be found in earlier chapters of this text.

Cognitive Impairment

Cognitive impairment is a potentially long-lasting and late
side effect of cancer and cancer treatments that can greatly
impact quality of life and overall functioning [7]. Pediatric

oncology patients are particularly vulnerable to the damag-
ing effects of radiation and chemotherapy on the developing
brain, and cognitive dysfunction has been reported in up to
40% of childhood cancer survivors. Neurocognitive diffi-
culties have also been reported in adult cancer survivors [8–
16]. Various cognitive domains can be impacted including
attention, memory, and processing speed [17, 18].

Cognition in Survivors of Pediatric CNS Tumors

About 20% of pediatric tumors arise in the CNS. The 5-year
overall survival of pediatric primary brain tumor patients has
been estimated at more than 75% [5], with many survivors at
risk of pervasive neurocognitive impairment decades after
diagnosis and treatment [19–27]. Pediatric brain tumor
patients experience up to a 20-fold increased frequency of
severe impairment compared to the general population
20 years after diagnosis [28], and cognitive declines of 20–
40 IQ points are not uncommon [20, 23, 29]. Importantly,
subjective cognitive complaints do not mirror objective
declines in cognition, despite significant functional impli-
cations. In one study, fewer than 10% of survivors reported
severe cognitive impairment despite 50% being severely
impaired in performance-based measures [28], highlighting
the need for clinical assessment in addition to
patient-reported outcomes when assessing cognition in this
population. Despite subjective awareness of deficits, the
functional implications of severe cognitive decline are
tremendous, with observed reduced attainment of expected
adult developmental milestones including education,
employment, independent living [28], and possibly a lower
socioeconomic attainment [20].

Cranial and craniospinal irradiation have been a
well-known risk factor for impairment in cognition in chil-
dren and adult survivors of pediatric brain tumors [5, 24, 30–
33], particularly in areas of memory and executive func-
tioning [34–37]. There is a correlation between radiation
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dose and IQ [38, 39]. Moreover, it is estimated that, when
irradiated at age less than 7 years, nearly 100% of children
require special education; after 7 years of age approximately
50% of children require special education [33]. The temporal
lobe is particularly vulnerable to effects of radiation; higher
dose levels to this region are associated with higher risk for
memory impairment [21]. Newer treatment techniques have
been aimed at minimizing dose and target volume, though
the long-term benefit of these techniques has yet to be
established.

While the precise mechanisms underlying
radiation-induced cognitive dysfunction remain elusive,
damage to hippocampal neurogenesis may be involved.
Studies in animal models have demonstrated that therapeutic
doses of cranial irradiation virtually ablate neurogenesis and
that this inhibition of neurogenesis correlates with impaired
performance on hippocampal-dependent memory tests
[33, 40, 41]. Surprisingly, irradiation does not simply deplete
the stem cell population, but rather disrupts the microenvi-
ronment that normally supports hippocampal neurogenesis
[40, 42]. This microenvironmental perturbation is due
largely to irradiation-induced microglial inflammation and
anti-inflammatory therapy with the non-steroidal anti-
inflammatory agent indomethacin partially restores hip-
pocampal neurogenesis and function in rodents [42]. Addi-
tional possible mechanisms underlying radiation-induced
cognitive dysfunction include white matter dysfunction,
altered regional blood flow due to microvascular disease and
acute and chronic oxidative stress and inflammatory respon-
ses [43–45].

Cognition in pediatric brain tumor survivors is also
affected by factors other than radiation. In survivors with no
exposure to radiation, there exists a 17-fold increase in the
prevalence of impaired cognitive flexibility, and a fivefold
increase in the prevalence of impairments in short- and
long-term memory. Additionally, up to 37% of these sur-
vivors are severely impaired on at least one measure of
processing speed [28].

