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Abstract
Introduction The management of glioblastoma at the time of progression is an important facet of all physicians involved in 
neuro-oncology. This is an update of the evidence-based guidelines for management of progressive glioblastoma published 
by the Congress of Neurological Surgeons and American Association of Neurological Surgeons in 2014.
Methods The medical literature from July 1, 2012 through March 31, 2019 was searched in MEDLINE® and Embase® and 
the Cochrane Database of Systematic Reviews, Cochrane Controlled Trials Registry, and Cochrane Database of Abstracts 
of Reviews of Effects to determine if information was available to update, modify or create new recommendations related to 
imaging, cytoreductive surgery, neuropathology, radiotherapy, cytotoxic chemotherapy, targeted therapy, and immunotherapy.
Results The writing group utilized the information from the updated literature search to formulate recommendations that 
were exclusively evidence based and not founded on potentially biased consensus or expert opinion.
Conclusion The series of guideline documents provides an update of the information and recommendations that could be 
derived in the 2014 version. It sets a benchmark as to what we really know about the management of this difficult disease. It 
also provides clues to key investigations that are necessary to move us toward truly effective disease control.
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Introduction

Background and rationale

The guidelines for the management of progressive glioblas-
tomas sponsored by the Congress of Neurological Surgeons 
(CNS) and American Association of Neurological Surgeons 
(AANS) were published in 2014 [1–7]. As suggested by 
the Institute of Medicine, now the National Academy of 

Medicine, it is suggested that guidelines be updated in the 
range of every 5 years [8]. That interval allows for a reason-
able time to assess new methods of diagnosis and treatment 
such as imaging, surgical intervention, use of targeted ther-
apy and immunotherapy, and radiation therapy that were just 
coming on line at the time of the publication in 2014 [9–12].

Progression of glioblastoma after initial therapy usually 
occurs within months, and in nearly every case within a few 
years. Thus, this set of guideline documents will be of value 
to all medical specialties dealing with glioblastoma.

Using the same topics the initial set of guidelines pub-
lished in 2014, these guidelines are presented as a set of 
documents separated by management area, thus addressing 
the role of imaging, cytoreductive surgery, neuropathology, 
radiation therapy, cytotoxic chemotherapy and utilization 
of targeted agents including immunotherapy. Rather than 
having a section on just targeted therapy as in 2014, the 
panelists chose to expand this section to targeted therapy 
and immunotherapy. These guidelines are produced using 
the evidence-based methodology supported by the Joint 
Guidelines Committee of the American Association of 
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Neurological Surgeons (AANS) and Congress of Neurologi-
cal Surgeons (CNS).

Objectives and guideline panel development

The overall objective of this series of guideline documents 
is to confirm or update the previous evidence-based recom-
mendations for the management of patients with progressive 
glioblastoma centering on questions related to the most com-
monly used diagnostic and treatment modalities. The most 
important step in accomplishing this goal is a systematic 
update of the reviews of the literature utilized in the first 
set of publications. The Joint Tumor Section of the AANS/
CNS recruited representatives from neurosurgery, radiation 
oncology, medical neuro-oncology, neuropathology, and 
neuroradiology to form a multi-disciplinary clinical panel 
of 12 experts who developed the evidence-based practice 
guidelines from the systematic review results (Table 1). The 
primary consequence of this work will ideally be to point 
out the current state of knowledge about the management of 
this disease process and serve as a point of departure for the 
development of diagnostic and treatment improvements for 
patients with this diagnosis.

Methods

Topical range of the systematic review and clinical 
practice guidelines

The questions to be answered about the treatment of progres-
sive glioblastoma to be addressed by the systematic literature 
review were determined by the clinical panel. These ques-
tions are presented at the beginning of each guideline section 
of which there are six in all. This includes questions about 
diagnostic imaging, cytoreductive surgery, tumor tissue 
evaluation by neuropathology, radiation therapy, cytotoxic 
chemotherapy and targeted therapy and immunotherapy.

Literature examination approach

A broad literature search strategy was undertaken to iden-
tify all citations relevant to the management of progressive 
glioblastoma since the end of the search period used for 
the 2014 guideline publication, i.e., June 30, 2012. Thus, 
the MEDLINE® and Embase® electronic databases were 
searched from July 1, 2012 through March 31, 2019 with 
additional data being gleaned from the Cochrane Database 
of Systematic Reviews, Cochrane Controlled Trials Registry, 
and Cochrane Database of Abstracts of Reviews of Effects 

Table 1  Guideline panel

Guideline panel members Affiliations

Jeffrey J. Olson Department of Neurosurgery, Emory University School of Medicine, Atlanta, GA, USA
J. Bradley Elder Department of Neurosurgical Oncology, The Ohio State University, Wexner Medical Center, Columbus, OH, USA
Isabelle Germano Department of Neurosurgery, The Mount Sinai Hospital, New York, NY, USA
CA Glenn Department of Neurosurgery, University of Oklahoma Health Sciences Center, Oklahoma City, OK, USA
Abigail L. Goodman Department of Pathology and Laboratory Medicine, Emory University Hospital, Atlanta, GA
Sharad Goyal Division of Radiation Oncology, The George Washington University Medical Faculty Associates, Washington, DC, 

