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 This atlas was inspired by the Massachusetts General Hospital Cutaneous Lymphoma 
Conference, a multidisciplinary meeting of dermatologists, dermatopathologists, hemato-
pathologists, medical oncologists, and radiation oncologists. We have found that the integra-
tion of clinical fi ndings, laboratory results, and disease progression is critical for the diagnosis 
and treatment of patients with skin lymphoma. Using the clinical and histological images of 
our patients as the framework, this atlas follows the recent classifi cation scheme for cutaneous 
lymphoma published by the World Health Organization (WHO) and the European Organization 
for Research and Treatment of Cancer (EORTC) Cutaneous Lymphoma Group. 

 Our intent was to produce an atlas of clinical and histological images with diagrams, tables, 
and text describing each entity in the current cutaneous lymphoma classifi cation scheme. The 
outline of each chapter includes an introduction with synonyms, clinical features (presentation, 
prognosis, and treatment), laboratory fi ndings (histopathology, immunophenotype, and molec-
ular), differential diagnosis, and presentation of clinical cases. In addition to chapters for each 
diagnostic entity, we have included introduction chapters for T-cell lymphomas, B-cell lym-
phomas, a chapter on ancillary techniques including immunohistochemistry and molecular 
tests, and a glossary of terms. 

 We hope this resource will help clarify the conceptual framework underlying the classifi ca-
tion of cutaneous lymphoma. More importantly, we hope to have produced a book that will 
serve as a helpful reference for physicians involved in the diagnosis and treatment of patients 
with cutaneous lymphoma.  

  Boston, MA, USA     Joi B.     Carter  ,   M.D.   
   Amrita     Goyal, M.D.   

   Lyn     McDivitt     Duncan  ,   M.D.    
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      Introduction and a Brief History 
of Cutaneous Lymphoma Classification 

              Amrita     Goyal    ,     Joi     B.     Carter     ,     Nancy     Lee     Harris     , 
and     Lyn     McDivitt     Duncan     

         Over the past decade, a worldwide consortium of dermatolo-
gists, oncologists, hematopathologists, and dermatopatholo-
gists has collaborated to develop a unifi ed classifi cation 
scheme for lymphomas, including primary cutaneous lym-
phomas. Every year, new publications and workshops lead to 
a clearer understanding of the nuances of diagnosis and treat-
ment of cutaneous lymphomas. Over the past 20 years, 
advances in the classifi cation of cutaneous lymphomas have 
revolutionized the clinical and histopathologic approaches to 
diagnosis and treatment of these highly varied diseases. This 
chapter outlines some aims of this book and offers a brief 
history of cutaneous lymphoma classifi cation. 

1.1     Goals of This Book 

 Understanding cutaneous lymphoma can be challenging for 
even the most determined, for several reasons:

    1.    Some of these diseases share clinical presentations.   
   2.    Some display similar histopathological features.   
   3.    While immunophenotypic and genetic features may sup-

port a specifi c diagnosis, there is overlap between tumors.   

   4.    The terminology used to describe these tumors has 
evolved and only in the past decade has there been a more 
uniform approach to classifi cation.   

   5.    Few textbooks offer concise descriptions of the clinical 
and histopathologic characteristics of these diseases in 
accordance with the most recent classifi cation system. 
This atlas seeks to fi ll that gap.     

 This book was written with several goals in mind:

    1.    Assemble an atlas of cutaneous lymphomas, organized 
according to the most recent classifi cation system, as 
designed by the World Health Organization–European 
Organization for Research and Treatment of Cancer 
(WHO-EORTC)   

   2.    Offer fl owcharts and other schemas to help organize the 
cutaneous lymphomas in an easy to understand format   

   3.    Provide a concise summary of current knowledge about 
the clinical presentation, histopathological, immunophe-
notypic and genetic characteristics, prognosis, and treat-
ment of each cutaneous lymphoma   

   4.    Demonstrate the importance of clinical–pathologic cor-
relation using real clinical cases, in most cases by juxta-
posing both the clinical and histopathologic images from 
the same patients   

   5.    Present this information at a level appropriate for stu-
dents, trainees, and practitioners in dermatology and 
pathology.      

1.2     History of the Classifi cation 
of Cutaneous Lymphomas 

 For more than a century and a half, lymphomas arising in the 
skin were classifi ed as one of three entities: mycosis fungoi-
des, Sézary syndrome, or spread of lymphoma from a noncu-
taneous site. Although mycosis fungoides was fi rst described 
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by Alibert [ 1 ] in 1806, and Sézary syndrome in 1938 [ 2 ], it 
was not until the 1970s that primary cutaneous lymphomas 
other than mycosis fungoides and Sézary syndrome were dif-
ferentiated from cutaneous manifestations of systemic 
 lymphoma. At that time a classifi cation system refl ecting the 
heterogeneity of cutaneous lymphomas began to be 
developed. 

 At the end of the last century, it became increasingly clear 
that a wide range of B-cell and T-cell lymphomas can occur 
as primary tumors in the skin, and that they have quite vari-
able clinical outcomes: some primary cutaneous lymphomas 
are indolent and never disseminate to extracutaneous sites, 
while others disseminate widely with an aggressive clinical 
course. This variability in clinical outcome is one of the pri-
mary reasons that an accurate classifi cation system is 
necessary. 

 From the 1970s to the 1990s, there were three principal 
classifi cation schemes for lymphomas: Kiel [ 3 – 5 ], Lukes-
Collins and Working Formulation [ 6 ], all based predomi-
nantly upon morphological fi ndings and cell type [ 7 ]. In 
many cases diagnoses were reported using more than one 
scheme’s terminology. However, in 1994, the International 
Lymphoma Study Group achieved an international consen-
sus on the classifi cation of lymphomas. This led to the publi-
cation of the Revised European–American Lymphoma 
Classifi cation (REAL) [ 8 ]. The REAL classifi cation incor-
porated morphologic, immunologic, genetic, and clinical 
features to identify “real” biological entities. The REAL 
Classifi cation also recognized the differences between nodal 
and extranodal lymphomas. Shortly thereafter, the European 
Organization for Research and Treatment of Cancer 
(EORTC) Cutaneous Lymphoma Program Project Group 
devised a classifi cation scheme specifi cally for primary cuta-
neous lymphoma [ 9 ]. In addition to the features used in the 
REAL classifi cation scheme, the EORTC scheme incorpo-
rated the clinical presentation and biologic behavior of the 
lymphomas. 

 In 2001, the World Health Organization (WHO) 
International Agency for Research and Cancer published 
 The Pathology and Genetics of Tumours of Haematopoietic 
and Lymphoid Tissues , 3rd edition [ 10 ]. Although EORTC 
schema for understanding the cutaneous T-cell lymphomas 
was largely integrated into this WHO publication, there con-
tinued to be debate about the subtypes of cutaneous B-cell 
lymphomas and their relationships to their nodal counter-
parts. Points of contention included: the use of terms “pri-
mary cutaneous” versus “extranodal,” “diffuse follicular 
lymphoma” versus “diffuse large B-cell lymphoma,” “folli-
cle centre” versus “follicular,” and the use of “leg type” in 
describing primary cutaneous B-cell lymphoma not arising 
on the leg. In 2003 and 2004, the authors of the WHO and 
EORTC classifi cations met in Lyon and Zurich to resolve 
these issues through review of cases and active discussion. 
This review included not only the histopathological, immu-

nophenotypic, and genetic features of the tumors, but their 
clinical outcomes and response to therapy. These meetings 
resulted in the 2005 joint EORTC/WHO classifi cation for 
primary cutaneous lymphoma [ 11 ]. 

 In 2008, the 4th edition of the  WHO Classifi cation of 
Tumours of Haematopoetic and Lymphoid Tissues  was pub-
lished. This volume, “the blue book,” integrated the primary 
cutaneous lymphoma classifi cation into the broader classifi -
cation of nodal and other extranodal lymphoma classifi cation 
[ 12 ]. The integrated EORTC and WHO classifi cation has 
become the basis for diagnosis and treatment of patients with 
cutaneous lymphomas. Persistent inconsistencies between 
the WHO/EORTC (2005) and WHO (2008) classifi cations 
include the use of the terms, primary cutaneous marginal 
zone lymphoma and CD4+ CD56+ hematodermic neoplasm, 
in the former and the terms extranodal marginal zone lym-
phoma of mucosa-associated lymphoid tissue (MALT lym-
phoma) and blastic plasmacytoid dendritic cell neoplasm in 
the latter. Because the WHO classifi cation found in the “blue 
book” encompasses all leukemias and lymphomas, it can be 
cumbersome and challenging for dermatologists and derma-
topathologists to dissect out the information on skin-specifi c 
diseases. Our aim is to provide a resource for diagnosis of 
primary cutaneous lymphomas that includes clinical and his-
topathological images of the diseases described in accordance 
with the most recent classifi cation scheme. We refer to the 
classifi cation as WHO-EORTC to recognize the important 
contributions of both of these groups.  

1.3     Terminology 

 The fi eld of cutaneous lymphomas is rife with terminologi-
cal ambiguity. For example, the term “primary cutaneous” is 
itself controversial. It has been used by some to describe 
lymphoma arising in the skin without evidence of concurrent 
extra-cutaneous lymphoma after staging (often including 
both radiological and bone marrow evaluation) [ 9 ,  13 ]. While 
no longer used, early on some defi ned primary cutaneous 
lymphoma as lymphoma arising in the skin without evidence 
of extra-cutaneous lymphoma  for 6 months  following initial 
presentation [ 14 ]. In the WHO-EORTC Classifi cation, the 
term “primary cutaneous lymphoma” refers to cutaneous 
lymphomas that present in the skin without evidence of 
extracutaneous disease at the time of diagnosis [ 11 ]. 

 The majority of lymphomas are named descriptively after 
their cell of origin. For example, “primary cutaneous follicle 
centre lymphoma (pcFCL)” is a tumor composed of neoplas-
tic BCL-6+ follicle center B cells. This biologically based, 
descriptive naming system carries two complications. First, 
names of the lymphomas are changed as new biological 
information is discovered. For example, what was once 
CD4+ CD56+ hematodermic neoplasm is now called blastic 
plasmacytoid dendritic cell neoplasm, because of better 
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understanding of the cell of origin of the disease. A better 
understanding of the risk of progression has led some disease 
entities to be divided and re-defi ned; for example the Ketron- 
Goodman variant of pagetoid reticulosis is now considered 
to be best classifi ed as either aggressive epidermotropic 
CD8+ cutaneous T-cell lymphoma or cutaneous gamma- 
delta T-cell lymphoma, depending on the immunophenotype. 
Second, given the descriptive terminology, the names of 
these diseases can be up to seven to eight words long, as with 
primary cutaneous CD4+ small-medium pleomorphic T-cell 
lymphoma. One student even suggested that cutaneous lym-
phoma may be the one case in which eponymous naming 
might actually make things  easier . There has even been dis-
cord over these extensive descriptive names. For example, 
while some prefer “extranodal marginal zone B-cell lym-
phoma of mucosa-associated lymphoid tissue (MALT lym-
phoma),” others use the term “primary cutaneous marginal 
zone lymphoma (pcMZL).” The use of the term “extranodal” 
indicates that this tumor is biologically related to those 
occurring at other extranodal sites (most commonly the gas-
trointestinal tract); however, some argue that the use of 
“MALT” is inappropriate given that the skin is not mucosa. 

 Other terms require understanding of the specifi c classifi -
cation criteria, for example subcutaneous panniculitis-like 
T-cell lymphoma (SPTCL). This lymphoma is defi ned as a 
tumor of cytotoxic T cells with an alpha-beta TCR. Although 
lymphomas with a gamma-delta TCR phenotype were once 
grouped with SPTCL and may occur predominantly in the 
subcutaneous fat, given evolving information about their clin-
ical progression, these lymphoma are now classifi ed sepa-
rately as primary cutaneous gamma-delta T-cell lymphoma. 

 One of the aims of this book is to help clarify some of this 
confusion. We list synonyms at the beginning of every chap-
ter and note shifts in terminology based on medical advances. 
In each chapter we have used tables and illustrations to help 
organize the approach to diagnosis of primary cutaneous 
lymphoma. Finally, we have included a glossary of terms to 
provide a quick reference to access the occasionally cryptic 
terminology.  

1.4     Case-Based Approach in Primary 
Cutaneous Lymphomas 

 The diagnosis of primary cutaneous lymphomas requires the 
correlation of clinical and laboratory fi ndings. At the 
Massachusetts General Hospital, a dedicated team of experts 
in Dermatology, Hematology-Oncology, Hematopathology, 
Dermatopathology, and Radiation Oncology diagnose and 
treat patients with cutaneous lymphoma. This group meets 
regularly to review the clinical, histopathological, immuno-
phenotypic, and genetic features of patients with a compre-
hensive evaluation of the ongoing evolution of patients’ 
disease including recurrence, dissemination, and response to 

therapy. As a patient’s disease evolves, his or her clinical pic-
ture is revisited, underscoring the importance of clinical 
pathological correlation over time. 

 The cases presented in this atlas are derived from this 
experience: nearly all the cases represent patients who were 
diagnosed and treated at the Massachusetts General Hospital. 
Most chapters contain examples of complete cases of patients 
with primary cutaneous lymphoma including images of both 
clinical and histopathological fi ndings. Juxtaposition of clin-
ical and pathologic images from a single patient helps 
enhance an understanding of clinical and pathological cor-
relations. Overall, we hope that this work is a practical tool 
for those who care for patients with cutaneous lymphoma.     
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      Introduction to Cutaneous Lymphomas 

              Amrita     Goyal    ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         The term  cutaneous lymphoma  encompasses an array of 
neoplasms that vary widely in their clinical presentation, 
prognosis, histopathology, immunohistochemistry, and 
molecular biology. The World Health Organization–
European Organization for Research and Treatment of 
Cancer (WHO/EORTC) classifi cation system recognizes 15 
primary cutaneous lymphomas (Table  2.1 ). These lympho-
mas are divided into three overarching categories: T-cell 
lymphomas, B-cell lymphomas, and precursor neoplasms. 

Each chapter in this book is dedicated to one of these cuta-
neous lymphomas and offers a clinical and histopathologic 
description, differential diagnosis, and one or more clinical 
cases. Our intent in writing this book is to familiarize the 
reader with the most recent classifi cations of the cutaneous 
lymphomas, offer relevant clinical and histopathologic 
characteristics, and provide direction in navigating the often 
diffi cult task of distinguishing the various forms of cutane-
ous lymphoma.

        A.   Goyal ,  M.D.    
  Harvard-MIT Division of Health Sciences and Technology , 
 Harvard Medical School ,   Boston ,  MA ,  USA     

    J.  B.   Carter ,  M.D.    
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    L.  M.   Duncan ,  M.D.      (*) 
  Dermatopathology Service, Department of Pathology , 
 Massachusetts General Hospital, Harvard Medical School , 
  55 Fruit Street, WRN 825 ,  Boston ,  MA ,  USA   
 e-mail: duncan@helix.mgh.harvard.edu  
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           Table 2.1    WHO-EORTC classifi cation of cutaneous lymphomas   

 Lymphoma  Abbreviation  Incidence (%) 

  T-cell lymphomas:   CTCL  77 

 Mycosis fungoides  MF  50 

 Sézary syndrome  SS  3 

 Adult T-cell leukemia/lymphoma  ATLL  <1 

 Subcutaneous panniculitis-like T-cell lymphoma  SPTCL  1 

 Extranodal NK/T-cell lymphoma  eNK/TCL  <1 

  CD30+ lymphoproliferative disorders:   CD30+ LPD 

 Primary cutaneous anaplastic large cell lymphoma  pcALCL  8 

 Lymphomatoid papulosis  LyP  12 

  Provisional entities:  

 CD8+ aggressive epidermotropic T-cell lymphoma  CD8+ AECTCL  <1 

 Primary cutaneous gamma-delta T-cell lymphoma  pcGDTCL  <1 

 CD4+ primary cutaneous small-medium pleomorphic T-cell lymphoma  pcSMPTCL  <1 

  B-cell lymphomas:   CBCL  23 

 Primary cutaneous marginal zone lymphoma  pcMZL  7 

 Primary cutaneous follicle center lymphoma  pcFCL  11 

 Primary cutaneous diffuse large B-cell lymphoma, leg-type  pcDLBCL  4 

 Intravascular large B-cell lymphoma  ivLBCL  <1 

  Precursor neoplasms : 

 Blastic plasmacytoid dendritic cell neoplasm  BPDCN  <1 

  Adapted from Willemze et al. [ 1 ] and Swerdlow et al. [ 2 ] 
 The abbreviations used throughout this book and the incidence of each lymphoma are listed  

A. Goyal et al.
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2.1       The Skin as an Immune Organ 

 The skin is one of the most important organs of the immune 
system and plays a critical role in both the innate and adap-
tive immune systems. There are a variety of immune cells 

present in the skin, including T cells, B cells, dendritic cells, 
natural killer (NK) cells, neutrophils, eosinophils, mast cells, 
monocytes, and macrophages [ 3 ]. It is possible for any of 
these cell populations to become deranged and develop into 
a neoplasm (Fig.  2.1 ) [ 5 ].   

Langerhans cellsLangerhans cellsLangerhans cells
CD8CD8++ resident resident
memory T cellsmemory T cells
CD8+ resident
memory T cells

CD4+ TH1

Tcm

Lymphatic
vessel

Blood vesselBlood vessel Deep vascular plexusDeep vascular plexus

MacrophageMacrophage

B cell

DermalDermal
dendritic celldendritic cell

NK cellNK cell

PlasmaytoidPlasmaytoid
dendritic celldendritic cell

Macrophage Dermal
dendritic cell

Plasmaytoid
dendritic cell

Histocyte

SuperficialSuperficial
vascular plexusvascular plexus

Superficial
vascular plexus

Melanocyte
Basement membrane

Stratum corneum

Stratum granulosum

Stratum spinosum

Stratum basale

CD4+ TH2

CD4CD4++ T TRMRMBlood vessel Deep vascular plexus NK cellCD4+ TRM

CD4+ TH17γ/δ  T cell

Reticular
dermis

Subcutaneous
tissue

Dermis

Papillary dermis

  Fig. 2.1    The skin is one of the most important organs in the immune 
system. The epidermis is usually inhabited by CD8+ T cells and 
Langerhans cells. A number of cell types reside in the dermis, including 
CD4+ T cells of various phenotypes (including TH1, TH2, and TH17 
cells), gamma/delta T cells, B cells, NK cells, mast cells, and plasmacy-
toid dendritic cells. Circulating memory T cells spend some time in the 
skin, entering via blood vessels and returning to the circulation via the 

lymphatics. Note the structure of the skin—the epidermis is composed 
of four major layers: the stratum corneum, stratum granulosum, stratum 
spinosum, and stratum basale. Melanocytes produce melanin and are 
intercalated between keratinocytes of the basal layer of the epidermis. 
The dermis is composed of the looser papillary and underlying denser 
reticular dermis. The subcutaneous fat lies beneath the dermis (Diagram 
adapted from Nestle et al. [ 4 ])       
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2.2     Classifi cation of Cutaneous 
Lymphomas 

 Cutaneous lymphomas can be segregated into three catego-
ries: T-cell lymphomas, B-cell lymphomas, and precursor 
cell neoplasms. The 15 lymphomas included in the current 
WHO/EORTC classifi cation schema are listed in Table  2.1  
(Fig.  2.2 ). One schema for organizing these lymphomas is 
provided in the fl ow chart in Fig.  2.2 . 

 The lymphomas can be further subdivided based on 
immunohistochemical phenotypes, as described in the fl ow 
chart in Fig.  2.3 . 

 It is important to note that although the majority of these 
cutaneous lymphomas are  primary cutaneous  lymphomas 
clinically arising in the skin, several of these neoplasms, 
including Sézary syndrome, adult T-cell leukemia/lym-
phoma (ATLL), and intravascular large B-cell lymphoma 
(ivLBCL), are systemic lymphoid neoplasms. They are 
included in the classifi cation of cutaneous lymphomas 
because of their prominent cutaneous fi ndings. 

 There are many other primary cutaneous lymphomas not 
included in the WHO/EORTC classifi cation system, some 
because they are exceedingly uncommon and some because 
they are not yet well defi ned.    

Cutaneous
lymphoma

T cell
lymphomas

B cell
lymphomas

Dendritic
cell

Mycosis
fungoides

CD30+
LPDs

Sezary
syndrome

pcMZL

pcFCL

pcALCL

pcGDTCL

pcSMPTCL

SPTCL

CD8+
AETCL

eNK/TCL

ATLL

LyP

DLBCL

ivBCL

RareCommon Indolent Aggressive BPDCN

  Fig. 2.2    Conceptual framework for cutaneous lymphomas. Cutaneous 
lymphomas can be broken down in any number of ways, but most com-
monly they are divided into T-cell neoplasms, B-cell neoplasms, and 
dendritic cell neoplasms; beyond that classifi cation variations abound. 
Here, T-cell neoplasms are divided based on frequency—common ver-
sus rare. The most common lymphomas are mycosis fungoides (MF) 
and the CD30+ lymphoproliferative diseases (CD30+ LPDs). The rare 
T-cell lymphomas are a diverse group, and each one makes up less than 
3 % of cases of cutaneous T-cell lymphomas. It is possible to divide the 
B-cell lymphomas based on prognosis, either indolent or aggressive. 
Finally, blastic plasmacytoid dendritic cell neoplasm (BPCDN) is the 

only dendritic cell neoplasm that bears lymphoid markers.  ATLL  adult 
T-cell leukemia/lymphoma,  DLBCL  diffuse large B-cell lymphoma, leg 
type,  CD8+ AECTCL  CD8+ aggressive epidermotropic cutaneous 
T-cell lymphoma,  eNK/TCL  extranodal NK/T-cell lymphoma,  LyP  lym-
phomatoid papulosis,  ivLBVL  intravascular large B-cell lymphoma, 
 pcALCL  primary cutaneous anaplastic large cell lymphoma,  pcFCL  pri-
mary cutaneous follicle center lymphoma,  pcGDTCL  primary cutane-
ous gamma/delta T-cell lymphoma,  pcMZL  primary cutaneous marginal 
zone lymphoma,  pcSMPTCL  primary cutaneous small-medium pleo-
morphic T-cell lymphoma,  SPTCL  subcutaneous panniculitis-like 
T-cell lymphoma       
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  Fig. 2.3    Immunohistochemical fl ow chart of cutaneous lymphomas. 
Cutaneous lymphomas can be segregated by cell of origin (T cell, 
B cell, NK/T cell) or by dendritic cell. CD3+ T cells can be further 
subdivided based on immunohistochemical markers, including CD4, 
CD8, and CD30. B-cell lymphomas all stain positively for CD20; use-
ful immunohistochemical stains for further evaluation include Bcl2, 
Bcl6, and MUM1. While this fl ow chart describes the archetypical 
staining patterns for each lymphoma, individual cases may vary.  ATLL  
adult T-cell leukemia/lymphoma,  CD8+ AECTCL  CD8+ aggressive 
epidermotropic cutaneous T-cell lymphoma,  DLBCL  diffuse large 

B-cell  lymphoma, leg type,  eNK/TCL  extranodal NK/T-cell lymphoma, 
 ivLBVL  intravascular large B-cell lymphoma,  LCT  large cell transfor-
mation,  LyP  lymphomatoid papulosis,  MF  mycosis fungoides,  pcALCL  
primary cutaneous anaplastic large cell lymphoma,  pcFCL  primary 
cutaneous follicle center lymphoma,  pcGDTCL  primary cutaneous 
gamma/delta T-cell lymphoma,  pcMZL  primary cutaneous marginal 
zone lymphoma,  pcSMPTCL  primary cutaneous small-medium pleo-
morphic T-cell lymphoma,  SPTCL  subcutaneous panniculitis-like 
T-cell lymphoma,  SS  Sézary syndrome       
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2.3     T-Cell Lymphomas 

 The most recent WHO/EORTC classifi cation recognizes ten 
cutaneous T-cell lymphomas, three of which are considered 
provisional entities (see Table  2.1 ) [ 1 ,  2 ]. T-cell lymphomas 

account for 75 % of cutaneous lymphomas; the incidence of 
each lymphoma is listed in Table  2.1  (Table  2.1  and Fig.  2.4 ). 
Further discussion of the classifi cation of T-cell lymphomas 
is found in Chap.   4    , followed by a discussion of each lym-
phoma in Chaps.   5    ,   6    ,   7    ,   8    ,   9    ,   10    ,   11    ,   12    ,   13    , and   14    .   
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T
C
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eN
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/T
C

L
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D
8+

 A
E

C
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C
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  Fig. 2.4    Relative incidence of primary cutaneous lymphomas. This 
chart offers a visual representation of the relative frequencies of the 
cutaneous lymphomas in the WHO-EORTC classifi cation scheme. The 
area of the chart dedicated to a given lymphoma is proportionate to its 
frequency. T-cell lymphomas account for 75 % of all cutaneous lym-
phomas. MF itself makes up 50 % of all cutaneous lymphomas. See 
Table  2.1  for frequencies of lymphomas.  ATLL  adult T-cell leukemia/

lymphoma,  CD8+ AECTCL  CD8+ aggressive epidermotropic cutane-
ous T-cell lymphoma,  eNK/TCL  extranodal NK/T-cell lymphoma,  MF  
mycosis fungoides,  pcALCL  primary cutaneous anaplastic large cell 
lymphoma,  pcGDTCL  primary cutaneous gamma/delta T-cell lym-
phoma,  pcSMPTCL  primary cutaneous small-medium pleomorphic 
T-cell lymphoma,  SPTCL  subcutaneous panniculitis-like T-cell lym-
phoma,  SS  Sézary syndrome       
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2.4     B-Cell Lymphomas 

 Four B-cell lymphomas are included in the WHO/EORTC 
classifi cation scheme (see Table  2.1 ) [ 1 ,  2 ]. An introduc-
tion to B-cell lymphomas is included in Chap.   15    . 
Lymphomas derived from B cells constitute 25 % of cuta-
neous lymphomas (see Table     2.1 , Fig.  2.4 ). Each  individual 
B-cell lymphoma will be addressed in Chaps.   16    ,   17    ,   18     
and   19    .  

2.5     Precursor Neoplasms 

 A single precursor neoplasm is included in the WHO/
EORTC classifi cation: blastic plasmacytoid dendritic cell 
neoplasm [ 1 ,  2 ]. Although it accounts for a tiny fraction of 
cutaneous lymphomas (see Table  2.1  and Fig.  2.4 ), it has a 
dire prognosis, and accurate diagnosis of the neoplasm is of 

the utmost importance. This rare but deadly lymphoma is 
addressed in Chaps.   20     and   21    .     
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      Immunohistochemistry and Molecular 
Techniques 

           Amrita     Goyal     ,     Kavita     Goyal     ,     Valentina     Nardi     , 
    Mai     P.     Hoang     ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         Immunohistochemistry (IHC), clonality analysis, and other 
molecular techniques are indispensable tools in the diagnosis 
of cutaneous lymphomas. Without the ability to identify cell 
surface and intracellular markers and to assess if a popula-
tion is clonal, it would be impossible to accurately diagnose 
most lymphomas. This chapter offers a brief introduction to 
the use of immunohistochemistry and other molecular tech-
niques in diagnosing cutaneous lymphomas. 

3.1     Immunohistochemistry 

 Immunohistochemistry, the use of antibodies for specifi c 
detection of an epitope or antigen in a tissue, has its roots in 
the early 1940s, when Coons and associates used immuno-
fl uorescence to detect antigens in frozen tissue sections [ 1 ]. 
This was followed in the 1960s by the development of 
peroxidase- labeled antibodies by Mason and coworkers and 

by Nakane, which permitted the application of IHC to 
formalin- fi xed paraffi n-embedded tissue [ 2 ,  3 ]. In spite of its 
long history, IHC was not well accepted by the medical 
 community until the 1990s [ 4 ,  5 ]. Since then, it has become 
a staple of diagnostic pathology. 

 IHC is critical in the diagnosis of morphologically ambig-
uous neoplasms, discriminating benign and malignant prolif-
erations, subtyping of malignancies, characterizing the 
primary sites of metastatic tumors, and identifying prognos-
tic and therapeutic indicators [ 6 ]. Thus, accurate diagnosis of 
many neoplasms would be impossible without IHC. 

 Although the practice and interpretation of IHC staining 
can be complex, the fundamental basis is straightforward. 
IHC uses two sets of antibodies: (1) a primary antibody that 
recognizes and binds to the epitope of interest, and (2) a sec-
ondary antibody that recognizes and binds to the Fc portion 
of the primary antibody, either conjugated to a linker mole-
cule capable of recruiting reporter molecules or bound 
directly to a reporter molecule. The primary antibody binds 
to the protein of interest, while the secondary antibody facili-
tates visualization of the antigen-antibody complex forma-
tion by microscopy [ 7 ]. 

 The primary antibodies used for IHC may be produced by 
injecting animals (typically a mouse, rat, or rabbit but occa-
sionally a donkey, chicken, or cow) with the protein or pep-
tide of interest. After the animal generates an immune 
response, antibodies are isolated from its blood. Polyclonal 
antibodies are a heterogeneous mixture of antibodies binding 
to various epitopes. Monoclonal antibodies are generated 
in vitro and represent a clonal production of a single anti-
body type that binds specifi cally to one epitope. Secondary 
antibodies are generated by injecting a second species with 
the Fc portion of the immunoglobulin from the fi rst species; 
antibodies resulting from the immune response are isolated 
from the blood or ascites fl uid. The secondary antibodies are 
then chemically conjugated to a linker or reporter. 
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 Immunohistochemical staining of tissue sections requires 
the permeabilization of the cells using protease, heat, micro-
wave, or other antigen retrieval techniques. The tissue  sections 
are then incubated with a solution containing primary anti-
body against the specifi c human target protein antigen. Once 
bound, the antigen-antibody complexes are detected using a 
labeled secondary antibody that recognizes the Fc component 
of the primary antibody. The label is then  identifi ed using one 
of many possible amplifi cation  techniques (most often via 

chromogenic or fl uorescence  methods) and ultimately visual-
ized using microscopy. Pathologists analyze the pattern of 
staining to identify the tissue elements bearing the antigen of 
interest. 

 There are now thousands of antibodies available on the 
market for IHC. Several dozen of these are commonly used 
in IHC analysis of lymphoid and hematologic malignancies. 
A selection of key antibodies is presented in Table  3.1 .

A. Goyal et al.
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3.2        Clonality 

 To protect against the innumerable pathogens encountered 
by the body every day, the adaptive immune system requires 
a wide array of antigen receptors, particularly T-cell recep-
tors (TCRs) and immunoglobulins (Igs). The generation of a 
diverse complement of TCRs and Ig molecules during lym-
phocyte development occurs via rearrangement of the anti-
gen receptor genes. This process is facilitated by the presence 
of many variable (V), diverse (D), and joining (J) segments 
within the genome for each gene. Rearrangements of these 
segments yields an estimated 3 × 10 6  possible unique TCR 
molecules and 2 × 10 6  possible immunoglobulin genes [ 40 ]. 

 Clonality studies depend on the fact that as a consequence 
of gene rearrangement, every T and B cell has a unique anti-
gen receptor (TCR and Ig, respectively) on its surface, akin to 
a fi ngerprint. If a lymphoid cell undergoes malignant trans-
formation and proliferation, all of its progeny will carry the 
same TCR or Ig. The antigen receptor gene rearrangement 
can thus be used as a specifi c marker for that clonal prolifera-
tion of cells. Therefore, an abundance of a particular Ig or 
TCR gene rearrangement in a lymphoid population suggests 
the presence of a clonal population. Likewise, the presence of 
the same antigen receptor gene rearrangement at two tissue 
sites suggests the presence of the same clonal population. 

 Historically, clonality analysis was based on Southern 
blot techniques. Today, polymerase chain reaction (PCR) 
amplifi cation of segments within rearranged genes fol-
lowed by capillary gel electrophoresis is the mainstay of 
gene rearrangement analysis. As a consequence of gene 
rearrangement during lymphocyte development, the lengths 
and sequence content of the amplifi ed PCR products will 
differ between clones. The prevalence of single or multiple 
antigen receptor rearrangements allows differentiation 
among monoclonal, oligoclonal, and polyclonal cell popu-
lations. Gene rearrangement analysis for a monoclonal 
(also referred to as clonal) population will show a predomi-
nant or single fragment of a distinct size on capillary elec-
trophoresis, a so- called “peak” (Fig.  3.1a ). If a polyclonal 
population is sampled, the distribution of sizes of amplifi ed 
DNA fragments from the gene segments and the resultant 
peaks on gel electrophoresis are expected to follow a nor-
mal (Gaussian) distribution (Fig.  3.1c, d, f ). Finally, oligo-
clonal samples show a few dominant peaks representing the 

presence of a handful of different cells or cell populations 
with different antigen receptor gene rearrangement 
(Fig.  3.1e ). As previously alluded to, the specifi c length of 
clonal PCR products can be used to assess whether samples 
from physically and/or temporally distinct sites show the 
same clonal antigen receptor rearrangement or “clone” (see 
Fig.  3.1b, c ). 

 B-cell clonality is assessed by examining the gene rear-
rangement status of the Ig heavy chain ( IGH ) or less fre-
quently the kappa light chain ( IGK ) and lambda light chain 
( IGL ) genes.  IGH  rearrangement studies are performed via 
PCR amplifi cation with fl uorescently-labeled forward prim-
ers. Forward primers are directed to the conserved frame-
work regions 1, 2, and 3 (FRI-V H , FRII-V H , and FRIII-V H ) 
and reverse primers to the joining region ( JH ) of the  IGH  
gene [ 40 ]. 

 Analysis of T-cell clonality is similar to that of B-cell 
clonality, although the interpretation of the results of capil-
lary electrophoresis can be more challenging in the former. 
In T cells, clonality studies are based on PCR amplifi cation 
of the TCR gamma (TCRγ) chain [ 41 – 43 ] or less often of the 
TCR beta (TCRβ) chain. The frequent use of TCRγ chain 
rearrangement analysis may seem paradoxical given that 
95 % of T cells have an αβ TCR and only 5 % have a γδ 
TCR. The explanation for this lies in T-cell development. 
During lymphocyte development, the four TCR chains (δ, γ, 
β, and α) undergo rearrangement. The TCRδ and TCRγ 
genes rearrange fi rst, and if successful, generate a γδ 
TCR. However, if either gene product is nonfunctional, 
TCRβ and TCRα rearrangement occurs, yielding an αβ TCR; 
in that case, TCRδ is deleted and TCRγ is silenced [ 12 ]. 
Although most mature T cells no longer express TCRγ, they 
still retain the uniquely rearranged TCRγ gene [ 42 ,  44 ]. 
TCRγ has a simpler structure than TCRα or TCRβ and 
requires fewer sets of PCR primers, thus making it an excel-
lent subject for clonality studies [ 42 ,  45 ]. Primers used typi-
cally target the V segments (Vγ1-8, Vγ9, Vγ10, and Vγ11) 
and the J segments (Jγ1, Jγ2). The example presented in 
Fig.  3.1  is also applicable to TCR rearrangements. TCRγ 
rearrangement analysis has a sensitivity of approximately 
85 %; false negatives may occur for many reasons, including 
that the primers cannot cover all possible TCRγ gene rear-
rangements or because the cells have not undergone TCRγ 
gene rearrangement.      
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  Fig. 3.1    PCR-based clonality analysis. To assess clonality, samples of 
DNA from the cells of interest undergo PCR amplifi cation with primers 
targeted at the IgH or TCR gamma loci. ( a ) These PCR products are 
subject to gel electrophoresis, which separates segments of DNA on the 
basis of length, i.e., smaller DNA segments traveling faster than longer 
ones (and therefore lower on the gel). A control “ladder” is run along 
with the samples to allow measurement of the size of the fragments. 
Here, samples from 4 biopsies from a single patient are run, samples 1 
through 4. Samples 1 and 2 both show a single prominent band of the 
same size. Sample 3 shows several bands, whereas sample 4 shows a 
smear and a handful of poorly defi ned bands. The electrophoresis 

results can then be visualized in parts ( b ) through ( e ) as peaks. ( b ) PCR 
results from sample 1 show a single peak, suggesting a clonal origin for 
this population of cells. ( c ) Likewise for sample 2; note that this dem-
onstrates the same peak size as in sample 1, suggesting that these two 
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the gel that is consistent with a polyclonal population of cells       
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      Introduction to the T-Cell Lymphomas 

           Amrita     Goyal    ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         The human skin contains a vast array of T cells, including 
cytotoxic, helper, memory, and regulatory subsets. Each of 
these cell types has different functional, proliferative, and 
migratory capacities. The diversity of cutaneous T-cell 
lymphomas (CTCL) refl ects the multiplicity of T-cell sub-
sets [ 1 ,  2 ]. The WHO/EORTC classifi cation recognizes 15 
cutaneous lymphomas, 10 of which are T-cell lymphomas. 
Their incidence and various organizational schemas for 
understanding CTCL are offered in this chapter. Each of 
the lymphomas is addressed individually in subsequent 
chapters. 

4.1     Classifi cation and Incidence 
of Cutaneous T-Cell Lymphomas 

 Cutaneous T-cell lymphomas (CTCL) constitute 75 % of 
all cutaneous lymphomas [ 3 ]. The term “cutaneous T-cell 
lymphoma” is a general one, encompassing 10 formally 
recognized entities (Table  4.1 , Fig.  4.1 ) and innumerable 
others yet to be identifi ed and classifi ed. Note that three of 
these are currently considered provisional entities (see 
Table  4.1 ).
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    Table 4.1    CTCL incidence   

 Lymphoma 
 Frequency 
(among TCLs) 

  Cutaneous T-cell lymphomas    %  

 Mycosis fungoides (MF)  65 

 Sézary syndrome (SS)  4 

 Adult T-cell leukemia/lymphoma (ATLL)  <1 

 Subcutaneous panniculitis–like T-cell lymphoma 
(SPTCL) 

 1 

 Extranodal NK/T-cell lymphoma (eNK/TCL)  <1 

  CD30+ lymphoproliferative disorders  (CD30+ LPD) 

 Primary cutaneous anaplastic large cell lymphoma 
(pcALCL) 

 10 

 Lymphomatoid papulosis (LyP)  16 

  Provisional entities  

 CD8+ aggressive epidermotropic T-cell lymphoma 
(CD8+ AECTCL) 

 <1 

 Primary cutaneous gamma-delta T-cell lymphoma 
(pcGDTCL) 

 <1 

 Primary cutaneous small-medium pleomorphic 
T-cell lymphoma (pcSMPTCL) 

 <1 

  Data from Willemze et al. [ 3 ] 
 Mycosis fungoides is by far the most common CTCL, followed by the 
primary cutaneous CD30+ lymphoproliferative disorders, lymphoma-
toid papulosis (LyP), and primary cutaneous anaplastic large cell lym-
phoma (pcALCL)  
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4.2         Clinical Presentation and Prognosis 
of Cutaneous T-Cell Lymphomas 

 The clinical presentation of CTCL varies widely, ranging 
from the patches and plaques of mycosis fungoides (MF), to 
the recurrent crops of papules of lymphomatoid papulosis 
(LyP), to the ulceronecrotic nodules of extranodal NK/T-cell 
lymphoma (eNK/TCL). These diseases have a range of prog-
noses, from the indolent MF to the extremely aggressive 
Sézary syndrome. These clinical characteristics are summa-
rized in Table  4.2  and described in detail in subsequent chap-
ters. Figure  4.1  offers a categorization of CTCLs by 
prognosis.

Indolent

Aggressive

MF

pcALCL

LyP

SPTCL

pcSMPTCL

pcGDTCL

ATLL

ATLL

SS

MF w/LCT

eNK/TCL

CD8+AECTCL

T
 c

el
l l

ym
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  Fig. 4.1    T-cell lymphomas by prognosis. Although the prognoses of 
the T-cell lymphomas range widely, they can be divided into two gen-
eral categories: indolent and aggressive. For more information, see 
Table  4.3 .  ATLL  adult T-cell leukemia/lymphoma,  CD8+ AECTCL  
CD8+ aggressive epidermotropic cutaneous T-cell lymphoma,  eNK/
TCL  extranodal NK/T-cell lymphoma,  MF  mycosis fungoides,  pcALCL  
primary cutaneous anaplastic large cell lymphoma,  pcGDTCL  primary 
cutaneous gamma/delta T-cell lymphoma,  pcSMPTCL  primary cutane-
ous small-medium pleomorphic T-cell lymphoma,  SPTCL  subcutane-
ous panniculitis–like T-cell lymphoma,  SS  Sézary syndrome       
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4.3        Algorithms for Understanding 
Cutaneous T-Cell Lymphomas 

 The diagnosis of CTCL is based upon clinical and labora-
tory fi ndings. When faced with a new possible case of 
CTCL, the laboratory work-up is approached by assessing 

the  histopathologic fi ndings and immunophenotype of the 
infi ltrating cells. Suggested schema for organizing the cuta-
neous lymphomas histopathologically and immunohisto-
chemically are presented in Figs.  4.2  and  4.3 , respectively. 
As in all of medicine, clinical-pathologic correlation is 
required to reach an accurate diagnosis.   

   Table 4.2    Clinical presentation and prognosis of CTCLs   

 Lymphoma  Gender  Age (years)  Clinical presentation  Prognosis  5-year survival  Median survival 

 MF  M > F, 2:1  50s  Patch—plaque—tumor progression in 
bathing-suit distribution 

 Excellent  Varies by subtype, 
75–98 % 

 Varies by stage 
(1–35.5 years) 

 SS  M > F, 2:1  60s  Diffuse erythroderma  Poor  10–33 %  3 years 

 ATLL  F = M  50s  Erythematous papules, nodules ± 
ulceration 

 Poor  Acute: <5 % 
 Chronic: 30 % 
 Smoldering: 60 % 

 12 months 

 SPTCL  F > M, 2:1  30s  Single/multiple violaceous subcutaneous 
nodules/plaques 

 Excellent  85–90 %  NA 

 eNK/TCL  M > F, 2–3:1  40s  Ulcerated nodules  Poor  30–50 %  6–30 months 

 pcALCL  F > M, 2:1  60s  Solitary or localized nodule/tumor  Excellent  90 %  NA 

 LyP  M > F, 3:1  40s  Crops of recurrent, self-resolving papules 
and nodules 

 Excellent  100 %  NA 

 CD8+ AECTCL  M > F  Adults  Disseminated eruptive papule, nodules, 
tumors with ulceration and necrosis; 
especially found on palms, soles, and 
mucosa 

 Poor  18 %  23–32 months 

 pcGDTCL  M = F  40s  Variable: patches/plaques, subcutaneous 
tumors, epidermal necrosis/ulceration 

 Poor  NA  15 months 

 pcSMPTCL  M = F  50s  Solitary erythematous nodule  Excellent  >90 %  NA 

   ATLL  adult T-cell leukemia/lymphoma,  CD8+ AECTCL  CD8+ aggressive epidermotropic cutaneous T-cell lymphoma,  eNK/TCL  extranodal 
NK/T-cell lymphoma,  MF  mycosis fungoides,  NA  not available,  pcALCL  primary cutaneous anaplastic large cell lymphoma,  pcGDTCL  primary 
cutaneous gamma/delta T-cell lymphoma,  pcSMPTCL  primary cutaneous small-medium pleomorphic T-cell lymphoma,  SS  Sézary syndrome  
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  Fig. 4.2    Histopathologic pattern in CTCL. Cutaneous lymphoma can 
present with multiple histologic patterns, varying from patient to patient 
or even within the same biopsy sample. For example, eNK/TCL can 
manifest with epidermotropism, dermal involvement, infi ltration of the 
subcutaneous infi ltrate, and angioinvasion. Histopathology must be 
combined with immunohistochemistry and clinical correlation in the 
diagnosis.  ATLL  adult T-cell leukemia/lymphoma,  CD8+ AECTCL  

CD8+ aggressive epidermotropic cutaneous T-cell lymphoma,  eNK/
TCL  extranodal NK/T-cell lymphoma,  LyP  Lymphomatoid papulosis, 
 MF  mycosis fungoides,  pcALCL  primary cutaneous anaplastic large 
cell lymphoma,  pcGDTCL  primary cutaneous gamma/delta T-cell lym-
phoma,  pcSMPTCL  primary cutaneous small-medium pleomorphic 
T-cell lymphoma,  SPTCL  subcutaneous panniculitis–like T-cell 
lymphoma       
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4.3.1     Histopathology 

 By defi nition, all cutaneous lymphomas are composed of 
lymphocytic infi ltrates involving some component of the 
skin. The overarching pattern of infi ltration can be divided 
into four major categories: epidermotropic, dermal, subcuta-
neous, and/or angioinvasive, based on the location of the 
infi ltrate (see Fig.  4.2 ). Some lymphomas may demonstrate 
one or more of these patterns, but this can serve as a reason-
able diagnostic starting point. 