Treatment of pediatric brain tumors may include cranial
irradiation and/or cytotoxic chemotherapy; both have been
implicated in the pathophysiology of cancer
treatment-induced cognitive decline. Additional factors that
have been associated with neurocognitive outcome include
tumor site [46], age at diagnosis [47], history of seizures
and hydrocephalus with shunt placement [20, 28]. After
adjustment for exposure to cranial irradiation, Brinkman and
colleagues found that seizures conferred a 50% increase in
the risk of cognitive impairment [28]. This may be related to
the use of anticonvulsant medications or the cumulative
neurobiological and physiologic consequences of recurrent

seizures. Likewise, the same group reported that a history of
hydrocephalus with shunt placement conferred 40%
increased risk of memory impairment [28], possibly related
to hippocampal vulnerability to hydrocephalus [48].

Cognition in Survivors of Non-CNS Pediatric
Cancers

Pediatric survivors of non-CNS cancers are also at risk of
developing clinically significant impairment in neurocogni-
tive functioning [6]. The incidence of impairment in at least
one cognitive domain has been reported as high as 21% [49].
Most of these data have been derived from studies on sur-
vivors of childhood leukemias [50–56] and lymphomas.
These studies suggest that cranial irradiation, chemotherapy
(in particular high dose systemic and intrathecal) [57], stem
cell transplant [58], and other treatments such as corticos-
teroids [55, 58] may be involved in the etiology of cognitive
dysfunction in these patients. Additional factors associated
with neurocognitive outcome in this patient population
include age at diagnosis and female sex [49, 57, 59–62].

Acute lymphoblastic leukemia (ALL) represents the lar-
gest diagnostic group of survivors of childhood cancers, and
the best studied. Neurocognitive impairment in this popu-
lation is pervasive and long lasting, being reported up to
26 years after diagnosis, well into adulthood [53, 63]. Def-
icits in attention, memory, intelligence, processing speed,
and executive functioning have been reported [53, 59, 64–
66]. Until recently, these impairments had been largely
attributed to prophylactic cranial irradiation [50, 53].

Cranial irradiation affects cognition in a dose-dependent
manner [53], and, in this population, dose thresholds remain
debatable. Recent reports suggest that a dose of less than
18 Gy may reduce risk [31, 67]. Withholding radiation and
treating with chemotherapy alone may further reduce risk
[31, 67] and has been an impetus for the omission of radi-
ation therapy for most patients with childhood ALL. Instead,
systemic and intrathecal chemotherapy is used to establish
CNS prophylaxis.

Chemotherapy also has a significant impact on cognition
in this population [6, 18, 60, 68–72]. Krull et al. [53]
recently demonstrated that significant cognitive impairments
were common among survivors of childhood ALL treated
with chemotherapy only. Likewise, a recent meta-analysis
assessing long-term neurocognitive functioning after
chemotherapy-only regimens among survivors of childhood
ALL revealed significant moderate impairment across mul-
tiple neurocognitive domains, with intelligence most affected
[56]. Additional information is needed on the functional
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implications of these impairments though certainly patient
and families should be provided with appropriate educa-
tional planning and surveillance.

Imaging correlates to neurocognitive outcomes in ALL
survivors have been discovered, providing an understanding
of some of the mechanistic underpinnings of late cognitive
deficits and suggesting a role of white matter changes in
neurocognitive changes secondary to cancer treatments.
Specifically, smaller brain white matter volumes have been
associated with larger deficits in attention, memory, intelli-
gence, and academic achievement [73–75]. Additionally,
fractional anisotropy (a measure related to degree of
myelination) has been associated with IQ in childhood sur-
vivors of ALL.

Though limited, additional data exist to suggest that
cognition is affected in childhood survivors of other
non-CNS cancers. Intriguingly, some of these reports sug-
gest that cognition can be affected by indirect mechanisms of
treatment and not by direct CNS toxicity. Krull et al. [76]
reported that adult long-term survivors of pediatric Hodgkin
disease (HD) were at significant risk for neurocognitive
decline. Importantly, this finding was associated with car-
diopulmonary dysfunction attributable to standard care
treatment with thoracic radiation and anthracyclines or
bleomycin. Cardiopulmonary morbidity was further linked
with cerebrovascular pathology as evidenced by multifocal
leukoencephalopathy and hemosiderin deposits in the brain.
This notable CNS finding was sixfold higher in HD sur-
vivors than in comparable cohorts and suggests a mecha-
nism whereby pulmonary and cardiac dysfunction may lead
to cognitive decline in this population. Primary prevention
strategies have been sought and include reduction or omis-
sion of mantle field radiation, though these patients likely
remain at risk given known cardiopulmonary side effects of
anthracyclines and bleomycin.