USA
R Javan Department of Neuroradiology, George Washington University Hospital, Washington, DC, USA
Derek R. Johnson Department of Radiology, Mayo Clinic, Rochester, MN, USA
D. Ryan Ormond Department of Neurosurgery, University of Colorado School of Medicine, Aurora, CO, USA
Hayes H. Patrick Department of Neurological Surgery, George Washington University, Washington, DC, USA
Jonathan H. Sherman Department of Neurosurgery, West Virginia University Rockefeller Neuroscience Institute, Martinsburg, WV, USA
José E. Velázquez Vega Department of Pathology and Laboratory Medicine, Children’s Healthcare of Atlanta and Emory University, Atlanta, 

GA
Patrick Wen Center For Neuro-Oncology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA, USA
Evan Winograd Department of Neurosurgery, University of Colorado School of Medicine, Aurora, CO, USA
Mateo Ziu Department of Neurosurgery, Inova Brain and Spine Tumor Program, Fairfax, VA, USA
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as appropriate. The search strategy used a combination of 
subheadings and text words. Reference lists from the pub-
lications that met inclusion criteria were also screened for 
potentially relevant studies.

Study selection, quality assessment and statistical 
methods

The search of the bibliographic databases identified possibly 
relevant citations. Two authors evaluated titles and abstracts 
using eligibility criteria as defined for each section’s topic. 
Cases of disagreement about pertinence were resolved by 
a third author when needed. The full text articles of the 
selected abstracts were collected, and the same process was 
applied again. Articles that met the eligibility criteria for 
one or more of the questions were grouped according to 
the questions they addressed. Reasons for exclusion were 
documented. The eligibility criteria for each of the questions 
are documented in the individual clinical practice guideline 
papers in this series.

Publications which met the eligibility criteria had their 
data extracted by one reviewer and the extracted information 
was checked by a second reviewer. Evidence and summary 
tables, reporting the extracted study information and evi-
dence classification, were generated for the included stud-
ies for each of the questions. The literature in the evidence 
tables was expanded upon in the scientific foundation of 
each section to emphasize important points supporting its 
classification and contribution to recommendations.

AANS/CNS evidence classes and levels 
of recommendations

Both the evidence classification and the strength of the rec-
ommendations for therapeutic effectiveness were graded 
according to standardized AANS/CNS criteria (Table 2). 
The class of evidence assigned to each study was based on 

study design (i.e., class I, II, or III). The strength of the 
recommendations made (i.e., level 1, 2, or 3) was directly 
linked to the evidence classification and took into account 
aspects of study quality and whether or not the plan was 
accomplished, not just study design. Specifically, the class 
of evidence and subsequently the level of a recommenda-
tion made could be decreased, based on consensus input, if 
there were methodological concerns regarding the studies 
used as evidence. A summary of the methodology used for 
the development of this evidence-based update, including 
techniques for classification of data and its linkage to recom-
mendations, can be found at https:// www. cns. org/ guide lines/ 
guide line- devel opment- metho dology.

Guideline panel consensus and practice guideline 
approval process

Writing groups were created from the entire clinical guide-
line panel based on expertise to address each of the disci-
plines and areas of therapy chosen to be part of this set of 
clinical guidelines. Each group was involved with literature 
selection, creation and editing of the evidence/summary 
tables for their specific discipline. Evidence tables were cre-
ated with most recent data first and subsequent listings in ret-
rograde chronological order. The table headings consisted of 
first author name, journal and year, followed by a brief study 
description, chosen data class and conclusion. The authors 
were directed to craft the data in the tables in a succinct and 
fact filled manner to allow for understanding of the literature 
entry. Each piece of literature cited in the table is discussed 
in greater detail in the scientific foundation with more infor-
mation regarding choice of classification to be noted in this 
location. Using this information, the writing groups then 
drafted the clinical practice guideline for their respective 
discipline. The draft guidelines were then circulated to the 
entire clinical guideline panel to allow for multidisciplinary 
feedback, discussion, and ultimately approval.