 The histologic fi ndings often correlate with the clinical 
manifestations. Erythematous patches of MF and adult 
T-cell leukemia/lymphoma (ATLL) correlate with an epi-
dermotropic infi ltrate. Subcutaneous panniculitis–like T-cell 
lymphoma (SPTCL) on the other hand primarily impacts 
the subcutis and clinically presents with subcutaneous nod-
ules. Highly angiodestructive and invasive lymphomas, like 
eNK/TCL often demonstrate cutaneous ulceration and 
necrosis.  

4.3.2     Immunohistochemistry 

 The vast array of CTCL refl ects the varied roles that T cells 
play in the biology of the skin. At this time the relationships 
between the cutaneous lymphomas and their normal counter-
parts are poorly understood, and much work remains to be 
done in this fi eld. Each lymphoma and its purported normal 
counterparts and important immunohistochemical character-
istics are listed in Table  4.3 . 

 Immunohistochemistry is an invaluable tool in our diag-
nostic arsenal; it would in fact be impossible to diagnose 
cutaneous lymphomas accurately without detection of 
numerous immunologic markers (Fig.  4.3 ). See Chap.   3     for 
more detailed information on the specifi c antigens listed.
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MF w/ LCT
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  Fig. 4.3    CTCLs by immunohistochemistry. Immunohistochemistry is 
required for accurate diagnosis of all cutaneous lymphomas. Of note, 
eNK/TCL can have an NK or T-cell phenotype; hence NK cells are 
included here with the other CTCLs.  ATLL  adult T-cell leukemia/lym-
phoma,  CD8+ AECTCL  CD8+ aggressive epidermotropic cutaneous 
T-cell lymphoma,  eNK/TCL  extranodal NK/T-cell lymphoma,  LyP  
Lymphomatoid papulosis,  MF  mycosis fungoides,  pcALCL  primary 
cutaneous anaplastic large cell lymphoma,  pcGDTCL  primary cutane-
ous gamma/delta T-cell lymphoma,  pcSMPTCL  primary cutaneous 
small-medium pleomorphic T-cell lymphoma,  SPTCL  subcutaneous 
panniculitis–like T-cell lymphoma       
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      Mycosis Fungoides 

           Amrita     Goyal    ,     Kavita     Goyal    ,     Joi     B.     Carter      ,     Jeffrey     A.     Barnes     , 
    Rosalynn     M.     Nazarian     ,     Mai     P.     Hoang     ,     Adriano     Piris     , 
    Thomas     Kupper     , and     Lyn     McDivitt     Duncan     

         Mycosis fungoides (MF) is a CD4+ primary cutaneous T-cell 
lymphoma with a good prognosis. Patients with MF classicly 
present with pink-to-erythematous patches, well-demarcated 
plaques, and/or tumors on sun-protected areas, including the 
fl anks, breasts, inner thighs, groin, and buttocks. Cutaneous 
biopsies of classic MF demonstrate characteristic epidermot-
ropism, “tagging” of atypical T cells along the dermoepider-
mal junction, and Pautrier microabscesses. There are a 
number of subtypes of MF with varied presentations, includ-
ing folliculotropic MF, pagetoid reticulosis, granulomatous 
slack skin, poikilodermatous MF, and hypopigmented 
MF. This chapter will discuss the clinical presentation, prog-
nosis, treatment, histopathology, immunohistochemistry, 
and molecular biology of several of the subtypes of MF. It 
closes with fi ve clinical cases, each representing a different 
subtype of MF. 

5.1     Clinical 

5.1.1     Clinical Presentation 

 Mycosis fungoides (MF) is a rare, indolent, CD4+ T-cell lym-
phoma [ 1 ]. In the United States, MF is the most common of the 
cutaneous lymphomas, comprising 54–65% of all cutaneous 
T-cell lymphomas (CTCLs) and 40–50% of cutaneous lym-
phomas overall [ 2 – 3 ]. It is critical to note that the terms MF 
and CTCL are  not  synonymous, even though they are often 
used as such. MF is a  subtype  of CTCL, and although MF is 
the most common CTCL, there are at least 10 other types. 

 Patients with MF have a median age of 57 [ 1 ], but pedi-
atric cases have been reported [ 4 ]. There is a trend of 
increasing risk of disease progression with increasing age 
[ 5 ]. Men are affected twice as often as women [ 1 ,  5 ]. Rates 

        A.   Goyal ,  M.D.    
  Harvard-MIT Division of Health Sciences and Technology , 
 Harvard Medical School ,   Boston ,  MA ,  USA     

    K.   Goyal ,  B.S.    
  Drexel University College of Medicine ,   Philadelphia ,  PA ,  USA     

    J.  B.   Carter ,  M.D.      
  Department of Dermatology ,  Massachusetts General Hospital, 
Harvard Medical School ,   Boston ,  MA ,  USA     

    J.  A.   Barnes ,  M.D., Ph.D.    
  Comprehensive Cutaneous Lymphoma Program ,  
Massachusetts General Hospital Cancer Center ,   Boston ,  MA ,  USA     

    R.  M.   Nazarian ,  M.D.    
  Dermatopathology Unit, Pathology Service ,  
Massachusetts General Hospital, Harvard Medical School ,   
Boston ,  MA ,  USA     

  5

    M.  P.   Hoang ,  M.D.    
  Dermatopathology Service, Department of Pathology , 
 Massachusetts General Hospital, Harvard Medical School , 
  Boston ,  MA ,  USA     

    A.   Piris ,  M.D.    
  Department of Dermatology ,  Brigham and Women’s Hospital, 
Harvard Medical School ,   Boston ,  MA ,  USA     

    T.   Kupper ,  M.D.    
  Department of Dermatology ,  Brigham and Women’s Hospital, 
Harvard Medical School ,   Boston ,  MA ,  USA     

    L.  M.   Duncan ,  M.D.      (*) 
  Dermatopathology Service, Department of Pathology , 
 Massachusetts General Hospital, Harvard Medical School , 
  Boston ,  MA ,  USA   
 e-mail: duncan@helix.mgh.harvard.edu  

mailto:duncan@helix.mgh.harvard.edu


32

of CTCL in general (including MF) are highest in African 
Americans, followed by non-Hispanic Caucasians, and last 
by Asians and Hispanics, at ten cases, eight cases, fi ve cases, 
and fi ve cases per million person years per ethnic group, 
respectively [ 2 ]. 

 MF classicly progresses through patch, plaque, and tumor 
stages, although patients may manifest multiple stages at any 
given time. Patients with patch stage MF typically present 
with a history of years of having salmon-colored, slightly 
scaling patches long misdiagnosed as psoriasis or eczema 
(Figs.  5.1  and  5.2 ) [ 6 ]. Over the course of years, the lesions 
may evolve into the indurated, irregularly shaped plaques of 
plaque stage MF (Fig.  5.2c, d ). These are distributed 
 asymmetrically in a bathing suit or photo-protected distribu-
tion, including the breasts, inner arms, fl anks, buttocks, and 
upper thighs [ 1 ,  6 ,  7 ]. Colors of the lesions can vary from 
reddish- brown to violaceous to orange [ 6 ]. There may be 
accompanying epidermal atrophy resulting in “cigarette 
paper” wrinkling (Fig.  5.2a ). Other lesions may be poikilo-
dermatous with a delicate reticulate pattern of erythema, 
 hyperpigmentation, hypopigmentation, and telangiectasias 
(Fig.  5.2f ) [ 6 ]. The fi nal step in progression is the tumor 
stage, in which nodules or tumors of neoplastic cells are pres-
ent. Ulceration may or may not be present (Fig.  5.3 ) [ 6 – 8 ]. 

 Although rare, it is possible for MF to undergo large-cell 
transformation (LCT) (Fig.  5.4 ); transformed MF impacts 

4.7 % of MF patients and follows a very aggressive clinical 
course [ 1 ,  9 ]. Visceral or lymph node involvement can occur 
late in the disease. Patients can also develop erythroderma rem-
iniscent of Sézary syndrome but lack the blood involvement 
that defi nes Sézary syndrome [ 1 ]. Of note, lymphadenopathy 
may occur secondary to either dermatopathic change or nodal 
involvement of the lymphoma [ 1 ,  10 ,  11 ]. 

 In the past some considered large-plaque and small- 
plaque parapsoriasis to be part of the MF family. These 
terms have largely fallen out of favor. Large-plaque parapso-
riasis, increasingly considered patch-stage MF, has lesions 
greater than 6 cm and typically presents in the same bathing 
suit distribution as MF. Poikiloderma and atrophy are often 
present. The entity previously termed large-plaque parapso-
riasis evolves into MF in 7.5–14 % of patients, and the 
majority of clinicians are moving toward terming this entity 
patch stage MF or in nondiagnostic cases an evolving T-cell 
dyscrasia [ 7 ]. 

 The lesions of small-plaque parapsoriasis (also called 
digitate dermatosis) are 2–6 cm long with 10–20 digitate or 
fi ngerlike extensions and typically occur on the trunk. These 
lesions lack poikilodermatous changes or atrophy, and biop-
sies show nonspecifi c infl ammatory changes. Small-plaque 
parapsoriasis has little to no potential to evolve into MF, and 
it is no longer considered part of the MF spectrum by many 
clinicians [ 7 ].      
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a b

c d

  Fig. 5.1    Patch and plaque stage mycosis fungoides (MF), clinical pho-
tographs. ( a ) Large, pink-to-red, scaly patches and thin plaques on the 
fl ank and axilla of a 56-year-old man with patch/plaque MF. Similar 
lesions are present on the back, buttocks, and thighs ( patient featured in 
clinical case   5.1 ). ( b ) Numerous pink, minimally scaly macules, pap-
ules, and patches on the fl ank of a 57-year-old woman with patch/

plaque MF currently undergoing treatment with nitrogen mustard. ( c ) 
Scaly brown patches and plaques on the fl ank of a 57-year-old man with 
patch/plaque MF. ( d ) Innumerable hypopigmented and hyperpigmented 
patches and thin plaques with overlying scale and areas of xerosis, on 
the back of a 41-year-old woman with CD8+ MF. Similar patches and 
plaques are present over nearly 100 % of body surface area       
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a b

e f

c d

  Fig. 5.2    Patch and plaque stage MF, clinical photographs. ( a ) 
Epidermal atrophy accompanying the atypical T-cell infi ltrate results in 
a “cigarette paper” appearance. ( b ) Erythematous patch with areas of 
erosion and scale, on the anterolateral thigh of a 40-year-old man. ( c ) 
Indurated pink-brown plaques on the hand of a 54-year-old man. ( d ) 
Erythematous, indurated plaque on the chest wall of a 90-year-old man. 

( e ), Numerous 1–3 cm pink annular patches and plaques on the back of 
a 61-year-old man. ( f ) On the buttocks of a 66-year-old woman are 
several annular patches with areas of atrophy, hypopigmentation, 
hyperpigmentation, and telangiectasias, lending a poikilodermatous 
appearance       
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a

c

b

  Fig. 5.3    Patch–plaque–tumor progression in MF, clinical photographs. 
A 64-year-old man with concurrent patches, plaques, and tumors of 
MF. ( a ) Scattered, pink, scaly patches on the arm. ( b ) Thin, bright pink 

to erythematous plaques on the lower abdomen. ( c ) Thick plaque with 
an overlying 3-cm tumor on the upper arm       
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a c

b

  Fig. 5.4    MF with large cell transformation (LCT), clinical photo-
graphs. A 70-year-old man with MF with LCT ( patient featured in 
clinical case   5.2 ). ( a ) Smooth, dome-shaped, skin-colored papule in the 
right eyebrow and 3 cm nodule with overlying crust on right forehead. 

( b ) Innumerable 2–5 cm violaceous-to-black nodules coalescing into 
plaques on the left inner thigh. ( c ) Numerous 2–3 cm violaceous nod-
ules scattered across the abdomen and chest       
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5.1.2     Prognosis and Treatment 

 MF generally has an excellent prognosis, with an overall 
5-year disease-specifi c survival of almost 95 % [ 2 ]. African 
American patients have a slightly worse prognosis than 
other ethnic groups, with a 5-year mean survival of 85 % 
[ 2 ]. Staging guidelines for MF were revised in 2007 
(Table  5.1 ) [ 12 ]. Although the majority of patients present 
with stage IA or IB disease, a higher clinical stage at diag-
nosis correlates with a shorter estimated survival time 
(Table  5.2 ) [ 10 ]. 

 Large-cell transformation (LCT) has a particularly poor 
prognosis, with mean survival ranging from 2 to 36 months 
and a 5-year overall survival rate of 33 % [ 13 ]. Patients with 
CD30+ LCT fare somewhat better than those with CD30− 
transformation [ 13 ]. 

 Negative prognostic factors of MF include increasing age, 
LCT, the presence of dermatopathic lymphadenopathy, and 
increased LDH [ 10 ]. Patients with more advanced disease at 
diagnosis are more likely to experience further disease pro-
gression [ 5 ]. Positive prognostic indicators include poikilo-
dermatous or hypopigmented subtypes [ 10 ]. 

 Although a wide array of treatment options is available, 
treatment is rarely curative. In early stage disease, initial ther-
apy is typically skin directed; options include topical steroids, 
nitrogen mustard, topical retinoids, phototherapy, and radia-
tion therapy. More advanced stage disease often requires sys-
temic therapies such as bexarotene, interferon alpha, 
extracorporeal photopheresis, targeted therapies, single or 
multiagent chemotherapy, and fi nally bone marrow transplant 
[ 14 – 16 ]. Treatment regimens vary from patient to patient, 
depending on clinical presentation and subtype of MF.

   Table 5.1    Staging criteria in mycosis fungoides (MF)   

 Stage  Skin  Nodal  Visceral  Blood  TNMB 

 I 

 IA   Limited patches, 
papules, and/or 
plaques on <10 % 
BSA (T   1   )  

 No involvement (N 0 )  No involvement (M 0 )  No signifi cant 
involvement (B 0 )  or  
 Low tumor blood 
burden (B 1 ) 

 T 1 N 0 M 0 B 0–1  

 IB   Generalized patches, 
papules, and/or 
plaques on ≥10 % 
BSA (T   2   )  

 No involvement (N 0 )  No involvement (M 0 )  No signifi cant 
involvement (B 0 )  or  
 Low tumor blood 
burden (B 1 ) 

 T 2 N 0 M 0 B 0–1  

 II 

 IIA  Any extent of patches 
or plaques (T 1–2 ) 

  Clinically evident 
dermatopathic 
lymphadenopathy (N   1   ) or  
  Early involvement by MF 
(N   2   )  

 No involvement (M 0 )  No signifi cant 
involvement (B 0 )  or  
 Low tumor blood 
burden (B 1 ) 

 T 2 N 1–2 M 0 B 0–1  

 IIB   One or more tumors 
(≥1.5 cm diameter 
(T   3   )  

 Up to early lymph node 
involvement (N 0–2 ) 

 No involvement (M 0 )  No signifi cant 
involvement (B 0 )  or  
 Low tumor blood 
burden (B 1 ) 

 T 3 N 0–2 M 0 B 0–1  

 III 

 IIIA   Erythema ≥80 % 
BSA (T4)  

 Up to early lymph node 
involvement (N 0–2 ) 

 No involvement (M 0 )   No signifi cant 
involvement (B   0   )  

 T 4 N 0–2 M 0 B 0  

 IIIB   Erythema ≥80 % 
BSA (T4)  

 Up to early lymph node 
involvement (N 0–2 ) 

 No involvement (M 0 )   Low tumor blood 
burden (B   1)   

 T 4 N 0–2 M 0 B 1  

 IV 

 IVA1  Any degree of 
involvement (T 1–4 ) 

 Up to early lymph node 
involvement (N 0–2 ) 

 No involvement (M 0 )   High tumor blood 
burden, >1,000 
Sézary cells with 
positive TCR Clone 
(B   2   )  

 T 1–4  N 0–2 M 0 B 2  

 IVA2  Any degree of 
involvement (T 1–4 ) 

  Partial or complete nodal 
effacement by MF (N   3   )  

 No involvement (M 0 )  Any degree of 
involvement (B 0–2 ) 

 T 1–4 N 3 M 0 B 0–2  

 IVB  Any degree of 
involvement (T 1–4 ) 

 Any degree of involvement 
(N 0–3 ) 

  Visceral involvement 
(M   1   )  

 Any degree of 
involvement (B 0–2 ) 

 T 1–4  N 0–3 M 1 B 0–2  

  Data from Olsen et al. [ 12 ] 
 Key elements of the clinical or pathologic presentation differentiating each stage are in boldface 
  BSA  body surface area,  MF  myosis fungoides  
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    Table 5.2    Incidence of types of MF and disease specifi c survival 
(DSS)   

 % of cases of MF  5-year DSS % 

 Classic MF  63.2  95 

 Folliculotropic MF  12.6  77 

 Poikilodermatous MF  11.2  92 

 MF with LyP  4.9  98 

 MF with LCT  4.7  65 

 Hypopigmented MF  3.4  98 

  Adapted from Agar et al. [ 10 ]  

5.2          Pathology 

5.2.1     Histopathology 

 The histopathology of classic MF differs based on the stage of 
the lesion (patch, plaque, tumor, or LCT). The other variants 
of MF also have different histopathologic characteristics. 

5.2.1.1     Patch Stage 
 Cutaneous biopsies of early MF are characterized by a super-
fi cial bandlike or lichenoid infi ltrate of atypical T-cells with 
marked epidermotropism (Fig.  5.5 ) [ 1 ]. The neoplastic T cells 
are small to medium and have cerebriform, hyperconvoluted 
nuclei with conspicuous peripheral chromatin margination 
[ 1 ]. The atypical cells are generally arrayed along the basal 
layer of the epidermis either linearly or singly; the pattern of 
single atypical cells along the basal layer is referred to as 
 tagging of the dermo-epidermal junction (Fig.  5.6 ). The atyp-
ical lymphocytes also percolate through the epidermis and 
may form intraepidermal aggregates, termed “Pautrier micro-
abscesses,” usually without surrounding epidermal spongio-
sis (Fig.  5.7 ). The superfi cial papillary dermis may display a 
delicate fi brosis that leads to artifactual halo-like clearing 
around the dermal atypical lymphocytes. Eosinophils, histio-
cytes, and non-neoplastic lymphocytes may also be present. 

 Additional fi ndings may include a normal to slightly 
acanthotic epidermis, epidermal atrophy, mild hyperkerato-
sis, or focal parakeratosis. Basal cell hydropic change and 
individual necrotic keratinocytes are very occasionally 
 present. Red cell extravasation and pigment incontinence are 
common. Overall, the presence of epidermotropism, Pautrier 
microabscesses, and tagging are the most characteristic fi nd-
ings [ 1 ,  11 ]. Epidermotropism is most common in patch and 
plague stage MF and may be absent in tumor stage disease 
(Table  5.3 ).
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5.2.1.2        Plaque Stage 
 Biopsies of plaque stage MF demonstrate more pronounced 
epidermal involvement by the neoplastic T cells, including 
prominent epidermotropism, tagging, and Pautrier microab-
scesses [ 1 ,  11 ]. The neoplastic infi ltrate is typically superfi -
cial and bandlike, although the atypical T cells are usually 
present singly or in clusters in the epidermis. In rare cases 
they can replace nearly the entire epidermis. There may be 
overlying mild acanthosis, compact hyperkeratosis, or patchy 
parakeratosis, although signifi cant epidermal hyperplasia or 
scale crust is not usually seen. Other possible fi ndings 
include pigment incontinence, edema, fi brosis of the papil-
lary dermis, and proliferation of postcapillary venules. 
Eosinophils, plasma cells, macrophages, and dendritic cells 
may rarely be present [ 17 ].  

5.2.1.3     Tumor Stage 
 Tumor stage MF is characterized by a dense, diffuse, or nod-
ular dermal infi ltrate composed of sheets of atypical T cells, 
in some cases extending into the subcutis [ 1 ,  17 ]. Ulceration 
is common. Epidermotropism may be present or absent [ 1 ]. 
In tumor stage MF cells can range in size from small to large 

   Table 5.3    Helpful characteristics in the pathologic diagnosis of myco-
sis fungoides   

  Helpful biopsy fi ndings in patch/plaque MF  

 Atypical lymphocytes with cerebriform nuclei 

 Lymphocytes tagging along the dermoepidermal junction forming a 
“string of pearls”–type confi guration of lymphocytes 

 Pautrier microabscesses 

 Cerebriform cells within the epidermis, epidermotropism 

 Enlarged lymphocytes with surrounding halos 

 Epidermal lymphocytes larger than dermal lymphocytes 

 Lichenoid infi ltrate associated with wiry bundles of collagen in the 
papillary dermis 

  Helpful biopsy fi ndings in tumor MF  

 Dense diffuse/nodular dermal infi ltrate of atypical cerebriform cells 

 <25 % Large cells 

 Epidermotropism, when present 

 Ulceration 

 Prominent mitotic activity, often atypical 

  Helpful biopsy fi ndings in MF with large-cell transformation  

 >25 % Large cells 

 Epidermotropism, when present 

 Prominent mitotic activity, often atypical 

 CD30+ tumor cells (found in 1/3 of cases) 

5 Mycosis Fungoides



40

a

c d

b

  Fig. 5.5    Classic MF, histopathology and immunohistochemistry 
( patient featured in clinical case   5.1 ). ( a ) An epidermotropic infi ltrate 
of atypical T cells with tagging of neoplastic cells along the dermal–
epidermal junction (DEJ) (H&E, 10×). ( b ) Many of the lymphocytes 

cells express CD3 (CD3, 10×). ( c ) Numerous CD4+ T cells infi ltrate the 
epidermis and superfi cial dermis, with tagging along the DEJ; some of 
these cells lack expression of CD3 (CD4, 10×). ( d ) Scattered CD8+ 
cytotoxic T cells are present in the lymphocytic infi ltrate (CD8, 10×)       

[ 1 ]. By defi nition large cells must make up less than 25 % of 
the infi ltrate; a higher proportion would be considered 
LCT. Mitotic fi gures are readily apparent and often atypical.  

5.2.1.4     Large-Cell Transformation 
 When LCT of MF occurs, it is characterized by the presence 
of more than 25 % large T cells in the dermal infi ltrate on 
cutaneous biopsy [ 1 ]. The large cells may have prominent 
vesicular or hyperchromatic nuclei with conspicuous nucle-
oli; nuclear pleomorphism is common. Large cells not only 
have large nuclei but also may have apparent cytoplasm. 

There is typically prominent mitotic activity, and atypical 
mitoses are not uncommon. In one third of cases the trans-
formed cells will be positive for CD30; the remaining two 
thirds are CD30-negative (Fig.  5.8 ) [ 9 ]. 

 During any stage of the disease patients may develop der-
matopathic lymphadenopathy, which is manifested histo-
pathologically as lymph nodes with paracortical hyperplasia 
comprised of interdigitating dendritic cells, histiocytes, mel-
anophages, and small reactive T cells; dermatopathic lymph-
adenopathy does not represent lymphomatous involvement 
of the node [ 1 ].       
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a

c d

b

  Fig. 5.7    Several examples of Pautrier’s microabscesses. ( a ) Numerous 
Pautrier’s microabscesses in the epidermis of a biopsy of a patient with 
patch/plaque stage MF (H&E, 10×). ( b ) A Pautrier’s microabscess in 
the epidermis of a patient with patch/plaque stage MF (H&E, 20×). ( c ) 

A Pautrier’s microabscess in the epidermis of a patient with exfoliative 
MF (H&E, 40×). ( d ) Two Pautrier’s microabscesses in the epidermis of 
a patient with patch/plaque stage MF (H&E, 40×)       

a b

  Fig. 5.6    Tagging of the DEJ and the string-of-pearls sign in MF. ( a ) 
Atypical lymphocytes are present along the DEJ and in the epidermis. 
When the cells are present singly, it is called “tagging” (H&E, 10×). ( b ) 

When atypical cells are present along the DEJ in series they resemble 
beads on a string, yielding the so-called “string-of-pearls” sign (H&E, 
60×)       
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5.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic CD4+ T cells of MF often stain positively for 
CD2, CD3, CD4, CD5, TCRbeta, and CD45RO. In the vast 
majority of cases of MF, the neoplastic T cells are CD4+ 
CD8−; only rarely is MF composed of CD8+ CD4− T cells 
[ 1 ]. Neoplastic cells may show loss of pan–T-cell antigens 
including CD2 and CD5, a helpful diagnostic fi nding ( see  
Fig.  5.3b–d ) [ 1 ,  11 ]. CD7 is lost in one third of cases. 
However, because CD7 is frequently lost in reactive cutane-
ous T-cell infi ltrates, it is not a useful marker of neoplastic T 
cells in the skin [ 1 ]. CD25 is rarely present [ 17 ]. As the dis-
ease progresses, loss of CD2, CD3, and CD5 becomes more 
common (Table  5.4 ) [ 17 ]. 

 Cells typically express CLA, a cell surface antigen 
involved in homing of lymphocytes to the skin. Cytotoxic 
granules are rarely seen early in disease progression but may 
be present in neoplastic cells of advanced lesions [ 1 ]. 

 Clonal rearrangement of the TCR is nearly always 
detected [ 1 ]. A concomitant loss of TCR diversity in the 
blood may contribute to defi ciencies in immunity [ 11 ]. Of 
note, the presence of the same TCR clone in multiple biop-
sies is correlated with a worse prognosis [ 18 ]. 

 The genetics underlying MF are poorly understood [ 19 ]. 
Complex karyotypes are usually present, including recur-
rent loss of 1p, 17p, 10q, 13a, and 19 and gains of 4q, 17q, 
and 18 [ 19 – 25 ]. Constitutive activation of STAT3, 
CDKN2A/p16 INK4a , and PTEN has also been implicated in 
disease progression [ 1 ,  24 ]. There is some evidence that 

a

c d

b

  Fig. 5.8    Large-cell transformation of MF ( patient featured in clinical 
case   5.2 ). ( a ) A dense, diffuse dermal infi ltrate of sheets of neoplastic T 
cells, >25 % of which are large. Epidermotropism is retained in this 
example (H&E, 4×). ( b ) The neoplastic T cells are very large with 

 irregularly shaped, crenellated, heterochromatic nuclei. Blastic cells 
have prominent nucleoli (H&E, 60×). ( c ) The majority of the large 
atypical cells express CD30 (CD30, 20×). ( d ) The large atypical cells 
are Alk negative, (Alk, 20×)       
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microsatellite instability may play a role in the underlying 
pathobiology of MF [ 26 ].

5.3         Subtypes of MF 

 Numerous subtypes of MF have been described. These 
include classic, erythrodermic, follicular, syringotropic, bul-
lous, granulomatous, poikilodermatous, hypopigmented, 
hyperpigmented, unilesional (Pagetoid reticulosis), palmo-
plantar, hyperkeratotic, vegetating, ichthyosiform, pig-
mented purpura-like, and pustular, among others [ 17 ]. 
Notably, the only subtypes of MF explicitly mentioned in the 
WHO guidelines are folliculotropic MF, pagetoid reticulosis, 
and granulomatous slack skin [ 1 ]. Here, we will discuss the 
clinical presentation and histopathology of those three enti-
ties as well as hypopigmented, poikilodermatous, syringo-
tropic, and granulomatous variants of MF (Table  5.5 ).

   Table 5.4    Common immunohistochemical fi ndings in MF   

 Positive markers  Negative markers 

 CD2 a   CD8 

 CD3 a   CD7 (1/3 cases) 

 CD5 a   CD25 

 CD7 (2/3 cases)  CD56 

 TCR-beta  TCR-gamma 

 CD45RO 

  Although these are generally true, there are always exceptions. Notable 
exceptions include hypopigmented MF, which is often CD8+ 
  a Often lost with disease progression  
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5.3.1       Folliculotropic MF 

 Folliculotropic MF (also called pilotropic or folliculocentric 
MF) accounts for approximately 13 % of cases of MF [ 10 ]. 
Most often presenting as grouped follicular papules on the 
head and neck (Figs.  5.9  and  5.10 ) [ 1 ,  17 ], folliculotopic MF 
may be accompanied by alopecia, acneiform lesions, mucinor-
rhea, comedo-like plugs, epidermal cysts, follicular hyper-
keratosis, erythematous patches and plaques, and severe 
pruritus [ 17 ,  27 ,  28 ]. This form of MF is four to fi ve times 
more common in men than in women [ 17 ]. Folliculotropic MF 
has a worse prognosis than classic MF, with a 5-year disease- 
specifi c survival of 70–80 % ( see  Table  5.2 ) [ 1 ,  10 ,  29 ]. 

 Cutaneous biopsy of folliculotropic MF demonstrates a 
dense, perifollicular and intrafollicular neoplastic infi ltrate 
of small-to-medium CD4+ cerebriform T cells with sparing 
of the epidermis and interfollicular dermis (Fig.  5.11 ) [ 1 , 
 27 ]. The majority of cases demonstrate mucinous 
 degeneration of hair follicles (follicular mucinosis) 
(Fig.  5.12 ), but this is not necessary for diagnosis [ 1 ,  27 ]. 
Mucinous degeneration can range in severity from focal 
mucin to complete destruction of the hair follicle and forma-
tion of mucin lakes. The mucin stains positively as hyal-

uronic acid with colloidal iron (Fig.  5.12b ), alcian blue, or 
toluidine blue stains [ 17 ]. Pautrier microabscesses may be 
present in the follicular epithelium [ 17 ]. Because infi ltration 
of eccrine ducts may also occur, some consider folliculo-
tropic MF and syringotropic MF to be forms of the overarch-
ing entity of adnexotropic MF [ 17 ].  

5.3.2     Pagetoid Reticulosis 

 Pagetoid reticulosis is an exceedingly rare form of MF char-
acterized by a single patch or plaque. These lesions usually 
occur on acral sites but may occasionally be present in a 
bathing-suit distribution. By defi nition, the lesions of paget-
oid reticulosis cover less than 5 % of body surface area [ 1 , 
 17 ]. Pagetoid reticulosis is indolent; extracutaneous spread 
has never been reported [ 1 ]. Of note, most  consider pagetoid 
reticulosis to be synonymous with unilesional MF, whereas 
others consider these to be distinct entities [ 30 ]. 

 The patches and plaques of pagetoid reticulosis are com-
posed of a prominent epidermotropic intraepidermal prolif-
eration of medium-to-large, hyperchromatic, cerebriform T 
cells, usually with more “pagetoid” distribution of the epi-

   Table 5.5    Summary of clinical presentations and pathology of selected subtypes of MF   

 Clinical presentation  Pathology 

 Classic  Patch-plaque-tumor progression  Epidermotropic infi ltrate of neoplastic cells with “tagging” of the 
dermoepidermal junction and Pautrier microabscesses. Typically CD4+ 

 Folliculotropic  Grouped follicular papules on the head and 
neck, alopecia, erythematous patches and 
plaques, and severe pruritus 

 Dense, perifollicular neoplastic infi ltrate of neoplastic cells. Mucinous 
degeneration of hair follicles (follicular mucinosis) 

 Pagetoid 
Reticulosis 

 Single patch or plaque, <5 % BSA  Same as classic MF. May be CD4+ CD8− or CD4− CD8+. Often 
CD30+ 

 Granulomatous 
slack skin 

 Bulky hanging skin folds in axillae and groin  Diffuse or band-like dense granulomatous infi ltrate with cerebriform 
cells. Multinucleate giant cells with 20–30 nuclei, phagocytosed 
lymphocytes, and/or degenerated elastic fi bers. Subtle/absent 
epidermotropism 

 Hypopigmented  Hypopigmented, slightly pruritic, scaly patches 
with irregular borders 

 Same as classic MF. Often CD4-CD8+ 

 Syringotropic  Red-brown patches, slightly infi ltrated scaly 
plaques, small skin colored to erythematous 
papules, alopecia, and anhidrosis 

 Dense perieccrine infi ltrate of small cerebriform cells, hyperplasia of 
eccrine apparatus 

 Poikilodermatous  Patches of alternating hyperpigmentation, 
hypopigmentation, atrophy, and telangiectasias 

 Same as plaque or patch stage MF 

 Granulomatous  Patches and plaques, some with skin atrophy  Diffuse or nodular perivascular or periadnexal lymphocytic infi ltrate. 
Granulomas present in a sarcoid-like pattern 

   BSA  body surface area  
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dermotropic cells than is seen in classic MF (Fig.  5.13 ). 
However, usually the pagetoid reticulosis is histopathologi-
cally indistinguishable from classic MF and requires clinico-
pathologic correlation for the diagnosis [ 1 ,  17 ]. The tumor 
cells may have helper (CD4+ CD8−) or cytotoxic (CD8+ 
CD4−) immunophenotypes and are often CD30+ [ 1 ]. 

 Pagetoid reticulosis was once considered to have two sub-
types: Woringer-Kolopp (localized pagetoid reticulosis) and 
Ketron-Goodman disease (disseminated pagetoid reticulo-
sis) [ 1 ,  30 ,  31 ]. These are now believed to be distinct disease 
entities. Woringer-Kolopp is now considered synonymous 
with pagetoid reticulosis, while Ketron-Goodman is now 
thought to be more similar to the deadly CD8+ aggressive 
epidermotropic T-cell lymphoma (CD8+ AECTCL). Because 
pagetoid reticulosis and CD8+ AECTCL have such different 
prognoses and presentations, the terms Woringer-Kolopp 
and Ketron-Goodman are avoided in order to minimize 

a b c

  Fig. 5.10    Folliculotropic MF, clinical photographs ( patient featured in 
clinical case   5.3 ). ( a ) An indurated, lightly erythematous, well- 
demarcated, pruritic plaque on the temple of a 32-year-old woman with 

folliculotropic MF. ( b ) Grouped follicular erythematous papules on the 
right fl ank. ( c ) Innumerable follicularly based papules on an edema-
tous, erythematous plaque on the patient’s shoulder and lateral arm       

  Fig. 5.9    Folliculotropic MF, clinical images. Area of alopecia and 
faint erythema on the anterior thigh of a 25-year-old man with follicu-
lotropic MF       
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  Fig. 5.11    Folliculotropic MF ( patient featured in clinical case   5.3 ). 
Although there is extensive infi ltration of the hair follicle by neoplastic 
T cells, the epidermis and surrounding dermis are largely spared       

 confusion [ 1 ] and are included here only because of their 
historical signifi cance.       

5.3.3      Granulomatous Slack Skin 

 Granulomatous slack skin (GSS) is an extremely rare but 
indolent variant of MF [ 1 ]. Fewer than 50 cases have been 
reported in the literature [ 32 ]. GSS typically presents with 
the slow growth of distinctive bulky skin folds in intertrigi-
nous areas (Fig.  5.14 ) [ 1 ,  17 ,  32 ]. These tend to be particu-
larly prominent in the axillae and groin and may be 
accompanied by poikilodermatous patches or plaques. 
Patients often have a longstanding history of the patch and 
plaque stage of MF [ 32 ]. 

 The infi ltrate of GSS is composed of a diffuse or band- 
like dense granulomatous infi ltrate of small-to-medium cere-
briform T cells, numerous histiocytes, and multinucleate 
giant cells [ 1 ,  17 ,  32 ]. The T cells are clonal, express CD3 
and CD4, and lack CD8 [ 1 ,  32 ]. The multinucleate giant cells 
may have as many as 20–30 nuclei and may contain phago-
cytosed lymphocytes and/or degenerated elastic fi bers [ 17 ]. 
Epidermotropism may be subtle or absent. All affected areas 
will demonstrate loss of elastin, but elastophagocytosis may 
be subtle [ 32 ]. The elastic lamina of large cutaneous vessels 
is occasionally involved [ 33 ]. 

 Of note, although GSS is characterized by a granuloma-
tous infi ltrate, it is distinct from granulomatous variants of 
MF. These two entities cannot be distinguished on the basis 
of histopathology alone and clinical correlation is necessary 
(see Sect. 5.3.7) [ 32 ].   
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  Fig. 5.12    Folliculotropic MF ( patient featured in clinical case   5.3 ). ( a ) 
Dense, perifollicular neoplastic infi ltrate of lymphocytes with destruc-
tion of the hair follicle (H&E, 10×). ( b ) The invading atypical lympho-
cytes are CD3+ T cells (CD3, 10×). ( c ) The neoplastic T cells express 

CD4 (CD4, 10×). ( d ) Colloidal iron stain reveals large amounts of 
mucin in the hair follicle epithelium with destruction of the hair follicle 
(colloidal iron, 10×)       

 

5 Mycosis Fungoides



48

a

c

e f

d

b

  Fig. 5.13    Pagetoid reticulosis (PR). ( a ) Dense lymphoid infi ltrate 
occupies the superfi cial dermis, directly abutting the epidermis without 
intervening Grenz zone (H&E 10×). ( b ) The lymphoid cells show mini-
mal cytological atypia (H&E, 40×). ( c ) The infi ltrate is composed of 
CD3+ T cells (CD3, 10×). ( d ) The majority of the lymphoid cells of the 

infi ltrate stain strongly for CD8, indicating a cytotoxic phenotype 
(CD8, 10×). ( e ) Although some lymphoid cells stain positively for 
CD4, the majority of the CD4+ cells are histiocytes (CD4, 20×). ( f ) 
Consistent with a cytotoxic phenotype, many of the lymphoid cells in 
the infi ltrate express granzyme B (Granzyme B, 20×)       
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a

b

  Fig. 5.14    Granulomatous slack skin (GSS). ( a ) Thickened, 
erythematous- to-violaceous, pendulous plaques of skin with areas of 
scale and erosion on the abdomen of a young woman. ( b ) Lichenifi ed 
thickened plaque with erythema, scale, and erosions on the buttock of 
an 18-year-old man ( patient featured in clinical case   5.4 )       

a

b

  Fig. 5.15    Hypopigmented MF  (patient featured in clinical case   5.5 ). 
( a ) Numerous, irregularly shaped, hypopigmented-to-erythematous 
patches on the suprapubic region and upper thigh of a young man. 
Some patches are atrophic. Areas of hypopigmentation stop abruptly 
above the waistband, consistent with the classic “bathing suit” distribu-
tion of MF. ( b ) Three and 5 cm, pink, hypopigmented patches on the 
patient’s buttock       

5.3.4     Hypopigmented MF 

 Hypopigmented MF is rare and accounts for just 3 % of 
patients with MF [ 10 ]. Patients typically present with 
hypopigmented, asymptomatic, slightly pruritic, scaly 
patches with irregular borders (Fig.  5.15 ) [ 17 ]. Some patients 
may also have classic patches, plaques, and tumors of MF 
[ 34 ]. Hypopigmented MF has the same indolent nature and 
excellent prognosis as classic MF [ 17 ]. 

 Patients with hypopigmented MF typically have darker 
skin, but this form of MF has been observed in lighter pig-
mented or Caucasian patients. Hypopigmented MF may be 
underreported in Caucasian patients because the loss of pig-
mentation may be less obvious. Of note, patients with less 

pigmented skin are more likely to have coincident classic 
MF lesions [ 17 ,  34 ]. In contrast to other forms of MF, 
hypopigmented MF often impacts children; nearly 20 % of 
reported cases are in children [ 34 ]. 

 Although the histopathology of the infi ltrate is the same 
as that of classic MF, the T cells of hypopigmented MF are 
often CD8+ [ 34 ]. Hypopigmentation is likely secondary to 
changes in melanin production rather than to loss of melano-
cytes. With treatment, perifollicular repigmentation may 
occur [ 17 ,  34 ]. 

 Of note, there are reports of cases of  hyper pigmented MF 
composed of hyperpigmented patches and plaques and also 
characterized by a CD8+ phenotype [ 35 ].   
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5.3.5     Syringotropic MF 

 Syringotropic MF is a rare form of adnexotropic MF, for-
merly known as “syringotropic MF with alopecia” or “syrin-
gotropic cutaneous T-cell lymphoma.” It is characterized by 
red-brown patches, slightly infi ltrated scaly plaques, or small 
skin-colored to erythematous papules (Fig.  5.16 ) [ 17 ,  36 ]. 
Alopecia and anhidrosis are common, occurring in up to 70 
and 30 % of cases, respectively. There is no location predi-
lection. Patients are almost exclusively male, and many 
patients carry a previous diagnosis of conventional or classic 

MF [ 17 ,  36 ]. Nearly 50 % of cases present with solitary or 
localized lesions [ 36 ]. 

 Histopathologically, syringotropic MF is characterized by 
a dense perieccrine infi ltrate of small cerebriform cells with 
hyperplasia of the secretory portions of the eccrine apparatus 
(Figs.  5.17  and  5.18 ) [ 17 ,  29 ]. Conventional histopathologic 
characteristics of MF, including epidermotropism, are seen 
in the majority of patients with syringotropic MF (Fig.  5.17a ) 
[ 36 ]. Hair follicles may be involved, but unlike in follicular 
MF, follicular mucinosis is absent [ 17 ].     

a b

  Fig. 5.16    Syringotropic MF ( patient featured in clinical case   5.6 ). ( a ) 
On the lateral aspect of the foot of a 68-year-old man is a pink plaque 
studded with innumerable fl accid orange vesicles, some with erosion. 

( b ) The patient’s plantar foot with striking eroded plaques and erythema 
(Courtesy of Dr. Richard A. Johnson, Massachusetts General Hospital, 
Boston, MA)       
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  Fig. 5.17    Syringotropic MF ( patient featured in clinical case   5.6 ). ( a ) 
Atypical lymphocytes tag the dermal-epidermal junction and invade the 
epithelium of the eccrine pore and duct. Eccrine duct hyperplasia is 
present (H&E, 20×). ( b ) The atypical lymphocytes have irregularly 

shaped heterochromatic nuclei (H&E, 60×). ( c ) Deeper in the dermis 
there is a dense perieccrine lymphocytic infi ltrate (H&E, 40×). ( d ) 
Neoplastic CD3+ T cells are present in the eccrine gland apparatus 
(CD3, 40×)       
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5.3.6     Poikilodermatous MF 

 Poikilodermatous MF impacts approximately 11 % of 
patients with MF and is clinically characterized by lesions 
with alternating hyperpigmentation, hypopigmentation, atro-
phy, and telangiectasias (Fig.  5.19 ) [ 17 ]. Areas of poikilo-
derma often develop slowly at the site of other classic MF 
patches or in areas of chronic friction. Presentation with iso-
lated poikiloderma is possible [ 17 ]. 

 Poikilodermatous MF is histopathologically identical to 
longstanding plaque or patch stage MF [ 17 ]. Additional fi nd-
ings include atrophy of the epidermis with fl attening or loss 
of the rete, moderate vacuolization of the basal layer kerati-
nocytes at the dermoepidermal junction, pigment loss, 
numerous papillary dermal melanophages, telangiectatic 
vessels, and superfi cial dermal scarring [ 17 ].   