Cognitive outcomes in long-term survivors of childhood
osteosarcoma have also been evaluated [77]. Pediatric
osteosarcoma has a 70% survival rate, largely due to
advances in treatment including adjuvant chemotherapy with
intravenous methotrexate. In addition, historical treatment
regimens have incorporated anthracyclines, bleomycin, and
alkylating agents, all chemotherapies known to affect car-
diopulmonary function. The prevalence of cognitive decline
in this population was found to be high, and this was not
completely related to treatment with methotrexate. Maxi-
mum plasma concentrations, median clearance, and
median/cumulative exposure to systemic methotrexate were
not associated with cognitive impairment. Instead, any grade
3 or 4 adverse chronic conditions such as cardiac, pul-
monary, or endocrine dysfunction were associated with
poorer memory and slower processing speed. These results
suggest that chronic health conditions related to cancer and

cancer treatment can have a significant impact on cognition,
in some cases more so that direct toxicity from treatment
itself.

Cognition in Survivors of Adult Cancers

The incidence of post-treatment cognitive impairment in
survivors of adult cancers ranges from 15 to 61% [78] and
may be among the most frequently reported post-treatment
symptoms of cancer survivors [79]. Effects can be worse
immediately after treatment with some improvement over
time [78] or with little recovery, leading to long-lasting
impairment [10, 16, 80, 81]. Alternatively, patients may
develop symptoms months to years following treatment [14].
Deficits in memory, executive function, processing speed,
and attention appear most frequently [82]. Age [83, 84] and
baseline cognitive reserve [83] have been identified as risk
factors to neurotoxic effects of chemotherapy.

The mechanisms underlying effects of chemotherapy on
the brain remain elusive, but may involve direct neurotoxic
injury of hippocampal progenitor cells [85–87]. Such effects
on hippocampal neurogenesis may help explain the delayed
impact of treatment on cognition. Chemotherapy-induced
increases in oxidative stress [88], white matter damage [86,
89], and reduced brain vascularization [78] may also be
involved. Imaging studies have provided additional infor-
mation about the structural and functional pathology asso-
ciated with chemotherapy exposure. Reductions in
hippocampal and frontal white and gray matter have been
documented in cancer patients treated with chemotherapy
[90, 91]. Advanced imaging studies using functional MRI,
PET, and diffusion tensor MRI have provided additional
albeit limited understanding of the pathophysiology of
cognitive changes associated with chemotherapy [78].

Cerebrovascular Events

Numerous studies have shown that cancer survivors are at
increased risk for stroke. The potential consequences of a
stroke can be devastating leading to overt physical and
cognitive disabilities, but can also be subtle and worsen
cognitive impairment related to other factors. Cranial irra-
diation, in a dose-dependent fashion, is a particularly strong
predictor of stroke risk [92–97]. The cumulative stroke risk
in survivors treated with 50+ Gy has been estimated at 12%
between 10 and 30 years of post-diagnosis [96]. Impor-
tantly, the elevated stroke risk conferred by cranial irradi-
ation in childhood persists into early adulthood
and continues to increase decades after treatment
[96, 98, 99].
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Radiation increases risk of arteriopathies such as moy-
amoya. Arteriopathies can lead to small and large vessel
necrosis and has been identified as the most common risk
factor for recurrent stroke in cancer survivors [100]. They
typically occur shortly after completion of radiation, with
one report estimating a median of 55 months from the time
of radiation to discovery [101]. Since stroke risk persists
decades after treatment, a second mechanism for delayed
arteriopathy may exist.