Table 2  AANS/CNS evidence classes and levels of recommendation

Evidence classification

Class I Evidence provided by one or more well-designed randomized controlled clinical trials, including overview (meta-analyses) of 
such trials

Class II Evidence provided by well-designed observational studies with concurrent controls (e.g. case control and cohort studies)
Class III Evidence provided by expert opinion, case series, case reports and studies with historical controls
Levels of recommendation
Level I Generally accepted principles for patient management, which reflect a high degree of clinical certainty (usually this requires 

Class I evidence which directly addresses the clinical questions or overwhelming Class II evidence when circumstances 
preclude randomized clinical trials)

Level II Recommendations for patient management which reflect clinical certainty (usually this requires Class II evidence or a strong 
consensus of class III evidence)

Level III Other strategies for patient management for which the clinical utility is uncertain (inconclusive or conflicting evidence or 
opinion)

https://www.cns.org/guidelines/guideline-development-methodology
https://www.cns.org/guidelines/guideline-development-methodology
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The completed updates of the evidence-based clinical 
practice guidelines on the management of progressive glio-
blastoma were presented to the Joint Guidelines Review 
Committee (JGRC) of the AANS/CNS to assess methodol-
ogy, content, and conclusions. The reviewers for the JGRC 
were vetted by Neurosurgery for suitability and expertise 
to serve as reviewers for the purposes of publication in that 
journal also.

Development of this set of evidence-based clinical prac-
tice guidelines was editorially independent from the fund-
ing agencies. The funding agencies (AANS Board, CNS 
Executive Committee, and AANS/CNS Joint Tumor Section 
Executive Committee) review of these guideline papers, fol-
lowing JGRC approval but prior to submission for publica-
tion, and their role was limited to whether or not to endorse 
or reject this body of work. Figure 1 provides an outline 
of the key steps in the process of developing these clinical 
practice guidelines.

Conclusion

This series of guidelines was constructed primarily to 
update the currently existing evidence for management of 
progressive glioblastoma in a manner that sets a benchmark 
for further improvement in this task. By designing future 
investigations to provide high quality evidence overcom-
ing prior weaknesses and limitations noted in these guide-
lines’ advancement toward a remedy of this disease will 
be achieved. Secondarily, the guideline recommendations 
provided are set forth for conscientious use by the practic-
ing physician who must take into account all of the unique 
aspects of a given individuals condition and illness before 
applying them. The application of published guidelines 
information is an activity that results in strong and often 
polarized opinions. The guidelines presented in this current 
project are not meant to resolve these issues and it is unlikely 
that any could accomplish such a goal. Fortunately, new 
research is constantly underway, and these guidelines are 
meant to be updated in five years with earlier updates should 
important, practice changing new evidence be published.

Acknowledgements The guidelines task force would like to acknowl-
edge the Congress of Neurological Surgeons Guidelines Committee 
for their contributions throughout the development of the guideline, 
and the American Association of Neurological Surgeons/Congress of 
Neurological Surgeons Joint Guidelines Review Committee for their 
review, comments, and suggestions throughout peer review, as well as 
the contributions of Trish Rehring, MPH, CHES, Senior Manager of 
Clinical Practice Guidelines for the CNS, and Mary Bodach, MLIS, 
from the Congress of Neurological Surgeons Guidelines Office for 
organizational assistance and reference librarian services, respectively 
as well as Jeremy Kupsco, PhD, Informationist, Emory University, 

for their valuable input as Medical Research Librarians. Throughout 
the review process, the reviewers and authors were blinded from one 
another. At this time the guidelines task force would like to acknowl-
edge the following individual peer reviewers for their contributions: 
John O’Toole, MD, Brian Howard, MD, Jamie Van Gompel, MD, 
Howard Silberstein, MD, Navid Redjal, MD and Shawn Hervey-
Jumper, MD.

Disclaimer of Liability This clinical systematic review and evidence-
based guideline was developed by a multidisciplinary physician 
volunteer task force and serves as an educational tool designed to provide 

AANS, CNS and AANS/CNS Joint Tumor Sec�on decide to 
develop evidence-based guidelines on the management of 

brain metastases

Forma�on of the clinical expert guideline 
panel  

Topic Refinement: Scope of ques�ons to be 
addressed and establishment of eligibility 

criteria

Literature search, study selec�on, data 
extrac�on, quality assessment,  

Wri�ng groups for each ques�on dra� 
clinical prac�ce guidelines  

Circula�on of the dra� guidelines to en�re 
guideline panel for feedback, discussion and 

consensus 

Guidelines presented to the JGRC for review 
and approval 

AANS Board, CNS Execu�ve Commi�ee and 
AANS/CNS Joint Tumor Sec�on Execu�ve 

Commi�ee review the guidelines for 
endorsement decision 

Submission of the guidelines to Journal of 
Neuro-oncology for publica�on 
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an accurate review of the subject matter covered. These guidelines are 
disseminated with the understanding that the recommendations by the 
authors and consultants who have collaborated in their development 
are not meant to replace the individualized care and treatment 
advice from a patient’s physician(s). If medical advice or assistance 
is required, the services of a competent physician should be sought. 
The proposals contained in these guidelines may not be suitable for 
use in all circumstances. The choice to implement any particular 
recommendation contained in these guidelines must be made by a 
managing physician in light of the situation in each particular patient 
and on the basis of existing resources.
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