5.3.7     Granulomatous MF 

 Granulomatous MF (GMF) is a rare variant of MF that is 
often diffi cult to differentiate from benign granulomatous 
dermatitis or GSS. Patients typically present with patches 
and plaques of classic MF, some with atrophy of the skin. 

 This form of MF is characterized by a diffuse or nodular 
perivascular or periadnexal lymphocytic, dermal to subcuta-
neous infi ltrate with extensive granuloma formation, numer-
ous histiocytic giant cells, and minimal epidermotropism. 
Granulomas are typically present in a sarcoid-like pattern. In 
one study, 80 % of cases were CD4+ CD8−, with the remain-
der having a CD8+ phenotype. Clonal TCR is present in 
nearly all cases. Clinical correlation is needed to differenti-
ate granulomatous MF from GSS; patients with granuloma-
tous MF do not develop the pendulous skin folds characteristic 
of GSS [ 32 ,  37 ]. Patients with GMF have a worse prognosis 
than those with classic or folliculotropic MF, with a 5-year 
survival of 66 % [ 32 ].   

a

b

  Fig. 5.18    Syringotropic MF ( patient featured in clinical case   5.6 ). ( a ) 
Atypical lymphocytes overrun the eccrine apparatus (H&E, 4×). ( b ) 
Mucin is present in the dermis and eccrine apparatus (colloidal iron, 4×)       

a

b

  Fig. 5.19    Poikilodermatous (MF). ( a ) A 5 cm poikilodermatous patch 
with hyperpigmentation, hypopigmentation, and telangiectasias on the 
buttock of a 75-year-old woman. ( b ) Patches of delicate reticulate ery-
thema are present on the lateral aspect of the same patient’s breast       
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5.4     Differential Diagnosis 

5.4.1     Diagnostic Considerations 

 The differential diagnosis of MF is extremely broad, particu-
larly given the variety of clinical and histopathologic appear-
ances of its many subtypes ( see  Fig.  5.4 ). In this section, the 
differential diagnoses are described separately for distinct sub-
types of MF. As in all of clinical medicine, diagnosis necessi-
tates a synthesis of clinical presentation and pathophysiology. 
Important clinical considerations include the clinical evolution 
of the disease, lesion morphology, and the distribution of 
lesions [ 7 ]. Histopathology,  immunohistochemistry, and 
molecular studies are invaluable in diagnosing MF [ 7 ,  38 ]. 
Loss of CD2 and/or CD5 supports a diagnosis of MF.  

5.4.2     Differential Diagnosis of Classic (Patch/
Plaque/Tumor Stage) MF 

 The differential diagnosis for classic MF alone is quite broad, 
given the variation in clinical appearance and histopathology 
at different stages of the disease. 

5.4.2.1     Psoriasis 
 Psoriasis is the most common clinical mimic of classic MF, 
given that both present with chronic, recurrent, sharply mar-
ginated, erythematous patches and plaques. However, in 
contrast to the lesions of MF, those of psoriasis classically 
demonstrate silvery-white scales and are located in a sym-
metric distribution on extensor surfaces [ 11 ,  39 ]. 
Erythrodermic psoriasis may also mimic MF. Patients with 
psoriasis may also develop psoriatic arthritis, which is absent 
in MF. In contrast to MF, psoriasis manifests with hyperkera-
tosis and parakeratosis, loss of the epidermal granular cell 
layer, epidermal acanthosis, elongation of the rete, numerous 
epidermal keratinocytic mitoses, neutrophilic exocytosis 
with the intraepidermal spongiform pustule of Kojog beneath 
the stratum corneum, Munro microabscesses within the stra-
tum corneum, thinning of the suprapapillary epidermis, and 
vascular dilation [ 40 ]. While neutrophils may be present in 
the epidermis and stratum corneum in psoriasis, usually the 
mononuclear cells, including lymphocytes, are predomi-
nantly located in the dermis [ 40 ], and neither tagging of the 
dermoepidermal junction nor Pautrier microabscesses is 
present. While exocytosis may be seen, epidermotropism is 
not [ 41 ]. Of note, clonal rearrangements can be present in 
psoriasis [ 38 ]. Psoriasis is also an important consideration in 
the differential diagnosis for pagetoid reticulosis.  

5.4.2.2     Atopic Dermatitis 
 This chronic infl ammatory dermatitis often manifests 
with lichenifi ed patches and is a common mimicker of 
patch stage/early MF. Atopic erythroderma may also 
mimic MF. In contrast to MF, the histopathology of 
chronic atopic dermatitis is characterized by spongiosis, 
lymphocytic exocytosis, parakeratosis over areas of spon-
giosis, and a mixed perivascular infi ltrate of lymphocytes, 
histiocytes, and occasionally neutrophils and eosinophils. 
There may be considerable overlap with the histology of 
early MF. However, MF typically lacks spongiosis, and 
the immune infi ltrate is primarily lymphocytic; addition-
ally, the cerebriform cytology of lymphocytes in MF and 
the appearance of tagging and epidermotropism allow for 
the diagnosis.  

5.4.2.3     Hypersensitivity Reactions to Ingested 
Antigens Such as Drugs 

 This reactive process is another common mimicker of 
early MF. There may be considerable overlap between 
some drug reactions and MF; indeed, MF-like drug hyper-
sensitivity may be histologically indistinguishable from 
MF. Findings that favor a diagnosis of a hypersensitivity 
reaction include intraepidermal Langerhans cell microab-
scesses, keratinocyte dyskeratosis, and the presence of 
papillary dermal pigment- laden macrophages and eosino-
phils. Immunohistochemical staining may also be helpful 
in this differential diagnosis: in cases with a dominant 
intraepidermal population of cytologically banal CD8+ 
lymphocytes and a dermal infi ltrate of CD4+ T cells, a 
diagnosis of hypersensitivity is favored. An intraepider-
mal and dermal infi ltrate of purely CD4+ atypical cells 
favors a diagnosis of MF but may also be observed in 
MF-like hypersensitivity reactions. TCR rearrangement 
studies are not helpful because they may be clonal in both 
MF and hypersensitivity reactions [ 42 ].  

5.4.2.4     T-Cell Dyscrasia 
 It often takes many years before a diagnosis of MF can be 
defi nitively established. In the interim, many patients are 
seen with idiopathic chronic dermatoses that relapse after 
topical treatment and have no known triggering event. 
Biopsies of these cutaneous lesions lack overtly malignant 
cytology, do not show loss of T-cell antigens, and do not 
show a constellation of histologic features that allow for a 
defi nitive diagnosis of MF. In retrospect these changes may 
histopathologically represent early MF, and a clonal TCR 
rearrangement may or may not be present. Although some of 
these lesions may ultimately evolve into cutaneous T-cell 
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lymphoma, they are not predictive of this outcome [ 43 ]. 
Differentiating T-cell dyscrasias from overt malignancy can 
be exceedingly diffi cult and may require numerous biopsies 
over time.  

5.4.2.5     Adult T-Cell Leukemia/Lymphoma (ATLL) 
 The histopathology of this HTLV-1-induced T-cell lymphoma 
can be nearly indistinguishable from that of MF. Common 
characteristics include epidermotropism and Pautrier micro-
abscesses [ 44 ]. ATLL and MF can be differentiated on the 
basis of HTLV-1 positivity: ATLL is caused by HTLV-1, and 
the neoplastic cells (circulating and cutaneous) always dem-
onstrate proviral integration, while MF has no known associ-
ation with HTLV-1. Of note it is possible for patients with MF 
to be concomitant carriers of HTLV-1, especially in HTLV-1 
endemic areas; direct PCR testing of skin lesions for proviral 
integration is necessary to correctly diagnose these patients 
[ 45 ,  46 ]. Immunohistochemistry may also be helpful—the 
cells of MF rarely express CD25, while those of ATLL are 
often positive for CD25 [ 17 ,  47 ]. Clinical presentation can 
also be invaluable in differentiating these lymphomas: while 
MF is indolent and progresses through classic patch, plaque, 
and tumor stages, acute ATLL is rapid, systemic, and aggres-
sive. The chronic and smoldering forms of ATLL may be 
more diffi cult to distinguish from those of MF [ 46 ].  

5.4.2.6     Lymphomatoid Papulosis (LyP), Type B 
 This form of LyP is commonly considered to be histopath-
ologically “MF-like.” LyP type B also presents with 
marked epidermotropism, and lesions of tumor stage MF 
can be very similar clinically to the larger ulcerated nod-
ules of LyP. The clinical presentation often distinguishes 
these entities, with MF showing an evolution from patch, 
plaque, to tumor stage versus the self-resolving papules of 
LyP. Differentiating LyP and MF can be complicated by 
the fact that patients with LyP are at increased risk of 
developing secondary lymphoid malignancies, including 
MF [ 48 ]. Although the papules of LyP regress spontane-
ously, the tumors of MF are persistent.  

5.4.2.7     Sézary Syndrome 
 Although it is an uncommon occurrence, patients with MF 
may present with widespread erythroderma, clinically similar 
to that of Sézary syndrome. However, patients with erythro-
dermic MF typically have preceding clinical features that are 
classic for MF (e.g., patch-plaque-tumor progression) and lack 
of signifi cant circulating atypical lymphocytes, whereas in 
Sézary syndrome patients have erythroderma, lymphadenopa-
thy, and clonality and one or more of the following (1) loss of 
one or more pan–T-cell antigens, (2) Sezary cells greater than 
1,000 cells/μL, or (3) CD4:CD8 ratio greater than 10:1 [ 17 ]. 
The skin biopsy in erythrodermic MF demonstrates more 
prominent parakeratosis, acanthosis, papillary dermal fi brosis, 
telangiectasia, and mitotic fi gures and has a more prominent 

atypical dermal infi ltrate with more striking epidermotropism 
than is typically found in Sézary syndrome [ 17 ].   

5.4.3     Differential Diagnosis of Adnexotropic 
(Folliculotropic and Syringotropic) MF 

 Given the unique presentation of the adnexotropic forms of 
MF, it is not surprising that the differential diagnosis for 
these malignancies differs signifi cantly from that of classic 
MF. Folliculotropic MF can mimic an array of follicularly- 
based infl ammatory conditions clinically and 
histopathologically. 

5.4.3.1    Follicular Mucinosis (FM) 
 This nonspecifi c reactive epithelial condition can be extraor-
dinarily diffi cult to distinguish from follicular MF given sig-
nifi cant clinical and histopathologic overlap [ 49 ]. To further 
complicate the diagnosis, monoclonal populations of T cells 
may be present in either follicular MF or FM [ 1 ,  49 ], and 
FM may precede development of follicular MF [ 49 ]. Patients 
with FM are typically young and have areas of alopecia his-
tologically characterized by abundant mucin in hair folli-
cles, hair follicle epithelial destruction, and marked 
lymphohistiocytic intrafollicular infi ltrate [ 36 ,  38 ]. 
Follicular mucinosis may occur in a number of skin condi-
tions, ranging from infl ammatory to infectious to neoplastic 
[ 49 ]. While FM has a benign course and can go into com-
plete remission, follicular MF has a moderate to poor prog-
nosis. Abundant mucin may or may not be present in the 
follicular epithelium in follicular MF, and biopsies show a 
dense perifollicular and intrafollicular infi ltrate of neoplas-
tic cerebriform T cells [ 1 ,  27 ].  

5.4.3.2    Alopecia Areata (AA) 
 This common form of nonscarring alopecia is a key element 
in the clinical differential diagnosis for follicular MF and a 
common misdiagnosis [ 38 ]. AA is a lymphocyte-mediated 
autoimmune condition that presents with round or oval 
smooth patches of alopecia with a surrounding rim of 
“exclamation- mark” hairs. Follicular MF often occurs with 
destruction of hair follicles and loss of hair in circumscribed 
areas. These can be differentiated on histology: AA shows a 
classic peribulbar lymphohistiocytic infi ltrate (“swarm of 
bees”), miniaturization of hair follicles, and pigment inconti-
nence [ 50 ] but lacks the follicular mucin and atypical neo-
plastic T-cell infi ltrate of follicular MF.   

5.4.4     Differential Diagnosis 
of Granulomatous Slack Skin (GSS) 

 Because of the unique clinical appearance of GSS, the dif-
ferential diagnosis is limited. The primary disease that must 
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be distinguished on histopathology is granulomatous MF 
(see Sect.  5.3.3 ).  

5.4.5     Differential Diagnosis 
of Granulomatous MF 

 The differential diagnosis for granulomatous MF includes 
entities that present with granuloma formation within the 
skin, including sarcoidosis, granuloma annulare, and other 
benign granulomatous dermatitis such as drug rash and bug 
bites. The presence of an aberrant T-cell immunophenotype 
with pan–T-cell antigen loss and cutaneous lesions charac-
teristic of MF help to support the diagnosis of 
granulomatous MF.  

5.4.6     Differential Diagnosis 
of Hypopigmented MF 

 The primary clinical considerations in the differential diag-
nosis for hypo- or hyperpigmented MF are conditions that 
cause local alteration in skin pigmentation, including vitil-
igo, pityriasis versicolor, pityriasis alba, and leprosy. 

5.4.6.1    Vitiligo 
 This autoimmune skin condition is characterized by depig-
mented areas secondary to complete destruction and the 
absence of melanocytes. Although the depigmented areas 
may look similar to those of hypopigmented MF, clinically 
vitiligo usually lacks poikiloderma, scaling, or pruritus [ 7 ]. 
Unlike in vitiligo, hypopigmentation in MF is caused by 
abnormal function of melanocytes; they can still be seen on 
histologic examination [ 17 ,  34 ]. Additional clinical clues 
are that vitiligo may demonstrate koebnerization and 
enhancement of the lesion on Wood’s lamp examination, 
characteristics absent in MF [ 51 ]. In vitiligo, immunohisto-
chemical stains reveal an absence of intraepidermal melano-
cytes and no basal layer keratinocytic pigmentation on 
Fontana stain.  

5.4.6.2    Tinea Versicolor 
 This benign, chronic, noninfl ammatory, superfi cial coloniza-
tion of the stratum corneum by  Malassezia  spp. yeasts pres-
ents with hypo- or hyperpigmented macules and patches on 
the face, arms, and trunk with fi ne scaling. Delicate hyphal 
forms and numerous yeast (“spaghetti and meatballs”) are 
readily identifi ed on potassium hydroxide preparation (KOH) 
or periodic acid–Schiff (PAS) stain [ 52 ].  

5.4.6.3    Pityriasis Alba (PA) 
 This chronic dermatosis of childhood presents with white or 
pink irregular, scaly, well-demarcated patches that occur on 
the face in 50 % of cases [ 53 ]. While both PA and hypopig-

mented MF are seen in children [ 34 ], these conditions can be 
differentiated on the basis of clinical presentation and histol-
ogy. PA and MF have very different distributions. Biopsies 
of pityriasis alba show irregular pigmentation of the basal 
layer, follicular plugging, follicular spongiosis, and atrophic 
sebaceous glands [ 54 ]. The atypical lymphoid infi ltrate and 
epidermotropism of MF are not seen in PA.   

5.4.7     Differential Diagnosis 
of Poikilodermatous MF 

 Poikilodermatous MF has a variegated appearance and must 
be distinguished from a number of other conditions that clini-
cally manifest as acquired poikiloderma [ 38 ,  55 ]. These 
include the connective tissue disease and iatrogenic conditions 
such as overuse of topical steroids and radiation dermatitis. 

5.4.7.1    Dermatomyositis 
 The late phase of this connective tissue disease may present 
with poikiloderma of sun-exposed skin such as on the neck 
or central upper back (including the classic shawl sign). 
Histopathologically there is epidermal atrophy, interface 
 dermatitis, increased dermal mucin (identifi ed on colloidal 
iron or alcian blue stain), telangiectasia, and a sparse infl am-
matory infi ltrate without the atypical T-cell infi ltrate and epi-
dermotropism of MF [ 55 ].  

5.4.7.2    Overuse of Topical Steroids 
 Overuse of topical steroids can cause thinning of the skin and 
telangiectasias, leading to a poikilodermatous appearance. 
Although clinical history will typically yield the correct diag-
nosis, this may be complicated by the fact that MF is fre-
quently treated with topical steroids. A skin biopsy will not 
show the atypical T-cell infi ltrate and epidermotropism of MF.  

5.4.7.3    Radiation Dermatitis 
 Although iatrogenic exposure to radiation may result in poi-
kilodermatous changes in the skin, this is usually readily dif-
ferentiated from MF on the basis of clinical history.   

5.4.8     Differential Diagnosis of Pigmented 
Purpuric Variant of MF 

 This heterogeneous group of dermatoses manifests with 
petechiae and bronze discoloration of the skin, most often on 
the lower legs, and can be diffi cult to distinguish from the 
rare pigmented purpuric variant of MF. PPD can be subdi-
vided into a number of conditions, including Schamberg dis-
ease, Majocchi purpura, Gougerot-Blum purpura, lichen 
aureus, and eczematid purpura of Doucas and Kapetanakis. 
Histopathologically, pigmentary purpura is characterized by 
the presence of papillary dermal pigment-laden  macrophages, 
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erythrocyte extravasation, endothelial cell swelling of small 
superfi cial dermal vessels, and a lymphoid infi ltrate with 
variable numbers of histiocytes that may be lichenoid or peri-
vascular. It may also be associated with epidermal changes, 
including spongiosis and parakeratosis. Differentiation from 
the pigmented purpuric variant of MF may be diffi cult given 
that approximately half of cases of PPD are associated with a 
clonal rearrangement of the TCR [ 56 ]. Cellular atypia may 
be also be present [ 56 ].   

5.5     Clinical Cases 

      Comment     This case of classic patch/plaque stage MF illus-
trates several important points about disease progression in 
MF. First, many patients may carry a diagnosis of eczema or 
chronic dermatitis for decades before they are diagnosed 
with MF. Second, initial biopsies may be nonspecifi c, and 
patients may require multiple biopsies to fi nally receive a 
diagnosis. Third, this disease occurs in a bathing suit distri-

bution (in this case the chest, abdomen, axillae, medial upper 
arms, upper thighs, and buttocks) and is often ameliorated by 
sunlight.  

    Case 5.1 Patch/Plaque MF 

 A 56-year old man with a history of eczematous der-
matitis since childhood, previously managed with topi-
cal steroids, presented with pruritic, diffuse, light pink 
scaly patches covering 30–40 % of his body surface 
area, including the chest, abdomen, axillae, medial 
upper arms, upper thighs, and buttocks (see Fig.  5.1a ). 
He reported that these plaques worsened in the winter. 
In the past the plaques had improved with sun expo-
sure, but recently his symptoms had persisted despite 
sun exposure. Physical examination revealed numer-
ous scaly pruritic patches and thin plaques in a photo-
protected distribution. 

 A biopsy performed 7 years prior had shown a 
superfi cial perivascular and papillary dermal lympho-
cytic infi ltrate with minimal cytologic atypica, consis-
tent with mild chronic eczematous dermatitis or an 
evolving T-cell dyscrasia. 

 A new biopsy of one of the plaques was performed 
and revealed a lichenoid lymphocytic infi ltrate with 
tagging of the dermoepidermal junction, signifi cant 
epidermotropism, and notable cytologic atypia. The 
intraepidermal lymphocytes were almost exclusively 
CD3+ CD4+ T cells with loss of CD2 ( see  Fig.  5.5 ). A 
CT scan and a complete blood count were performed 
and showed no evidence of systemic disease. The 
patient was diagnosed with stage 1B MF. 

 Total clearing of truncal MF patches was achieved 
with narrow band ultraviolet-B (NBUVB) photother-
apy and topical triamcinolone. 

    Case 5.2 MF with LCT 

 A 70-year-old man presented with a 1-year history of 
right eyelid swelling and a 3-week history of a new 3-cm 
indurated plaque by his right eye. Biopsy of the right eye 
lesion revealed a dense infi ltrate of large lymphoid cells 
expressing CD3, CD4, CD5, and TCR gamma and lack-
ing CD30; the patient was diagnosed with cutaneous 
T-cell lymphoma, not otherwise specifi ed (CTCL-NOS) 
and treated with surgical debulking and radiation. 

 After treatment, he remained disease-free for 4 years. 
However, he then developed a new nodule in his right 
eyebrow ( see  Fig.  5.4a ) as well as pink scaly patches 
and smooth dome-shaped papules on his bilateral 
thighs; the papules on his left thigh progressively 
enlarged to become violaceous-to-black nodules 
coalescing into plaques ( see  Fig.  5.4b ). This was accom-
panied by the rapid development of numerous viola-
ceous nodules on the abdomen and chest ( see  Fig  5.4c ). 
Several biopsies were performed. Biopsy of the eye-
brow revealed a dense dermal infi ltrate with numerous 
CD30+ large cells and focal folliculotropism, accompa-
nied by atypical CD3+ T cells with irregular nuclei and 
moderately abundant cytoplasm. Polymerase chain 
reaction (PCR) revealed a clonal T-cell receptor (TCR). 
Biopsy of the thigh lesions showed a diffuse dermal 
infi ltrate with epidermal sparing, composed of medium 
to large lymphoid cells with moderate pale cytoplasm, 
oval to irregular nuclei, vesicular chromatin, frequent 
mitoses, and focal necrosis. The atypical cells expressed 
CD3, CD4, CD5, and CD7. The neoplastic cells lacked 
expression of CD8, CD30, ALK1, and CD20, consis-
tent with the characteristics a T-cell lymphoma, particu-
larly MF ( see  Fig.  5.8 ). In spite of the marked variation 
in the pattern of lymphoid infi ltrate and the immunohis-
tochemical staining patterns of the neoplastic cells 
between the leg and eyebrow lesions, they both showed 
the same clonal TCR gene rearrangement, suggesting 
that both represented the same disease process. 

 Serial CT scans demonstrated no metastatic dis-
ease, while fl ow cytometry revealed the development 
of a circulating population of neoplastic cells with the 
same TCR gene rearrangement as those in the skin. 
The patient was ultimately diagnosed with MF with 
CD30+ LCT with a small circulating component. 

 Despite treatment with radiation, methotrexate, tar-
geted therapies, and chemotherapy, the patient’s disease 
continued to progress. Nine years after initial presenta-
tion, he died of complications of his MF with LCT. 
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  Case 5.3 Folliculotropic MF 

 A 31-year-old female with an 8-year history of diffuse 
plaques and pruritus presented with worsening pruritus 
and increasing plaque thickness and size. Physical 
examination showed a well-demarcated light pink thin 
plaque on the right cheek as well as countless diffuse 
fl esh-colored 1-mm follicular papules coalescing into 
arcuate plaques with alopecia centrally on her arms, 
back, abdomen, and buttocks ( see  Fig.  5.10 ). There 
was no evidence of tumors, nodules, or patches. 

 Previous biopsy performed 8 years prior revealed 
mucinous degeneration of the follicular epithelium 
with a moderately dense superfi cial and deep perivas-
cular, periadnexal, and perifollicular lymphohistio-
cytic infi ltrate of CD3+ CD5+ CD2+ T cells. Clonal 
rearrangement of the TCR and immunoglobulin heavy 
chains was absent. These fi ndings were thus consistent 
with follicular mucinosis but insuffi cient for a diagno-
sis of MF. A repeat biopsy yielded similar results, 
again insuffi cient for a diagnosis of MF. 

 Because of progressive disease despite use of reti-
noids and phototherapy, a biopsy of her fl ank was per-
formed and revealed a perivascular and periadnexal 
atypical lymphoid infi ltrate with hair follicle infi ltra-
tion (pilotropism), disruption of the follicles, and fol-
licular mucin. Signifi cant epidermotropism and Pautrier 
microabscesses were noted. Immunohistochemical 
studies revealed the lymphocytes infi ltrating the hair 
follicle to be CD3+ CD4+ T cells with partial loss of 
CD7 and intact expression of CD2 and CD5. The 
patient was diagnosed with follicular MF. 

 She is currently controlled with combination ther-
apy, including bexarotene, PUVA, methotrexate, and 
intermittent radiation therapy. 

 Case 5.4 Granulomatous Slack Skin (GSS) 

 An 18-year-old man presented with an 8-year history 
of pruritus and eczematous-appearing plaques on the 
forearms and buttocks. In spite of the administration of 
topical corticosteroids and tacrolimus, over the last 
year he had developed tender, draining cystic nodules 
within the eczematous plaque on his buttock, without 
evidence of any infectious etiology. Physical examina-
tion was notable for a confl uent, slightly hyperpig-
mented, reddish-brownish plaque comprised of 
multiple raised and slightly boggy papules with some 
overlying scale on the lateral arm. On the lateral aspect 
of the right buttock a slightly atrophic, shiny red plaque 
with overlying fi ne scale was seen. On the medial 
aspect of the buttock there was a dense infi ltrative, vio-
laceous, confl uent plaque and an outpouching of pen-
dulous, infi ltrated skin with underlying induration ( see  
Fig.  5.14b ). 

 A skin biopsy of the right buttock revealed a dense 
superfi cial and deep dermal granulomatous infi ltrate of 
atypical lymphoid cells with focal epidermotropism, 
prominent folliculotropism, and perivascular and peri-
adnexal extension. The infi ltrate was composed of 
small-to-medium sized cells with ovoid to irregular 
nuclei, variably condensed chromatin, distinct nucle-
oli, and moderate pale eosinophilic cytoplasm. These 
cells stained positively for CD3, CD4, and CD5, with 
some loss of CD7 and focal CD25 positivity. 
Elastophagocytosis was not seen. A clonal TCR rear-
rangement was present. Flow cytometry, CBC, and 
LDH were all within normal limits, and a CT scan of 
his chest, abdomen, and pelvis revealed no evidence of 
internal disease. In combination with the clinical pre-
sentation, this was consistent with a diagnosis of GSS. 

 The patient was subsequently treated with PUVA 
and electron beam therapy in combination with bexar-
otene and mupirocin, which improved the cutaneous 
disease. 

    Comment     This case of MF with CD30+ LCT underscores 
the aggressiveness and poor prognosis associated with LCT. It 
also highlights the utility of clonality studies in determining if 
separate lesions are part of the same disease process.   

     Comment     This case of follicular MF highlights the vari-
ability clinical and histopathologic presentations of MF; one 
of the major features of this type of MF, which is absent in 
other types, is the accumulation of mucin within the hair fol-
licles. As with case  5.1 , this case demonstrates that it often 
takes years and multiple biopsies to fi nally achieve a diagno-
sis. This patient’s clinical course also exhibits the fact that 
follicular MF may be preceded by follicular mucinosis. 
Finally, follicular MF can be more recalcitrant to therapy 
than patch-plaque stage MF.  

  Comment     GSS is a rare variant of MF with an indolent 
course; this patient had disease for almost a decade without 
evidence of extracutaneous involvement. As in this patient, 
the pendulous skin folds tend to occur in the gluteal, ingui-
nal, and axillary regions. As showcased here, diagnosis of 
GSS necessitates a combination of clinical information and 
histopathology.  
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   Comment     Hypopigmented MF is a rare entity  usually 
found in children. In addition, the T cells of hypopigmented 
MF often have a CD8+ phenotype.  

   Comment     This case demonstrates the remarkable effi cacy 
of radiation therapy seen in many cases of localized 
MF. While other treatments had been ineffective, radiation 
therapy resolved this patient’s disease within two treatments.      
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condensed chromatin. The atypical lymphoid infi ltrate 
is comprised predominantly of T cells showing reactiv-
ity for CD3, CD5, and CD4 with loss of CD7; approxi-
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      Sézary Syndrome 

           Amrita     Goyal     ,     Joi     B.     Carter     ,     Aliyah     R.     Sohani     , 
    Jeffrey     A.     Barnes     ,     Mai     P.     Hoang     , and     Lyn     McDivitt     Duncan     

         Sézary syndrome is a rare leukemia with a median survival 
of 3 years. Sézary syndrome patients comprise less than 5 % 
of all patients with cutaneous T-cell malignancies. Patients 
present with a triad of symptoms: erythroderma, generalized 
lymphadenopathy, and a clonal neoplastic proliferation of T 
cells with cerebriform nuclei in the peripheral blood. They 
commonly experience intense pruritus and signifi cant 
derangements of cellular and humoral immunity. Diagnosis 
is based on clinical presentation, fl ow cytometric analysis, 
and histopathology. This chapter discusses the clinical pre-
sentation, prognosis, treatment, histopathology, immunophe-
notype, and differential diagnosis of Sézary syndrome. It 
closes with two clinical cases, including clinical images, his-
topathology, and fl ow cytometry. 

6.1     Clinical 

6.1.1     Clinical Presentation 

 Sézary syndrome, a rare T-cell leukemia, presents with the 
triad of erythroderma (erythema of >80 % of body surface 
area; Figs.  6.1  and  6.2 ), generalized lymphadenopathy, and a 
clonal proliferation of neoplastic T cells with cerebriform 
nuclei (Sézary cells) (Fig.  6.3 ) [ 1 ,  2 ]. This disease makes up 
1–5 % of all cutaneous T-cell malignancies and primarily 
impacts people over the age of 60; men are affected twice as 
often as women [ 3 ]. Sézary syndrome has a very poor prog-
nosis [ 1 ,  2 ]. 

 A signifi cant proportion of patients experience disabling, 
intractable pruritus that is refractory to medication. The nega-
tive impact on quality of life of this symptom cannot be over-
stated [ 2 ,  4 ]. Other possible symptoms include alopecia ( see  
Fig.  6.1a ), onychodystrophy ( see  Fig.  6.2b ), palmar and plan-
tar hyperkeratosis, and ocular symptoms, including ectropion 
and blepharoconjunctivitis [ 1 ,  5 ,  6 ]. Sézary syndrome is a 
leukemia and thus a generalized disease. The skin and/or any 
visceral organ can be involved, but the bone marrow is typi-
cally spared. Peripheral blood eosinophilia is common. 

 Patients with Sézary syndrome may demonstrate signifi -
cant immune suppression; many ultimately succumb to 
opportunistic infection [ 1 ,  7 ]. The immune dysfunction seen 
in patients is multifactorial. Patients show decreased T-cell 
repertoire diversity, a consequence of clonal expansion of 
malignant T cells and concomitant reduction in normal T-cell 
numbers, yielding impairment of adaptive immunity [ 8 ]. 
Patients also have signifi cant dysregulation of innate immu-
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nity owing to cytokines secreted by the Sézary cells, which 
may induce abnormalities in natural killer cells, neutrophils, 
and dendritic cell function [ 2 ,  5 ,  9 ]. These defects in adaptive 
and innate immunity result in dangerous immune suppres-
sion [ 10 ]. Decreased immune surveillance also results in 
increased risk of secondary malignancy [ 1 ,  7 ]. 

 Of note, Sézary syndrome is frequently incorrectly called 
a “leukemic variant of mycosis fungoides.” Although this 
misconception continues to be propagated in the literature, 
there is nearly indisputable evidence that Sézary syndrome 
and mycosis fungoides (MF) are biologically and clinically 
distinct entities. While the leukemic cells of Sézary syn-
drome are derived from circulating central memory T (T CM ) 
cells and possess a T H 2 phenotype, those of MF are derived 
from skin resident effector T cells with a T H 1 phenotype 
[ 11 – 13 ]. Unfortunately, much of the literature on cutaneous 
T-cell lymphoma groups MF and Sézary syndrome, con-
founding our understanding of the progression and prognosis 
of the syndrome.     

a

b

  Fig. 6.1    Sézary syndrome, clinical photos from Case 6.1. ( a ) The 
patient’s right temple shows erythema (a representative sample of her 
diffuse erythroderma), extensive desquamation and scale, and loss of 
hair. ( b ) Periorbital edema with diffuse erythema and fi ne scale. There 
is loss of hair in the right eyebrow       
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a c

b

  Fig. 6.2    Sézary syndrome, clinical photos from Case 6.2. On clinical 
examination this patient’s skin was diffusely erythematous and thick-
ened with prominent skin markings. ( a ) The patient’s lower back shows 
folds of heavy, redundant skin. There was no involvement of the axillae 

or groin (not pictured). ( b ) The patient had marked onychodystrophy of 
all toenails and all fi ngernails. ( c ) Severe fi ssuring and desquamation of 
the skin was present on the hands and feet bilaterally       
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6.1.2     Prognosis and Treatment 

 Even with treatment, Sézary syndrome has a dismal progno-
sis: patients have a median survival of 3 years [ 14 ] and a 
5-year disease-specifi c survival of 10–33 % [ 1 ,  15 ]. 

 Although research into the treatment of Sézary  syndrome 
is a rapidly evolving, highly active fi eld, few long-term 
effective treatments exist. Patients often have short-lived 
responses to therapy followed by rapid relapse, disease pro-
gression, and death. The majority of patients die from 
opportunistic infections secondary to dysfunction of the 
immune system induced by neoplastic cells [ 1 ,  2 ,  5 ]. This 
disease is rarely curable, and treatment is largely consid-
ered palliative [ 5 ,  7 ,  16 ]. Moreover, many treatments may 

not resolve the debilitating pruritus experienced by a large 
proportion of patients [ 2 ]. 

 Treatment may incorporate skin-directed therapies [ 17 ], 
immunomodulators [ 18 – 21 ], biologics [ 22 – 25 ], antifolate 
agents [ 26 ,  27 ], or combinations thereof. Single-agent or 
multiagent chemotherapy with cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (CHOP) or CHOP-like 
regimens have also been used [ 2 ]. Hematopoietic stem cell 
transplant (HSCT) holds signifi cant promise as defi nitive 
therapy for Sézary syndrome. One large multicenter retro-
spective analysis found a 3-year survival of 58 % with HSCT, 
a dramatic improvement over untreated disease [ 28 ]; alloge-
neic transplants are superior to autologous transplants, given 
the resultant graft-versus-lymphoma effect [ 7 ,  16 ,  28 ].   

a

c d

b

  Fig. 6.3    Sézary syndrome, cutaneous biopsy from Case 6.2. ( a ) There 
is a sparse perivascular infi ltrate of atypical lymphocytes (H&E, 10×). 
( b ) Some epidermotropism is present, with occasional atypical T cells 
“tagging” the dermal-epidermal junction ( black arrows    ) (H&E, 40×). 

( c ) At higher power, the lymphocytes along the dermal-epidermal junc-
tion have with irregular nuclear contours ( black arrows ) (H&E, 40×). 
( d ) The atypical T cells in the dermal infi ltrate have markedly cerebri-
form nuclei (H&E, 63×)       
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6.2     Pathology 

6.2.1     Histopathology 

 The skin biopsy fi ndings in Sézary syndrome may be similar 
to those of MF but are typically nondiagnostic [ 29 ]. Biopsies 
may show a dermal infi ltrate of atypical T cells with 
 convoluted or cerebriform nuclei (Fig.  6.3 ) [ 1 ]. 
Epidermotropism may be present but is less frequent than in 
early MF [ 2 ,  30 ]. Biopsies may be nonspecifi c [ 1 ]. 

 On peripheral blood smear review the Sézary cells are het-
erochromatic with enlarged and markedly irregular indented 
or folded nuclei ( see  Fig.  6.4 ) [ 31 ]. Peripheral blood fl ow 
cytometry reveals an abnormal T-cell population (Fig.  6.5 ).    

6.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic T cells of Sézary syndrome are nearly always 
CD4+, although rare cases of CD8+ Sézary syndrome have 

been reported [ 1 ]. The neoplastic cells typically express 
CD2, CD3, TCR-beta, CD5, PD-1, CD27, cutaneous lym-
phocyte antigen (CLA), and CCR4 [ 1 ]. Loss of CD26 and 
CD7 on CD4+ cells in the blood is a major identifying char-
acteristic on fl ow cytometry ( see  Fig.  6.5 ) [ 2 ,  32 – 34 ]. 

 A clonal T-cell receptor (TCR) gene rearrangement is pres-
ent [ 1 ,  35 – 38 ]. Although there are no known recurrent genetic 
abnormalities, genomic instability likely plays a substantial role 
in the pathogenesis and progression of this disease. There is a 
high rate of unbalanced translocations, deletions, and down-
regulation of chromosomes 1p, 6q, 10q, 17p, and 19 [ 39 ]. 

 There is a substantial body of work evaluating the role of 
micro-RNA expression levels in prognosis and mechanisms 
of pathogenesis, but these results are not yet ready for clini-
cal applications [ 40 – 42 ].   

a b

  Fig. 6.4    Sézary syndrome, peripheral smear from Case 6.2. ( a ,  b ) 
Atypical circulating lymphoid cells with cerebriform nuclei containing 
markedly irregular, folded, and indented nuclear contours and increased 

nuclear-to-cytoplasmic ratios, consistent with Sézary cells. The cerebri-
form shape of the nucleus results in a heterochromatic appearance 
(Wright-Giemsa, 100×)       
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  Fig. 6.5    Peripheral blood fl ow cytometry from Case 6.2. ( a ) CD45 
(leukocyte common antigen) stains all leukocytes. Gating CD45+ cells, 
based on granularity (measured by side scatter [ SSC ]), permits differen-
tiation of lymphocytes, monocytes, and neutrophils. Panels ( b ) through 
( e ) include only the cells in the lymphocyte gate. ( b ) CD3+ CD4+ T 
cells make up nearly 75 % of all lymphocytes. There are two distinct 
populations of CD3+ CD4+ cells; the T cells of interest have slightly 

diminished expression of CD3 and are highlighted in purple. ( c ,  d ) 
CD3+ CD8+ T cells make up less than 8 % of the total population of 
lymphocytes, yielding a markedly elevated CD4:CD8 ratio. ( e ) The vast 
majority of CD3+ CD4+ cells ( purple ) demonstrate loss of CD7 and 
CD26.  APC  allophycocyanin,  FITC  fl uorescein isothiocyanate,  PE  
phycoerythrin,  PerCP  peridinin chlorophyll       
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6.3     Differential Diagnosis 

6.3.1     Diagnostic Considerations 

 In addition to the triad of erythroderma, lymphadenopathy, 
and clonal neoplastic T cells in the blood, skin, and/or lymph 
nodes, the following diagnostic criteria must be met [ 43 ]:

   1.    Erythroderma (erythema ≥80 % of the body surface area).   
  2.    Clonal TCR rearrangement in the blood identifi ed by poly-

merase chain reaction (PCR) or Southern blot analysis.   
  3.    An absolute Sézary cell count of at least 1,000 cells/μL  or  
   Increased CD4+ or CD3+ cells in the blood with a 

CD4:CD8 ratio equal to or greater than 10,  or  
   Increased CD4+ cells in the blood with an abnormal phe-

notype, including equal to or greater than 40 % of CD4+ 
CD7− cells or equal to or greater than 30 % of CD4+ 
CD26− cells.     

 Many institutions no longer perform Sézary cell counts 
from the buffy coat of centrifuged blood, given the degree of 
interobserver variability. Most now rely upon the more consis-
tent technique of peripheral blood fl ow cytometry, which ana-
lyzes expression of CD4, CD8, CD7, and CD26, among other 
markers. It is possible to have expanded populations of atypi-
cal T cells in the blood with loss of CD7 and CD26 in reactive 
conditions [ 2 ]. The differential diagnosis of Sézary syndrome 
includes a variety of conditions that may present with erythro-
derma and systemic symptoms. This includes MF with large-
cell transformation or erythroderma, adult T-cell leukemia/
lymphoma (ATLL), erythrodermic psoriasis, and other lym-
phoid leukemias.  

6.3.2     Differential Diagnosis 

6.3.2.1     Mycosis Fungoides (MF) 
 It is possible for MF to present with marked erythroderma, 
making it diffi cult to distinguish from Sézary syndrome clin-
ically. Nevertheless, the two diseases follow very different 
time courses. Sézary syndrome patients typically develop 
systemic signs and symptoms, including erythroderma, pru-
ritus, and lymphadenopathy over two years on average and 
lack the preceding patch-plaque-tumor stages of MF, which 
evolve over the course of years [ 1 ,  5 ]. Blood involvement 
with MF may occur in the setting of large-cell transforma-
tion (LCT, defi ned as >25 % of large cells on skin biopsy) 
[ 44 ]. Circulating tumor cells of transformed MF may be 
indistinguishable from Sézary cells. The histopathology of 
skin biopsies of Sézary syndrome and late-stage MF are 
remarkably similar, with the presence of large atypical cere-
briform T cells with variable epidermotropism [ 1 ,  45 ]. 
However, patients with Sézary syndrome have a much more 
substantial burden of neoplastic cells in the blood than 
patients with MF [ 5 ]. The immunophenotype of the tumor 

cells may also be helpful in this differential diagnosis. Sézary 
cells usually express PD-1 and CD27, with loss of CD26 and 
pan–T cell antigens, including CD2, CD3, and CD5.  

6.3.2.2     Erythrodermic Psoriasis 
 Psoriasis may have a variety of clinical presentations. 
Although uncommon, it is possible for psoriasis to manifest 
with marked erythroderma, which may be accompanied by 
pruritus, hair loss, nail changes, and exfoliative changes. 
Erythrodermic psoriasis typically occurs rapidly in patients 
with existing psoriasis. It may be triggered by drug reactions 
or infections. Patients with a history of psoriasis, rapid dis-
ease onset, and/or precipitating factors are much more likely 
to have erythrodermic psoriasis than Sézary syndrome. 
Erythrodermic psoriasis accounts for 25 % of cases of eryth-
roderma [ 46 ]. Histologically, the presence of intraepidermal 
neutrophils, psoriasiform epidermal hyperplasia, and the 
absence of a signifi cant atypical lymphocytic infi ltrate favor 
the diagnosis of psoriasis. Additionally, other than CD7 
loss, pan–T cell antigen loss is not a fi nding in psoriasis.  

6.3.2.3     Adult T-Cell Leukemia/Lymphoma (ATLL) 
 ATLL is a T-cell leukemia/lymphoma characterized by atypical 
cerebriform cells in the blood. However, ATLL is caused by 
HTLV-1, while Sézary syndrome has no viral association. 
ATLL also has a very strong geographic predilection for areas 
of the world where HTLV-1 is endemic, including the 
Caribbean, Southeast Asia, and sub-Saharan Africa [ 47 ]. While 
the presence of a positive HTLV-1 titer is supportive of a diag-
nosis of ATLL, integration of proviral DNA is diagnostic and 
allows for differentiation from Sézary syndrome. A diagnosis 
of ATLL cannot be made without HTLV-1 positivity [ 47 ].  

6.3.2.4     T-Cell Prolymphocytic Leukemia (T-PLL) 
 As with ATLL and Sézary syndrome, T-PLL is a mature T-cell 
leukemia derived from post-thymic alpha/beta T cells [ 48 ]. 
T-PLL, a disease of the elderly, is the most common mature 
T-cell leukemia [ 48 ]. T-PLL typically presents with marked leu-
kocytosis and hepatosplenomegaly [ 48 ]. Skin involvement is 
common, occurring in 26 % of patients and may include macu-
lopapular lesions, bruising, or focal erythroderma that becomes 
generalized over a period of months. However, in contrast to 
Sézary syndrome, generalized erythroderma is rare in T-PLL 
[ 48 ,  49 ]. These diseases also have very different time courses. 
Whereas patients with T-PLL experience a short prodrome of 
systemic symptoms lasting a median of 2 months prior to diag-
nosis, the prodrome of Sézary syndrome lasts 24 months on 
average [ 49 ]. The circulating leukemic cells of T-PLL may 
present with cerebriform morphology indistinguishable from 
that of Sézary syndrome [ 49 ]. These diseases can often be dif-
ferentiated on peripheral blood fl ow cytometry. The cells of 
Sézary syndrome are typically CD7− CD26−, whereas those of 
T-PLL are usually CD7+ CD26+ [ 48 ,  49 ] (Table  6.1 ). 
Chromosomal rearrangement of TCL-1 occurs in T-PLL and 
may help to differentative from Sézary syndrome [ 50 ].  
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6.3.2.5     Hypereosinophilic Syndromes 
and Malignancies 

 Peripheral blood eosinophilia is common in Sézary syn-
drome, which raises concern for a number of malignant and 
nonmalignant conditions associated with hypereosinophilia. 
Relevant malignancies include chronic eosinophilic leuke-
mia, acute myelogenous leukemia, B-cell acute lymphoblas-
tic leukemia, Hodgkin lymphoma, and systemic mastocytosis. 
Hypereosinophilia can also be seen in parasitic infections, 
allergic/atopic diseases, and drug hypersensitivity. Primary 
immunodefi ciencies including hyper–IgE syndrome may be 
considered. Rheumatologic conditions include Churg- 
Strauss and eosinophilia-myalgia syndromes. Important 
diagnostic clues include the duration of the eosinophilia, 
drug exposure, environmental exposure, and concurrent ill-
nesses or systemic symptoms. One key differentiator is that 
few of these illnesses present with the erythroderma charac-
teristic of Sézary syndrome [ 51 ].