Atherosclerosis is a more common cause of stroke in all
comers and has also been linked with radiation [102–105].
The cumulative risk of stroke in survivors of childhood
cancer treated with cranial irradiation increases fourfold for
patients with additional atherosclerotic risk factors such as
hypertension, diabetes, or black race [96], but is not solely
dependent on these additional factors. A better understand-
ing of the role of arteriopathy and atherosclerosis in the
mechanism of stroke in cancer survivors would have sig-
nificant implication for primary prevention, in particular in
childhood cancer survivors. As it stands, the increased risk
of stroke in cancer survivors suggests that frequent screening
for modifiable stroke risk factors needs to be considered.

Seizures

Seizures are a common occurrence in both adults and chil-
dren with brain tumors with an incidence near 30% [2]. The
incidence of ongoing seizures in long-term survivors of
pediatric brain tumors is as high as 14–25% [19, 106].
Seizures in this population are recognized as one of the most
significant neurological complications of childhood brain
tumors as they can occur frequently and at any time from
diagnosis to years later. Moreover, they negatively impact
quality of life [107]. Tumor pathology, extent of tumor
resection and tumor recurrence are all risk factors [106]. In
addition, treatment such as surgery, radiation, and
chemotherapy can increase risk for seizures. In an analysis of
a large cohort of survivors through the Childhood Cancer
Survivor Study, patients with a history of radiation dose
greater than 30 Gy to a cortical region of the brain had
twofold risk of developing seizure as a late effect of treat-
ment [19]. In this population, concurrent use of medications
such as antidepressants and antibiotics, as well secondary
medical complications such as infection or bleeding, can
also lower seizure thresholds and increase risk [106].

Survivors of pediatric non-CNS cancers are likewise at
increased risk for seizure as reported in a study assessing
neurological morbidity in survivors of childhood ALL,
which reported seizures in 11% of study participants [4].
History of CNS involvement of disease was associated with
seizures, but additional factors such as cranial irradiation and
chemotherapy likely also played a role [4].

Seizures themselves can be quite burdensome to cancer
survivors, limiting functionality and quality of life in many
cases, and affecting brain function in some. Moreover,
additional side effects from the treatment of seizures with
antiepileptic drugs (AEDs) can be equally as disturbing.
Many of these agents have been associated with fatigue, and
cognitive impairment, in addition to many non-neurological
side effects. Thus, even infrequent seizures can impact
overall medical health and quality of life.

Peripheral Neuropathy

Chemotherapy-Induced Peripheral Neuropathy

In comparison with the central nervous system, the periph-
eral nervous system (PNS) has better regeneration capacity.
Notwithstanding, peripheral nerve toxicity, typically related
to chemotherapy (chemotherapy-induced peripheral neu-
ropathy, CIPN), can be debilitating, long lasting, and
sometimes permanent [108, 109]. Until recently, this type of
toxicity had remained an underestimated and
under-recognized clinical problem in cancer survivors [110],
perhaps because the accepted paradigm was that of a
reversible condition. The evidence of long-term persistence
of symptoms is now clear, in part due to the availability of
large cancer registries such as Patient-Reported-Outcomes
Following Initial Treatment of Long Term Evaluation of
Survivorship (PROFILES) [110]. This has led to increased
attention to this topic, so much so that the National Com-
prehensive Cancer Network recently expanded its guidelines
for survivorship to address CIPN [111]. The hope is that
with the increased attention, research in this field will con-
tinue to expand.

Most of the evidence supporting long-term CIPN in
cancer survivors comes from studies of patient with breast,
colorectal, and ovarian cancers who are typically exposed to
neurotoxic agents. In one study of patients treated with
oxaliplatin, 79% reported ongoing peripheral neuropathy
after a median of 29 months from treatment [112]. Another
study reported that over 25% of patients treated with
oxaliplatin had NCI-CTC grade 3 symptoms 2 years after
treatment. More compelling have been results from analysis
of PROFILES data that revealed the persistence of CIPN up
to 11 years post-treatment [113]. Cumulative dose was
associated with worse outcomes [114].