6.4          Clinical Case         

   Table 6.1    Immunohistochemical features of Sézary syndrome (SS), 
adult T-cell leukemia/lymphoma (ATLL), and T-cell prolymphocytic 
leukemia (T-PLL)   

 Marker  SS  T-PLL  ATLL 

 CD3  + Weak/–  +  + 

 CD2  +/–  +  + 

 CD4  +  + Usually  + 

 CD5  +/–  +  + 

 CD7  − Usually  +  − 

 CD8  −  − a   − 

 CD25  Variable  Variable  + 

 CD26  −  +  − 

 CD45  +  +  + 

 CD56  −  −  − 

 TCR beta  +  +  + 

  Data from Foucar [ 48 ] and Herling et al. [ 49 ] 
  a One third of cases of T-PLL may show CD4/CD8 co-expression, and 
15 % of cases are CD4−/CD8+  

 Commentary     This patient presented with the classic 
triad of erythema, lymphadenopathy, and atypical cells 
in the blood. She also demonstrated other common 
fi ndings, including hair loss and onychodystrophy. 
Because she had previously been partially treated, her 
fl ow cytometry did not formally meet criteria for a 
diagnosis of Sézary syndrome, with a CD4:CD8 ratio 
of only 6.9:1 and just 555/μL atypical cells. As a result 
of refractory disease despite multiple systemic treat-
ments, she ultimately underwent a hematopoietic 
stem- cell transplant, the only defi nitive therapy avail-
able for this disease. 

 Case 6.1 

 A 32-year-old woman presented with a 3-year history 
of diffuse erythema and pruritus. She fi rst noticed the 
development of a rough patch on her inner thigh during 
her fi rst pregnancy, which over 4–5 months evolved 
into erythroderma with intractable pruritus. On exami-
nation she had diffuse erythroderma, exfoliation, hair 
loss ( see  Fig.  6.1 ), onychodystrophy, and palpable 
inguinal lymphadenopathy. She had received partial 
treatment at another institution. 

 Flow cytometry of peripheral blood revealed the 
presence of 555/μL atypical T cells and a CD4:CD8 
ratio of 6.9:1. The peripheral smear showed numerous 
small to medium-sized lymphoid cells with scant cyto-
plasm with convoluted, indented nuclei and coarse 
chromatin. She was diagnosed with partially treated 
Sézary syndrome. A lymph node biopsy showed der-
matopathic changes. 

 She underwent a course of single-agent targeted 
therapy and total skin electron beam treatment for 
residual skin plaques prior to an allogeneic matched 
hematopoietic stem cell transplant, complicated by 
mild graft-versus-host disease. 
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         Adult T-cell leukemia/lymphoma (ATLL) is an aggressive 
peripheral T-cell lymphoma caused by long-term infection 
with human T-lymphotropic virus 1 (HTLV-1). Patients 
with ATLL have an extremely poor prognosis, their disease 
complicated by multidrug resistance of malignant cells, 
infection due to impaired T-cell mediated immunity, hyper-
calcemia, and multiple organ failure. Half of patients 

develop cutaneous manifestations. The cutaneous lesions 
of ATLL are highly varied and include erythroderma, pur-
puric papules, and plaques. This chapter addresses the clin-
ical presentation, prognosis, treatment, histopathology, 
immunohistochemistry, and molecular characteristics of 
this disease. It closes with a differential diagnosis and clini-
cal case. 
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7.1     Clinical 

7.1.1     Clinical Presentation 

 Adult T-cell leukemia/lymphoma (ATLL) is a rapidly progres-
sive lymphoma of mature, peripheral, activated T lympho-
cytes, caused by HTLV-1 [ 1 – 3 ]. This lymphoma was fi rst 
described in Japan in 1977 by Uchiyama et al. [ 4 ]. ATLL 
occurs in adults at a median age of 55–58 years (range, 
20–80 years) [ 1 ,  3 ]. There is a slight female predominance [ 1 ]. 

 Both ATLL and its causative virus, HTLV-1, are endemic 
to southwestern Japan, the Caribbean, central Africa, and 
parts of South America [ 1 ,  2 ,  5 ]. Around the world, an esti-
mated 20 million people are infected with the virus [ 6 ]. 
Approximately 2.5 % of those carriers of HTLV-1 will 
develop ATLL [ 1 ,  2 ]. Risk of transformation may be higher 
in men than in women [ 6 ]. ATLL has a long latency period, 
and affected patients were likely infected at a very young age 
via breastfeeding or exposure to blood products, or later, via 
sexual transmission [ 1 ,  2 ]. HTLV-1 is a deltaretrovirus; 
infected cells demonstrate integration of proviral DNA into 
host cell genomes, which is likely responsible for the onco-
genic nature of the virus [ 7 ]. 

 There are four variants of ATLL: acute, lymphomatous, 
chronic, and smoldering [ 1 ,  8 ]. Skin lesions develop in 
43–72 % of patients with ATLL. Cutaneous manifestations 
of ATLL include papules or nodules that are erythematous or 
violaceous and occasionally ulcerated, scaly patches and 
plagues and rarely, erythroderma (see Figs.  7.1  and  7.2 ) [ 4 , 
 9 – 11 ]. Discrete cutaneous lesions are most common in the 
acute and lymphomatous variants; erythroderma is more 
common in chronic or smoldering ATLL [ 1 ]. 

 The acute and lymphomatous forms of ATLL are more 
aggressive than the chronic or smoldering variants [ 6 ]. In 
65 % of patients, ATLL presents in the acute stage, charac-
terized by abrupt onset of leukocytosis, lymphadenopathy, 
hypercalcemia, lytic bone lesions, hepatosplenomegaly, skin 
lesions, constitutional symptoms, increased lactate dehydro-
genase (LDH) level, and T-cell immunodefi ciency. Patients 
typically have a very high white blood cell count with circu-
lating neoplastic lymphocytes, and eosinophilia and/or neu-
trophilia [ 1 ,  2 ,  9 ,  12 ]. 

 Lymphomatous ATLL, occurring in 20 % of patients, is 
characterized by peripheral blood involvement and promi-
nent lymphadenopathy. Hypercalcemia may be present, and 
skin lesions (papules, nodules, tumors, and plaques) are 
common. 

 Patients with chronic ATLL have stable lymphocytosis, 
no organomegaly, no hypercalcemia, and a normal LDH 
[ 13 ]. Smoldering ATLL is the mildest variant and occurs in 
5 % of patients. These patients have a normal white blood cell 
count with >5 % atypical circulating lymphocytes, normal 
calcium, and no lymphadenopathy or hepatosplenomegaly. 

LDH may be slightly elevated. Twenty fi ve percent of 
patients with smoldering or chronic ATLL will develop acute 
disease [ 1 ,  13 ]. 

 Opportunistic infections are the most common cause 
of death in patients with ATLL. Common lethal opportu-
nistic pathogens include  Pneumocystis jiroveci , cytomega-
lovirus,  Candida  spp., and  Strongyloides stercoralis  [ 1 ,  7 , 
 9 ,  14 ].    

7.1.2     Prognosis and Treatment 

 Acute ATLL has a grave prognosis: patients treated with che-
motherapy have a median survival of 12 months (range, 
6–13 months) and a mean 4-year survival of 5 % [ 2 ,  7 ,  13 , 
 15 ]. Chronic and smoldering ATLL patients fare slightly bet-
ter, with 4-year survival rates of 27 % for chronic ATLL and 
62 % for smoldering ATLL [ 13 ]. The nature of the cutaneous 
fi ndings also impact survival: the mean survival rates are 
9 months for patients with nodules, 11 months for those with 
papules, and 32 months for those with erythroderma [ 11 ]. 
This correlates with the fi nding that discrete lesions are more 
often seen in acute or lymphomatous disease, while erythro-
derma is generally found in patients with chronic or smolder-
ing disease. 

 Negative prognostic indicators include poor baseline per-
formance status, high LDH, age older than 40 years, hyper-
calcemia, and involvement of three or more sites. Additional 
markers of poor prognosis include thrombocytopenia, eosin-
ophilia, bone marrow involvement, high circulating levels of 
interleukin-5, expression of CCR4 on malignant cells, p53 
mutations, and p16 deletions [ 12 ]. Notably, patients with 
expression of CCR4 are more likely to develop cutaneous 
lesions [ 3 ]. 

 Testing for proviral integration is recommended to make 
a diagnosis of ATLL with cutaneous involvement. Cases of 
ATLL with HTLV-1 infection detected by PCR amplifi cation 
but without proviral integration in the skin are considered to 
be cutaneous T-cell lymphoma (CTCL) arising in HTLV-1 
carriers; patients without proviral integration have a better 
prognosis than those with integration, with median survival 
times of 72 and 14 months, respectively [ 11 ]. The density of 
the cutaneous infi ltrate and cytological features correlate 
with outcome: patients with nodular or diffuse infi ltration 
with medium- to large-sized lymphoma cells have a worse 
prognosis than those with a perivascular infi ltrate of small- to 
medium-sized cells [ 11 ]. 

 Multiagent chemotherapy is fi rst-line therapy for acute 
ATLL, but prognosis remains poor [ 2 ,  7 ,  14 ]. The response 
to chemotherapy of acute or lymphomatous ATLL is at best 
transient; recent reports attribute the transient response to 
expression by lymphoma cells of P-glycoprotein and lung 
resistance-related protein [ 2 ,  13 ]. Combination therapy 
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with zidovudine and interferon alpha is much more promis-
ing, with a response rate between 65 and 92 %. Patients 
receiving this treatment experienced a dramatic improve-
ment in overall survival, with a 4-year mean survival of 
55 % for patients who respond to therapy [ 16 ]. Allogeneic 
stem cell transplants have been attempted with some suc-

cess [ 12 ,  15 ]. The aggressive course and minimal response 
to therapy underscores the importance of prevention by 
reducing HTLV-1 transmission [ 7 ]. Chronic and smolder-
ing ATLL, on the other hand, are considered indolent and 
their clinical course is not altered by conventional chemo-
therapy [ 16 ].   

a b

  Fig. 7.1    Adult T-cell leukemia/lymphoma (ATLL) tumors from the 
patient in case  7.1 . ( a ) Firm, domed, skin-colored to erythematous 2-cm 
tumor on the cheek with adjacent hypopigmentation but no surrounding 

erythema. ( b ) A bright pink, sharply demarcated, domed tumor on the 
fl ank. To the left and right of the nodule are fl at, pink, scaly macules       

a b

  Fig. 7.2    Adult T-cell leukemia/lymphoma (ATLL) tumors from the 
patient in case  7.1 , before and after local radiation therapy. ( a ) Shown 
prior to radiation treatment is a pink to violaceous, cerebriform tumor 
measuring 3 cm, located on the patient’s right anterior upper thigh, with 

numerous surrounding smaller violaceous papules and nodules and fl at 
erythematous macules. ( b ) After local radiation therapy, the tumor and 
nodules resolved with residual hyperpigmentation       
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7.2     Pathology 

7.2.1     Histopathology 

 ATLL is histopathologically characterized by a diffuse der-
mal or perivascular infi ltrate of pleomorphic neoplastic T 
cells [ 9 ]. Large nodules of neoplastic cells may present in the 
dermis and subcutaneous fat (see Fig.  7.3 ) [ 1 ]. ATLL may 
show striking epidermotropism and formation of Pautrier’s 
microabscesses mimicking mycosis fungoides (Fig.  7.3b ) [ 1 , 
 10 ,  11 ,  13 ]. Areas of cutaneous erythema correlate with areas 
of perivascular or diffuse infi ltration by small-to-medium 
neoplastic cells, whereas papules and nodules often demon-
strate nodular or diffuse infi ltration of medium-to-large atyp-
ical T cells [ 11 ]. 

 Of note, the peripheral blood contains atypical lympho-
cytes with irregular, convoluted nuclei, also known as “fl ower 
cells” (see Fig.  7.4 ) [ 2 ,  10 ].    

7.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic T cells of ATLL are typically positive for 
CD4 and pan-T-cell markers CD2, CD3, and CD5. They 

also typically express CD25, CD45RO, TCRα/β, and 
HLA-DR [ 12 ]. The vast majority of cells lack CD7 and 
CD26 [ 12 ]. CD3 expression is often diminished [ 12 ]. The 
neoplastic T cells are usually negative for CD8, but cases 
positive for CD8, both CD4+ CD8+ and CD4− CD8+, have 
been reported. The tumor cells also express markers found 
on regulatory T cells, including CCR4 and FoxP3 [ 1 ,  17 ]. 
Large, transformed lymphocytes may be positive for CD30 
but are negative for anaplastic lymphoma kinase (ALK) [ 1 ]. 
The minimum immunophenotypic analysis required for 
diagnosis includes CD3, CD4, CD7, CD8, and CD25 
(Table  7.1 ) [ 12 ].

   Both clonal rearrangement of the T-cell receptor and 
clonal HTLV-1 provirus integration into the ATLL lymphoma 
cells are nearly always present [ 1 ,  2 ]. Proviral integration 
most likely plays a key role in the leukemogenic nature of the 
infection [ 6 ]. Transmission requires a live infected cell and 
occurs via cell-cell contact and formation of a viral synapse. 
The virus integrates randomly into the host genome, and 
infected cells then undergo clonal proliferation [ 7 ]. 

 Most cases of ATLL demonstrate aneuploidy and clonal 
abnormalities in chromosome structure. Although no chro-
mosomal abnormalities are recognized as specifi c to ATLL 
[ 1 ], mutations in p53 and deletions of p16 are associated 
with a poor prognosis [ 12 ].   
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a bb

c

  Fig. 7.3    Adult T-cell leukemia/lymphoma, histopathology from the 
patient in case  7.1 . ( a ) Low magnifi cation reveals a dense, dermal lym-
phoid infi ltrate in the superfi cial and midreticular dermis (H&E, 10×). 
( b ) Epidermotropism and Pautrier’s microabscesses are present (H&E, 

20×). ( c ) The lymphoid infi ltrate is composed of medium to large, atyp-
ical cells. The atypical cells have irregularly shaped nuclei with dis-
persed chromatin. Note the cerebriform contours of many of the larger 
cells (H&E, 40×)       

  Fig. 7.4    Peripheral smear from the patient in case  7.1  shows numerous 
large, atypical T lymphocytes with cerebriform, lobulated nuclei, 
known as fl ower cells (H&E, 100×)       

   Table 7.1    Immunohistochemical staining patterns in adult T-cell leu-
kemia/lymphoma   

  Positive markers  

 CD2 

 CD3 (diminished) 

 CD4 (rare negative cases) 

 CD5 

 CD25 

 CD30 (in some cases of large-cell transformation) 

 CD45RO 

 TCR α/β 

 CCR4 

 FoxP3 

 HLA-DR 

  Negative markers  

 CD7 

 CD8 (rare positive cases) 

 CD26 

 ALK 

   ALK  anaplastic lymphoma kinase,  CCR  CC chemokine receptor,  TCR  
T-cell receptor  
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7.3     Diagnosis 

7.3.1     Diagnostic Considerations 

 While ATLL is not a primary cutaneous lymphoma, diagnosis is 
commonly made on skin biopsy. Because of the variable histo-
pathological presentations, the differential diagnosis may 
include many other cutaneous T-cell lymphomas [ 14 ]. Diagnosis 
often rests on HTLV-1 testing, including detection of anti–
HTLV-1 antibodies and clonal proviral integration [ 13 ,  15 ].  

7.3.2     Differential Diagnosis 

7.3.2.1     Mycosis Fungoides (MF) 
 This indolent, primary cutaneous T-cell lymphoma, classi-
cally progresses through patch, plaque, and tumor stages, in 
contrast to the rapid, systemic, aggressive onset of acute 
ATLL [ 18 ]. Nevertheless, epidermal involvement in ATLL, 
including epidermotropism and Pautrier’s microabscesses, 
can be nearly indistinguishable from that seen in MF [ 13 ]. 
The chronic and smoldering forms of ATLL may mimic 
MF. ATLL can usually be distinguished from MF on the basis 
of HTLV-1 positivity: ATLL is caused by HTLV-1, and the 
neoplastic cells nearly always demonstrate proviral integra-
tion, whereas MF has no known association with HTLV- 1. It 
is important to note that there are reports of MF in which the 
patients are infected with HTLV-1, particularly in HTLV-1 

endemic areas, but because no HTLV-1 proviral integration is 
present in the tumor cells, these patients have a diagnosis of 
MF rather than cutaneous manifestations of ATLL [ 11 ,  18 ]. 
Finally, ATLL cells typically stain positive for CD25, but the 
neoplastic cells of MF less commonly express CD25 [ 12 ,  19 ].  

7.3.2.2     Sézary Syndrome (SS) 
 Although SS shows histologic fi ndings similar to those of 
ATLL and MF, SS is defi ned by the presence of atypical 
cerebriform “Sézary cells” in the bloodstream. The most 
notable differentiating factor between SS and ATLL is 
HTLV-1 positivity—ATLL cells are necessarily HTLV-1 
positive, but SS has no association with HTLV-1 [ 20 ].  

7.3.2.3     CD30+ Lymphoproliferative Disease 
(CD30+ LPD) 

 CD30+ LPD represents a spectrum of CD30+ disorders, 
including lymphomatoid papulosis (LyP) and anaplastic 
large-cell lymphoma (ALCL). Owing to the occasional pres-
ence of large CD30+ cells in ATLL, CD30+ LPD may be 
considered in the differential diagnosis for ATLL. However, 
CD30+ LPD generally remains skin-limited, whereas involve-
ment of peripheral blood is a primary feature of ATLL. CD30+ 
ALCL may be immunophenotypically similar to ATLL in the 
skin. The neoplastic cells of ATLL are negative for CD15, 
ALK, and epithelial membrane antigen (EMA) [ 13 ]. 
Identifi cation of proviral integration of HTLV-1 supports the 
diagnosis of ATLL.    
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7.4     Clinical Case 

      Commentary     This patient is from Haiti, a country where 
HTLV-1 is endemic. ATLL most commonly strikes women 
in their sixth decade, the same demographic as this patient. 
ATLL is a systemic disease; the presence of CD25+ atypical 
cells, seen on this patient’s skin biopsies and peripheral 
blood fl ow cytometry, is characteristic of ATLL.  

   Commentary     This patient’s demographic again highlights 
the geographic distribution of HTLV-1 virus: it is endemic to 
Haiti and the Caribbean. Another key point in this case is that 
cutaneous biopsy from MF and ATLL can be indistinguish-
able. Evidence of HTLV-1 virus in the blood is supportive of 
a diagnosis of cutaneous involvement of ATLL. However, 
given that it is possible for patients with MF to have 
 concomitant ATLL infection, diagnosis of ATLL in the skin 
can only be rendered by performing tissue PCR for the 
HTLV-1 virus.         

     Case 7.1 

 A 58-year-old Haitian woman presented with a 
5-month history of an evolving eruption of more than 
100 skin-colored to erythematous nodules on her face, 
trunk, arms, thighs, and lower legs (see Figs.  7.1  and 
 7.2a ). Her lesions began as pink macules and over the 
course of weeks developed into pruritic nodules. She 
had no adenopathy or other systemic symptoms. 

 A skin biopsy demonstrated a dense dermal lym-
phoid infi ltrate of medium-to-large atypical cells with 
marked epidermotropism and rare Pautrier’s microab-
scesses (see Fig.  7.3b ). Immunohistochemistry 
revealed the atypical cells to be predominantly CD3+ 
CD25+ T cells with partial loss of CD2, CD5, and 
CD7. The CD4:CD8 ratio was approximately 10:1. 

 HTLV-1 serologies confi rmed the presence of anti–
HTLV-1 antibodies, and fl ow cytometry revealed the 
presence of atypical fl ower cells in the blood (see 
Fig.  7.4 ). The patient underwent a PET-CT scan, which 
showed no adenopathy or visceral disease, and smol-
dering ATLL was diagnosed. She underwent antiviral 
and interferon treatment, but her disease progressed 
and required combination chemotherapy and radiation 
treatment. Local radiation therapy to her upper thigh 
resulted in complete clearance of several nodules (see 
Fig.  7.2b ). 

 Case 7.2 

 A 65-year-old Haitian man presented with a 3-month 
history of a pruritic rash and new onset end-stage renal 
disease secondary to focal segmental glomerulosclerosis 

(FSGS), on hemodialysis. The pruritic eruption 
started on right forearm at his dialysis fi stula site and 
then generalized to involve more than 80 % of his 
body surface area. On examination, skin showed 
slightly hyperpigmented to erythematous papules and 
nummular plaques with surrounding collarette and 
central scale on the trunk and extremities, sparing the 
bathing suit distribution; there was involvement of 
the abdomen, back, axillae, arms, legs, palms, and 
soles (Fig.  7.5 ). 

 A skin biopsy was performed and revealed intraepi-
dermal Pautrier microabscesses and a perivascular 
infi ltrate composed of enlarged atypical lymphoid 
cells. The atypical lymphoid infi ltrate was composed 
of T cells with a CD3+, CD4+, CD8−, CD2dim pheno-
type and felt to be consistent with a CD4+ cutaneous 
T-cell lymphoma; diagnostic considerations included 
mycosis fungoides (MF) and adult T-cell leukemia/
lymphoma (ATLL) (Fig.  7.6 ). 

 Serologies performed as part of his renal transplant 
workup revealed the presence of anti-HTLV-1 antibod-
ies. Subsequent polymerase chain reaction on biopsy 
tissue revealed the presence of HTLV-1 virus and a 
clonal T-cell receptor (TCR) gene rearrangement in the 
skin. Blood smear showed rare lymphoid cells with 
irregular to lobated or clefted nuclei. Given the clinical 
and histopathologic fi ndings, in conjunction with evi-
dence of HTLV-1 infection, the patient was diagnosed 
with smoldering ATLL (Fig.  7.7 ). 

 The patient was started on topical steroids for pruri-
tus relief and systemic therapy with interferon-alpha 
and zidovudine (AZT) with signifi cant skin 
improvement. 
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  Fig. 7.6    Adult T-cell leukemia/lymphoma (case  7.2 ) ( a ) Sparse epider-
mal, superfi cial dermal, and perivascular lymphocytic infi ltrate com-
posed of enlarged atypical lymphoid cells, accompanied by prominent 
Pautrier microabscesses in the superfi cial epidermis (H&E, 10×). ( b ) 

Numerous atypical lymphocytes are present in aggregates and pustules 
in a pattern characteristic of mycosis fungoides (H&E, 40×). ( c ) The 
atypical lymphocytes have large nuclei with irregular nuclear contours 
(H&E, 63×)       

a b

  Fig. 7.5    Adult T-cell leukemia/lymphoma (case  7.2 ) ( a ) On the patient’s thighs are innumerable, coin-sized, skin-colored to erythematous to 
hyperpigmented patches and plaques with fi ne scale. ( b ) In the axillae, there are nummular skin-colored to erythematous plaques with surrounding 
collarette and central scale       
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  Fig. 7.7    Adult T-cell leukemia/lymphoma (case  7.2 ) ( a ) The atypical lymphocytes stain positively for CD3 (CD3, 10×). ( b ) The lymphocytes also 
express CD4 (CD4, 40×). ( c ) The atypical cells also demonstrate expression of CD25 (CD25, 40×)       
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      Subcutaneous Panniculitis-Like 
T-Cell Lymphoma 

           Amrita     Goyal    ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is 
a cytotoxic T-cell lymphoma with an excellent prognosis. 
Patients present with recurrent, generally painless, erythema-
tous subcutaneous tumors on the trunk and extremities, often 
followed by lipoatrophy. Of note, this diagnosis previously 
encompassed two different diseases: lymphomas composed 
of alpha/beta-type T cells and lymphomas of gamma/delta 
T cells [ 1 ]. In the most recent WHO-EORTC guidelines, 
these have now been separated into SPTCL and primary 

cutaneous gamma/delta T-cell lymphoma (pcGDTCL), 
respectively [ 2 ]. Older studies, which lumped together both 
the alpha/beta and gamma/delta lymphomas, may report 
lower 5-year survival rates and poorer prognosis, refl ecting 
the more aggressive course of pcGDTCL. This chapter dis-
cusses the clinical presentation, prognosis, and treatment of 
SPTCL, as well as its histopathology and immunohistochem-
istry. The chapter closes with a differential diagnosis and a 
clinical case. 
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8.1     Clinical 

8.1.1     Clinical Presentation 

 Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is 
a cytotoxic T-cell lymphoma of alpha/beta T cells involving 
the subcutaneous fat [ 3 – 5 ]. SPTCL represents less than 1 % 
of all non-Hodgkin’s lymphomas. It occurs twice as often in 
females than in males. SPTCL is primarily a disease of 
young patients: Patients have a median age of 35 years, and 
20 % are under the age of 20 [ 3 ]. 

 Patients present with solitary or multiple violaceous to 
erythematous, deep-seated subcutaneous tumors or plaques 
on the trunk and extremities, which may mimic panniculitis 
[ 3 ]. The skin lesions are recurrent and self-healing, are often 
painless, and may or may not ulcerate [ 6 ]. Many patients are 
left with areas of lipoatrophy after regression of nodules 
(Fig.  8.1 ) [ 7 ].  

 Systemic symptoms are common and may include fever, 
malaise, fatigue, myalgias, chills, and weight loss [ 1 ]. 
Although more than half of patients also experience mild 
cytopenias, metastatic or visceral involvement by the lym-
phoma is rare. Less than 20 % of SPTCL patients develop 

hemophagocytic syndrome (HPS), which is associated with 
poor prognosis [ 2 ]. 

 Of note, SPTCL is strongly associated with autoimmune 
diseases. Up to 20 % of patients have a concurrent autoim-
mune condition, most commonly lupus [ 2 ,  3 ,  8 ,  9 ]; there 
have also been documented cases with juvenile rheumatoid 
arthritis, Sjögren’s syndrome, type 1 diabetes, idiopathic 
thrombocytopenia, multiple sclerosis, Raynaud’s disease, 
and Kikuchi syndrome [ 2 ,  3 ].  

8.1.2     Prognosis and Treatment 

 SPTCL has an excellent prognosis, with or without treat-
ment. The 5-year disease-specifi c survival rate is 85 %. 
Although it is rare in SPTCL, patients who experience HPS 
have a markedly poorer prognosis, with a 5-year survival rate 
of 36 %. When patients with HPS are excluded, the mean 
5-year survival rate increases to 91 % [ 2 ]. 

 Patients with SPTCL are often treated with prednisone, 
methotrexate, and (in refractory cases) chemotherapy 
 regimens based on doxorubicin. Therapy-induced remission 
occurs in 50–65 % of patients [ 2 ].   

  Fig. 8.1    Subcutaneous panniculitis-like T-cell lymphoma (Case 8.1). 
This clinical image shows a 5-cm area of lipoatrophy at the site of a 
prior nodule. Superior to that is a well-healed 1-cm biopsy scar       
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8.2     Pathology 

8.2.1     Histopathology 

 Biopsies of SPTCL demonstrate an atypical subcutaneous 
lymphoid infi ltrate. This infi ltrate involves the fat lobules 
but usually spares the septae, mimicking lobular pannicu-
litis (see Fig.  8.2 ). There is only occasional infi ltration into 
the reticular dermis, most often involving adnexal struc-
tures including eccrine glands, hair follicles, and seba-
ceous glands. Angioinvasion and angiodestruction are 
uncommon [ 2 ]. 

 The neoplastic cells infi ltrate the fat lobules as a dif-
fuse infi ltrate of predominantly small to medium-sized 
lymphocytes with scattered large cells. Circumferential 
rimming of individual adipocyte spaces by the neoplastic 
cytotoxic T cells is a characteristic fi nding (see Fig.  8.3 ). 
Fat necrosis and nuclear karyorrhexis are almost always 
present [ 2 ]. 

 The associated infl ammatory infi ltrate is typically com-
posed of small, reactive, CD4+ T cells and histiocytes. 
Histiocytes contain lipid and cell debris. Multinucleated 
giant cells, neutrophils, eosinophils, and plasma cells are 
rarely present in signifi cant numbers [ 2 ].    

8.2.2     Immunophenotype and Molecular 
Findings 

 SPTCL is composed of CD4−, CD8+, CD56−, betaF1+ T 
cells [ 1 – 3 ]. They have strong expression of cytotoxic pro-
teins, including granzyme B, TIA-1, and perforin [ 1 ,  2 ,  10 ]. 
Loss of CD2 occurs in 10 % of cases, loss of CD5 in 50 %, 
and loss of CD7 in 44 % (Table  8.1 ) [ 2 ]. 

 Clonal T-cell receptor (TCR) gene rearrangements are 
typically present [ 1 ]. Tumor cells are negative for Epstein- 
Barr virus (EBV). No specifi c cytogenetic features have been 
consistently identifi ed [ 3 ].

Normal Septal panniculitis Lobular
panniculitis

Epidermis Dermis

Normal
fibrous
septum

Adipocyte
spaces filled

with lipidSubQ

Thickened
fibrous
septum

Inflammatory
cells in
septum

Normal
fibrous
septum

Inflammatory
cells around
adipocytes

  Fig. 8.2    Histopathology of septal versus lobular panniculitis. There are 
two major histopathologic types of panniculitis—septal and lobular. 
Many conditions demonstrate characteristics of both (see Table  8.2 .) 
The subcutaneous fat is composed of adipocytes, with their lipid-fi lled 
cytoplasm, and fi brous septae containing the vasculature that feeds the 
fat. The normal subcutaneous fat ( left ) is composed of lobules separated 
by thin, fi brous septae with vasculature and few infl ammatory cells. The 

adipocyte cytoplasm contains abundant lipid forming a clear space. In 
septal panniculitis ( center ), the infl ammatory cells are primarily found 
in the fi brous septum, near the vasculature; the fat lobules are minimally 
affected. In lobular panniculitis ( right ), the fi brous septum is normal, 
but the fat lobules contain numerous infl ammatory cells. SPTCL is a 
lobular panniculitis,  SubQ  subcutis       
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  Fig. 8.3    Subcutaneous panniculitis-like T-cell lymphoma, histopathol-
ogy (Case 8.1). ( a ) The subcutaneous fat is infi ltrated with small to 
medium-sized lymphocytes in a lobular pattern (H&E, 20×). ( b ) Small 
to medium- sized lymphocytes with irregular hyperchromatic nuclei 
occupy the fat lobule and rim the fat spaces (H&E, 40×). ( c ) The atypi-

cal cells stain positively for the T-cell marker CD8 (CD8, 40×). The 
neoplastic cells also stain positively for CD3 and CD5 but lack CD4, 
CD20, and CD56 ( not pictured ). ( d ) Perforin-expressing cytotoxic T 
cells demonstrate rimming of the fat spaces (perforin, 40×)       

   Table 8.1    Immunohistochemical phenotype of subcutaneous pannicu-
litis-like T-cell lymphoma   

 Positive markers  Negative markers 

 CD8  CD4 

 BetaF1  CD56 

 TIA-1  CD5 (lost in 50 %) 

 Granzyme B  CD7 (lost in 44 %) 

 Perforin 

 CD2 (90 % of cases) 
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8.3         Differential Diagnosis 

8.3.1     Diagnostic Considerations 

 Diagnosis is based on a patient’s clinical presentation, the 
time-course of the lesions, and histopathology. Numerous 
benign and malignant conditions present with deep-seated 
nodules on physical examination, panniculitis-like morphol-
ogy on microscopic examination, or both. Differentiating the 
type of panniculitis (septal  vs  lobular) may be helpful (see 
Fig.  8.2 ). Immunohistochemical stains are particularly 
important to identify the cytotoxic phenotype and to differ-
entiate T cells expressing the alpha/beta TCR from those 
with the gamma/delta TCR; the cells of SPTCL have a TCR 

composed of alpha/beta chains [ 2 ]. Table  8.2  includes a com-
parison of histopathologic and immunohistochemical char-
acteristics for several entities included in the differential 
diagnosis of SPTCL.

8.3.2        Differential Diagnosis 

8.3.2.1     Primary Cutaneous Gamma/Delta T-Cell 
Lymphoma (pcGDTCL) 

 SPTCL has an excellent prognosis, but pcGDTCL is nearly 
always fatal, with a median survival of 15 months [ 11 ]. As 
with SPTCL, pcGDTCL can present with a panniculitis-like 
morphology and is composed of cytotoxic T cells, but the 

    Table 8.2    Clinical and histopathologic differential diagnosis of Subcutaneous panniculitis-like T-cell lymphoma (SPTCL)   

 SPTCL  pcGDTCL a   Erythema nodosum  Lupus panniculitis  Benign panniculitis 

 Type of 
disease  Neoplasm  Neoplasm  Autoimmune  Autoimmune 

 Infectious, 
traumatic, others 

 Clinical 
presentation 

 Generally painless, 
recurrent, self-
resolving 
subcutaneous 
nodules; often heal 
with lipoatrophy 

 Deep-seated dermal or 
subcutaneous nodules 
with ulceration and 
overlying epidermal 
necrosis 

 Painful, recurring, 
self-resolving 
subcutaneous nodules 

 Painful, recurrent dermal 
or subcutaneous nodules 
that almost always heal 
with lipoatrophy 

 Painful, 
erythematous 
subcutaneous 
nodules 

 Tissue site  Trunk and extremities  Extremities, thighs, 
buttocks 

 Anterior shin  Trunk and proximal 
extremities 

 Varied 

 Associated 
symptoms 

 B symptoms, mild 
cytopenias 

 B symptoms, 
hemophagocytic 
syndrome, pancytopenia 

 Malaise, fever  Constitutional symptoms  Varied 

 Median age,  y   35  42  30  25  Varied 

 Gender 
predilection 

 Female  None  Female  Female  None 

 Associated 
conditions 

 Lupus, juvenile 
rheumatoid arthritis, 
Sjögren’s syndrome, 
multiple sclerosis, and 
other autoimmune 

 Hemophagocytic 
syndrome 

 Autoimmune disease, 
infection, visceral 
neoplasia, pregnancy 

 Systemic lupus 
erythematosus, discoid 
lupus 

 Varied 

 Prognosis  Excellent  Nearly always fatal  Excellent  Excellent  Excellent 

 Cellular 
phenotype 

 Neoplastic CD4− 
 CD8+ 
 CD56− 
 TIA-1+ 
 BetaF1+ 
 Cytotoxic T cells 

 Neoplastic CD4− 
 CD8− 
 CD56+ 
 TIA-1+ 
 BetaF1− 
 Cytotoxic T cells 

 Mixed infi ltrate: 
lymphocytes, 
histiocytes, giant 
cells, occasional 
eosinophils 

 CD4+ T-cell 
predominance; 
occasionally CD8+ 
predominant; CD123+ 
plasmacytoid dendritic 
cells present 

 T cells with a 
CD4:CD8 ratio of 
2:1 

 Cellular atypia 
present? 

 Yes  Yes  Absent  Usually absent  Absent 

 Distribution of 
lymphoid 
infi ltrate 

 Lobular subcutaneous  Lobular and focal septal 
subcutaneous, 
occasionally with 
dermal involvement 

 Interlobular septal 
infl ammation with 
spilling into the fat 
lobule in a lacelike 
pattern 

 Lobular and focal septal 
subcutaneous, 
occasionally with 
dermal involvement 

 Lobular 
subcutaneous and 
dermal 

 Distinctive 
feature 

 Rimming of adipocyte 
spaces by atypical 
cytotoxic T cells 

 Gamma delta phenotype  Polymorphous 
infi ltrate with spilling 
into fat lobule 

 Increased dermal mucin, 
lymphoid follicles and 
eosinophilic 
hyalinization of the fat 
lobule 

 Infectious processes 
may have 
neutrophilic debris 
or granulomas 

 TCR clonality  Monoclonal (alpha/
beta) 

 Monoclonal (gamma/
delta) 

 Polyclonal  Polyclonal, may be 
monoclonal 

 Polyclonal 

   a  pcGDTCL  primary cutaneous gamma delta T-cell lymphoma,  TCR  T-cell receptor  
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phenotypes differ. SPTCL cells have a CD4−, CD8+, CD56− 
phenotype, whereas the more aggressive pcGDTCL tumor 
cells usually have a CD4−, CD8−, CD56+ phenotype [ 3 ,  11 ]. 
SPTCL by defi nition is a tumor of alpha/beta T cells and is 
thus betaF1 positive (except for rare betaF1 silent cases), 
whereas pcGDTCL is always betaF1 negative. Expression of 
the cytotoxic enzyme granzyme M favors a diagnosis of 
pcGDTCL over SPTCL [ 12 ].  

8.3.2.2     Infectious Panniculitis 
 Infl ammation of the subcutaneous fat secondary to infection 
may present with deep-seated subcutaneous tumors or nod-
ules, but the nodules of benign panniculitis are often pain-
ful, whereas the nodules of SPTCL are generally painless. 
Histologically, benign panniculitis is characterized by a 
polymorphous infi ltrate of CD20+ B cells and CD3+ 
T cells. CD4+ and CD8+ cells are present in roughly a 2:1 
ratio and are usually TIA-1 negative. The infl ammatory 
infi ltrate usually extends into the dermis, and epidermal 
hyperplasia is common. In SPTCL, on the other hand, there 
is a preponderance of CD8+ cells rimming the fat spaces, 
and the cytologically atypical cells nearly always express 
TIA-1 [ 4 ]. Finally, infectious panniculitis typically lacks the 
clonal TCR gene rearrangements and cytological atypia 
characteristic of SPTCL.  

8.3.2.3     Erythema Nodosum (EN) 
 The clinical presentation of EN resembles SPTCL, with 
deep-seated papules and nodules that are self-resolving and 
recurrent. Though the lesions of SPTCL are painless, how-
ever, those of EN are almost always painful. As with SPTCL, 
systemic symptoms such as malaise and fever are common, 
and both conditions are most common in young women 
[ 13 ]. SPTCL and EN can be differentiated on biopsy by the 
pattern of the infl ammation: SPTCL is characterized by a 
lobular lymphocytic infi ltrate, whereas EN shows a septal 
infi ltrate composed of lymphocytes, histiocytes, giant cells, 
and occasional eosinophils, which may appear to spill into 
the fat lobule in a lacelike pattern [ 14 ].  

8.3.2.4     Lupus Erythematosus Panniculitis (LEP) 
 Also known as  lupus profundus , LEP poses the most com-
mon diagnostic dilemma in the differential diagnosis of 
SPTCL. Both disorders present as fi rm nodules, but 
SPTCL nodules are usually painless and are based entirely 
in the subcutaneous layer, whereas the nodules of LEP are 
often painful and can be present in mid-dermis, deep der-
mis, or subcutaneous fat. Diagnosis can be complicated 
by the fact that more than 20 % of patients with SPTCL 
have coexisting autoimmune disorders [ 3 ,  15 ]; 30 % of 
patients with LEP have concomitant discoid lupus and 
10 % have systemic lupus erythematosus [ 16 ,  17 ]. 
Histologically, LEP does not usually show complete cir-
cumferential rimming of fat cells with CD8+ T cells, and 

it typically demonstrates a preponderance of CD4+ cells 
rather than the CD8+ cells typical of SPTCL. Germinal 
center formation and the presence of CD123+ plasma 
cells are common in LEP but rare in SPTCL. LEP may 
show mucin deposition in the reticular dermis, which is 
absent in SPTCL [ 8 ]. Other histological fi ndings often 
seen in LEP and rarely observed in SPTCL include reac-
tive lymphoid follicles and eosinophilic hyalinization of 
the fat lobule with a honeycomb-like pattern. As with 
SPTCL, LEP may demonstrate clonality of the TCR [ 8 ].  

8.3.2.5     Extranodal NK/T-Cell Lymphoma, Nasal 
Type (eNK/TCL) 

 Both eNK/TCL and SPTCL may present with deep-seated 
masses, but they have some important histological and immu-
nophenotypic differences. Unlike SPTCL, eNK/TCL typically 
shows angiocentricity and angiodestruction, and it usually 
prominently involves the dermis [ 7 ]. As the name implies, the 
cells of eNK/TCL have an NK/T-cell phenotype (CD56+, 
CD4−, CD8−) and are EBV+, whereas those of SPTCL have 
a cytotoxic T-cell phenotype (CD56−, CD4−, CD8+, TIA-1 + , 
grauzyme B + , perforin + ) without EBV association [ 7 ].  

8.3.2.6     Mycosis Fungoides (MF) 
 Tumor-stage mycosis fungoides may be clinically diffi cult to 
differentiate from the nodular skin lesions and deep-seated 
plaques of SPTCL. The clinical course can be extremely 
helpful, as MF typically progresses through patch, plaque, 
and tumor stages but SPTCL does not. There are also impor-
tant histopathological distinctions: SPTCL is based in the 
subcutaneous fat, with minimal involvement of the dermis 
and epidermis. When tumor-stage MF involves the fat, the 
CD4+ cells usually do not demonstrate the rimming charac-
teristic of SPTCL.  

8.3.2.7    Blastic Plasmacytoid Dendritic Cell 
Neoplasm (BPDCN) 
 This primary cutaneous lymphoma also presents with cuta-
neous nodules or tumors, but BPDCN is derived from plas-
macytoid dendritic cells, and its cells express CD4, CD56, 
and CD123 [ 18 ]. The cells of SPTCL, on the other hand, are 
derived from cytotoxic T cells and have a CD4-, CD8+, 
TIA-1 + , grauzyme B + , perforin +  phenotype.  

8.3.2.8    Lymphomatoid Granulomatosis (LyG) 
 This EBV-related B-cell lymphoproliferative disease may 
present with subcutaneous panniculitis. In contrast to the 
monomorphic, cytologically atypical cytotoxic T-cell infi l-
trate of SPTCL, however, LyG is characterized by occa-
sional large, atypical B cells with a background 
polymorphous infi ltrate. Biopsies of LyG show scant 
CD8+ T cells and the absence of rimming of fat spaces by 
cytotoxic cells. Unlike LyG, SPTCL is negative for 
EBV [ 19 ].    
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8.4     Clinical Case 

   Commentary     Although this patient’s nodules were painful, 
atypical for SPTCL, the remainder of her clinical and histo-
pathologic presentation is consistent with SPTCL. She is in 
the typical age group and experienced the weight loss com-
monly seen in this lymphoma; however, she did lack accom-
panying constitutional symptoms. Other elements consistent 
with SPTCL included the resolution skin nodules spontane-
ously with resultant areas of marked lipoatrophy, the lack of 
extra-cutaneous involvement, and expression of the alpha-
beta TCR by the lymphoma cells.    
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 Case 8.1 

 A 16-year-old girl presented with a 4-month history of 
extraordinarily painful subcutaneous nodules on the 
bilateral arms and chest. Over the course of weeks, the 
nodules were observed to enlarge, form smaller nod-
ules at the periphery, and subsequently resolve, leaving 
a large area of lipoatrophy (see Fig.  8.1 ). The tumors 
were associated with a 10-lb weight loss over the past 
several months but no other constitutional symptoms. 
The patient has a family history of rheumatoid arthritis 
but no personal history of autoimmune disease. 

 A skin biopsy revealed subcutaneous lobular 
infl ammation composed of atypical CD8+ cytotoxic T 
cells expressing the beta chains of the T-cell receptor 
(see Fig.  8.2 ). A monoclonal TCR rearrangement was 
present. A PET-CT scan revealed multifocal cutaneous 
disease but no visceral involvement. A diagnosis of 
subcutaneous panniculitis-like T-cell lymphoma was 
made. 
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      Extranodal NK/T-Cell Lymphoma, 
Nasal-Type 
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         Extranodal NK/T-cell lymphoma (eNK/TCL) is an aggressive 
Epstein-Barr virus (EBV)–associated lymphoma with a very 
poor prognosis. It commonly presents in the midline face or 
skin with large ulcerative nodules, may disseminate rapidly to 
the viscera and lymph nodes, and is complicated by hemo-
phagocytic syndrome and disseminated intravascular coagula-
tion (DIC). Alternative terms in the literature include 
angiocentric T-cell lymphoma, malignant midline reticulosis, 
lethal midline granuloma, polymorphic reticulosis, and angio-
centric immunoproliferative lesion [ 1 ,  2 ]. One extremely 
important point to note is that this is not a lymphoma of  natural 

killer T cells (NKT cells), but rather a neoplasm of NK cells or 
cells with a cytotoxic T-cell phenotype. Hence they are termed 
NK / T-cell lymphomas [ 1 ]. Some differentiate eNK/TCLs that 
occur in the aerodigestive tract (nasal eNK/TCL) from those 
that occur elsewhere (nasal- type), but regardless of the pri-
mary site, the histology is identical [ 1 ]. This chapter discusses 
the clinical presentation, prognosis, treatment, histopathology, 
immunohistochemistry, molecular characteristics, and differ-
ential diagnosis of eNK/TCL. The chapter closes with a clini-
cal case featuring a patient with eNK/TCL arising in the nose 
with subsequent cutaneous involvement. 
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9.1     Clinical 

9.1.1     Clinical Presentation 

 Extranodal NK/T-cell lymphomas, nasal type (eNK/TCL) are 
aggressive, angioinvasive, angiodestructive, necrotizing lym-
phomas that can cause extensive tissue destruction and have 
an extremely poor prognosis [ 1 ,  2 ]. eNK/TCL is far more 
common in East Asians [ 3 ] and in patients of Native American 
descent East Mexico and Central and South America (particu-
larly from Peru) [ 4 ,  5 ]. eNK/TCL accounts for 1.5 % of all 
lymphomas in the United States and 3.3–8 % of lymphomas 
in East Asia [ 6 ]. This form of lymphoma is more common in 
adults and is two to three times more common in men than in 
women [ 1 ,  7 ]. The mean age of onset is 44 years [ 8 ]. 

 eNK/TCL is strongly associated with the Epstein-Barr virus 
(EBV) [ 1 ,  7 ,  9 ]. Although the role of EBV in eNK/TCL patho-
genesis is poorly understood, it is thought that East Asians are 
more likely to develop this lymphoma because of the higher 
prevalence of EBV in East Asian populations [ 7 ,  8 ,  10 ]. 

 Nasal eNK/TCL arises in the mucosa of the aerodigestive 
tract, and typically presents as ulcerative nodules in the mid-
line of the face; these lesions can result in dramatic facial 
destruction. Other associated fi ndings may include nasal 
obstruction, epistaxis, nasal discharge, purulent rhinorrhea, 
proptosis, extraocular muscle restriction, oronasal fi stulas, 
and facial edema [ 1 ,  2 ,  7 ,  9 ]. eNK/TCL occurring at extra-
nasal sites (nasal-type eNK/TCL) has identical histopathol-
ogy, phenotype, and genotype [ 2 ]. Approximately 10 % of 
cases of nasal-type eNK/TCL arise primarily in the skin; 
these tend to be disseminated at presentation [ 2 ,  6 ]. 
Cutaneous manifestations typically include numerous, pain-
ful, generalized, ulcerated nodules on the trunk and extremi-
ties [ 1 ,  11 ] (Fig.  9.1 ). Patients generally present with 
localized disease (76 %) at diagnosis and tend to have good 
performance status, normal lactate dehydrogenase (LDH) 
(63 %), and lack B symptoms (35 %) [ 12 ]. Other common 
primary sites of eNK/TCL include the testis and gastrointes-
tinal tract [ 2 ,  6 ].  

 Lymph node involvement can occur secondarily in eNK/
TCL, but bone marrow involvement is rare [ 13 ]. Patients 

with eNK/TCL can experience rapid spread to the gastroin-
testinal tract, testes, cervical lymph nodes, lungs, liver, brain, 
and rarely the eye or orbit [ 1 ,  7 ,  8 ,  13 – 15 ]. Once the lym-
phoma spreads beyond the skin, patients often develop fever, 
hemophagocytic syndrome, and disseminated intravascular 
coagulation (DIC) [ 1 ,  6 ,  15 ].  

9.1.2     Prognosis and Treatment 

 Patients with eNK/TCL have an estimated survival of 6–30 
months. The mean 5-year survival rate for eNK/TCL 
patients ranges from 30 to 50 %, even with treatment [ 1 , 
 6 – 8 ,  16 ]. Poor prognostic indicators include advanced stage 
(III or IV), invasion of bone or skin, high levels of EBV 
DNA in the blood, and detection of EBV in the bone mar-
row [ 1 ]. Specifi c prognostic models for eNK/TCL have 
been proposed; adverse risk factors included in a model 
presented by Lee et al. [ 12 ] include advanced stage, the 
presence of B symptoms, lymph node involvement, and 
elevated LDH. In this model, the 5-year overall survival 
rate was 81 % for patients with none of these risk factors, 
64 % with one risk factor, 34 % with two risk factors, and 
7 % with three or more [ 12 ]. Extranasal eNK/TCLs (nasal-
type) tend to be even more aggressive than nasal eNK/TCL 
and are minimally responsive to therapy [ 1 ]. Circulating 
EBV DNA released by dead tumor cells can help predict 
tumor burden and prognosis, and can assist with diagnosis 
and monitoring [ 1 ,  6 ]. 

 The standard of care for limited-stage disease is multia-
gent chemotherapy in combination with localized radiation 
therapy [ 6 ,  7 ]. eNK/TCL is likely to be highly resistant to 
chemotherapy because of high levels of expression of the 
multidrug resistance protein (MRP), which pumps some che-
motherapeutic agents out of neoplastic cells [ 6 ,  17 ]. Although 
allogeneic stem cell transplantation has been effective in a 
handful of patients, patients who relapse after transplant 
have a markedly poor outcome [ 7 ]. Studies have reported 
excellent responses to high-dose radiation therapy [ 18 ], and 
several promising chemotherapy regimens are under investi-
gation [ 19 – 22 ].   
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  Fig. 9.1    Nasal extranodal NK/T-cell lymphoma (eNK/TCL) (case  9.1 ). 
This clinical photograph shows numerous tender, 1- to 2-cm, viola-
ceous, deep-seated subcutaneous nodules on the posterior calf of the 
patient in case  9.1 . One nodule has a punctum of ulceration and a small 
amount of overlying hemorrhagic crust. Biopsy showed these lesions to 
be cutaneous involvement by the patient’s known nasal eNK/TCL       
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9.2     Pathology 

9.2.1     Histopathology 

 Although eNK/TCLs may be differentiated based on pri-
mary site (nasal  vs  nasal-type) the histopathology is identi-
cal [ 1 ]. 

 Skin biopsy shows a diffuse dermal infi ltrate of neoplastic 
NK/T cells [ 1 ,  7 – 10 ]. The overlying epidermis or mucosa 
typically shows extensive ulceration and loss of mucosal 
glands. Alternatively, marked pseudoepitheliomatous hyper-
plasia of the above epithelium can occur [ 1 ]. 

 Prominent angiocentricity and angiodestruction is the 
hallmark of this lymphoma [ 1 ,  7 – 10 ] (Figs.  9.2  and  9.3 ). 
Necrosis and apoptosis may occur secondary to vascular 
occlusion and the release of cytokines or chemokines by 
neoplastic cells [ 1 ] (Fig.  9.4 ). Because these tumors are 
often associated with marked necrosis, a large biopsy sam-
ple is often needed to ensure that viable tumor is present 
and that key fi ndings such as angiocentricity are not missed 
[ 6 ,  7 ,  23 ]. 

 The neoplastic NK/T-cell infi ltrate is typically composed 
of medium-sized cells or a mixture of small and large cells, 
which are occasionally anaplastic. The tumor cells have a 
moderate amount of pale-to-clear cytoplasm and characteris-
tic irregularly folded and elongated nuclei; they have thus 
been deemed “cucumber cells.” The tumor cells may demon-
strate small, inconspicuous nucleoli and granular or vesicu-
lar chromatin; cytoplasmic azurophilic granules are visible 
on Giemsa stain [ 1 ,  6 ]. A dense, infl ammatory infi ltrate of 

small lymphocytes, plasma cells, histiocytes, and eosino-
phils may also be present [ 1 ].     

9.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic NK cells are positive for CD56, CD2, cytoplas-
mic CD3epsilon, CD45RO, HLA-DR, CD25, FAS/CD95, and 
FAS ligand [ 1 ,  9 ,  10 ] (Table  9.1 ). The cells frequently express 
cytotoxic molecules including granzyme B, TIA-1, and perfo-
rin [ 1 ,  10 ]. The tumor cells are generally negative for surface 
CD3, CD4, CD5, CD8, TCR delta, betaF1, and CD57, and 
only occasionally express CD7 or CD30 [ 1 ]. Rare cases derived 
purely from cytotoxic T cells show a similar immunopheno-
type, but may express CD8 and surface CD3 (Fig.  9.5 ). 

 T-cell receptor and immunoglobulin genes are in the 
germline confi guration. Loss of 6p, 11q, 13p, or 17p is com-
mon [ 1 ,  9 ]. Some cases demonstrate partial deletions of  FAS , 
 TP53 , beta-catenin,  KRAS , or  KIT , although these mutations 
are of uncertain signifi cance in disease pathogenesis or pro-
gression. The presence of a  p53  mutation may hold some 
prognostic value [ 1 ,  24 ]. 

 eNK/TCL are almost always positive for EBV by in situ 
hybridization (ISH) for EBV-encoded small RNAs (EBER) 
[ 9 ,  10 ] (see Fig.  9.3 ). If cells are EBV negative, a diagnosis 
of eNK/TCL is highly unlikely [ 1 ]. Importantly, because 
only one third to one half of cases demonstrate expression of 
the EBV protein LMP-1, this test not an appropriate surro-
gate for EBV detection [ 10 ]. 
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  Fig. 9.3    Histopathology and in situ hybridization for Epstein-Barr 
virus (EBV)–encoded small RNAs (EBER) from the patient in case  9.1 . 
( a ) The biopsy specimen is characterized by marked angioinvasion and 
angiocentricity. In the deep dermis, invasion and destruction of a large 

vessel by neoplastic NK/T cells is seen (H&E, 20×). ( b ) In situ hybrid-
ization reveals that many of the neoplastic cells destroying the vessel in 
 a  express EBER and are thus infected with EBV shown as red staining 
( in situ  hybridization for EBER, 20×)       

  Fig. 9.2    Extranodal NK/T-cell lymphoma (eNK/TCL). Cutaneous 
biopsy from the patient in case  9.1  demonstrates the hallmark histo-
pathologic characteristics of angiotropism, angioinvasion, and angiode-
struction, with marked involvement of the superfi cial and deep vascular 
plexuses. The deep vessels are surrounded and invaded by large num-
bers of neoplastic NK/T cells (H&E, 10×)       
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  Fig. 9.4    Extranodal NK/T-cell lymphoma (eNK/TCL), histopathology 
from the patient in case  9.1 . ( a ) Large necrotic vessels in the dermis are 
surrounded and invaded by neoplastic cells (H&E, 20×). ( b ) Destruction 
of vasculature by the NK/T cells results in widespread tissue necrosis 
(H&E, 20×). ( c ) Sheets of tumor cells surround eccrine duct, with 

 hemorrhage on the left (H&E, 20×). ( d ) This angiocentric tumor sur-
rounds and invades the walls of two dermal vessels. The tumor cells 
have round to oval or elongated nuclei with inconspicuous nucleoli and 
a moderate amount of pale cytoplasm (H&E, 63×)       
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  Fig. 9.5    Extranodal NK/T-cell lymphoma (eNK/TCL), histopathol-
ogy and immunohistochemistry from a case with a cytotoxic T-cell 
phenotype. ( a ) The dermis is infi ltrated by neoplastic cells with angio-
invasion and angiodestruction (H&E, 20×). ( b ) The tumor cells have a 
moderate amount of cytoplasm and irregularly shaped, hyperchromatic 
nuclei and inconspicuous nuclei (H&E, 40×). ( c ) The neoplastic cells 
express CD56 (CD56, 20×). ( d ) Tumor cells are positive for EBER on 

 in situ  hybridization, supporting a diagnosis of eNK/TCL (EBER, 
40×). ( e ) Unlike cases of eNK/TCL with a predominantly NK-cell 
phenotype, these cells express large amounts of surface CD3 (sCD3), 
consistent with a primarily T-cell phenotype (CD3, 40×). ( f ) Also con-
sistent with the T-cell phenotype is the expression of CD8 by neoplas-
tic cells (CD8, 40×)       
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   Table 9.1    Common immunohistochemical staining patterns in extra-
nodal NK/T-cell lymphoma (eNK/TCL)   

  Positive   Negative 
 CD2  Surface CD3 a  

 Cytoplasmic CD3epsilon  CD4 

 CD25  CD7 (occasionally +) 

 CD56  CD5 

 CD45RO  CD8 a  

 HLA-DR  CD30 (occasionally +) 

 Granzyme B (frequent)  CD57 

 TIA-1 (frequent)  TCR delta 

 Perforin (frequent)  BetaF1 

 FAS/CD95 

 FAS ligand 

   TCR  T-cell receptor 
  a Rarely positive in cases with a primarily cytotoxic T-cell phenotype  
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9.3         Differential Diagnosis 

9.3.1     Diagnostic Considerations 

 Diagnosis requires an integration of clinical, immunologic, 
and genetic data. Midline location can be a key diagnostic 
feature for eNK/TCLs on the face. Immunohistochemical 
stains characteristically demonstrate at least one NK-cell 
marker (CD56, CD16, or CD57) without surface CD3 
expression. B-cell markers (CD19 and CD20) or myeloper-
oxidase (MPO) should not be expressed. These tumors are 
EBV positive. Unlike many other lymphomas, the T-cell 
receptor and immunoglobulin genes are typically in their 
germ-line confi guration [ 1 ,  2 ,  9 ], with the exception of rare 
cases of cytotoxic T-cell lineage, which may demonstrate 
clonal T-cell receptor rearrangements (see Fig.  9.5 ).  

9.3.2     Differential Diagnosis 

9.3.2.1     Hydroa Vacciniforme-Like Lymphoma 
(HVLL) 

 HVLL is a rare, EBV-positive, aggressive cutaneous T-cell 
lymphoma characterized by angioinvasion and angiodestruc-
tion. It generally occurs in children from Latin America or 
Asia. It can present as ulcerated nodules with scarring, a 
vesicopapular skin eruption resembling hydroa vaccin-
iforme, and/or edema of the lips and periorbital region [ 25 ]. 
Immunophenotyping helps in achieving the correct diagno-
sis: HVLL typically lacks CD56 expression, whereas eNK/
TCL is CD56+ [ 11 ].  

9.3.2.2     Lymphomatoid Granulomatosis (LyG) 
 LyG is an angiocentric, angiodestructive, EBV-associated 
B-cell lymphoma that nearly always involves the lungs. 
Cutaneous involvement occurs in approximately half of 
patients, with a variable presentation that ranges from  ulcerated 
subcutaneous and dermal nodules to violaceous, maculopapu-

lar eruptions [ 26 ]. One of the key differentiating features is 
that LyG is a B-cell lymphoproliferative disease; eNK/TCL is 
not. Although eNK/TCL is much more common in East Asian 
populations, LyG shows no such ethnic predilection but often 
occurs in the setting of immunosuppression [ 2 ].  

9.3.2.3     CD8+ Aggressive Epidermotropic 
Cutaneous T-Cell Lymphoma (AECTCL) 

 In the setting of angioinvasion/angiodestruction and rapid onset 
of ulcerative nodules, CD8+ AECTCL is a diagnostic consid-
eration. Immunohistochemical stains are usually helpful in this 
differential diagnosis: CD8+ AECTCL manifests as an epider-
motropic infi ltrate of CD8+ T cells, but the tumor cells in eNK/
TCL are usually negative for CD8. eNK/TCL is associated 
with EBV; CD8+ AECTCL is not [ 1 ,  27 ].  

9.3.2.4     Blastic Plasmacytoid Dendritic Cell 
Neoplasm (BPDCN) 

 Given the CD56 positivity of the atypical cells and the pres-
ence of TCR in the germline confi guration, BPDCN may be 
considered in the differential diagnosis of eNK/TCL [ 9 ]. 
This tumor is derived from blastic plasmacytoid dendritic 
cells rather than from mature NK cells, as is eNK/TCL. The 
neoplastic blastic plasmacytoid dendritic cells of BPDCN 
are EBV negative, lack cytoplasmic granules, and are 
strongly positive for CD4 and CD123, which are not 
expressed in eNK/TCL [ 9 ]. BPDCN also lacks the angiocen-
tricity and angiodestruction characteristic of eNK/TCL [ 28 ].  

9.3.2.5     Pyoderma Gangrenosum (PG) 
 When eNK/TCL occurs at sites other than the face, the clini-
cal differential diagnosis may include PG. Characterized by 
large, ulcerated lesions, PG may clinically resemble eNK/
TCL, but PG is a neutrophilic dermatosis featuring promi-
nent edema and a dense neutrophilic infi ltrate, in contrast to 
the NK/T-cell infi ltrate of eNK/TCLs. The EBV positivity, 
angiocentricity, and angiodestruction characteristic of eNK/
TCL are absent in PG [ 29 ].    
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9.4     Clinical Case 

   Commentary     This patient comes from a region where EBV 
is endemic. Of note, his eNK/TCL was of nasal origin and 
secondarily cutaneous, with histology identical to that of pri-
mary cutaneous eNK/TCL. The angiotropism, angioinva-
sion, and angiodestruction seen in this case are classic for 
eNK/TCL. In addition, this case illustrates how aggressive 
this lymphoma can be: in spite of multiagent chemotherapy 
and high-dose radiation to treat his nasal disease, the patient 
experienced recurrence of disease and cutaneous 
dissemination.      
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         Primary cutaneous anaplastic large cell lymphoma 
(pcALCL), a member of the spectrum of CD30+ lympho-
proliferative diseases, has an excellent prognosis. This 
indolent lymphoma is the second most common of all 
cutaneous T-cell lymphomas. It typically presents with 

solitary cutaneous and subcutaneous erythematous-to-vio-
laceous papules and nodules. Although relapse after treat-
ment is very common, patients are typically asymptomatic, 
and the vast majority do not experience extracutaneous 
spread. 
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10.1     Clinical Information 

10.1.1     Clinical Presentation 

 CD30+ pcALCL is the second most common type of cuta-
neous T-cell lymphoma [ 1 ]. pcALCL accounts for 10 % of 
all cutaneous T-cell lymphomas and 25–40% of CD30+ 
lymphoproliferative disorders [ 2 ,  3 ]. This indolent lym-
phoma falls on the spectrum of CD30+ lymphoproliferative 
T-cell diseases and is closely related to lymphomatoid papu-
losis [ 2 – 6 ]. The mean age of patients at onset is 60 years 
[ 2 – 4 ]. pcALCL is more than twice as common in women 
than in men [ 1 ,  2 ]. Unlike systemic forms of ALCL, 
pcALCL has an extremely favorable prognosis. This lym-
phoma remains skin-limited in the vast majority of patients, 

and only 10 % experience extracutaneous dissemination, 
most frequently to the lymph nodes [ 3 ]. 

 pcALCL typically presents with asymptomatic cutaneous 
or subcutaneous red-violet nodules, tumors, and occasional 
papules [ 2 – 5 ,  7 ]. These may range in size from 2 to 10 cm 
and approximately half show ulceration (see Figs.  10.1 ,  10.2 , 
and  10.3 ) [ 4 ]. pcALCL has no specifi c location predilection 
and may occur on the face, trunk, extremities, or buttocks [ 2 , 
 4 ]. While the vast majority of patients present with solitary 
lesions or multiple in a circumscribed area, 20 % may have 
multifocal lesions [ 2 ,  3 ]. Partial or complete regression is 
possible both with and without treatment, but when regres-
sion does occur, relapse is exceedingly common [ 2 ]. Patients 
are typically otherwise asymptomatic and rarely experience 
constitutional symptoms [ 3 ].     

  Fig. 10.1    On the right cheek of a woman in her 50s are two 3- to 4-cm 
erythematous, eroded, indurated plaques and several similar 0.5- to 
1-cm nodules       

  Fig. 10.2    On the right shoulder of a woman in her 50s is a 5-cm ery-
thematous, ulcerated, exophytic tumor, a similar 2-cm tumor, and 
numerous 0.5- to 2-cm nodules and poorly demarcated plaques, with 
and without ulceration. These are similar to the lesions on her face ( see  
Fig.  10.1 )       

  Fig. 10.3    CD30+ primary cutaneous anaplastic large cell lymphoma 
(pcALCL) (case  10.1 ). In the left medial eyebrow of a 55-year-old man 
is a 2.5 × 1.8 cm exophytic ulcerated nodule with overlying scale and 
hemorrhagic crust       
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10.1.2     Prognosis and Treatment 

 pcALCL has an extremely favorable prognosis, with a 10-year 
disease-specifi c survival of 90–100 % [ 1 – 3 ,  5 ]. Multifocality, 
lymph node involvement, and anaplastic phenotype have no 
statistically signifi cant impact on survival outcome [ 2 ,  4 ]. 

 Spontaneous remission with complete or partial clearance 
of skin lesions has been observed in up to 40 % of patients 
[ 3 ]. However, the vast majority of patients relapse and 
develop new cutaneous lesions repeatedly over the course of 
their lifetimes with an average disease-free period of 16–23 
months [ 3 ,  4 ,  6 ]. Relapsed disease is not more aggressive 
than initial disease [ 8 ]. Given the tendency of this condition 
to spontaneously resolve, a 1- to 2-month waiting period of 
observation prior to treatment is a key element in clinical 
therapy in order to avoid misdiagnosis and  overtreatment [ 3 , 
 8 ,  9 ]. Solitary or localized lesions can be treated  successfully 
with skin-directed therapies including radiation, excision, 
topical imiquimod, and intralesional methotrexate, among 
others [ 3 ,  8 ,  10 ,  11 ]. It is important to monitor patients for 
extracutaneous disease dissemination. 

 Approximately 10 % of patients develop extracutaneous 
disease at 5 years. Patients with multifocal skin lesions are 
more likely to develop progression to extracutaneous disease 
and to relapse after systemic chemotherapy [ 3 ,  4 ,  9 ]. Systemic 
chemotherapy is reserved for patients with multifocal or 
 disseminated disease [ 1 ,  4 ,  9 ,  10 ]. There are no standard sys-
temic treatments, but methotrexate, interferon [ 11 ], 
bexarotene [ 12 ], etoposide [ 8 ], and doxorubicin [ 9 ] have 
been used successfully.   

10.2     Pathology 

10.2.1     Histopathology 

 Neoplastic cells are likely derived from activated skin- 
homing lymphocytes [ 2 ]. There is a diffuse, dense, nonepi-
dermotropic dermal to subcutaneous infi ltrate of large 

lymphocytes (see Figs.  10.4  and  10.5 ) [ 2 ,  4 ,  9 ]. More than 
75 % of these cells must be CD30+ (see Fig.  10.6 ) [ 1 ,  2 ,  9 ]. 

 The neoplastic cells are large and anaplastic, although 
nonanaplastic (either pleomorphic or blastic) variants are 
possible [ 2 ,  4 ]. Nuclei are pleomorphic and can range from 
round or oval to irregular, with prominent eosinophilic 
staining [ 2 ,  4 ]. Abundant cytoplasm is common, and there 
may be areas of pale staining adjacent to eccentrically 
placed nuclei [ 4 ]. 

 The sheets of neoplastic cells are often ringed with reac-
tive lymphocytes, histiocytes, eosinophils, and neutrophils at 
their periphery [ 2 ,  4 ,  9 ]. In cases where there is substantial 
infl ammation, epidermal hyperplasia may be marked [ 2 ].     

  Fig. 10.4    CD30+ primary cutaneous anaplastic large cell lymphoma 
(pcALCL), (case  10.1 ) histopathology. The dermis is occupied by a 
dense, diffuse, non-epidermotropic sheet-like infi ltrate of large lympho-
cytes (H&E, low power)       
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a

c

b

  Fig. 10.6    CD30+ primary cutaneous anaplastic large cell lymphoma 
(pcALCL), histopathology and immunohistochemistry (case  10.1 ). ( a ) 
The dermis is fi lled with sheets of large, atypical lymphocytes. There is 
an overlying ulceration (H&E, 10×). ( b ) The atypical lymphocytes are 
large with irregularly shaped nuclei. Numerous neutrophils are present 

secondary to proximity to an overlying cutaneous ulcer; this is not an 
example of a neutrophil-rich variant of pcALCL (H&E, 40×). ( c ) More 
than 70 % of the large cells stain positively for CD30, consistent with a 
diagnosis of pcALCL (CD30, 20×)       

a b

  Fig. 10.5    CD30+ primary cutaneous anaplastic large cell lymphoma 
(pcALCL), (case  10.1 ) histopathology. ( a ) The neoplastic cells fi lling 
the dermis are large and anaplastic (H&E, medium power). ( b ) The 
nuclei of the tumor cells are pleiomorphic and range in shape from 

round to oval to entirely irregular. The nuclei are eccentrically located 
and perinuclear cytoplasm may be pale, resulting in the appearance of 
perinuclear clearing (H&E, high power). (See Fig.  10.2  for low-power 
image)       
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10.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic cells are activated CD4+ cells and have variable 
loss of CD2, CD3, and CD5; 75 % of the neoplastic cells are 
CD30+. Cells are frequently positive for granzyme, TIA-1, and 
perforin. Neoplastic cells are CLA+, ALK−, and EMA− [ 2 ]. 

 There are no commonly associated genetic abnormalities 
[ 2 ]. The T-cell receptor (TCR) may be clonal but is often not 
expressed [ 2 ]. Notably, in comparison to systemic ALCL, 
the t(2;5) translocation that results in anaplastic lymphoma 
kinase (ALK) expression is absent [ 2 ,  13 ]. Cells are Epstein- 
Barr virus negative [ 2 ,  3 ,  7 ].   

10.3     Differential Diagnosis 

10.3.1     Diagnostic Considerations 

 Diagnosis is based on clinical presentation and immunohis-
tochemical analysis of biopsy specimens. Diagnosis depends 
on a combination of assessment of clinical lesions, clinical 
time course, and histopathology. Immunohistochemistry can 
be extremely valuable: the pattern of CD30 positivity and 
lack of ALK expression found in pcALCL can be key to 
diagnosis [ 1 – 3 ,  5 ].  

10.3.2     Differential Diagnosis 

10.3.2.1     Lymphomatoid Papulosis (LyP) 
 LyP and pcALCL fall on the spectrum of CD30+ cutane-
ous lymphoproliferative diseases. Differentiating them can 
be extremely challenging, both clinically for all subtypes 
of LyP and histopathologically for LyP, type C. In general, 
the lesions of pcALCL tend to be larger nodules and 
tumors as compared with the papules of LyP [ 3 ,  7 ]. 
Although regression of lesions sometimes occurs in 
pcALCL, it always occurs in LyP [ 2 – 4 ]. pcALCL has a 
tendency to be localized, whereas LyP is often regional or 
generalized [ 7 ]. Finally, patients with systemic ALCL may 
present with constitutional symptoms, while in LyP they 
will not [ 2 ]. Histopathologically the two diseases can be 
remarkably  similar, and it may be impossible to distin-
guish LyP type C from pcALCL without clinical correla-
tion. Both LyP type C and pcALCL are composed of CD4+ 
neoplastic cells, the majority of which are CD30+. In LyP 
type C, the lesions are composed of a diffuse dermal infi l-
trate of large CD30+ T cells. Immunohistochemistry 

 analysis may not be helpful, given that cells of both disor-
ders are CLA+, ALK−, and EMA−.  

10.3.2.2     CD30+ Large Cell Transformation 
of Mycosis Fungoides (MF) 

 It is possible for MF to undergo CD30+ large cell transfor-
mation; the cells of transformed MF may appear quite  similar 
to those of pcALCL. However, MF and pcALCL have very 
different natural histories: while MF typically progresses 
sequentially through patch, plaque, and tumor stages, 
pcALCL generally presents with nodules or tumors that may 
undergo spontaneous regression. Clinical pathologic correla-
tion is key in differentiating these two conditions [ 1 ]. MF 
with large-cell transformation is more commonly positive 
for BCL-2 and is without staining for CD25 and perforin; 
this contrasts with pcALCL, which often is BCL-2 negative 
and usually stains for CD25 and perforin.  

10.3.2.3     Systemic ALCL 
 Differentiating primary cutaneous ALCL from secondary 
cutaneous systemic ALCL can be challenging but is criti-
cally important clinically—systemic ALCL requires imme-
diate systemic treatment, whereas pcALCL generally 
requires minimal treatment. Systemic ALCL typically dem-
onstrates the t(2;5) translocation that results in ALK expres-
sion; this translocation is notably absent in pcALCL. Thus, 
assaying ALK expression can be very useful: ALK  expression 
favors but is not diagnostic of systemic or nodal ALCL over 
cutaneous ALCL [ 1 ,  13 ]. In some cases, immunohistochem-
istry may be helpful in differentiating these diseases, given 
that pcALCL cells are usually CLA+, EMA−, ALK−, BCL-
2−, whereas systemic ALCL cells are generally CLA−, 
EMA+, ALK+/−, BCL-2+ [ 2 ].  

10.3.2.4     Primary Cutaneous Diffuse Large Cell B 
Cell Lymphoma, Leg Type (DLBCL) 

 One of the major histopathologic characteristics of pcALCL 
is that the atypical cells are large and blast-like. Primary 
cutaneous diffuse large B-cell lymphoma has similar cyto-
morphology and may be included in the differential diagno-
sis for pcALCL. Clinically DLBCL tends to present as red 
to bluish nodules occurring on the lower legs; pcALCL 
lesions may also manifest as red-violet nodules or papules 
but can occur anywhere on the body. Although both DLBCL 
and pcALCL demonstrate large blast-like cells, they are 
very distinct diseases and can easily be distinguished immu-
nohistochemically. pcALCL is composed of CD30+ neo-
plastic T cells, while DLBCL is defi ned by the presence of 
CD20+ B cells.    
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10.4     Clinical Case 

   Commentary     This case highlights the striking clinical fi nd-
ings associated with pcALCL. This patient was treated with 
systemic chemotherapy given that his disease was multifocal 
and involved regional lymph nodes. Of note, given the mul-
tifocality of his disease, this patient is prone to progression 
and relapse and must be monitored closely for signs of recur-
rent cutaneous or extracutaneous disease. Although not pic-
tured, this patient’s biopsies demonstrated the histologic 
appearance classic for pcALCL, with >70 % large CD30+ 
ALK-lymphocytes.      
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     Case 10.1 

 A 50-year-old man presented with a 4- to 6-week his-
tory of a “pimple” on his left eyebrow that rapidly 
enlarged to form a 2-cm eroded exophytic nodule (see 
Fig.  10.3 ). This large nodule was accompanied by a 
smaller papule less than 1 cm under the left eye. 

 Biopsy of the nodule revealed an infi ltrate of large 
CD30+ ALK- cells (see Figs.  10.4 ,  10.5 , and  10.6 ). A 
PET-CT scan and blood work were performed and 
showed evidence of regional lymph node involvement. 
The patient was diagnosed with pcALCL and multifo-
cal involvement. 

 The patient underwent systemic chemotherapy and 
local radiation therapy with excellent regression of 
both lesions. Five years after his initial diagnosis, he 
remains well and has had no recurrence of his 
lymphoma. 
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      Lymphomatoid Papulosis 

           Amrita     Goyal    ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         Lymphomatoid papulosis (LyP) is a benign CD30+ lympho-
proliferative disease that presents as recurrent, spontane-
ously healing crops of papules and nodules. There are four 
histologic variants of this lymphoma: types A, B, C, and 
D. Types B, C, and D resemble more aggressive lymphomas 
and can be diffi cult to differentiate from mycosis fungoides 
(MF), anaplastic large-cell lymphoma (ALCL), and CD8+ 
aggressive epidermotropic T-cell lymphoma (CD8+ 
AECTCL). Although LyP is benign and requires minimal 

treatment, it is occasionally associated with the development 
of malignant lymphomas, including MF, primary cutaneous 
ALCL, and Hodgkin lymphoma, thus mandating careful sur-
veillance of patients with LyP. This chapter addresses the 
clinical presentation, prognosis, and treatment of LyP, fol-
lowed by a discussion of the immunohistochemical, histo-
pathologic, and molecular characteristics of the four 
subtypes. It closes with a clinical case. 
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11.1     Clinical Information 

11.1.1     Clinical Presentation 

 LyP, a member of the family of CD30+ lymphoproliferative 
disorders, is a recurrent, self-healing, papulonodular skin 
eruption that is benign and chronic in nature [ 1 ]. Although 
LyP is most often found in adults with a median age of 45 
years [ 2 ], cases have been reported in children under the age 
of 12 [ 3 ]. LyP affects men three times more often than 
women [ 2 ]. 

 The recurrent papules and nodules of LyP progress 
through a number of stages over the course of 3–12 weeks: 
they begin as small red papules that develop into larger pap-
ules or nodules (with or without central ulceration) (see 
Figs.  11.1 ,  11.2 , and  11.3 ). As they regress, they turn brown- 
red and heal as varioliform scars. The lesions are typically 
multifocal and may exist in different stages simultaneously. 
The most notable clinical aspect of LyP is that although 
patients continue to develop new lesions, each one will heal 
spontaneously and completely [ 1 ,  2 ,  4 ]. 

 This disease is skin-limited with no systemic involvement 
and most commonly is seen on the trunk and extremities; 
oral mucosal lesions are rare [ 1 ,  2 ,  4 ].     

11.1.2     Prognosis and Treatment 

 LyP has an excellent prognosis, with a disease-specifi c sur-
vival of 100 % at 5 and 10 years [ 3 ]. However, in spite of 
excellent survival, the vast majority of patients continue to 
experience LyP eruptions irrespective of treatment. The dis-
ease may last from several months to over 40 years [ 3 ]. 

 There is evidence that LyP is associated with the develop-
ment of malignant lymphomas [ 5 ], particularly mycosis fun-
goides (MF) [ 6 – 8 ], primary cutaneous anaplastic large-cell 
lymphoma (pcALCL) [ 7 ,  9 ,  10 ], or very rarely Hodgkin lym-
phoma [ 7 ,  11 ,  12 ]. The rate of secondary malignancy is gen-
erally cited as 10–20 % [ 13 ,  14 ], but studies have reported a 
rate of up to 40 % [ 15 ]. Lymph node involvement is rare but 
not unheard of; such cases may be diffi cult to distinguish 
from Hodgkin lymphoma with cutaneous involvement [ 16 ]. 

 Patients with LyP can be treated with topical steroids, 
ultraviolet light phototherapy, and low-dose methotrexate; 
however, complete remission from the disease is rare [ 17 ]. 
Other reported treatments include topical bexarotene [ 18 ] 
and imiquimod [ 19 ]. Given the high likelihood of secondary 
neoplasms, vigilant patient surveillance is necessary. There 
is no evidence that early intense therapy is associated with a 
lower rate of disease progression [ 17 ].   

a b

  Fig. 11.1    Clinical presentation of LyP (case  11.1 ). ( a ) Numerous 0.5- 
to 1-cm erythematous, dermal papules and nodules in various stages of 
development (all without ulceration) on the back of a 56-year-old 

woman with a 26-year history of LyP. Also present are scattered atro-
phic and/or hypopigmented scars from prior relapses of LyP. ( b ) Similar 
pink-to- erythematous papules across her chest       
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  Fig. 11.2    Clinical presentation of LyP: 5 mm, pink-orange, smooth 
papule on the shoulder of a 72-year-old woman with LyP       

a b

  Fig. 11.3    Clinical presentation of LyP. ( a ) A 5-mm erythematous papule with central ulceration and a punctum of hemorrhagic crust located in 
the antecubital fossa. ( b ) A grouping of numerous non-follicularly based papules on a base of faint erythema located on the buttock       
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11.2     Pathology 

11.2.1     Histopathology 

 The catch phrase used to describe LyP is that it is “ clinically 
benign but histologically malignant ,” meaning that even 
though the histologic appearance of biopsies of LyP may be 

markedly atypical and may raise concern for malignancy, 
LyP is in fact a benign condition [ 1 ]. There are four major 
histologic variants of LyP (see Fig.  11.4 ), although different 
lesions biopsied from the same patient may demonstrate 
variation in histologic type [ 2 ,  4 ,  20 ].  

Wedge shaped
infiltrate with <75%
large lymphocytes 

LyP, type B
“MF-like”

Epidermotropism with
scattered cells in the

dermis. Greater than 75%
are CD4+CD30-

Sezary-like lymphocytes 

LyP, type C
“ALCL- like”

LyP, type D
“CD8+ AECTCL-like”

LyP, type A
“wedge shaped”

Large cells with
cerebriform nuclei

Dense infiltrate arranged in
sheets composed of

greater than 75% CD30+
large lymphocytes 

Markedly epidermotropic
infiltrate of medium-sized

CD8+ CD30+ lymphocytes 

Epidermotropism

Superficial
vascular
plexus

  Fig. 11.4    Histology of lymphomatoid papulosis (LyP) types A, B, C, 
and D. LyP, type A ( left ), is often composed of a wedge-shaped infi l-
trate with fewer than 75 % large cells. LyP, type B ( second from left ) is 
“MF-like” and presents with epidermotropism and scattered cells in the 
dermis. More than 75 % of the cells are CD4+ CD30− Sézary-like cells. 

LyP, type C ( second from right ), is “ALCL-like,” presenting with a 
dense infi ltrate of lymphocytes arranged in sheets. There are more than 
75 % CD30+ large cells. LyP, type D ( right ), is likened to CD8+ aggres-
sive epidermotropic T-cell lymphoma (CD8+ AECTCL), with a mark-
edly epidermotropic infi ltrate of medium-sized CD8+ CD30+ cells       
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11.2.1.1     Type A 
 This is the most common form of LyP and manifests with a 
classic wedge-shaped dermal infi ltrate. Ulceration, spongio-
sis, or exocytosis may be present, depending on the stage of 
the lesion. The infi ltrate is composed of medium-to-large 
pleomorphic or anaplastic CD30+ lymphocytes [ 2 ,  4 ,  20 ]. 
These are sometimes multinucleated or resemble 
 Reed- Sternberg cells [ 2 ,  4 ]. The large CD30+ cells have 
abundant cytoplasm, vesicular nuclei, clumped chromatin, 
and prominent nucleoli and may be scattered or clustered 
(Fig.  11.5 ) [ 2 ,  4 ]. Numerous mixed infl ammatory cells, 
including histiocytes, lymphocytes, neutrophils, and eosino-

phils dominate the infi ltrate [ 2 ,  4 ,  20 ]. Half of cases demon-
strate overlying epidermal hyperplasia [ 20 ].   

11.2.1.2     Type B 
 This form of LyP is the least common and is histopathologi-
cally very similar to (MF). LyP, type B, presents with a 
dense, bandlike infi ltrate in the superfi cial reticular dermis, 
occasionally extending into the deep reticular dermis. This 
atypical lymphoid proliferation owes its MF-like appearance 
to its characteristic epidermotropic infi ltrate of small-to- 
medium atypical CD4+ lymphocytes with Sézary-like, con-
voluted, cerebriform nuclei [ 2 ,  4 ].  

a bb

c d

  Fig. 11.5    Histopathology and immunohistochemistry of LyP, type A. 
( a ) Wedge-shaped lymphocytic infi ltrate occupies the superfi cial and 
deep dermis with some epidermal spongiosis and subepidermal vesicle 
formation (H&E, 2×). ( b ) The infi ltrate is composed of large atypical 
lymphocytes with irregular nuclear contours, vesicular nuclei, promi-
nent nucleoli, and clumped and irregular chromatin. Mitoses are com-

mon ( top right corner ). Numerous histiocytes are also present (H&E, 
40×). ( c ) The majority of the large atypical lymphocytes in the dermal 
infi ltrate are CD30+ (CD30, 20×). ( d ) The CD30+ cells are large and 
irregular with substantial amounts of cytoplasm and nuclear atypia. 
Surrounding reactive lymphocytes and histiocytes do not stain for 
CD30 (CD30, 40×)       

 

11 Lymphomatoid Papulosis



114

11.2.1.3     Type C 
 This variant of LyP is considered to be histologically identical 
to pcALCL, another member of the spectrum of CD30+ lym-
phoproliferative disorders. Like pcALCL, it is  characterized 
by a dense, diffuse, superfi cial and deep dermal proliferation 

of medium-to-large atypical CD30+ cells. By defi nition, large 
CD30+ cells must comprise more than 75 % of the cellular 
infi ltrate [ 2 ,  4 ] (Fig.  11.6 ). Admixed eosinophils and neutro-
phils are common [ 20 ].   

aa bb

c d

  Fig. 11.6    Histopathology and immunohistochemistry of LyP, type C, 
clinical case  11.1 . ( a ) Dense, non–epidermotropic superfi cial and deep 
perivascular lymphoid infi ltrate (H&E, 4×). ( b ) The neoplastic T cells 
are large and anaplastic. Nuclei are prominent and range from round to 
irregular in shape. The infi ltrate contains Reed-Sternberg-like cells 

( arrow ) (H&E, 40×). ( c ) More than 75 % of the large atypical cells 
express CD30. There are numerous small, round, reactive lymphocytes 
that do not express CD30 (CD30, 40×). ( d ) Higher magnifi cation 
reveals a dot-like pattern of perinuclear staining and peri-golgi zone 
accentuation ( black arrow ) (CD30, 60×)       
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   Table 11.1    Immunohistochemical staining patterns of the subtypes of LyP   

 CD3  CD4  CD8  CD2/CD5  CD30  Cytotoxic  ALK 

 Type A  ±  +  −  ±  +  ±  – 

 Type B  ±  +  −  ±  −  –  – 

 Type C  ±  +  −  ±  +  ±  – 

 Type D  +  −  +  ±  +  +  – 

11.2.1.4     Type D 
 This form of LyP is not formally recognized by the WHO/
EORTC classifi cation system. It is characterized by an 
 epidermotropic infi ltrate of CD8+ CD30+ medium-to-large 
sized lymphocytes with hyperchromatic, irregular nuclei. 
The epidermal infi ltrate is accompanied by sheets of atypical 
cells in the dermis [ 2 ,  4 ,  21 ]. Some have described the degree 
of epidermotropism as “massive,” in some cases approaching 
complete replacement of the epidermis [ 22 ]. Spongiosis and 
parakeratosis are often present, as is perivascular accentua-
tion [ 23 ]. The epidermotropism and epidermal infi ltration of 
LyP, type D, is more striking than that of type B [ 21 ]. Type D 
may be very diffi cult to distinguish from the extremely 
aggressive CD8+ epidermotropic cytotoxic T-cell lymphoma 
(CD8+ AECTCL) [ 2 ,  4 ,  21 ,  24 ].   