Additional reports have revealed that CIPN can result in
functional impairment. In a recent study, 89% of cancer
survivors treated with oxaliplatin reported at least one
symptom of neuropathy at 7 years from completion of
therapy [115]. Importantly, due to their peripheral nerve
symptoms, up to 24% of these survivors had difficulties
driving, and 60% reported difficulties with exercise [115].
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Functional consequences are further evidenced by reports
that reveal an increased propensity to falls, with some series
reporting up to 20% of patients with cancer and CIPN
reporting falls [116, 117]. Motor neuropathy associated with
taxanes use in breast cancer has been most strongly associ-
ated with increased propensity for falls [117]. Importantly,
while clearly prevalent in cancer survivors, CIPN remains
underreported by patients [118], suggesting that practitioners
must be vigilant for symptoms and be educated to recognize
early signs of the condition.

CIPN is also prevalent in adult survivors of pediatric
cancers. In patients treated with either vinca alkaloids or
platinum agents, the prevalence at a median of 25 years from
diagnosis can be as high as 20 and 17.5% for long-term
motor and sensory impairments, respectively [119]. In
platinum-treated testicular cancer survivors, 22% had
detectable peripheral neuropathy 23–33 years after therapy,
and 6% had disabling neuropathy up to 22 and 15 years out
from treatment, respectively [120, 121]. Clinical evidence
for peripheral neuropathy as measured by EMG/NCS has
also been reported in nearly 30% of survivors of childhood
ALL at a mean of 7.4 years post-treatment [122]. CIPN in
this population likely increases the risk for functional per-
formance limitations, as evidenced by objective decreases in
mobility and poor performance on a walk test and a timed
“up and go” test [119].

Unfortunately, there are no proven preventive therapies
for CIPN. There are data to support the role of duloxetine in
the treatment of neuropathic pain related to CIPN, though
relief is typically incomplete. No convincing data exist to
support the use of other agents such as tricyclic antide-
pressants, gabapentine, or topical lidocaine, despite data
supporting their utility in other neuropathic nerve conditions.
Practitioners will often try these agents regardless of their
success in these other conditions. Additional research with
these agents is needed. Although no protective or curative
agents exist, early detection of symptoms is important, in
particular for children, as rehabilitative services and equip-
ment may improve symptoms and provide strengthening and
joint protection which in the long run could minimize
functional limitations. For a compete discussion of CIPN
including pathogenesis, clinical features, and evidence for
treatment, please refer to Chap. 15 of this text.

Radiation-Induced Peripheral Neuropathy (RIPN)

Radiation-induced peripheral neuropathy (RIPN) is a less
well-recognized, studied phenomenon, largely because it is
more rare than its counterpart CIPN. The functional impli-
cations, however, can be equally severe [123]. RIPN has
long been considered irreversible [124] and is associated
with fibrotic changes to the nerves. The pathogenesis may be

related to progressive fibrosis driven by reactive oxidative
species and inflammatory mediators, ultimately resulting in
demyelination, direct axonal injury, and nerve ischemia
[125, 126].

A classic example of this type of neuropathy is a brachial
plexopathy that can occur when radiation is directed at the
chest, axillary region, thoracic outlet, or neck [127]. The
incidence has decreased over the past six decades due impart
to better radiation techniques and decreased doses. In the
1950s, the incidence was close to 65%, while now the
incidence is only 1–2% [125], with 40–75% of cases
resulting from radiation for breast cancer [128, 129]. Timing
of symptom presentation varies widely, ranging anywhere
from one year to decades after completion of treatment
[130]. Presentation also varies ranging from mild sensory
symptoms to debilitating pain and motor dysfunction. For a
complete discussion of RIPN including pathogenesis, clini-
cal features, and evidence for treatment, please refer to
Chap. 14 of this text.

Summary

Neurological complications of cancer and cancer therapies
are common in survivors of both adult and childhood can-
cers. Common complications often include cognitive defi-
cits, strokes, seizures, and peripheral neuropathy.
Importantly, these side effects are often associated with
limitations in normal functioning, and impairment in quality
of life. Much remains to be learned about the pathophysi-
ology underlying many of these complications. This
knowledge will ideally aid in the discovery of preventive
and curative strategies, where currently there are none. Early
recognition of these complications and risk for complica-
tions is crucial to provide both functional and psychological
support to survivors and their families.
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