11.2.2     Immunophenotype and Molecular 
Findings 

 The infi ltrating cells in LyP types A and C are CD30+ with 
variable loss of CD2, CD5, and/or CD3. Although they are 

CD4+, they commonly express cytotoxic proteins, including 
granzyme B, TIA1, and perforin. These cells are often 
CD25+ with a high Ki-67 fraction. They are characteristi-
cally ALK− and CD15− [ 2 ]. 

 The infi ltrating cells of type B LyP are markedly different 
from the CD30+ cells in other types of LyP: they are CD30−, 
CD3+ CD4+ CD8− [ 2 ,  20 ]. 

 The cells of LyP, type D, have a cytotoxic phenotype and 
express CD8, CD30, TIA-1, and granzyme B. They are also 
CD3+, betaF1+, and CD4− (Table  11.1 ) [ 25 ]. 

 Clonally rearranged T-cell receptor genes are present in over 
half of LyP lesions [ 2 ]. Several case reports have demonstrated 
the presence of the same T-cell receptor (TCR) rearrangement 
in multiple lesions from the same patient; this has been taken as 
evidence that LyP is a monoclonal disease [ 26 ,  27 ]. 

 The t(2;5) translocation that is often present in systemic 
ALCL is absent in LyP [ 28 ]. There are no consistent genetic 
abnormalities, but rearrangements of the 6p25.3 locus have 
been implicated in some cases [ 29 ].
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11.3         Differential Diagnosis 

11.3.1     Diagnostic Considerations 

 LyP is diagnosed based on a combination of the time course 
of clinical presentation, the morphology of skin lesions, and 
the histopathology seen on skin biopsies. Clinical pathologic 
correlation is required for accurate diagnosis.  

11.3.2     Differential Diagnosis 

11.3.2.1     Primary Cutaneous Anaplastic Large 
Cell Lymphoma (pcALCL) 

 LyP and pcALCL both belong to the spectrum of primary 
cutaneous CD30+ lymphoproliferative disorders [ 30 ,  31 ]. 
The histopathology of pcALCL and type C LyP can be indis-
tinguishable: both are characterized by a dense dermal pro-
liferation of large atypical CD30+ cells. Because of this 
histopathologic overlap between LyP and pcALCL, diagno-
sis rests on the clinical course of the lesions; if all of the 
lesions are spontaneously resolving papules, the patient 
likely has LyP. If the lesions are greater than 2 cm and do not 
heal, pcALCL is more likely [ 2 ,  4 ,  32 ]. The presence of the 
 IRF4  translocation favors the diagnosis of pcALCL over LyP 
(and, interestingly, over systemic ALCL), and assessment 
for this translocation may be a helpful diagnostic tool [ 33 ].  

11.3.2.2     Systemic ALCL (sALCL) with Secondary 
Cutaneous Involvement 

 Given the diffi culty of differentiating primary cutaneous and 
systemic ALCL, the differential diagnosis for LyP also 
includes systemic ALCL with secondary cutaneous involve-
ment. Clinical presentation is often invaluable: patients with 
systemic ALCL generally present with B symptoms and 
lymphadenopathy, whereas LyP patients never show sys-
temic symptoms [ 2 ]. Immunohistochemistry can be helpful 
in that while LyP cells are EMA- and ALK-, the neoplastic 
cells of sALCL cells may be EMA+ and often ALK+. Of 
note, regardless of ALK positivity or negativity, all patients 
with suspected ALCL should be evaluated for systemic 
disease.  

11.3.2.3     Primary Cutaneous Aggressive 
Epidermotropic CD8+ Cytotoxic T-Cell 
Lymphoma (CD8+ AECTCL) 

 This very aggressive T-cell lymphoma can be diffi cult to dif-
ferentiate histologically from LyP, type D, given that both are 
characterized by an epidermotropic CD8+ cytotoxic T-cell 

infi ltrate [ 25 ]. However, these diseases follow very different 
clinical courses. While patients with LyP experience a benign 
course of recurrent self-healing crops of papules and nod-
ules, the nodules and ulcers of CD8+ AECTCL do not heal 
[ 34 ]. In contrast to the excellent 5-year survival rate of 
patients with LyP, patients with CD8+ AECTCL have an 
average 5-year survival rate of 18 % [ 35 ]. 
Immunohistochemistry may be useful in differentiating these 
conditions. While LyP, type D, is nearly always CD30+, 
CD8+, AECTCL generally lacks CD30. However, there are 
reports of occasional cases of CD8+ AECTCL that are 
CD30+ [ 24 ].  

11.3.2.4    Mycosis Fungoides (MF) 
 MF and LyP, type B, mimic one another histopathologically: 
both present with marked epidermotropism of CD4+ T cells 
that lack CD30 expression. Clinically, the lesions of tumor 
stage MF can be similar to the ulcerated papules of 
LyP. However, MF tends to progress through patch, plaque, 
and tumor stages whereas LyP does not. Additionally, the 
papules of LyP spontaneously regress, while the tumors of 
MF do not. A complicating factor in parsing this differential 
is that patients with LyP are at higher risk of developing sec-
ondary malignancies,  including  MF [ 15 ]. The co-occurrence 
of LyP and MF is not uncommon, and lesions of LyP may be 
present in nearly 5 % of patients with MF [ 36 ].  

11.3.2.5     CD30+ Variants of Pityriasis Lichenoides 
et Varioliformis Acuta (PLEVA) 

 This non-neoplastic cutaneous infl ammatory disease mani-
fests as erythematous scaly papules that become vesicu-
lar, hemorrhagic, then necrotic and ulcerative in rapid 
sequence. Clinically, these may closely resemble the ulcer-
ative papulonodules of LyP, with the exception of the fi nd-
ing that the lesions of LyP wax and wane spontaneously 
while those of PLEVA do not [ 37 ]. Differentiating PLEVA 
and LyP can be complicated by the observation that biop-
sies of PLEVA may be rich in CD30+ lymphocytes [ 37 ] 
and that clonal T-cell receptor gene rearrangements are not 
uncommon [ 38 ]. Some authors have suggested that PLEVA 
and LyP may in fact belong to the same spectrum of T-cell 
lymphoproliferative disorders [ 37 ,  38 ]. Histopathology 
can be helpful in differentiating these clinically similar 
conditions: PLEVA more often displays a constellation of 
fi ndings that includes parakeratosis, spongiosis, mild-to-
moderate acanthosis, keratinocyte necrosis, erythrocyte 
extravasation, and perivascular lymphocytic infi ltrate of 
memory cytotoxic T cells that may obscure the dermoepi-
dermal junction [ 37 ].    
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11.4     Clinical Case 

   Commentary     This clinical case demonstrates several 
important points about LyP. First, the lesions are recurrent 
and self-resolving, as is classic for LyP. Second, this case 
demonstrates the association of LyP with other lymphomas, 
i.e., in this patient’s case, Hodgkin disease. Third, patients 
with LyP frequently have life-long disease. LyP can be very 

diffi cult to treat, and this patient exhausted all standard treat-
ments. Finally, it is notable that LyP is exquisitely responsive 
to brentuximab owing to the expression of CD30 by the atyp-
ical cells. In spite of this effi cacy, treatment is limited by side 
effects.      
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         Primary cutaneous CD8+ aggressive epidermotropic cyto-
toxic T-cell lymphoma (CD8+ AECTCL) is a rare, aggres-
sive cutaneous T-cell lymphoma with a poor prognosis. 
Although CD8+ AECTCL typically initially presents on the 
skin, visceral dissemination is common. Given the rarity of 
this condition, it is considered a provisional entity in the 
fourth edition of the World Health Organization/European 

Organization for Research and Treatment of Cancer (WHO/
EORTC) classifi cation guidelines. In this chapter we discuss 
the clinical presentation, prognosis, treatment, histopathol-
ogy, immunohistochemistry, molecular characteristics, and 
differential diagnosis of CD8+ AECTCL. The chapter closes 
with a clinical case. 
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12.1     Clinical Information 

12.1.1     Clinical Presentation 

 CD8+ AECTCL is very rare, accounting for less than 1 % of 
all cutaneous T-cell lymphomas. It is seen mostly in males, 
but there are no known predisposing factors [ 1 ]. 

 The most common presentation of CD8+ AECTCL is 
widely disseminated ulcerative and necrotic papules and/or 
nodules ranging from 3 to 6 cm in diameter (see Fig.  12.1 ) 
[ 2 – 5 ]. Patients may also present with superfi cial hyperkera-
totic plaques and patches [ 2 – 4 ]. Although any site may be 
involved, lesions are commonly found on mucosal surfaces, 
palms, and soles, with acral accentuation [ 3 ,  4 ]. Lesions can 
be exceptionally painful, and patients may require narcotic 
pain medication. Superinfection of ulcerated, cracked, or 
necrotic lesions may occur [ 5 ]. 

 Patients typically experience extremely rapid progression 
of their disease over the course of months. Although CD8+ 
AECTCL frequently disseminates to viscera, including the 
lung, testes, central nervous system, and oral mucosa, lymph 
nodes are typically spared [ 1 ,  3 ,  6 ,  7 ]. Factors associated 
with visceral involvement include the presence of dissemi-
nated ulcerative plaques and nodules, involvement of most of 
the body surface area, and rapid onset of lesions [ 4 ]. 
Extracutaneous involvement portends a worse prognosis [ 4 ].   

12.1.2     Prognosis and Treatment 

 The median survival for CD8+ AECTCL ranges from 23 to 
32 months, with a median 5-year survival of 18 % [ 2 ,  4 ,  8 ]. 
These extremely poor outcomes are attributable to the dis-
ease’s rapid rate of dissemination, its intractable resistance to 
chemotherapy, and the high rate of relapse [ 4 ]. 

 Treatment is extremely challenging. As a consequence of 
the rarity of CD8+ AECTCL, no randomized controlled tri-
als have been possible and there are no standardized treat-
ments. Numerous treatments have been attempted, including 
localized radiotherapy, oral bexarotene, multiagent chemo-
therapy, bone marrow transplantation, and targeted biolog-
ics, but they have all been met with minimal success. Patients 
who do experience some improvement with treatment almost 
universally relapse once treatment is discontinued. Notably, 
the skin-directed therapies often used for mycosis fungoides 
(including topical steroids, topical chemotherapy, topical 
retinoids, and phototherapy) are often ineffective. Interferon- 
alpha may actually worsen the disease [ 4 ].   

12.2     Pathology 

12.2.1     Histopathology 

 CD8+ AECTCL characteristically displays a lichenoid and 
epidermotropic infi ltrate of CD8+ T cells with subepidermal 
edema. Deep nodular infi ltrates may be present. Biopsies may 
demonstrate epidermal acanthosis or atrophy, necrosis, ulcer-
ation, and/or subepidermal bullae (see Fig.  12.2a, b ) [ 1 ]. 

 The tumor cells range from small-medium to medium- 
large in size. These T cells may have blastic or pleomorphic 
nuclei (see Fig.  12.2c ). The neoplastic infi ltrate may display 
angiocentricity and angioinvasion, and adnexal structure 
invasion and destruction are common [ 1 ].   

  Fig. 12.1    CD8+ aggressive epidermotropic cytotoxic T-cell lym-
phoma, clinical image (case  12.1 ). On the patient’s lower back and but-
tocks are numerous large ulcerated plaques, ranging from 2 to 15 cm in 
diameter, in various stages of healing       
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  Fig. 12.2    CD8+ aggressive epidermotropic cytotoxic T-cell lym-
phoma, histopathology (case  12.1 ). ( a ) Dense sheet-like and nodular 
infi ltrate of large atypical lymphoid cells along the dermal-epidermal 
junction and in the superfi cial dermis. The epidermis is largely eroded 
with overlying scale crust (H&E, 10×). ( b ) The infi ltrate demonstrates 
marked epidermotropism, a primary characteristic of CD8+ AECTCL 
(H&E, 20×). ( c ) The neoplastic infi ltrate is composed of large atypical 

cells with scant cytoplasm. Nuclei have markedly irregular contours, 
vesicular chromatin, and prominent nucleoli (H&E, 20×). ( d ) The atyp-
ical large T cells stain positively for CD3 (CD3, 10×). ( e ) Although 
some non-neoplastic small CD4+ cells and CD4+ histiocytes are pres-
ent in the background, the majority of the large atypical cells do not 
express CD4 (CD4, 20×). ( f ) The atypical large cells express CD8 
(CD8, 40×).       
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12.2.2     Immunophenotype 
and Molecular Findings 

 The CD8+ T cells also typically express betaF1, CD3, gran-
zyme B, perforin, and TIA-1 (Fig.  12.2d–f ). The latter three 
are cytotoxic granule proteins, demonstrating the cytotoxic 
nature of this neoplasm. The T cells are CD4- and may dis-
play loss of the pan-T cell antigens CD2 and CD5 [ 1 ,  2 ]. This 
tumor is not associated with Epstein- Barr virus (EBV) infec-
tion [ 1 ] (Table  12.1 ). 

 While clonal TCR rearrangement is often detected, no 
specifi c genetic or chromosomal abnormalities have been 
identifi ed [ 1 ].

12.3         Differential Diagnosis 

12.3.1     Diagnostic Considerations 

 Diagnosis is based on a synthesis of histologic features, 
presentation, and clinical behavior, including time-course 
and response to therapy. The most striking and helpful 
diagnostic fi nding is the epidermotropic infi ltrate of atypi-
cal CD8+ cytotoxic T cells [ 1 ]. The clinical differential 
diagnosis may include other processes that appear as large 
ulcerated plaques, such as pyoderma gangrenosum, non–
melanoma skin cancers, hypersensitivity reaction, and 
other types of cutaneous lymphoma. Conditions character-
ized by an epidermotropic CD8+ T cell infi ltrate are impor-
tant considerations; these include CD8+ mycosis fungoides, 
lymphomatoid papulosis, type D, and hypersensitivity 
reactions.  

12.3.2     Differential Diagnosis 

12.3.2.1     Mycosis Fungoides (MF), CD8+ Variant 
 Both CD8+ MF and CD8+ AECTCL present with an epider-
motropic CD8+ lymphocytic infi ltrate. However, CD8+ 
AECTCL lacks the tagging of the dermal-epidermal junction 
(DEJ) by atypical lymphocytes and the Pautrier microab-
scesses of MF. The epidermotropic component of CD8+ 
AECTCL is denser than that of MF and is distributed in a 
“shotgun”-like pattern throughout the epidermis. Finally, 
while the cells of MF have cerebriform nuclei, those of CD8+ 
AECTCL are large with irregular hyperchromatic nuclei (see 
Fig.  12.3 ). Clinical features usually allow the differentiation 
of CD8+ AECTCL from CD8+ MF: CD8+ AECTCL does 
not progress through the typical patch-plaque- tumor stages 
characteristic of MF [ 3 ,  5 ]. These two forms of CTCL also 
have dramatically different prognoses and responses to che-
motherapy, given that MF is far more indolent and responsive 
to treatment than CD8+ AECTCL [ 1 ,  3 ,  4 ].   

   Table 12.1    Summary of immunohistochemical staining patterns in 
CD8+ AECTCL   

 Positive  Negative 

 CD3  CD2 (variable) 

 CD8  CD4 

 BetaF1  CD5 (variable) 

 Granzyme B  EBER 

 Perforin 

 TIA-1 
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12.3.2.2     Hypersensitivity Reaction 
 The cutaneous infi ltrate of a subset of hypersensitivity reac-
tions may demonstrate a dominant intraepidermal population 
of CD8+ T cells. Whereas at fi rst glance the differential diag-
nosis may include CD8+ AECTCL, several distinguishing 
features exist. In CD8+ AECTCL there is more lymphocytic 
atypia with a relatively monomorphic proliferation of 
enlarged CD8+ epidermotropic T cells. In a hypersensitivity 
reaction, epidermal dyskeratosis, spongiosis, and papillary 
dermal pigment–laden macrophages are commonly present, 
and the dermal CD4+ T cell infi ltrate is more conspicuous.  

12.3.2.3     Lymphomatoid Papulosis (LyP), Type D 
 This subtype of LyP also presents with a CD8+ epidermo-
tropic infi ltrate. Clinical fi ndings usually allow LyP type D 
and CD8+ AECTCL to be distinguished. Lesions of LyP, type 
D tend to be smaller necrotic papules that regress, whereas 
those of CD8+ AECTCL are more likely to be larger, persis-
tent, ulcerated plaques [ 5 ]. Immunohistochemistry may also 
be helpful, i.e., while the atypical cells in LyP, type D have a 
CD30+ CD8+ immunophenotype, the cells of CD8+ 
AECTCL usually do not express CD30 [ 10 ,  11 ].  

12.3.2.4     Subcutaneous Panniculitis–Like T-Cell 
Lymphoma (SPTCL) 

 While CD8 + AECTCL and SPTCL are both neoplasms of 
CD8+ cytotoxic T cells and either may present with papules 
and nodules, their patterns of histopathologic infi ltration of 
the skin are distinctive. SPTCL exhibits lobular subcutane-
ous involvement with rare epidermotropism, while CD8+ 
AECTCL presents with marked epidermotropism and occa-
sional deep nodular infi ltrates [ 5 ].  

12.3.2.5     Primary Cutaneous Gamma/Delta T-Cell 
Lymphoma (pcGDTCL )  

 This cytotoxic T-cell lymphoma may have a similar clinical 
presentation to that of CD8+ AECTCL. Additionally, pcG-
DTCL may display a predominantly epidermotropic infi ltrate 
(although dermal nodules and subcutaneous tumors may also 
occur). Immunohistochemical stains allow the distinction of 
these tumors: pcGDTCL is composed of CD8- CD4- betaF1- 
T cells, while CD8+ AECTCL is a neoplasm of CD8+ CD4- 
betaF1 positive T cells. Rare cases of betaF1 silent CD8+ 
AECTCL may occur [ 1 ].  

CD8+ AECTCL

Angioinvasion +
destruction 

Mycosis fungoides

“Shotgun” pattern
in epidermisUlceration

Superficial
vascular
plexus

Large cells with
irregular hyperchromatic

nucleus

No
angiotropism

Large cells
with cerebriform
nuclei

“String
of pearls”
or “tagging”

Epidermotropism
Pautrier’s

microabscess

  Fig. 12.3    Differentiating CD8+ AECTCL and MF. Although CD8+ 
MF is in the differential diagnosis of CD8+ AECTCL, these two neo-
plasms demonstrate very different histopathologic patterns. The neo-
plastic cells of CD8+ AECTCL are large, round, and have 
hyperchromatic irregular nuclei, while those of MF are large with cere-

briform nuclei. Although both involve the epidermis, the neoplastic 
cells of CD8+ AECTCL are present in a shotgun pattern. Tagging of the 
dermal epidermal junction and Pautrier microabscesses are absent in 
CD8+ AECTCL. While angioinvasion, angiodestruction, and ulcer-
ation are common in CD8+ AECTCL, they are uncommon in MF       
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12.3.2.6     Extranodal NK/T Cell Lymphoma 
(eNK/ TCL) 

 When this aggressive tumor involves the skin, it manifests as 
painful dermal or subcutaneous nodules, with or without 
ulceration. eNK/TCL is histologically characterized by 
angiodestruction and angioinvasion and may be reminiscent 
of CD8+ AECTCL. These lymphomas may be differentiated 
on the basis of immunohistochemical studies: CD8+ 
AECTCL is composed of CD8+ cytotoxic T cells, usually 
lacking CD56 and EBV, while eNK/TCL is a tumor of 
CD56+ CD8− EBV-infected NK/T cells [ 1 ,  12 ].  

12.3.2.7    Lymphomatoid Granulomatosis (LyG) 
 The varied cutaneous manifestations of LyG, which range 
from ulcerated subcutaneous and dermal nodules to ery-
thematous, violaceous macules and papules, may be 
extremely diffi cult to distinguish clinically from those of 
CD8+ AECTCL. However, this diagnostic dilemma is eas-
ily resolved by means of histology and immunophenotyp-
ing. LyG, a rare, EBV-driven B-cell lymphoproliferative 
disorder, is characterized by an angiocentric, angiode-
structive infi ltrate of atypical EBV+ B cells and numerous 
reactive T cells [ 13 ]. In contrast, CD8+ AECTCL is a lym-
phoma of CD8+ T cells and has no association with EBV.  

12.3.2.8    Pyoderma Gangrenosum (PG) 
 PG also presents clinically with large ulcerative lesions and 
is one of the fi rst entities on the clinical differential. However, 
PG is a neutrophilic dermatosis with prominent edema and 
extremely dense neutrophilic infl ammation as opposed to the 
CD8+ lymphocytic infi ltrate of CD8+ AECTCL [ 4 ,  9 ].    

12.4     Clinical Case 

   Commentary     This patient presented with lesions classic 
of CD8+ AECTCL, with widespread, large, ulcerative and 
necrotic patches and nodules. The timecourse and progres-
sion of his disease are typical for CD8+ AECTCL, with 
initial remission followed by a rapid relapse, even in the 
setting of combination chemotherapy and a bone marrow 
transplant.      
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   Case 12.4.1 

 A 65-year-old man presented with a 2- to 3-month his-
tory of ulcers, erythematous patches, and necrotic skin 
lesions on his back, abdomen, buttocks, and soles (see 
Fig.  12.1 ). The lesions started as small red macules 
that eroded and crusted over. Over the preceding 2 
months he also noted increasing fatigue and a 20-lb 
weight loss. 

 A skin biopsy revealed an atypical CD8+ infi ltrate 
of highly epidermotropic T cells. He was given a diag-
nosis of CD8+ aggressive epidermotropic T-cell lym-
phoma (see Fig.  12.2 ). The patient initially went into 
remission with combination chemotherapy followed 
by a matched unrelated donor allogeneic stem cell 
transplant. He experienced a relapse of his disease and 
died of sepsis 18 months after diagnosis. 
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         Primary cutaneous gamma-delta T-cell lymphoma (pcG-
DTCL) is a rare but lethal lymphoma. Patients typically 
develop ulcerated cutaneous nodules, metastases to other 
extranodal sites, B (systemic) symptoms, and hemophago-
cytic syndrome. It is highly treatment-resistant and has a very 
poor prognosis. This condition is considered a provisional 

entity in the fourth edition of the WHO/EORTC guidelines 
[ 1 ]. This chapter will discuss the clinical presentation, prog-
nosis, treatment, histopathology, immunophenotype, and dif-
ferential diagnosis of pcGDTCL. It closes with two clinical 
cases, including clinical images and histopathology. 
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13.1     Clinical Information 

13.1.1     Clinical Presentation 

 pcGDTCL is an uncommon, highly aggressive skin lym-
phoma, a clonal proliferation of mature, activated γδ cyto-
toxic T cells [ 1 – 3 ]. pcGDTCL accounts for less than 1 % of 
all cutaneous T-cell lymphomas [ 4 ]. The median age of 
patients at presentation is 40 years, and this tumor occurs 
with the same frequency in men and women [ 1 ,  5 ]. pcG-
DTCL has a markedly poor prognosis because it is generally 
refractory to treatment [ 2 ,  4 ]. 

 pcGDTCL patients typically present with erythematous 
to violaceous patches, plaques, and deep-seated dermal or 
subcutaneous nodules with ulceration and overlying epider-
mal necrosis (see Figs.  13.1  and  13.2 ) [ 1 ,  3 ]. Tumors can 
occur anywhere on the body but have a predilection for the 
extremities, thighs, and buttocks [ 3 ,  5 ]. Patients nearly 
always have systemic symptoms (B symptoms) at diagnosis, 
including fever, night sweats, weight loss, and malaise [ 1 ]. 
While dissemination to mucosal and extranodal sites is com-
mon and metastasis to the testes in men and the central ner-
vous system has also been reported, involvement of lymph 
nodes, bone marrow, and spleen is uncommon [ 1 ,  6 – 8 ]. 
Hemophagocytic syndrome can occur and portends an espe-
cially negative prognosis [ 8 ,  9 ]. 

 It is important to note is that the mere presence of T cells 
with a γδ +  T-cell receptor (TCR) in a cutaneous lymphoma does 
not necessarily defi ne pcGDTCL or correlate with a poor prog-
nosis. Rather, evidence suggests that there is some heterogene-
ity within the group of lymphomas of γδ +  T-cells [ 7 ,  10 – 12 ].    

13.1.2     Prognosis and Treatment 

 pcGDTCL is extremely aggressive, with a median survival 
of 15 months [ 2 ]. Patients with subcutaneous involvement 
have a dramatically worse prognosis compared with patients 
with only epidermotropic or dermal involvement [ 1 ,  3 ]. 
Additional negative prognostic indicators include patient age 
over 40 years, associated cytopenias, tumor ulceration, and 
neoplastic cells with a CD8−, CD95(Fas)+, and/or CD56+ 
immunophenotype [ 13 ]. 

 Few if any effective treatments exist for pcGDTCL. This 
lymphoma is highly resistant to both radiation therapy and 
chemotherapy [ 2 ,  4 ]. There have been case reports of 
 successful treatment with allogenic stem-cell transplantation 
[ 2 ], etretinate or methotrexate combined with narrow-band 
ultraviolet B treatment [ 7 ,  14 ], and bexarotene [ 15 ]. There 
have also been recent case reports of more indolent cases of 
pcGDTCL that responded well to administration of systemic 
corticosteroids [ 16 ].   

a b

  Fig. 13.1    Primary cutaneous gamma delta T-cell lymphoma, clinical 
photos, Case  13.1 . ( a ) On the patient’s right thigh is a 10-cm ulcerated 
subcutaneous tumor with hemorrhagic crust and surrounding erythema. 

( b ) On the patient’s left upper thigh are two 1–2 cm subcutaneous nod-
ules with overlying erythema, outlined in blue marker       
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a b

  Fig. 13.2    Primary cutaneous gamma delta T-cell lymphoma, clinical 
photos, Case  13.2 . ( a ) On the patient’s left upper abdomen is a 5-cm 
ulcer with a raised violaceous border and fi brinous base. Inferiorly and 

laterally from the ulcer is a 1-cm pink nodule. ( b ) On the patient’s right 
hip is a pink-orange nodule with central ulceration, a collarette of scale, 
and surrounding erythema       
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13.2     Pathology 

13.2.1     Histopathology 

 The histology of pcGDTLC can vary widely among patients 
and among lesions from a single patient [ 2 ]. Although pcG-
DTCL commonly involves the subcutaneous tissue, the epi-
dermis and dermis are often also invaded by neoplastic cells 
(see Figs.  13.3  and  13.4 ) [ 1 ,  5 ]. Angioinvasion, angiode-
struction, and fi brinoid tissue necrosis are often seen [ 1 ,  6 ]. 
Epidermal involvement can range from mild epidermotro-
pism of neoplastic cells to dramatic pagetoid reticulosis-like 
infi ltration [ 1 ]. Subcutaneous tissue involvement typically 
demonstrates lobular and focal septal infi ltration [ 1 ,  5 ]. 
Additionally, as with other lymphomas involving the subcu-
tis, rimming of adipocytes by neoplastic cells is characteris-
tic but not specifi c [ 5 ]. The neoplastic cells tend to be large, 
with coarse chromatin. Occasionally, large blast-like cells 
with vesicular nuclei and prominent nucleoli are present [ 1 ].    

13.2.2     Immunophenotype and Molecular 
Findings 

 In pcGDTCL, the neoplastic cells are mature, activated cyto-
toxic T cells, typically positive for CD2, CD3, and CD56. 
They also lack expression of CD4, CD8, CD30, βF1, and 
CD5 [ 1 ]. Lack of TCRβ expression is sometimes used to 
infer a γδ phenotype in lieu of TCR gamma staining [ 17 ]. By 
defi nition, the cells demonstrate expression of TCRδ by 
immunohistochemistry and fl ow cytometry. Consistent with 
their cytotoxic phenotype, the cells typically produce cyto-
toxic enzymes, including TIA-1 and granzyme B. 

 The neoplastic cells demonstrate clonal rearrangement of 
the TCRγ and TCRδ genes. Epstein-Barr virus is absent [ 1 ]. 
Complex cytogenetic rearrangements may be present, but no 
characteristic mutations have been identifi ed [ 18 ].   

  Fig. 13.3    Primary cutaneous gamma-delta T-cell lymphoma. 
Histopathology. The neoplastic infi ltrate is primarily a subtle subcuta-
neous lobular infi ltrate with focal septal involvement. Adipocyte rim-
ming is present. Angioinvasion is seen in a vessel in the fi brous septum 
of the subcutis. There is minimal dermal or epidermal involvement in 
this case (H&E, 2×)       
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  Fig. 13.4    Primary cutaneous gamma-delta T-cell lymphoma. 
Histopathology and immunohistochemistry. ( a ) A higher power view of 
one of the septae seen in Fig.  13.3 . Neoplastic cells are present in the 
fi brous septum in a vessel within the septum and between the fat lob-
ules. Rimming of the fat spaces by neoplastic cells is present (H&E, 

20×). ( b ) The neoplastic cells are large with irregular nuclear contours 
and coarse chromatin (H&E, 40×). ( c ) The tumor cells stain positively 
for TCR gamma, identifying the atypical cells as gamma/delta T-cells 
(TCR gamma, 20×)       
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13.3     Differential Diagnosis 

13.3.1     Diagnostic Considerations 

 As with other cutaneous lymphomas, accurate diagnosis 
depends on a synthesis of clinical presentation, pathologic 
analysis of the skin biopsy, and immunophenotype. 
Clinically, it is important to assess the distribution of lesions, 
the time course of the presentation, and any extracutaneous 
manifestations and systemic symptoms. Immunophenotypic 
identifi cation of the T-cell receptor subunits may be critical. 
The diffi culty inherent in diagnosing pcGDTCL is high-
lighted in the clinical cases below. Both patients were ini-
tially misdiagnosed.  

13.3.2     Differential Diagnosis 

13.3.2.1     Subcutaneous Panniculitis-Like T-Cell 
Lymphoma (SPTCL) 

 Until recently pcGDTCL and SPTCL were grouped under 
the heading of SPTCL. However, they recently have been 
shown to have markedly different prognoses and time courses 
and are now considered separate entities. Both may present 
with violaceous subcutaneous nodules or plaques. 
Histopathologically, both SPTCL and pcGDTCL may show 
a lobular panniculitis-like morphology with an infi ltrate 
composed of cytotoxic T cells [ 1 ,  3 ,  19 ]. However, while 
SPTCL has an excellent prognosis, pcGDTCL is nearly 
always fatal, with a median survival of 15 months [ 1 ]. The 
most rapid method of differentiating these two neoplasms is 
via immunohistochemistry. Both SPTCL and extranodal 
NK/T-cell lymphoma (eNK/TCL, see below) express alpha 
and beta subunits as opposed to the gamma and delta sub-
units of pcGDTCL [ 1 ,  3 ,  9 ]. Expression of the alpha/beta 
TCR and gamma/delta TCR are mutually exclusive as a 
result of normal T-cell development and gene rearrangement 

[ 4 ]. Clonal expression of gamma delta TCR genes is seen in 
pcGDTCL but not in SPTCL. In addition to the differences 
in TCR subunits, the neoplastic cells of SPTCL have a CD4−, 
CD8+, and CD56− phenotype, whereas pcGDTCL tumor 
cells have a CD4−, CD8−, CD56+ phenotype [ 9 ]. Finally, 
although both SPTCL and pcGDTCL typically display rim-
ming of fat cells, pcGDTCL is more likely to demonstrate 
dermal or epidermal involvement.  

13.3.2.2     Extranodal NK/T-Cell Lymphoma, Nasal 
Type (eNK/TCL) 

 Differentiating eNK/TCL from pcGDTCL can be diffi cult 
both clinically and histopathologically. Both of these T-cell 
lymphomas can manifest as ulcerated nodules, and both are 
associated with a poor prognosis. Histopathologic fi ndings 
common to eNK/TCL and pcGDTCL include panniculitis, 
prominent angiodestruction, and marked angioinvasion. 
Immunohistochemistry may or may not be helpful given 
that of cases of eNK/TCL with a gamma delta TCR have 
been reported [ 20 ]. However, in contrast to pcGDTCL, 
eNK/TCL is Epstein-Barr virus–positive (EBV).  

13.3.2.3     Lupus Erythematosus Profundus (LEP) 
 This autoimmune panniculitis also presents with erythema-
tous or violaceous dermal and subcutaneous nodules, with or 
without ulceration, and can be diffi cult to distinguish from 
pcGDTCL [ 21 ]. Histologically, both LEP and pcGDTCL can 
show epidermal changes, hyaline fat necrosis, lobular pannic-
ulitis, rimming of fat cells by lymphocytes, and karryorhexis 
[ 1 ,  5 ,  21 ]. In contrast, reactive lymphoid follicles are usually 
seen in lupus profundus and not in pcGDTCL. Although the 
cells of LEP generally appear more cytologically bland than 
those of pcGDTCL [ 5 ,  16 ], repeated excisional biopsies may 
be required to differentiate the two entities convincingly [ 21 ]. 
Expression of the gamma and delta T-cell receptor subunits as 
opposed to the alpha and beta subunits is tremendously helpful 
in making the diagnosis of pcGDTCL [ 21 ].    
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  Case 13.2 

 A 79-year-old woman with a 4-year history of recurrent 
papules and nodules (<1 cm) on the abdomen presented 
with a 6-month history of an enlarging 3-cm nodule on 
her left upper abdomen. The tumor was not responsive 
to radiation, and it progressed to become a 5-cm crateri-
form ulcer (Fig.  13.2a ). Historically, these nodules 
resolved with clobetasol ointment and electron beam 
radiation. Biopsies performed at another institution 
reported the nodules to be CD4+ small-medium pleo-
morphic T-cell lymphoma (SMPTCL); TCR clonality 
was not assessed. The patient denied any constitutional 
symptoms and had no palpable lymphadenopathy. 

 Repeat biopsy showed a dermal lichenoid infi ltrate 
of atypical T cells with aggregates of lymphoid cells 
extending into the subcutis. The atypical cells stained 
positively for CD3, CD5, CD7, TCR gamma, TCR 
delta, and perforin without staining for CD4, CD8, 
CD20, CD30, granzyme B, EBER, and anaplastic lym-
phoma kinase. Polymerase chain reaction test detected 
clonal rearrangements of both TCR beta and TCR 
gamma. The patient was diagnosed with pcG-
DTCL. Although CT of the chest, abdomen, and pelvis 
revealed no systemic involvement, peripheral blood 
fl ow cytometry showed 1–5 % of peripheral blood 
cells to be gamma/delta T cells. Review of all prior 
biopsies revealed changes consistent with pcGDTCL. 

 Gemcitabine chemotherapy was initiated. Because the 
patient continued to develop new lesions on the abdomen 
(Fig.  13.2b ), buttocks, and thighs, chemotherapy was dis-
continued and palliative radiation therapy initiated. 
Although her cutaneous lesions continue to progress 1 
year after presentation, unlike most patients with this dis-
ease she shows no evidence of visceral involvement. 

13.4     Clinical Cases 

   Comment     This patient’s disease presented on the lower 
extremity and thighs, a distribution classic for pcG-
DTCL. This case highlights the diffi culties commonly 
encountered in diagnosing pcGDTCL. Given the marked 
variation in histology commonly seen in pcGDTCL, it took 
numerous biopsies to come to the correct diagnosis. 
Diagnosis was signifi cantly aided by immunohistochemical 
staining for gamma/delta TCR. This patient’s disease was 
refractory to multiagent chemotherapy, a testament to how 
aggressive this lymphoma can be. Finally, this case serves as 
a reminder of the challenges face by patients undergoing 
hematopoietic stem-cell transplantation.  

   Comment     As with case  13.1 , this patient’s lymphoma was only 
diagnosed after numerous biopsies. Again, her diagnosis was 
largely dependent on immunohistochemical staining for TCR 
gamma subunits. This patient’s clinical course is less aggressive 
than that of case  13.1 ; although she continues to develop new 
cutaneous lesions, her disease remains skin-limited.      

    Case 13.1 

 A 46-year-old man presented with a 4-month history 
of a nodule on his left ankle, followed by the develop-
ment of several waxing and waning nodules on his 
bilateral thighs (Fig.  13.1a ). He did not report any 
fevers, chills, night sweats, or weight loss. A biopsy of 
one of the nodules was performed and was diagnosed 
differently at two institutions as CD30+ lymphoprolif-
erative disorder and SPTCL. 

 Over the next several weeks the patient developed a 
large, painful, erythematous mass over his right lateral 
thigh (Fig.  13.1b ). This was biopsied and revealed an 
atypical T-cell infi ltrate composed of neoplastic T-cells 
positive for CD3, CD2, CD56, TIA-1, granzyme, per-
forin, and TCR-gamma/delta, with loss of CD5 and 
CD7. Polymerase chain reaction testing revealed a 
clonal TCR rearrangement. A diagnosis of pcGDTCL 
was made. 

 In spite of undergoing six cycles of chemotherapy 
with cyclophosphamide, doxorubicin, vincristine, and 
prednisone (CHOP), the patient experienced rapid 
recurrence of the cutaneous lesions. He underwent a 
matched allogeneic hematopoietic stem-cell transplant 
complicated by multiorgan failure and invasive fungal 
infection. He died 22 days after transplant, less than 9 
months after his initial presentation. 
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      Primary Cutaneous CD4+ Small/
Medium Pleomorphic T-Cell Lymphoma 

           Amrita     Goyal    ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         Primary cutaneous CD4+ small/medium pleomorphic T-cell 
lymphoma (pcSMPTCL) is an extremely rare lymphoma 
with an overall excellent prognosis. It is a provisional entity 
in the World Health Organization–European Organization for 
Research and Treatment of Cancer (WHO/EORTC) guide-
lines and is considered to have both indolent and aggressive 
forms. pcSMPTCL typically presents with a persistent, 
asymptomatic, solitary erythematous nodule or pink plaque 
on the head, neck, or trunk. Given the generally benign clini-
cal course of this disease, some advocate the use of alternative 

terms, including T-cell pseudolymphoma, cutaneous nodular 
proliferation of pleomorphic T lymphocytes of undetermined 
signifi cance, or clonal T-cell lymphoproliferative disease 
with indolent behavior [ 1 ,  2 ]. Given the dramatic difference 
in prognosis between the indolent and aggressive forms, it is 
possible that this entity, as currently defi ned, encompasses 
two distinct diseases. This chapter discusses the clinical pre-
sentation, prognosis, treatment, histopathology, immunohis-
tochemistry, molecular characteristics, and differential 
diagnosis of pcSMPTCL. It closes with a clinical case. 
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14.1     Clinical Information 

14.1.1     Clinical Presentation 

 Primary cutaneous CD4+ small/medium pleomorphic T-cell 
lymphoma (pcSMPTCL) is a provisional entity in the WHO/
EORTC listing of cutaneous lymphomas. It constitutes 
2–3 % of primary cutaneous lymphomas [ 3 ,  4 ]. While the 
median age of patients at diagnosis is 53–55 years old, 
patients aged 3–90 years old have been reported [ 2 ,  4 ]. 
pcSMPTCL has no gender predilection and patients gener-
ally have no history of other cutaneous lymphomas [ 2 ]. 

 This T-cell lymphoma manifests as a solitary, erythema-
tous nodule on the head, neck, or trunk, ranging from 1–3 cm 
in diameter. The nodules of pcSMPTCL develop rapidly over 
the course of weeks to months, rarely regress spontaneously, 
and can clinically resemble cysts, furuncles, or dermatofi bro-
mas. Patients occasionally demonstrate poikilodermatous or 
pink plaques (Figs.  14.1  and  14.2 ) or chronic ulcerations [ 3 –
 6 ]. Solitary lesions are seen in 87 % of patients, while 13 % 
present with multifocal or widespread disease [ 7 ]. Patients 
are otherwise asymptomatic and the plaques/nodules are 
rarely painful, pruritic, or ulcerated [ 3 ,  7 ]. 

 There are two variants of pcSMPTCL: indolent and 
aggressive [ 7 ,  8 ]. The vast majority of cases are indolent 
with small (less than 3 cm) non–progressing solitary lesions, 
no systemic spread, and a 5-year survival of 90–100 % [ 2 ,  4 ]. 
However, there are reports of very aggressive cases resulting 
in systemic spread, central nervous system involvement, and 
death [ 8 ]. Progressive disease and death have been reported 

in 14 % and 5 % of cases of pcSMPTCL, respectively [ 7 ]. 
Given the marked difference in prognosis between the indo-
lent and aggressive variants, it is possible that the aggressive 
form of pcSMPTCL is actually a separate entity; at this time 
the WHO/EORTC classifi cation system does not differenti-
ate between them [ 2 ].    

14.1.2     Prognosis and Treatment 

 pcSMPTCL generally has an excellent prognosis, particu-
larly in patients with solitary or localized lesions [ 1 ,  3 ]. Five- 
year survival rates range from 60 to 100 % overall [ 2 ,  3 ], 
with rates of over 90 % for patients with solitary lesions [ 4 ]. 
The vast majority of patients experience no spread or dis-
semination of disease, and excision or radiotherapy is often 
curative [ 3 ,  9 ]. Patients with aggressive disease have a 
median survival of 23 months (range, 18–36 months) [ 8 ]. 

 Positive prognostic indicators include single lesions, sta-
ble or nonprogressing lesions, small size (<3 cm), a low pro-
liferative index, and numerous CD8+ T cells. Patients with 
aggressive disease tend to have larger lesions (>5 cm), rapid 
growth or evolution, ulceration, a high proliferative index, 
and few CD8+ T cells [ 8 ]. 

 Given the generally benign nature of this disease, nonag-
gressive therapy and regular follow-up are recommended [ 3 ]. 
Surgical excision or radiotherapy is often curative in patients 
with solitary or localized lesions [ 2 ,  3 ]. In aggressive cases of 
pcSMPTCL with rapid progression and systemic involve-
ment, multiagent chemotherapy may be considered [ 8 ].   

  Fig. 14.1    Primary cutaneous CD4+ small/medium pleomorphic T-cell 
lymphoma. Present on the cheek of a 53-year-old man, just anterior to 
the ear, is a 5-mm pink indurated plaque ( outlined in pen )       

  Fig. 14.2    Primary cutaneous CD4+ small/medium pleomorphic T-cell 
lymphoma, clinical case  14.1 . Present on the inner aspect of the 
patient’s right elbow are two dime-sized pink indurated plaques with 
prominent skin markings and some scale       
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14.2     Pathology 

14.2.1     Histopathology 

 Skin biopsy demonstrates a dense, nodular or bandlike infi l-
trate of small to medium pleomorphic mononuclear cells in the 
dermis and superfi cial subcutaneous tissue (Fig.  14.3 ) [ 2 – 4 ,  8 ]. 
Focal epidermotropism is occasionally present [ 6 ]. Many cases 
show invasion and destruction of pilosebaceous units [ 2 ]. 

 The neoplastic cells of pcSMPTCL are small-to-
medium sized lymphocytes with nuclear pleomorphism. 
Some of the lymphocytes have atypical nuclei with irregu-
lar nuclear contours and chromatin clumping [ 5 ]. Scattered 
mitoses are often present [ 2 ]. There are often admixed 
large cells (by defi nition making up less than 30 % of the 
infi ltrate) [ 2 ,  4 ]. Eosinophils are few to absent [ 9 ]. Small 
granulomas are present near hair follicles or sweat glands 
in 50 % of cases [ 2 ].   

a

c

b

  Fig. 14.3    CD4+ small/medium pleomorphic T-cell lymphoma, histo-
pathology, clinical case  14.1 . ( a ) Skin biopsy demonstrates a dense 
nodular infi ltrate of atypical cells in the dermis and superfi cial subcuta-
neous tissue (H&E, 4×). ( b ) Focal epidermotropism is present. An 

eccrine duct is surrounded by atypical T cells (H&E, 10×). ( c ) The infi l-
trate is composed of small-to-medium sized T cells with nuclear pleo-
morphism and mild cytologic atypia. Nuclei are hyperchromatic and 
some demonstrate irregular nuclear contours (H&E, 40×)       
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14.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic cells of pcSMPTCL have recently been 
described to be CD4+ follicular helper T cells [ 4 ,  6 ]. 
Consistent with this phenotype, they typically express 
CD3, CD4, and PD-1 but lack CD8 and CD30 (see 
Fig.  14.4 ) [ 1 ,  3 ,  6 ]. They express alpha and beta T-cell 
receptor subunits [ 5 ]. 

 The neoplastic T cells of pcSMPTCL show variable loss 
of pan T-cell markers; 13–91 % of cases demonstrate 
abnormal expression of CD2, CD3, CD5, and/or CD7 [ 5 –
 8 ]. The Ki-67 index is often low [ 8 ]. Many cases of 

pcSMPTCL demonstrate rosettes of PD-1+ neoplastic cells 
[ 4 ,  6 ]. 

 There is often an intense infi ltrate of reactive CD8+ T 
cells and high numbers of CD8+ T cells are associated with 
a favorable prognosis [ 2 ,  8 ]. B cells are often numerous, 
making up 10–50 % of the infi ltrate [ 2 ], and may form nodu-
lar aggregates with follicular dendritic cell mesh works. 
Aggregates of polytypic plasma cells may also be observed 
[ 5 ,  8 ]. 

 A clonal T-cell receptor is present in 60–100 % of cases 
[ 2 ,  4 ,  8 ,  10 ]. This lymphoma is not associated with Epstein- 
Barr virus [ 3 ,  6 ]. No consistent genetic abnormalities have 
been identifi ed [ 3 ].    

a

c d

b

  Fig. 14.4    CD4+ small/medium pleomorphic T-cell lymphoma, immu-
nohistochemistry, clinical case  14.1 . ( a ) The majority of the dense 
nodular infi ltrate is composed of CD3+ T cells. There is focal involve-
ment of the epidermis. An eccrine duct is spared (CD3, 10×). ( b ) The T 

cells are small-to-medium sized with nuclear pleomorphism and strong 
staining for CD3 (CD3, 20×). ( c ) Most of the atypical T cells compos-
ing the infi ltrate are CD4+ (CD4, 20×). ( d ) There are few scattered 
CD8+ T cells (CD8, 20×)       
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14.3     Differential Diagnosis 

14.3.1     Diagnostic Considerations 

 Numerous entities present with similar clinical morphologic 
appearance resembling that of pcSMPTCL. These include 
primary cutaneous marginal zone lymphomas (pcMZL), 
mycosis fungoides (MF, especially plaque and tumor stages), 
primary cutaneous follicle center lymphoma (pcFCL), and 
benign cutaneous lymphoid hyperplasia (CLH). Diagnosis 
of pcSMPTCL can be diffi cult because of its nonspecifi c 
clinical presentation. Diagnosis rests on histopathologic and 
immunohistochemical analysis.  

14.3.2     Cutaneous Lymphoid Hyperplasia (CLH)  

 CLH, also known as lymphadenosis benigna cutis, lympho-
cytoma cutis, and pseudolymphoma, is a broad category of 
non-neoplastic lymphoid proliferations in the skin, com-
monly presenting as solitary plaques or nodules of the skin. 
The infi ltrates of CLH are a polymorphous mixture of mono-
nuclear cells, histiocytes, plasma cells, and eosinophils. In 
contrast, pcSMPTCL presents with a relatively monomor-
phous infi ltrate of small-to-medium sized, pleomorphic 
atypical lymphocytes. The most important factors in differ-
entiating pcSMPTCL and CLH are the lymphocytic atypia 
and loss of the pan T-cell markers seen in pcSMPTCL. Unlike 
many cases of CLH, pcSMPTCL is not associated with med-
ications, insect bites, or other immune disorders [ 7 ]. 
However, while PD-1 is commonly present in pcSMPTCL, it 
may also be seen in reactive dermatoses.  

14.3.3     Primary Cutaneous Marginal Zone 
Lymphoma (pcMZL) 

 Although the deep-seated, pink to red to violaceous indu-
rated plaques, nodules, or tumors of pcMZL are clinically 
similar to those of pcSMPTCL, these entities differ signifi -
cantly histopathologically [ 11 ]. pcSMPTCL is a CD4+ 
T-cell lymphoma, while pcMZL is a B-cell lymphoma char-

acterized by the presence of reactive lymphoid follicles, 
aggregates of neoplastic marginal zone type B cells, and 
zones of plasma cells. However, the neoplastic cells of 
pcMZL can occasionally be diffi cult to distinguish from the 
fl orid B-cell infi ltrate of pcSMPTCL [ 2 ]. Molecular and 
immunohistochemical studies can be quite valuable in dis-
tinguishing between these entities. Immunohistochemical 
staining or in situ hybridization studies for kappa and 
lambda light chains identify light chain restricted plasma 
cells in approximately 70 % of cases of pcMZL; light chain 
restriction is absent in pcSMPTCL. Clonality studies may 
also be helpful in resolving these diagnoses, since 
pcSMPTCL uniformly lack a clonal immunoglobulin rear-
rangement [ 5 ] while 65–75 % of pcMZLs show clonal 
immunoglobulin rearrangements [ 12 ,  13 ].  

14.3.4     Primary Cutaneous Follicle Center 
Lymphoma (pcFCL) 

 This B-cell neoplasm, composed of follicle center B cells, is 
clinically similar to pcSMPTCL. It too presents with solitary 
or grouped erythematous, asymptomatic papules or nodules 
on the head, neck, and trunk [ 14 ]. The prominent B-cell infi l-
trate present in many cases of pcSMPTCL can make these 
two diffi cult to distinguish. However, pcSMPTCL does not 
possess the proliferation of Bcl6+ Bcl2− follicle center cells 
characteristic of pcFCL [ 7 ].  

14.3.5     Mycosis Fungoides (MF) 

 This indolent T-cell lymphoma classically progresses 
through patch, plaque, and tumor stages, any of which may 
appear similar to the lesions of pcSMPTCL. However, by 
defi nition, pcSMPTCL does not undergo the patch/plaque/
tumor progression that is the hallmark of 
MF. Histopathologically, pcSMPTCL generally lacks the 
epidermotropism characteristic of MF [ 2 ,  3 ]. Finally, while 
the cells of pcSMPTCL often express PD-1, this marker is 
rarely seen in MF [ 9 ].   
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14.4     Clinical Case 

   Commentary     As is expected in pcSMPTCL, this patient 
had no evidence of extra-cutaneous spread and his disease 
demonstrated a remarkably indolent clinical course. 
Although he did experience recurrence after radiation ther-
apy, these recurrent lesions were also amenable to radiation, 
as characteristic in pcSMPTCL.      
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    Case 14.1 

 A 79-year-old man presented with a 2-year history of 
two small asymptomatic papules on his right medial 
forearm. Two years after their onset, they suddenly 
swelled and ulcerated, leaving a hemorrhagic crust. He 
was otherwise well with no constitutional symptoms 
or major health problems. 

 Biopsy of a forearm lesion demonstrated surface 
ulceration and a dense dermal and subcutaneous mono-
nuclear infi ltrate of CD3+ CD4+ CD5+ CD43+ T 
cells, focal aggregates of CD20+ B cells, and a clonal 
TCR rearrangement (Figs.  14.3  and  14.4 ). There were 
no abnormal fi ndings on peripheral blood fl ow cytom-
etry, and the patient showed no evidence of systemic 
disease. He was diagnosed with pcSMPTCL. 

 Although the initial lesions resolved with radiother-
apy, the patient experienced local recurrence months 
later just outside of the radiation fi eld. This recurrence 
manifested as a pair of dime-sized pink plaques, which 
were successfully treated with radiation therapy 
(Fig.  14.2 ). 
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         The human body contains a vast array of B cells, with phe-
notypes ranging from the naïve B cell to the centrocyte, 
centroblast, immunoblast, plasmablast, and plasma cell. 
Each of these B-cell subsets has different functional, pro-
liferative, and migratory capacities, and the diversity of 
cutaneous B-cell lymphoma (CBCL) refl ects the variety of 
non- neoplastic B-cell counterparts. The WHO-EORTC 
classifi cation [ 1 ] recognizes four cutaneous B-cell lym-

phomas: primary cutaneous marginal zone lymphoma 
(pcMZL or MALT lymphoma), primary cutaneous folli-
cle-center lymphoma (pcFCL), primary cutaneous diffuse 
large B-cell lymphoma, leg-type (pcDLBCL), and intra-
vascular large B-cell lymphoma (ivLBCL). Here we offer 
a schema for understanding and distinguishing these lym-
phomas. Each lymphoma is addressed individually in sub-
sequent chapters. 
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15.1     Classifi cation and Frequency 
of Cutaneous B-Cell Lymphomas 

 Although the majority of  systemic  lymphomas are of B-cell ori-
gin, only 25 % of cutaneous lymphomas are derived from B 
cells. The current edition of the WHO/EORTC classifi cation 
guidelines includes four CBCLs: primary cutaneous marginal 
zone lymphoma of mucosa-associated lymphoid tissue (pcMZL 

also known as MALT lymphoma), primary cutaneous  follicle 
center lymphoma (pcFCL), primary cutaneous diffuse large 
B-cell lymphoma, leg-type (pcDLBCL), and intravascular large 
B-cell lymphoma (ivLBCL). While the fi rst three are primary 
cutaneous lymphomas, ivLBCL is a rare systemic lymphoma 
that may present with prominent cutaneous fi ndings and is thus 
included in the classifi cation. The relative frequencies of these 
lymphomas are listed in Table  15.1 .

   Table 15.1    Frequency of cutaneous B-cell lymphomas   

 Lymphoma  Frequency (%) (among B-cell lymphomas) a  

 pcMZL  30 

 pcFCL  48 

 pcDLBCL, leg type  20 

 ivLBCL  1 

  Data from Willemze et al. [ 1 ] 
  ivLBCL  intravascular large B-cell lymphoma,  pcDLBCL  primary cuta-
neous diffuse large B-cell lymphoma,  pcFCL  primary cutaneous folli-
cle center lymphoma,  pcMZL  primary cutaneous marginal zone 
lymphoma 
  a Does not add up to 100 % because the study also included cases of 
pcDLBCL, other (1 %)  
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15.2        Clinical Presentation and Prognosis 
of Cutaneous B-Cell Lymphomas 

 The majority of CBCLs are clinically similar, presenting as 
dome-shaped, smooth, asymptomatic, erythematous to vio-
laceous plaques, nodules, or tumors. ivLBCL is the excep-
tion and may demonstrate a wide variety of cutaneous 
manifestations (or none at all) ( see  Chap.   19    ). The clinical 
characteristics of the B-cell lymphomas are listed in 

Table  15.2 . Cutaneous lymphoid hyperplasia (CLH) is 
included in this table because it is the primary differential 
diagnostic entity for the low-grade CLBLs (pcMZL and 
pcFCL). 

 CBCL can roughly be broken down by prognosis 
(Table  15.2 ). While pcFCL and pcMZL have excellent prog-
noses marked by repeated recurrences but minimal mortality, 
diagnoses of pcDLBCL or ivLBCL portend a much poorer 
outcome. This division is depicted in Fig.  15.1 .

    Table 15.2    Clinical characteristics of cutaneous B-cell lymphomas and cutaneous lymphoid hyperplasia   

 pcMZL  pcFCL  pcDLBCL, leg type  ivLBCL  CLH 

 Clinical 
presentation 

 Solitary or multiple 
erythematous-to- 
violaceous plaques, 
nodules, or tumors 

 Solitary or grouped 
erythematous-to- 
violaceous plaques, 
nodules, or tumors 

 Solitary or multiple red 
or blue-red tumors on 
lower leg (unilateral or 
bilateral) 

  Western —cutaneous and 
CNS manifestations 

 Firm skin-colored to 
erythematous to 
violaceous nodule/
tumor or infi ltrated 
plaques 

  Eastern —hemophagocytic 
syndrome 

 Location  Trunk, extremities  Head, trunk  Lower leg, often in 
areas of venous stasis; 
rare cases meeting 
diagnostic criteria may 
occur at other sites 

 Systemic  Face (70 %), chest 
(36 %), upper 
extremities (25 %) 

 Associated 
symptoms 

 None  None  Often none  B symptoms, neurologic 
abnormalities, 
hemophagocytic syndrome 

 Often at sites of bites, 
trauma, vaccinations, 
tattoos 

 Median age  60s  50s  70s  60s  30s 

 Gender 
predilection 

 Male  None  Female  None  Female 

 Common 
treatment 

 Radiotherapy, 
excision, 
intralesional 
steroids 

 Radiotherapy, 
excision, 
intralesional steroids 

 Radiotherapy, 
multiagent 
chemotherapy with 
rituximab 

 Chemotherapy  Excision, intralesional 
steroids 

 Likelihood of 
extracutaneous 
spread 

 5 %  5–10 %  50 %  Systemic at diagnosis  None 

 5-year survival  100 %  95 %  50 %  <30 %  100 % 

  Data from Bergman [ 2 ], Senff et al. [ 3 ,  4 ], Swerdlow et al. [ 5 ] 
  CLH  cutaneous lymphoid hyperplasia,  CNS  central nervous system,  ivLBCL  intravascular large B-cell lymphoma,  pcDLBCL  primary cutaneous 
diffuse large B-cell lymphoma,  pcFCL  primary cutaneous follicle center lymphoma,  pcMZL  primary cutaneous marginal zone lymphoma, leg type  
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  Fig. 15.1    CBCL categorized by prognosis.  ivLBCL  intravascular large 
B-cell lymphoma,  pcDLBCL  primary cutaneous diffuse large B-cell 
lymphoma,  pcFCL  primary cutaneous follicle center lymphoma, 
 pcMZL  primary cutaneous marginal zone lymphoma       
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15.3         Pathologic Algorithms 
for Understanding Cutaneous B-Cell 
Lymphomas 

 Although CBCLs occur less frequently than cutaneous T-cell 
lymphomas, there are many nuances involved in making a 
diagnosis of CBCL. Because of their clinical homogeneity, 

differentiating B-cell lymphomas is largely dependent on 
pathology, which in turn requires a synthesis of cytology, 
histology, and immunohistochemistry analysis. This section 
elaborates on the role of histopathology and immunohisto-
chemistry in diagnosing cutaneous B-cell lymphomas. 
Table  15.3  outlines major characteristics that may help dif-
ferentiate the cutaneous B-cell lymphomas.

    Table 15.3    Histopathologic and molecular characteristics of cutaneous B-cell lymphomas (CBCLs) and cutaneous lymphoid hyperplasia (CLH)   

 pcFCL  pcMZL  pcDLBCL  ivLBCL  CLH 

 Cellular morphology  Medium to large 
centrocytes and 
centroblasts 

 Centrocyte-like marginal 
zone B cells, variable 
lymphoplasmacytoid and 
plasma cells, rare 
immunoblasts 

 Confl uent sheets of 
large cells 
resembling 
immunoblasts or 
centroblasts 

 Large 
atypical B 
cells in 
vascular 
lumina 

 Polymorphous 
lymphocytes with 
admixed histiocytes, 
eosinophils, and plasma 
cells 

 Distribution of 
lymphoid infi ltrate 

 Follicular, diffuse, 
or follicular and 
diffuse patterns; 
normal reactive 
follicles usually 
absent 

 Dense, nodular, dermal, 
and subcutaneous; intact 
and colonized reactive 
lymphoid follicles may be 
present 

 Diffuse infi ltrates or 
confl uent sheets; no 
follicle formation 

 Intravascular  Nodular or diffuse 
infi ltrate with reactive 
follicles 

 Distinctive features  Ill-defi ned 
follicles with 
absent mantle 
zones 

 Sheets of marginal zone 
B cells and aggregates of 
lymphoplasmacytoid 
cells; occasional mature 
plasma cells; rare 
immunoblasts; 
occasionally frequent 
non-neoplastic T cells 

 Monomorphous 
sheets of large cells 

 Intravascular  No abnormal follicle 
architecture, no light-
chain restriction 

 Immunohistochemical 
markers 

 CD20+  CD20+  CD20+  CD20+  Admixed infi ltrate of 
CD3+ T cells that often 
predominates. CD20+ B 
cells, occasionally with 
well-formed reactive 
lymphoid follicles 

 PAX5+  PAX5+  PAX5+  PAX5+ 

 CD79a+  CD79a+  CD79a+  CD79a+ 

 Bcl6+  Bcl6−  Bcl6−/+  Bcl6+/− 

 CD10+/−  CD10−  CD10−  CD10− (80 % 
of cases) 

 Bcl2−/+  Bcl2+  Bcl2+  Bcl2+ 

 MUM1−  MUM1+  MUM1+  MUM1+ 

 FoxP1−  CyclinD1−  FoxP1+ 

 IgM-  CD5−  IgM+ 

 IgM −/+ 

 Molecular genetic 
features 

 Amplifi cation of 
 REL  gene 

  IGH, MALT1, API2 , and 
 FOXP1  translocations [ 6 ] 

  IGH, BCL6  and/or 
 MYC  translocation(s) 

 Unknown; 
reports of 
chromosome 
number 
abnormalities 

 No clonally rearranged 
 IGH  

 Loss of  CDKN2A  
and  CDKN2A  
rare 

 9p21.3 deletion (loss 
of  CDKN2A  and 
 CDKN2B ) 

 May see rearranged TCR 
in reactive/oligoclonal 
responses in the skin 

 t(14;18) absent   BCL2  amplifi cation 

 t(14;18) absent 

 Immunoglobulin (Ig) 
clonality 

 Monoclonal 
surface Ig 

 Monoclonal cytoplasmic 
Ig 

 Monoclonal surface 
or cytoplasmic Ig 

 Often 
monoclonal 
surface Ig 

 Polyclonal Ig 

 Light-chain restriction  Absent in plasma 
cells 

 Often present in plasma 
cells (can be 
demonstrated in up to 
70 % cases) 

 Present, but absent 
in plasma cells 

 Present, but 
absent in 
plasma cells 

 Absent 

  CLH data from Ploysangam et al. [ 7 ] 
  CLH  cutaneous lymphoid hyperplasia,  ivLBCL  intravascular large B-cell lymphoma,  pcDLBCL  primary cutaneous diffuse large B-cell lymphoma, 
leg type,  pcFCL  primary cutaneous follicle center lymphoma,  pcMZL  primary cutaneous marginal zone lymphoma  
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15.3.1       Histopathology in Diagnosis of CBCL 

 There are three main histopathologic patterns of cutaneous 
involvement commonly seen in CBCL: nodular or follicular, 
diffuse, and intravascular. Neoplasms with a nodular/follicu-
lar pattern have aggregates of lymphoid cells in the dermis; 
the structure of the lymphoid follicles can be critical in diag-
nosis and is discussed later in this chapter. Diffuse patterns 
of infi ltration are characterized by sheets of neoplastic cells 
occupying the dermis. Finally, neoplasms with intravascular 
involvement manifest as tumor cells within the lumina of 
vessels. 

 The distribution of the lymphoid infi ltrate can be quite 
informative. For example, although ivLBCL and pcDLBCL 
may share similar cytology, ivLBCL is readily distinguished 
by the presence of the atypical cells within the vasculature. 
This is in contrast to pcDLBCL, in which the dermis is over-
run by sheets of large neoplastic cells. The nodular or fol-
licular and diffuse patterns are slightly less informative. A 
nodular or follicular lymphoid infi ltrate may be consistent 
with either pcFCL or pcMZL; likewise, a diffuse pattern may 
be seen in either pcDLBCL or pcFCL (Fig.  15.2 ). Thus, his-
topathology alone is helpful but insuffi cient for diagnosis; 
additional information from immunohistochemistry and 
molecular testing is often necessary.   
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  Fig. 15.2    CBCLs categorized by histopathologic characteristics. The 
cutaneous B-cell lymphomas can be organized based on the pattern of 
infi ltration. Three major patterns considered in cutaneous B-cell lym-
phomas are nodular/follicular, diffuse, and intravascular. Although 
some lymphomas have unique histology (e.g., ivLBCL), others have 
more heterogeneous presentations, e.g., pcFCL is present twice in this 
fl ow chart because it can present with follicular, diffuse, or follicular 
and diffuse patterns       
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15.3.2     Immunohistochemistry 
in the Diagnosis of CBCL 

 Immunophenotypic analysis is critical for accurate diagno-
sis of cutaneous B-cell lymphomas. The most commonly 
used B-cell markers include CD20, CD79a, and PAX5. Of 
note, PAX5, a nuclear marker, may be easier to interpret 
and less susceptible to overestimation of the B-cell burden. 
It is also important to note whether a patient has received 
rituximab or other anti-CD20 therapy before relying on 
CD20 to defi ne a B-cell population. Additionally, immuno-
histochemical stains for germinal center markers (CD10, 
Bcl6) or postgerminal center origin, including plasma cells 
(MUM1), the anti-apoptotic marker Bcl2, follicular den-
dritic cells (CD21, CD23), a pan-T-cell marker (most com-
monly CD3), and evaluation of kappa and lambda 
immunoglobulin light chains by immunohistochemistry or 

in situ hybridization are usually part of the diagnostic test-
ing panel. 

 The immunohistochemical staining patterns for the cuta-
neous B-cell lymphomas are complex. Here we present a pos-
sible schema for categorizing immunohistochemical patterns 
of neoplastic B-cells (Fig.  15.3 ;  see  Table  15.3 ); it is possible 
to generate numerous others. This schema is meant to serve 
as a simplifi ed starting point for learning how to consider 
these lymphomas in a diagnostic context. It is important to 
note that there are always numerous reactive T cells present in 
the skin, even in the setting of a B-cell lymphoma. 

 Because the majority of cutaneous and systemic B-cell 
lymphomas are derived from germinal center B cells, the 
immunophenotypes of the B-cell lymphomas can be more 
easily understood in the setting of B-cell development within 
the germinal center; this is further discussed later on in the 
chapter.    

pcDLBCL, LT

ivLBCL

pcFCLBCl2- MUM1-

BCl2+MUM1+

BCl2+MUM1+

CD10±, Bcl6+

CD10-, Bcl6-

CD20+, PAX5+

C
ut

an
eo

us
 L

ym
ph

om
a

pcMZL

ivLBCL

  Fig. 15.3    CBCLs based on immunophenotype of the neoplastic B 
cells. Because these cutaneous tumors always have an admixed infi l-
trate of reactive lymphocytes, the distribution of the infi ltrate, the archi-
tecture of lymphoid follicles (if present), and the presence or absence of 

light-chain restriction are also necessary to defi ne a neoplastic popula-
tion. The immunophenotypes shown here correspond to those most 
commonly reported for each entity, but exceptions do exist       
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15.4     Understanding the Cutaneous B-Cell 
Lymphomas 

 Diagnosing cutaneous B-cell lymphomas can be very diffi -
cult, and accurate identifi cation requires a solid understand-
ing of cytology, immunohistochemistry, and lymphoid 
follicle architecture and development. In this section, we will 
review B-cell cytology, immunohistochemical staining pat-
terns of B cells throughout their development, and the struc-
ture of normal and abnormal lymphoid follicles. 

15.4.1     B-Cell Cytology 

 A signifi cant component of the diagnosis of B-cell lympho-
mas rests in identifying cells on the basis of their cytology. 
Thus, recognition of the cytologic characteristics of the vari-
ous types of non-neoplastic B-cell counterparts is helpful. 

 Naïve B cells have a small, round nucleus with a thin 
rim of cytoplasm (Fig.  15.4a ). Centroblasts, the next 
stage in B-cell activation, have medium-sized to large 
nuclei, open or vesicular chromatin, several basophilic 
peripherally placed nucleoli that often “cling” to the 
nuclear membrane, and a small-to-moderate amount of 
eosinophilic cytoplasm. Centroblast nuclei are usually 
round but may demonstrate indentations, notches, or 
grooves (Fig.  15.4b ). Centrocytes are the progeny of cen-
troblasts and have small- to medium- sized cleaved or 
folded nuclei, moderately dispersed chromatin, incon-
spicuous nucleoli, and a thin rim of cytoplasm. 
Particularly in reference to cytologic preparations or in 
peripheral smears with circulating centrocytes in sys-
temic follicular lymphoma, centrocytes have been 
referred to as “buttock cells” because of their characteris-
tically cleaved nuclei (Fig.  15.4c ). Of note, lymphocytes 
of the marginal zone of the follicle are commonly 
described as showing centrocyte- like features. 

 Immunoblasts and plasmablasts are derived from centro-
cytes and are precursors of the plasma cell. Immunoblasts 
have large nuclei with a moderate amount of cytoplasm, dis-
persed or open nuclear chromatin, and a prominent centrally 
placed eosinophilic macronucleolus (Fig.  15.4d ). Plasmablasts 
are more similar to plasma cells but somewhat larger, with an 
eccentrically placed nucleus and a paranuclear clearing or 
“hof,” an area of cytoplasm where immunoglobulin has begun 
to accumulate (Fig.  15.4e ). Unlike plasma cells, plasmablasts 
usually have a single nucleolus. Mature plasma cells have 
round nuclei, eccentrically placed abundant eosinophilic 
cytoplasm, and a usually well-defi ned hof. The nuclei of 
plasma cells have a characteristic “clock face” nuclear chro-
matin pattern with peripherally located regions of condensed 
chromatin (Fig.  15.4f ) .  Some plasma cells have prominent 
pink cytoplasmic immunoglobulin inclusions (Russell bod-
ies); a plasma cell stuffed with multiple Russell bodies is 
termed a Mott cell. Immunoglobulin pseudoinclusions in the 
nucleus, termed Dutcher bodies, are said to occur exclusively 
in neoplastic proliferations with plasmacytic differentiation; 
for example, their presence may favor cutaneous marginal 
zone lymphoma over a differential diagnosis of cutaneous 
lymphoid hyperplasia with plasmacytic differentiation.   

15.4.2     Using B-Cell Development 
and Germinal Center Architecture 
to Understand the B-Cell Lymphomas 

 The majority of B-cell lymphomas originate from germinal 
center B cells, probably the result of high levels of cellular 
proliferation and somatic hypermutation (SHM) [ 8 ]. One of 
the keys to understanding the B-cell lymphomas is an appre-
ciation of the structure of a normal germinal follicle and the 
events that occur within it. Germinal follicles are found in 
secondary lymphoid organs, including lymph nodes, Peyer 
patches, and tonsils, among others. 
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  Fig. 15.4    Morphology of B-cell subtypes. These illustrations and his-
tological images depict the major cytologic features characteristic of 
the cell types commonly seen in B-cell lymphomas.  a ,  g ) Naïve B cells 
have a small, round nucleus with a thin rim of cytoplasm.  b ,  h ) 
Centroblasts have medium-sized to large nuclei, open or vesicular chro-
matin, several basophilic peripherally placed nucleoli which often 
“cling” to the nuclear membrane, and a small-to-moderate amount of 
eosinophilic cytoplasm.  c ,  i ) Centrocytes have small to medium-sized 
cleaved or folded nuclei, moderately dispersed chromatin, inconspicu-
ous nucleoli, and a thin rim of cytoplasm.  d ,  j ) Immunoblasts have large 

nuclei with a moderate amount of cytoplasm, dispersed or open nuclear 
chromatin, and a prominent centrally placed eosinophilic macronucleo-
lus.  e ,  k ) Plasmablasts have an eccentrically placed nucleus and a para-
nuclear clearing, or “hof,” an area of cytoplasm where immunoglobulin 
has begun to accumulate.  f ,  l ) Mature plasma cells have round nuclei, 
eccentrically placed abundant eosinophilic cytoplasm, and a usually 
well-defi ned hof. The nuclei of plasma cells have a characteristic “clock 
face” nuclear chromatin pattern with peripherally located regions of 
condensed chromatin       
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15.4.2.1     Development of the Germinal Follicle 
 The lymphoid follicle of a secondary lymphoid organ is 
composed of three variably prominent zones: a germinal 
center, a surrounding mantle zone, and an outer marginal 
zone [ 9 ]. B cells arrive in the germinal center from the man-
tle zone as mature naïve cells, possessing a unique immuno-
globulin heavy chain but not yet having been exposed to their 
cognate antigen. These naïve, mature B cells migrate to 
T-cell rich “dark” zones of the germinal center, where they 
become activated secondary to interaction with the CD4+ T 
cells, follicular dendritic cells (FDCs), or other antigen pre-
senting cells [ 10 ,  11 ]. 

 Activation results in the transformation of the B cells 
into centroblasts, the proliferating germinal center B cells 
[ 10 ,  12 ]. For reasons that are poorly understood, these cells 
have a high rate of mutation at the immunoglobulin heavy- 
and light-chain loci. Hence, during SHM, the germinal cen-
ter B cells accumulate numerous point mutations, leading 
to further diversifi cation of the immunoglobulin repertoire. 
Once SHM is complete, the B cells are exposed to FDCs. 
The B cells with a high affi nity for antigens presented by 
FDCs are permitted to live, while their co-cells of lesser 
affi nity perish. These cells then undergo clonal expansion 
through rapid division. This population growth results in 
expansion of the germinal center, with a germinal center 
“light zone” composed of matured centrocytes, FDCs, T 
cells, and macrophages and a remaining dark zone concen-
trated in centroblasts [ 10 ]; since SHM, the newly diversi-
fi ed B cells have become smaller, nondividing centrocytes, 
capable of further differentiation and migration to the light 
zone. 

 The light zone of the germinal center is the site of class- 
switch recombination (CSR), high-affi nity antibody pro-
duction, and B-cell differentiation [ 10 ]. Once in the light 
zone, centrocytes undergo selection [ 10 ]. They may then 
have one of three outcomes: differentiation into memory B 
cells or plasma cells, apoptosis, or regression into centro-
blasts [ 10 ,  13 ]. There are additional recognized intermedi-
ate cell types in each of these pathways. For example, as 
previously described, the centrocyte becomes an immuno-
blast and then a plasmablast en route to becoming a plasma 
cell [ 10 ]. 

 The cells experience dramatic changes in gene expression 
patterns and cell surface markers as part of this activation 
process, resulting in differences in germinal B-cell and acti-
vated/postgerminal B-cell phenotypes [ 14 ,  15 ]. These altera-
tions in gene and cell surface marker expression can be 
valuable in attempting to trace the origin or non-neoplastic 

counterpart of a neoplastic cell for accurate classifi cation    
(Fig.  15.5 ).   

15.4.2.2     Application to the Cutaneous B-Cell 
Lymphomas 

 An understanding of the structure of the lymphoid follicle 
and the patterns of gene expression through B-cell develop-
ment is indispensable to conceptualizing the phenotypes of 
the cutaneous B-cell lymphomas. For example, pcFCL is a 
lymphoma composed of centrocytes and centroblasts, cells 
derived from the follicle center (hence the name  follicle cen-
ter  lymphoma). These cells have a germinal B-cell pheno-
type, as do normal follicle center cells. Because pcFCL is 
derived from mature B cells, the cells of pcFCL have a clonal 
immunoglobulin heavy chain ( IGH ) gene rearrangement. 
The immunohistochemical phenotype of the neoplastic cells 
of most cases of pcFCL is similar to that of normal follicle 
center cells: CD20+, CD79a+, CD10+, Bcl6+, Bcl2−, and 
MUM1−. 

 MALT lymphomas, on the other hand, are lymphomas of 
marginal zone B cells (often described as centrocyte-like or 
monocytoid in appearance) with some centroblasts and 
immunoblasts and variable plasmacytic differentiation, man-
ifesting morphologically with lymphoplasmacytoid cells and 
mature plasma cells. These cells have an activated or post-
germinal center phenotype and have undergone SHM. As 
with pcFCL, pcMZL is derived from mature B cells and thus 
both have a clonal  IGH  rearrangement. The immunopheno-
type of MALT lymphoma cells in most cases is similar to 
that of normal marginal zone cells: CD20+, CD79+, CD10−, 
Bcl6−, Bcl2+, and MUM1+. Most cases have detectable 
light-chain restriction in plasma cells and at least a subset of 
lymphocytes with plasmacytic differentiation. As previously 
described, the presence of Dutcher bodies (immunoglobulin 
nuclear pseudoinclusions) can be a helpful clue that a prolif-
eration is neoplastic in nature. Diagnosis can be challenging, 
as plasmacytic differentiation can be minimal, and the 
numerous admixed small non-neoplastic T cells can occa-
sionally outnumber the neoplastic B cells .  

 pcDLBCL and ivLBCL are lymphomas of large B cells. 
The cells of these lymphomas appear malignant. They usu-
ally have an activated or postgerminal center B cell pheno-
type and thus demonstrate clonal  IGH  rearrangements. Their 
morphology and immunophenotype are similar to those of 
large transformed cells such as centroblasts, immunoblasts, 
or, more rarely, plasmablasts: CD20+, CD79+, CD10−, 
Bcl6−/+, Bcl2+, and MUM1+. Of note, Bcl6 has been 
directly implicated in lymphomagenesis [ 18 ].   

15 Introduction to the B-Cell Lymphomas



148

Marginal zone

Germinal
B-cell phenotype

Activated (post-germinal center)
B-cell phenotype

MZ cell

Memory
B-cell

Naïve
B-cell

Centroblast

Clonal expansion
SHM,

Dark zone: Light zone:
Class switching

Centrocyte

Immuno
blast Plasma

cell

Plasmablast

Mantle zone

Germinal center

sFL MMpcDLBCL
ivLCBL

CLL

pcMZL

Apoptosis

Proliferation

Differentiation

MCL

pcFCLsDLBCL

sDLBCL

IRF/MUM1

CD138Bcl6

CD10

Bcl2Bcl2

CD79a

CD20

  Fig. 15.5    The relationship between the normal germinal center and 
B-cell lymphomas .  The germinal follicle is composed of three variably 
prominent zones: germinal center, mantle zone, and marginal zone. B 
cells arrive as naïve mature cells. Upon exposure to antigen, the B cells 
become centroblasts and undergo somatic hypermutation ( SHM ) and 
clonal expansion, creating the dark zone of the germinal center. The 
centroblasts then differentiate into centrocytes, which travel to the light 
zone of the germinal cell to undergo selection. Selection may result in 
apoptosis, with regression to centroblasts and cycling back to the dark 
zone, or differentiation into plasma cells or memory cells. In order to 
differentiate into plasma cells, the centrocytes must transition into 
immunoblasts, then plasmablasts, and fi nally plasma cells. Over the 
course of B-cell development and differentiation, there are many dra-
matic changes in gene expression. The timing of expression of several 
key proteins is depicted at the  bottom  of the fi gure; the bars approxi-
mate the portion of development over which the gene is expressed. Note 
that during their transition through the germinal center, the B cells have 
a germinal center B-cell phenotype with cells that are CD10+, BCL6+, 
and MUM1−. Following this stage of differentiation, there are many 
changes in gene expression, resulting in an activated or postgerminal 
center B-cell phenotype (typically defi ned by expression of MUM1). 

Many B-cell lymphomas can be traced to a germinal center B-cell ori-
gin, particularly systemic follicular lymphomas and some systemic 
DLBCLs; on the other hand, up to one third of cases of DLBCL are of 
the activated B-cell phenotype (ABC). This distinction, which has 
prognostic and evolving therapeutic implications, was originally 
described through gene expression profi le work [ 16 ] ,  with an immuno-
histochemical algorithm using CD10, BCL6, and MUM1 serving as a 
common surrogate in individual clinical cases [ 17 ]. In the fi gure above, 
lymphomas included in the WHO-EORTC classifi cation of cutaneous 
lymphomas are in red boxes; other common systemic B-cell malignan-
cies are in blue. In accordance with its normal counterpart, pcFCL has 
a germinal B-cell phenotype, while pcMZL, pcDLBCL, and ivLBCL 
have an activated/postgerminal center B-cell phenotype.  CLL  chronic 
lymphocytic leukemia,  MCL  mantle cell lymphoma,  pcFCL  primary 
cutaneous follicle center lymphoma,  pcDLBCL  primary cutaneous dif-
fuse large B-cell lymphoma, leg type,  ivLBCL  intravascular large B-cell 
lymphoma,  sDLBCL  systemic diffuse large B-cell lymphoma,  sFL  sys-
temic follicular lymphoma,  MM  multiple myeloma (plasma cell 
myeloma),  pcMZL  primary cutaneous marginal zone lymphoma, 
 SHM  somatic hypermutation,  MZ  marginal zone       
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15.4.3     Reactive and Neoplastic Lymphoid 
Follicle Structure 

 Lymphoid follicles are not normally present in the skin. 
When they are, an explanation should be sought, either reac-
tive or neoplastic. Differences in lymphoid follicle structure 
can help to distinguish between neoplastic and non- neoplastic 
follicles as well as help to differentiate the various types of 
neoplasms, particularly pcFCL and MALT lymphoma. 

 A normal reactive lymphoid follicle has a well-defi ned 
germinal center composed of a light zone containing cen-
trocytes, a dark zone of centroblasts and an associated 
encompassing follicular dendritic cell (FDC) meshwork. 
The germinal center is surrounded by a marginal zone and 
an often inconspicuous inner mantle zone (Fig.  15.6a ). This 
normal follicular architecture is disrupted in both pcMZL 
and pcFCL, where the follicles are composed of neoplastic 
cells (as in pcFCL) or overrun by them (as in pcMZL). 
Typically, the term “germinal center” is used to describe 
reactive follicles, while “follicle center” is used to describe 
neoplastic follicles. 

 pcMZL is a neoplastic proliferation of cells along the 
spectrum of marginal zone cells and cells with plasmacytic 

differentiation. Occasional large transformed cells with the 
appearance of immunoblasts may be present, but these do 
not predominate. Accordingly, there is an expansion of the 
marginal zone, with marginal zone cells, lymphoplasmacy-
toid cells, and rare immunoblasts spilling out of the marginal 
zone into the surrounding dermis and, in some cases, invad-
ing or colonizing the residual reactive germinal centers. 
These colonized reactive follicles show disruption of their 
normal architecture, with scattered clusters of germinal cen-
ter cells and disruption or splaying of the FDC meshwork 
(Fig.  15.6b ) [ 19 ]. 

 The neoplastic follicles of pcFCL can be conceptually 
thought of as “opposite” to those of pcMZL. pcFCL is a neo-
plasm of follicle center cells; hence, there is expansion of the 
follicle center with associated expansion rather than disrup-
tion of the FDC meshwork. The neoplastic cells may com-
press the marginal zone to a thin rim around the follicle 
center, or the cells may spill out of the follicle into the sur-
rounding dermis. One feature of pcFCL characteristic of 
cutaneous but not nodal-based follicular lymphoma is the 
“naked” or “inside-out” follicle, with outer centrocyte and 
centroblast B cells and centrally located marginal zone cells 
or even small T cells (see Chap.   17    ; Fig.  15.6c ) [ 19 ].       
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  Fig. 15.6    Reactive    and neoplastic cutaneous lymphoid follicles. 
( a ) Reactive lymphoid follicles are well-defi ned, with a regularly 
shaped germinal center (composed of centrocytes, centroblasts, and fol-
licular dendritic cells) and a surrounding marginal zone. ( b ) The lym-
phoid follicles of pcMZL may be similar to those of reactive lymphoid 
follicles or may be irregularly shaped and overrun by neoplastic mar-
ginal zone cells (termed “colonization” of the germinal center), which 
manifests as disruption or splaying of the follicular dendritic cell net-
work. ( c ) In pcFCL, on the other hand, the follicle center is expanded. 
The neoplastic follicle center cells may spill out into the dermis; direct 

juxtaposition of the medium-large follicle center cells against dermal 
collagen may result in the appearance of a “naked” follicle. When the 
follicle center cells surround aggregates of small marginal zone cells, 
an “inside-out” appearing lymphoid follicle may form, with the small 
cells in the center and larger cells at the periphery. Immunophenotypes 
are as indicated in the diagram [ 19 ].  CLH  cutaneous lymphoid hyper-
plasia,  MZ  marginal zone,  GCC  germinal center cells,  FCC  follicle cen-
ter cells,  pcMZL  primary cutaneous marginal zone lymphoma,  pcFCL  
primary cutaneous follicle center lymphoma       
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      Primary Cutaneous Marginal Zone 
Lymphoma 

           Amrita     Goyal    ,     Joi     B.     Carter     ,     Jeffrey     A.     Barnes     , 
and     Lyn     McDivitt     Duncan     

         Primary cutaneous marginal zone lymphoma (pcMZL) is an 
indolent B-cell lymphoma that commonly presents with red 
to violaceous plaques, nodules, or tumors. It has an excellent 
prognosis. This entity has also been known as cutaneous 
marginal zone lymphoma (CMZL), extranodal marginal 
zone lymphoma of mucosa associated lymphoid tissue (MZL 

or MALT lymphoma), primary cutaneous immunocytoma, 
primary cutaneous plasmacytoma, and lymphoma cutis [ 1 , 
 2 ]. This chapter will discuss the clinical presentation, prog-
nosis, treatment, histopathology, immunophenotype, and dif-
ferential diagnosis of pcMZL. It closes with a clinical case, 
including clinical images and histopathology. 
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16.1     Clinical 

16.1.1     Clinical Presentation 

 pcMZL is the second most common cutaneous B-cell lym-
phoma, accounting for nearly 25 % of cutaneous B-cell lym-
phomas [ 3 ]. The skin is the second most common site for 
extranodal marginal zone lymphomas overall, after the gas-
trointestinal tract [ 4 ]. Although the median age of patients 
with this lymphoma is 50–53 years old, cases have been 
reported over a range of 21–93 years. This lymphoma is 
found in men nearly twice as often as women [ 2 ,  5 ,  6 ]. 

 pcMZL typically presents with a solitary or regional group-
ing of deep-seated, red to violaceous indurated plaques, nod-
ules, or tumors that may be surrounded by diffuse or annular 
erythema (Fig.  16.1 ) [ 2 ,  4 ,  7 ]. The lesions have a predilection 
for the trunk (46–60 %), upper extremities (17 %), and face 
and scalp (13 %) [ 2 ,  5 ,  8 ]. Twenty-eight to fi fty-eight percent 
of patients present with a single lesion, 24–72 % with multifo-
cal regional lesions, and 0–17 % with disseminated disease; 
these values range widely among studies because of the small 
number of patients [ 2 ,  5 ]. Patients are otherwise asymptom-
atic. Although nodal dissemination and large cell transforma-
tion are possible, the vast majority of patients never experience 
extracutaneous spread of their disease [ 2 ,  5 ,  9 ]. 

 Studies have offered some evidence of an association 
between pcMZL and  Borrelia burgdorferi  in European pop-
ulations, analogous to the role of  Helicobacter pylori  in the 
pathogenesis of gastric marginal zone lymphoma (MZL or 
MALT lymphoma). However, this has not been substantiated 

in North American or Asian studies [ 5 ]. Although many gas-
tric MZLs demonstrate complete resolution with antibiotic 
therapy against  H. pylori , a handful of case reports from 
Europe describe minimal to partial improvement of cutane-
ous pcMZLs with antibiotic treatment for  B. burgdorferi  
infection [ 10 ,  11 ].   

16.1.2     Prognosis and Treatment 

 This lymphoma is markedly indolent, with a very low inci-
dence of extracutaneous spread and minimal risk of death [ 2 , 
 12 ]. The overall 5-year survival rate is estimated at nearly 
97 % [ 9 ]. The lesions of pcMZL are very responsive to treat-
ment: 93 % of patients with solitary lesions and 75 % of 
those with multifocal lesions attain a complete response to 
therapy [ 2 ]. However, 39 and 77 % of those patients, respec-
tively, experience relapses within 5 years [ 2 ]. 

 The only factor with prognostic value is the number of 
lesions—patients with a single lesion have a higher 
 survival rate than those with regional or disseminated dis-
ease [ 5 ,  9 ]. Poor prognosis has been reported in rare cases 
of large cell transformation or pcMZL with head and neck 
involvement [ 7 ]. 

 Although there is no standardized treatment protocol, 
single or localized lesions are typically treated with intrale-
sional steroids, surgical excision, and/or radiotherapy [ 2 ]. 
Recurrent lesions tend to be outside of the irradiated area. 
Retrospective studies have demonstrated a response rate to 
systemic rituximab approaching 90 % [ 13 ].   
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  Fig. 16.1    Primary cutaneous marginal zone lymphoma (pcMZL), var-
ied clinical morphologies. ( a ) Bright pink, 2- × 3-cm tumor on the upper 
back of the patient (Case  16.1 ). ( b ) Thin, pink to erythematous, irregu-
larly shaped, 1- to 3-cm plaques on the calf of a 61-year-old woman. ( c ) 
Multiple erythematous 0.5- to 1-cm nodules coalescing into a 5-cm 

plaque on the upper back of an 80-year-old woman. ( d ) Two erythema-
tous, indurated, annular, 0.5- to 1.5-cm plaques on the upper arm of a 
70-year-old man. ( e ) Pink papule (3 mm) on the forearm of a 41-year- 
old woman. ( f ) 2.5 cm plaque of indurated pink smooth coalescing pap-
ules on the right upper arm of a 63 year old man       

 

16 Primary Cutaneous Marginal Zone Lymphoma



156

16.2     Pathology 

16.2.1     Histopathology 

 This lymphoma is characterized by a dense, nodular, non-
epidermotropic, dermal, and subcutaneous lymphocytic 
B-cell infi ltrate composed of centrocyte-like marginal zone 
cells, lymphoplasmacytoid cells, and plasma cells (Fig.  16.2 ) 
[ 2 ,  4 ,  5 ,  7 ]. The cellular composition can range from promi-
nent plasma cell infi ltrates to a predominance of monocyt-
oid B cells with few plasma cells. Zones of neoplastic 
plasma cells occur in more than two thirds of cases [ 6 ,  14 ]. 
Reactive germinal centers are present in most cases 
(Fig.  16.3 ) and are occasionally colonized by neoplastic 
cells (Fig.  16.4 ) [ 15 ]. 

 The centrocyte-like marginal zone cells have cleaved 
nuclei with dispersed chromatin and pale amphophilic cyto-

plasm [ 4 ,  7 ]; the large amount of cytoplasm can give a mono-
cytoid appearance [ 4 ]. The reniform (bean-shaped) nuclei 
usually have inconspicuous nucleoli ( see  Fig.  16.1c ) [ 4 ,  12 ]. 
Dutcher bodies (intranuclear PAS+ immunoglobulin pseudo- 
inclusions found in plasma cells) may also be present. 

 Findings that may confound the identifi cation of the neo-
plastic B cells include a typically dense infi ltrate of benign 
reactive CD3+ CD45RO+ T-cells [ 4 ,  7 ]. Scattered centro-
blasts and immunoblasts (from disrupted follicle centers) 
may be seen, particularly in the setting of follicular coloniza-
tion. Variable numbers of CD30+ large cells may also be 
present [ 7 ]. 

 Adnexal involvement may be seen; both eccrine and fol-
licular involvement has been reported [ 14 ]. Formation of 
lymphoepithelial lesions (groups of three or more marginal 
zone cells with destruction of epithelium) involving adnexal 
structures is diagnostically helpful but often absent [ 4 ,  7 ].     

a

c

b

  Fig. 16.2    Primary cutaneous marginal zone lymphoma (pcMZL), his-
topathology (Case  16.1 ). ( a ) Superfi cial and deep dermal nodular and 
diffuse lymphoid infi ltrate (H&E, 4×). ( b ) A grenz zone is present, and 
the epidermis is uninvolved (H&E, 1×). ( c ) The infi ltrate is composed 

of numerous centrocytes with small-to-medium sized cleaved nuclei 
and many centroblasts with round nuclei, open chromatin, and baso-
philic nucleoli at the nuclear margins. There are scattered plasma cells 
(H&E, 40×)       
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  Fig. 16.3    Primary cutaneous marginal zone lymphoma (pcMZL), 
reactive follicle (Case  16.1 ). ( a ) A reactive lymphoid follicle in the der-
mis is composed of a central aggregate of follicle center cells sur-
rounded by a mantle zone of small lymphocytes with scant cytoplasm 
(H&E, 20×). ( b ) Numerous CD3+ T cells in and around the reactive 
follicle (CD3, 20×) ( c ) The majority of cells in the reactive follicle are 

CD20+ B cells (CD20, 20×) ( d ) CD21+ follicular dendritic cell mesh-
work of the follicle is intact (CD21, 20×). ( e ) The B cells within the 
reactive follicle are negative for Bcl2 (in contrast to those in the obliter-
ated follicle in Fig.  16.4e ). The surrounding T and B cells express Bcl2 
(Bcl2, 20×). ( f ) The cells within the follicle express Bcl6 (unlike many 
of the B cells in Fig.  16.4f ) (Bcl6, 20×)       
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  Fig. 16.4    pcMZL, colonized follicle (Case  16.1 ). ( a ) One of many fol-
licles that has been colonized by neoplastic B cells (H&E, 10×). ( b ) 
Numerous CD3+ T cells surround the colonized follicle (CD3, 10×). ( c ) 
The majority of the cells in the follicle are CD20+ atypical B cells 
(CD20, 10×). ( d ) Staining for CD21 shows a preserved follicular den-
dritic cell meshwork. (CD21, 10×) ( e ) The neoplastic B cells in the 

follicle and T cells surrounding it stain strongly for Bcl2. (Bcl2, 10×) 
( f ) Only scattered residual follicle center cells stain positively for Bcl6; 
the neoplastic cells colonizing the follicle do not express Bcl6. The 
Bcl2+ Bcl6− immunophenotype indicates that this follicle has been 
colonized by neoplastic B cells (Bcl6, 10×)       
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16.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic B cells have an immunohistochemical phe-
notype similar to that of marginal zone cells: the neoplastic 
cells typically express CD20, Bcl2, and CD79a but lack 
Bcl6. The plasma cells demonstrate monotypic light-chain 
expression in 70 % of cases (Fig.  16.5 ) [ 6 ]. Cells express 
IgG more commonly than IgM, IgA, or IgD; this is in con-
trast to MZLs at other extranodal sites, which typically 
express IgM [ 4 ]. 

 Other features distinguishing pcMZL from extracutane-
ous disease include the absence of CXCR3 expression and 
the presence of a Th2 type cytokine milieu (with higher lev-
els of IL-4) in pcMZL compared with extracutaneous MZL 
[ 16 ]. In addition, the t(14;18)(q32;q21) IgH gene transloca-
tion is observed in fewer than 20 % of cases [ 2 ]. 

 Abnormalities in the MALT1 gene and trisomy 18 have 
been described in 25 % of cases [ 2 ]. The neoplastic cells 
have a postgerminal center phenotype, and many cases dem-
onstrate aberrant somatic hypermutation of PAX5, RhoH/
TTF, cMYC, and PIM1 [ 4 ,  17 ].    

a b

  Fig. 16.5    pcMZL, plasma cells demonstrate light-chain restriction. ( a ) 
 In situ  hybridization for the kappa light chain shows few positively 
staining plasma cells (ISH for kappa light chain, 20×). ( b )  In situ  

hybridization for the lambda light chain demonstrates plasma cells 
expressing lambda light chains around the superfi cial vasculature (ISH 
for lambda light chain, 10×)       
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16.3     Differential Diagnosis 

16.3.1     Diagnostic Considerations 

 The keys to diagnosis lie in the patient demographics, physi-
cal examination (including assessment of lesion location, 
characteristic, and number), and biopsy results.  

16.3.2     Differential Diagnosis 

16.3.2.1     Cutaneous Lymphoid Hyperplasia (CLH) 
 The cutaneous lesions of CLH may demonstrate similar 
clinical morphology to those of pcMZL, given that they 
both often present as solitary nodules, plaques, or tumors 
[ 2 ,  8 ]. On biopsy, both conditions show a dense lymphocytic 
infi ltrate and a grenz zone. However, Dutcher bodies, aggre-
gates of marginal zone cells, and sheets of plasma cells 
strongly support a diagnosis of pcMZL over CLH [ 8 ,  18 ]. 
CLH more often displays epidermal changes, including 
spongiosis, dyskeratosis, and parakeratosis, whereas 
pcMZLs usually are separated from the overlying epidermis 
by a grenz zone of uninvolved papillary dermis. While CLH 
is polytypic, pcMZLs typically show light-chain restriction 
of plasma cells [ 8 ].  

16.3.2.2     Primary Cutaneous Follicle Center 
Lymphoma (pcFCL) 

 pcFCL also often presents with solitary fi rm erythematous 
papules or plaques on the head, neck, or upper extremities 
without systemic involvement [ 2 ,  7 ,  19 ]. Both pcMZL and 
pcFCL are characterized by the presence of lymphoid folli-
cles, which are defi ned as aggregates of CD21+ follicular 
dendritic cells associated with BCL-6+ and BCL-2− follicle 
center cells. 

 The architecture of these follicles is often helpful in dis-
tinguishing these two most common forms of cutaneous 
B-cell lymphoma. In pcMZL the reactive follicles may be 
infi ltrated by Bcl2+ Bcl6− marginal zone B-cells, leading to 
dispersion of the Bcl6+ follicle center cells. This is not a 
characteristic of pcFCL. In pcFCL the neoplastic follicle 
center cells may form irregularly shaped nodules and 
 surround aggregates of small lymphocytes, forming “inside- 

out” follicles. The proliferation of follicle center cells in 
pcFCL may also be directly apposed to reticular dermal col-
lagen fi bers without a mantle zone of small lymphocytes, so- 
called “naked” follicles. “Inside-out” and “naked” lymphoid 
follicles are characteristic of pcFCL and not a feature of 
pcMZL. 

 Immunohistochemical stains for Bcl6, Bcl2, CD21, CD10, 
and kappa and lambda light chains are indispensable in this 
differential diagnosis [ 19 ]. While neoplastic cells in pcMZL 
are Bcl2+ Bcl6− small cleaved cells, monocytoid B cells or 
lymphoplasmacytoid cells, the neoplastic cells of pcFCL are 
Bcl2− Bcl6+ follicle center cells (i.e., centrocytes, centro-
blasts, and immunoblasts) [ 4 ,  20 ]. Immunohistochemical 
or in situ hybridization analysis of kappa and lambda light 
chains demonstrates light-chain restricted plasma cells in 
greater than 70 % of pcMZL of the skin [ 6 ], a fi nding absent 
in pcFCL [ 21 ].  

16.3.2.3     Primary Cutaneous Diffuse Large B-Cell 
Lymphoma, Leg Type (pcDLBCL) 

 Although pcDLBCL and pcMZLs have very different prog-
noses, the lesions of these two lymphomas may be impos-
sible to distinguish in the absence of histopathology and 
immunohistochemical studies, particularly when pcDLBCL 
manifests on locations other than the leg. Fortunately, these 
tumors are usually easy to distinguish based on the cyto-
logic and histomorphologic features. On biopsy, pcDLBCL 
appears with a diffuse monomorphic infi ltrate of large B cells 
[ 22 ]. pcMZLs, on the other hand, present with a dense, nodu-
lar, nonepidermotropic, dermal, and subcutaneous infi ltrate 
of small to medium-sized B cells [ 4 ]. Immunohistochemistry 
is often helpful: while the neoplastic cells of pcDLBCL may 
express Bcl6, those of pcMZL do not [ 4 ,  22 ]. Note that tumor 
cells in both pcDLBCL and MZL are Bcl2+.  

16.3.2.4     Secondary Cutaneous Marginal Zone 
Lymphoma 

 MZLs and secondary cutaneous involvement by systemic 
lymphomas can be very diffi cult to distinguish clinically and 
pathologically. While there are some molecular and immun-
ophenotypic trends that differ between extracutaneous and 
cutaneous pcMZL, patients must be staged for systemic dis-
ease in order to rule out extracutaneous lymphoma.    
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16.4         Clinical Case  

  Commentary     This patient’s lesions—asymptomatic, per-
sistent pink papules without overlying epidermal change on 
the trunk—are characteristic of primary cutaneous 
pcMZL. In addition, this patient’s atypical cells were Bcl6− 
Bcl2+, as is expected in pcMZL. In order to defi nitively 
diagnose her disease as primarily cutaneous, systemic MZL 
lymphoma must be ruled out by means of bloodwork and CT 
scans. Low-dose radiation treatment can be highly effective 
in treating pcMZL lymphoma.      
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 Case 16.1 

 A 73-year-old woman presented with numerous per-
sistent pink papules, nodules, and tumors on her back 
that had been present for 3 months and that she thought 
were bug bites ( see  Fig.  16.1a ). She had no constitu-
tional symptoms. Biopsy of one of the tumors demon-
strated an atypical B-cell infi ltrate of Bcl6− Bcl2+ 
cells ( see  Figs.  16.2  and  16.4 ). Lambda light-chain 
restriction was present ( see  Fig.  16.5 ). A PET-CT scan 
showed no marked lymphadenopathy, and blood tests 
showed no peripheral blood involvement. The patient 
was diagnosed with pcMZL and treated with radiation 
therapy. While the initial lesions cleared with radia-
tion, 2 years after diagnosis she continues to develop 
new nodules, which respond well to repeat low-dose 
radiation. She is otherwise well. 
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         Primary cutaneous follicle center lymphoma (pcFCL) is 
an indolent B-cell lymphoma with a remarkably good 
prognosis. This neoplasm of mature germinal center B 
cells constitutes 60 % of all primary cutaneous B-cell 
lymphomas and 9–11 % of all cutaneous lymphomas [ 1 , 
 2 ]. It also comprises 5 % of all follicular lymphomas, 
nodal and extranodal [ 3 ]. It typically presents with fi rm, 
erythematous to violaceous papules, plaques, and tumors 
on the scalp, trunk, and upper extremities. When it occurs 

on the back, it has been referred to in the past as Crosti 
lymphoma or reticulohistiocytoma of the dorsum [ 1 ,  4 ]. 
Differentiation of pcFCL from systemic follicular lympho-
mas is critical, given the substantially worse prognosis of 
systemic follicular lymphomas. This chapter addresses the 
clinical presentation, prognosis, treatment, histopathology, 
immunophenotype, and differential diagnosis of pcFCL. It 
closes with two clinical cases, including clinical images 
and histopathology. 
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17.1     Clinical Information 

17.1.1        Clinical Presentation 

 Primary cutaneous follicle center lymphoma (pcFCL) 
accounts for 60 % of primary cutaneous B-cell lymphomas 
and has an excellent prognosis. Patients with pcFCL have a 
median age of 51 years, and this lymphoma impacts men 1.5 
times more often than women [ 1 ]. 

 Typical lesions of pcFCL are slow growing 2- to 5-cm fi rm, 
smooth, rarely ulcerated, erythematous to violaceous plaques, 
nodules, or tumors, often with telangiectasias (see Figs.  17.1 , 
 17.2 , and  17.3 ) [ 1 ,  5 ,  6 ]. These tumors primarily occur on the 
head and neck (61 %), upper extremities (23 %), and trunk 
(16 %) [ 1 ,  5 ]. More than 80 % of patients present with a single 
lesion; of the 20 % of patients with multiple lesions, the vast 
majority have localized or regional disease [ 1 ,  5 ,  6 ]. While 
untreated lesions continue to grow, extracutaneous involve-
ment of pcFCL occurs in less than 10 % of patients [ 1 ]. 

 Several patterns of cutaneous involvement have been 
described. The majority of patients present with solitary 
plaques or nodules on the scalp, forehead, and trunk, as 
described above [ 1 ]. Patients may also manifest with what 
was formerly referred to as Crosti lymphoma (see Fig.  17.4 ): 
large erythematous infi ltrated plaques on the back with sur-
rounding erythematous macules and papules; the surround-
ing papules may be located up to 10–15 cm from the main 
lesion [ 2 ,  4 ]. Finally, a small group of patients may show 
multiple, miliary, agminated papules [ 2 ,  7 ]. In spite of these 

morphologic differences, these variants all share the same 
excellent prognosis, and there is no evidence that they should 
be further subdivided [ 2 ].      

17.1.2     Prognosis and Treatment 

 pcFCL has a 95 % disease-specifi c 5-year survival rate [ 1 ]. 
With treatment, nearly 99 % of patients have complete remis-
sion, and while 30 % of patients will experience recurrence, 
only 10 % of patients develop extracutaneous progression. 
Interestingly, cutaneous relapses do not indicate progression 
of disease [ 6 ]. There is no prognostic signifi cance in the his-
tologic growth pattern, the number of blastic cells, the 
expression of Bcl2, or multifocal disease [ 1 ,  6 ]. However, 
location on the leg has been associated with a worse 
 prognosis: patients with pcFCL on the legs have a higher 
relapse rate (63 %) and lower disease-specifi c survival 
(44 %) than those with disease at other locations (25 % 
relapse rate; 99 % disease- specifi c survival) [ 8 ]. 

 The fi rst-line treatments for solitary lesions is intralesional 
steroids, local radiation, or excision; lesions have also been 
successfully managed with intralesional interferon alpha or 
intralesional rituximab [ 4 ,  6 ,  9 ]. Radiation therapy can also be 
used successfully for late relapses [ 10 ]. Systemic rituximab 
and chemotherapy are only recommended for very extensive, 
thick lesions or extracutaneous involvement [ 1 ,  11 ,  12 ]. 
Radiotherapy may be as effective as multiagent chemotherapy 
even in the case of multifocal disease [ 9 ,  11 ,  13 ].   
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  Fig. 17.1    Primary cutaneous follicle center lymphoma (pcFCL), clini-
cal image. Numerous 1- to 5- cm well-demarcated, erythematous, indu-
rated plaques are seen on the scalp of a 71-year-old man       

  Fig. 17.2    Primary cutaneous follicle center lymphoma (pcFCL), clini-
cal image. A solitary, pink, 2-cm dermal plaque on the anterior scalp of 
a 51-year-old man       

a b

  Fig. 17.3    Primary cutaneous follicle center lymphoma (pcFCL), dif-
fuse type, clinical images from Case  17.1 . ( a ) This patient with diffuse 
type pcFCL has multiple fi rm, shiny, pink to violaceous dermal nodules 
and plaques of varying thickness on his forehead and scalp. 

( b ) Recurrence of nodules and plaques after radiation therapy. Although 
some of these lesions are at the same site as prior nodules or plaques, 
several are in previously unaffected areas       
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  Fig. 17.4    Primary cutaneous follicle center lymphoma (pcFCL), 
 diffuse type, histopathology, from Case  17.1 . ( a ) The papillary and 
deep dermis are occupied by a dense, diffuse infi ltrate of neoplastic B 
cells. The epidermis is uninvolved. No follicles are present, a fi nding 
confi rmed on immunohistochemical staining for follicular dendritic cell 
meshwork (not pictured) (H&E, 4×). ( b ) Disruption of the collagen 

fi bers of the dermis is visible. The eccrine ducts on the right side of the 
image are surrounded by but not invaded by neoplastic cells (H&E, 
20×). ( c ) The neoplastic B cells are remarkably atypical with hyper-
chromatic, angulated, irregularly shaped nuclei. Several large centro-
blasts are present (H&E, 63×)       
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17.2     Pathology 

17.2.1     Histopathology 

 The neoplastic infi ltrate of pcFCL is characterized by a der-
mal infi ltrate of atypical B cells that may extend into the sub-
cutaneous fat [ 1 ,  4 ,  14 ]. The epidermis is nearly always 
spared [ 1 ]. Skin biopsy may demonstrate one of three pat-
terns of infi ltration by neoplastic cells: follicular, follicular 
and diffuse, or diffuse [ 1 ,  6 ]. These occur in 2, 34, and 64 % 
of cases, respectively [ 6 ]. 

 The lymphoid follicles of pcFCL are often poorly 
defi ned, with a proliferation of neoplastic follicle center 
cells supported by an expanded follicular dendritic cell 
meshwork [ 14 ]. Alternatively, these tumors may present 
with a diffuse infi ltrate characterized by a proliferation of 
large centrocytes and variable numbers of centroblasts 
[ 1 ,  2 ]. The neoplastic follicle center cells may surround 
 aggregates of small T cells and B cells, forming so-called 
“inside-out follicles” ( see  Fig.  17.5a ). The presence of 
“naked follicles,” collections of follicle center cells 
apposed to the reticular dermal collagen without an 
 intervening mantle zone of small lymphocytes ( see  
Fig.  17.5b ), is also supportive of this diagnosis [ 14 ]. Large 
numbers of reactive T cells are usually present, and  stromal 
proliferation is common [ 1 ].   

17.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic cells of pcFCL are follicle center B cells with 
a germinal center phenotype [ 1 ,  15 ,  16 ]. These cells typically 
express CD20, CD79a, and Bcl6 [ 1 ,  14 ,  17 ] and lack Bcl2, 
MUM1, FoxP1, CD5, and CD43 ( see  Fig.  17.6 ) [ 1 ,  14 ]. 
While CD10 is typically absent in cases with a diffuse histo-
pathologic growth pattern, the neoplastic B cells of lympho-
mas with a follicular growth pattern may express CD10 [ 1 ]. 

 A monoclonal Ig rearrangement is typically present [ 1 ], 
and the same clone is often seen in multiple lesions of the 
same patient [ 18 ]. However, the presence of two distinct 
clones should not prevent a diagnosis of pcFCL if other clini-
cal and pathologic features are consistent with the diagnosis 
[ 18 ]. These studies are performed by means of polymerase 
chain reaction, as described in Chap.   3    . Of note, light-chain 
restriction is characteristically not detected in plasma cells. 

 Half of cases do show point mutations in  BCL6 ,  MYC , 
 RhoH/TTF , and P a x5 secondary to aberrant somatic hyper-
mutation [ 17 ,  19 ]. Unlike in DLBCL, deletions of 9p21.3 
(carrying the  CDKN2A  and  CDNK2B  genes) are uncommon 
[ 1 ]. The  BCL2  rearrangement is typically absent [ 1 ]. 

 Complex karyotypes are common [ 2 ]. Although the 
t(14;18) translocation is absent in the majority of cases, it has 
been reported [ 20 – 22 ].   
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a b

  Fig. 17.5    Primary cutaneous follicle center lymphoma (pcFCL), naked 
and inside out follicles Case  17.2 . ( a ) An inside out follicle displays the 
large neoplastic follicle center cells surrounding an aggregate of small 
reactive lymphocytes (H&E, 40×). ( b ) A naked follicle is seen with the 

neoplastic follicle center cells directly apposed to the reticular dermal 
collagen without an intervening mantle zone of small lymphocytes 
(H&E, 40×)       

  Fig. 17.6    Primary cutaneous follicle center lymphoma (pcFCL), dif-
fuse type, immunohistochemistry, from Case  17.1 . ( a ) Numerous very 
large, highly atypical CD20+ neoplastic B cells (CD20, 10×). ( b ) Large 
numbers of small round CD3+ reactive T cells are also present (CD3, 

10×). ( c ) The neoplastic cells are negative for Bcl2, although some 
smaller cells stain positively (Bcl2, 40×). ( d ) The large neoplastic B 
cells (around a nerve) stain positively for Bcl6 (Bcl6, 40×)       

a

c d

b 
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17.3     Differential Diagnosis 

17.3.1     Diagnostic Considerations 

 As with all other cutaneous lymphomas, diagnosis rests on a 
synthesis of clinical, histopathologic, and immunohisto-
chemical fi ndings. Although pcFCL has a remarkably good 
prognosis with and without treatment, it must be distin-
guished from other more life-threatening lymphomas such as 
diffuse large B-cell lymphoma, leg type, and systemic fol-
licular lymphoma. Other more common conditions may 
mimic pcFCL, including pcMZL and cutaneous lymphoid 
hyperplasias.  

17.3.2     Differential Diagnosis 

17.3.2.1     Cutaneous Lymphoid Hyperplasia (CLH) 
 Cutaneous lymphoid hyperplasia (CLH)—also known as 
“pseudolymphoma” or cutaneous follicular hyperpla-
sia — shows benign proliferations of lymphocytes that 
can be clinically and histologically similar to 
pcFCL. Histopathologic fi ndings that help in differentiat-
ing these conditions include round or oval lymphoid fol-
licle centers with maintained mantle zone architecture. In 
contrast, the follicles of pcFCL are more irregularly 
shaped. The neoplastic follicle center cells may surround 
aggregates of small reactive lymphocytes, forming inside-
out follicles with the small cells in the center and large 
cells at the periphery. Aggregates or nodules of follicle 
center cells without surrounding small lymphocytes are 
termed naked follicles and are characteristic of 
pcFCL. Immunohistochemical stains for Bcl6, Bcl2, and 
CD21 help to reveal the architecture of lymphoid folli-
cles: follicle center cells have a Bcl6+ Bcl2- immunophe-
notype and are supported by a CD21+ follicular dendritic 
cell meshwork. Irregularly expanded follicular dendritic 
cell meshwork is also commonly seen in pcFCL [ 1 ]. 
Clonal Ig rearrangements are present in 95 % of B-cell 
lymphomas but in only 17 % of benign cutaneous lym-
phoid infi ltrates [ 18 ].  

17.3.2.2     Systemic Follicular Lymphoma (sFL) 
with Secondary Cutaneous Involvement 

 Systemic follicular lymphoma (sFL) with secondary cutane-
ous involvement, although nearly identical in terms of clinical 
morphology to pcFCL has distinct genetic underpinnings and 
treatment [ 23 ]. Differentiation of sFL and pcFCL requires a 
thorough staging evaluation to assess for extracutaneous dis-
ease [ 3 ,  23 ]. Expression of Bcl2 and/or the presence of the 
t(14;18) translocation or other  Bcl2  rearrangement should 
increase concern for nodal follicular lymphoma with second-
ary cutaneous involvement [ 20 ,  23 ].  

17.3.2.3     Primary Cutaneous Marginal Zone 
Lymphoma (pcMZL) 

 Primary cutaneous marginal zone lymphoma (pcMZL) also 
often presents with solitary, fi rm, erythematous papules or 
plaques on the head, neck, and upper extremities and thus 
can be diffi cult to distinguish from pcFCL clinically. To fur-
ther complicate this differential diagnosis, both tumors are 
characterized by the presence of lymphoid follicles on skin 
biopsy. The architecture of these follicles is often helpful in 
distinguishing these two most common forms of cutaneous 
B-cell lymphoma. In pcFCL the neoplastic follicle center 
cells may form irregularly shaped nodules and surround 
aggregates of small lymphocytes, forming inside-out folli-
cles. The proliferation of follicle center cells in pcFCL may 
also be directly apposed to reticular dermal collagen fi bers 
without a mantle zone of small lymphocytes, so-called naked 
follicles. Inside-out and naked lymphoid follicles are charac-
teristic of pcFCL and not a feature of pcMZL. 
Immunohistochemical stains for Bcl6, Bcl2, CD21, CD10, 
and kappa and lambda light chains are indispensable in this 
differential diagnosis [ 14 ]. In pcMZL the reactive follicles 
may be infi ltrated by Bcl2+ Bcl6- marginal zone B cells, 
leading to dispersion of the BCL6+ follicle center cells. This 
is not a characteristic of pcFCL. 

 While the neoplastic cells of both lymphomas are CD20+ 
and CD79+ B cells, the neoplastic cells in pcMZL are Bcl2+ 
Bcl6- small cleaved cells, monocytoid B cells, or lympho-
plasmacytoid cells, while the neoplastic cells of pcFCL are 
Bcl2-Bcl6+ follicle center cells (centrocytes and centro-

    Table 17.1    Immunohistochemical markers for differentiation of pcDLBCL, pcFCL, and MALT lymphoma   

 CD20  CD79  CD10  Bcl6  MUM1  Bcl2  FoxP1  IgM [ 26 ] 

 pcMZL  +  +  –  –  +  +  −/+ 

 pcFCL  +  +  ± a   +  –  –  –  – 

 pcDLBCL  +  +  –  ±  +  +  +  + 

  Adapted from Jaffe et al. [ 27 ] 
  pcDLBCL  primary cutaneous diffuse large B-cell lymphoma,  pcFCL  primary cutaneous follicle center lymphomas,  pcMZL  primary cutaneous 
marginal zone lymphoma 
  a CD10 positive in follicular pattern, negative in diffuse pattern of FCL  
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blasts) (Table  17.1 ) [ 1 ,  24 ]. Follicle structure may also be 
helpful in differentiating these entities: pcFCL is character-
ized by a proliferation of neoplastic follicle center cells sup-
ported by an expanded follicular dendritic cell meshwork. 
CD21 staining of follicular dendritic cells is helpful in iden-
tifying the sites of lymphoid follicles. 

 Immunohistochemical or in situ hybridization analysis of 
kappa and lambda light chains demonstrates light-chain 
restricted plasma cells in more than 70 % of pcMZLs of the 
skin [ 25 ], a fi nding absent in pcFCL [ 23 ].

17.3.2.4        Diffuse Large B-Cell Lymphoma, Leg 
Type (DLBCL, LT) 

 Diffuse large B-cell lymphoma, leg type (DLBCL, LT), par-
ticularly in cases presenting on the lower leg, can be very 

diffi cult to distinguish from pcFCL. These tumors may also 
mimic one another histopathologically when pcFCL mani-
fests with a diffuse pattern. The presence of many admixed T 
cells, stromal reaction, and remnants of networks of follicu-
lar dendritic cells supports a diagnosis of pcFCL [ 6 ]. The 
tumor cells of DLBCL usually have large round non-cleaved 
nuclei of centroblasts in contrast to the mixed proliferation 
of centrocytes, centroblasts and immunoblasts observed in 
pcFCL. Immunohistochemistry is often indispensable in elu-
cidating the correct diagnosis. While pcFCL is typically 
Bcl2− Bcl6+, FoxP1−, IgM−, and MUM1−, pcDLBCL is 
typically Bcl2+ Bcl6± FoxP1+ IgM+, and MUM1+ ( see  
Table  17.1 ).    
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17.4     Clinical Case 

17.4.1        Primary Cutaneous Follicle Center 
Lymphoma, Diffuse Type 

   Commentary     This case serves to illustrate three points. 
First, as in this patient, pcFCL most commonly occurs on the 
head and neck, with a particular predilection for the scalp. 
The nodules are asymptomatic, and extracutaneous manifes-
tations are exceedingly rare. Second, pcFCL is exquisitely 
responsive to radiation therapy but has a tendency to recur. 
The fi nal point is histopathologic. There are three histopath-
ologic variants of pcFCL: diffuse, follicular, and follicular 
and diffuse. This patient’s biopsies demonstrated diffuse 
architecture, which in some cases can be diffi cult to distin-
guish from pcDLBCL.   

17.4.2        Primary Cutaneous Follicle Center 
Lymphoma, Follicular Type 

      Commentary     The clinical fi ndings in this case are typical 
of pcFCL: a plaque located on the head. The histology offers 
an example of follicular-type pcFCL, with discrete follicles. 
The staining patterns seen both cases are classic for pcFCL.       

 Case 17.1 

 A 66-year-old man presented with a 15-year history of 
multiple 1- to 3-cm, pink to violaceous smooth pap-
ules, plaques, and nodules on his scalp and forehead 
(see Fig.  17.3a ). He had no systemic symptoms or pal-
pable lymphadenopathy. 

 A biopsy of one of the plaques demonstrated a dense 
CD20+ B-cell infi ltrate throughout the superfi cial and 
deep dermis with numerous admixed CD3+ T cells. 
The epidermis was spared (see Fig.  17.4 ). The atypical 
B cells were positive for Bcl6 but negative for Bcl2, 
and there was no evidence of follicular dendritic cell 
meshwork with CD21 (Fig.  17.6 ). A clonal IgH gene 
rearrangement was detected by polymerase chain reac-
tion. On CT scan, there was no evidence of systemic 
malignancy. The patient was diagnosed with primary 
cutaneous follicle center lymphoma, diffuse type. 

 The cutaneous lesions largely resolved with local 
radiation therapy. However, 4 months after treatment 
the patient developed new lesions within the radiation 
fi eld ( see  Fig  17.3b ). Otherwise he continues to be 
well. 

 Case 17.2 

 An 85-year-old woman presented with a 1-year history 
of a pruritic, poorly demarcated, indurated pink plaque 
on her forehead (no clinical photographs available). 
She had no systemic complaints, and her physical 
examination was otherwise unremarkable. 

 A biopsy of this plaque revealed a dense dermal 
lymphoid infi ltrate with expansile nodules of follicle 
center cells within irregularly shaped meshwork of 
CD21+ follicular dendritic cells (Fig.  17.7 ); naked and 
inside out follicles were present. The follicle center 
cells stained positively for CD20 and Bcl6 but did not 
express Bcl2 (Fig.  17.8 ). There were numerous 
admixed CD3+ T cells. A clonal IgH gene rearrange-
ment was present. The patient was diagnosed with pri-
mary cutaneous follicle center lymphoma, follicular 
type. 

 The patient was treated with localized radiation 
therapy, resulting in complete resolution of the plaque. 
One year after treatment she is well, with no evidence 
of recurrence. 
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  Fig. 17.7    Primary cutaneous follicle center lymphoma (pcFCL), fol-
licular pattern Case  17.2 . ( a ) The dermis is occupied by several dense 
follicular aggregates of neoplastic B cells. The follicles are poorly 
defi ned and composed of neoplastic follicle center B cells (H&E, 4×). 
( b ) The neoplastic cells are centrocytes with medium-sized densely 

chromatic cleaved nuclei and centroblasts with large round nuclei and 
basophilic nucleoli at the nuclear margin. The atypical cytologic fi nd-
ings include increased nuclear to cytoplasmic ratio and irregularly 
shaped hyperchromatic nuclei (H&E, 63×)       

a b 
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  Fig. 17.8    Primary    cutaneous follicle center lymphoma (pcFCL), fol-
licular type, immunohistochemistry, Case  17.2 . ( a ) A dense aggregate 
of neoplastic follicle center B cells, reactive T cells, and follicular den-
dritic cells forms an expansile lymphoid follicle deep in the dermis 
(H&E, 20×). ( b ) Immunohistochemistry for CD21 reveals an intact 
irregularly shaped follicular dendritic cell meshwork (CD21, 20×). ( c ) 

The follicle center cells are CD20+ B cells (CD20, 20×). ( d ) Scattered 
CD3+ T cells are admixed within and around the follicle (CD3, 20×). 
( e ) The CD20+ B cells within the follicle do not express Bcl2 (Bcl2, 
20×). ( f ) The neoplastic B cells stain positively for Bcl6 (Bcl6, 20×)       
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      Primary Cutaneous Diffuse Large B-Cell 
Lymphoma, Leg Type 

           Amrita     Goyal     ,     Joi     B.     Carter     ,     Jeffrey     A.     Barnes     , 
and     Lyn     McDivitt     Duncan     

         Primary cutaneous diffuse large B-cell lymphoma 
(pcDLBCL), leg type, is a rare B-cell lymphoma of post- 
germinal B cells. Although this lymphoma classically pres-
ents on the leg with erythematous or violaceous tumors 
or nodules, it can also present elsewhere on the body. 
Patients with pcDLBCL have a moderately poor prognosis 
and experience frequent systemic dissemination. Though 
small case series have reported dramatic improvements in 

survival with combination chemotherapy and rituximab, 
treatment is largely limited by patient age and functional 
status. This chapter discusses the clinical presentation, 
prognosis, treatment, histopathology, immunohistochemis-
try, molecular characteristics, and differential diagnosis of 
pcDLBCL. The chapter closes with two clinical cases: one 
case of pcDLBCL occurring on the leg and one occurring 
on the scalp. 
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18.1     Clinical 

18.1.1     Clinical Presentation 

 Primary cutaneous diffuse large B-cell lymphoma 
(pcDLBCL), leg type, is a subtype of diffuse large B-cell 
lymphoma that accounts for 10–20 % of cutaneous B-cell 
lymphomas and 2.6 % of all cutaneous lymphomas [ 1 – 3 ]. 
This lymphoma primarily impacts the elderly, with a median 
age of onset in the seventh decade [ 1 ,  2 ,  4 ]. As with many 
other B-cell lymphomas, Asians and Pacifi c Islanders have a 
higher rate of pcDLBCL than other ethnic groups [ 2 ]. In con-
trast to most other primary cutaneous B-cell lymphomas, 
pcDLBCL is two to four times more common in women than 
in men [ 1 ,  5 – 7 ]. 

 pcDLBCL typically presents with 2- to 5-cm erythema-
tous to violaceous tumors or coalescing nodules on the lower 
legs (see Figs.  18.1  and  18.2 ) [ 1 ,  7 ,  8 ]. Although the lym-
phoma is termed “leg type,” 10–15 % of patients present 
with this lymphoma at other sites, including the head, trunk, 
and upper limbs (see Fig.  18.3 ). Most patients have a single 
lesion at diagnosis [ 8 ]. Patients with leg involvement have 
higher rates of extracutaneous dissemination (33 %) than 
those who do not (18 %) [ 9 ].     

18.1.2     Prognosis and Treatment 

 Patients with a diagnosis of pcDLBCL have a 5-year disease- 
specifi c survival rate of 50–70 % [ 1 ,  2 ,  4 ]. Most deaths occur 

in the fi rst year after diagnosis [ 4 ]. Negative clinical prog-
nostic factors include presentation on the leg, multiple 
lesions on the skin at diagnosis, and age older than 75 years 
[ 1 ,  9 ]. 

 Tumor location is a key negative prognostic indicator: 
patients with tumors on the leg have a mean 5-year survival 
rate of 43 %, compared with 77 % for patients with a non-leg 
location [ 9 ]. Patients with multiple lesions have a 5-year sur-
vival rate of 39 %, compared with over 70 % for those with 
a single lesion [ 9 ]. Clinical factors that do not change patient 
outcome include gender, patient baseline performance sta-
tus, serum lactate dehydrogenase (LDH), and the duration of 
the lesions prior to diagnosis [ 9 ,  10 ]. Molecular markers of 
prognostic signifi cance are discussed below. 

 Patients diagnosed with pcDLBCL are often elderly and 
frail, with a poor performance status at baseline; they are 
poor candidates for chemotherapy [ 4 ]. Intravenous rituximab 
and combination chemotherapy are the standards of care for 
pcDLBCL [ 9 ,  11 – 13 ]; limited-stage non-Hodgkin’s lym-
phoma patients (a category including those with pcDLBCL) 
who are treated with a combination of chemotherapy and 
radiation may have a better outcome than those treated 
with chemotherapy alone [ 14 ,  15 ]. There is a trend towards 
improved survival with the combination of multiagent che-
motherapy and rituximab; small, retrospective studies have 
shown a 60–90 % response rate and a 3-year survival rate of 
up to 80–90 % with this treatment regimen [ 8 ,  12 ,  16 ]. Even 
with the combination of radiation, chemotherapy, and ritux-
imab, however, patients commonly experience relapses and 
systemic dissemination [ 1 ,  9 ].   

  Fig. 18.1    Primary cutaneous diffuse large B-cell lymphoma, leg type 
(pcDLBCL, LT), presenting with pink, indurated plaques and nodules 
on the anterior shin of an 84-year-old woman       

  Fig. 18.2    This clinical photo of pcDLBCL, LT shows three indurated, 
dark pink to erythematous plaques on the calf of Case  18.1 . The plaques 
range from 1 to 3 cm in size. There is some overlying scale and sur-
rounding areas of dyspigmentation       
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  Fig. 18.3    This clinical photo (Case  18.2 ) shows pcDLBCL, LT on the 
crown of the head, appearing as a 3.5 × 3 cm fi rm, multilobulated tumor 
on a pink, edematous background. Central erosion and crust are present 
at the site of a prior biopsy       
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18.2     Pathology 

18.2.1     Histopathology 

 Cutaneous biopsy specimens of pcDLBCL are characterized 
by a monotonous, dense, diffuse, superfi cial, and deep der-
mal infi ltrate of large, atypical B cells forming confl uent 
sheets [ 1 ,  17 ,  18 ]. Epidermal involvement is absent (see 
Figs.  18.4  and  18.5 ) [ 1 ]. 

 The atypical B cells of pcDLBCL are large, round, and 
noncleaved, often resembling centroblasts. Mitoses are com-
mon [ 1 ]. 

 There are few perivascular reactive T cells, and the reac-
tive infi ltrate is sparse compared with that of other cutaneous 
B-cell lymphomas [ 1 ,  18 ].    

a b

  Fig. 18.4    Histology of pcDLBCL, LT from Case  18.1 . ( a ) A diffuse, 
dense, monotonous sheet-like infi ltrate of atypical B cells occupies the 
papillary and reticular dermis. The epidermis is spared (HE, 10×). ( b ) 

Sheets of large, atypical B cells disrupt the collagen of the dermis. The 
neoplastic cells have large, round, and noncleaved nuclei (H&E, 40×)       

a b

  Fig. 18.5    Histopathology of pcDLBCL, LT from Case  18.2 . Although 
this biopsy specimen is from a lesion occurring on the patient’s scalp, 
the histopathology is identical to that seen in lesions located on the leg 
(see Fig.  18.4 ). ( a ) Sheets of large, atypical B cells occupy the dermis 

with minimal epidermal involvement (H&E, 10×). ( b ) The eccrine unit 
in the middle of the fi eld, although surrounded by large neoplastic B 
cells, is uninvolved (H&E, 20×)       
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18.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic B cells of pcDLBCL express CD20, CD79a, 
monotypic Ig, MUM1/IRF4, Bcl2, Bcl6, and FoxP1. 
Approximately 10 % of cases lack Bcl2 and/or MUM1 
expression. Bcl6 staining is often dim, and CD10 staining is 
usually absent (see Figs.  18.6  and  18.7 ) [ 1 ]. As in all B-cell 
neoplasms, the neoplastic cells of pcDLBCL express the 
transcription factor Pax5 [ 19 ].   

 Nearly all cases of pcDLBCL demonstrate chromo-
somal imbalances [ 20 ]. Deletions of 18q and 6q occur 
much more frequently in pcDLBCL than in primary cuta-
neous marginal zone lymphoma (pcMZL) or primary cuta-
neous follicle center lymphoma (pcFCL) [ 20 ]. Deletion of 

9p21.3 (containing the  CDKN2A  and  CDKN2B  genes) is 
present in 67 % of tumors, and patients with decreased 
expression of the  CDKN2A  and  CDKN2B  genes second-
ary to deletion or hypermethylation have a worse progno-
sis [ 1 ,  21 ,  22 ]. Two thirds of tumors have amplifi cation of 
18q21.31–q21.33, a region that includes the genes  BCL2  
and  MALT1  [ 1 ]. Of note, the t(14;18) translocation is typi-
cally absent [ 1 ]. 

 Molecular markers with negative prognostic signifi cance 
include expression of MUM1, expression of transcription 
factors OCT2 [ 1 ,  20 ] or FoxP1 [ 23 ], and inactivation of the 
 CDKN2A  gene [ 1 ,  21 ]. The prognostic signifi cance of Bcl2 
expression is unclear [ 10 ,  17 ,  21 ,  24 ]. High expression of 
FoxP3 by tumor cells and regulatory T cells in the tumor is 
associated with a better prognosis [ 25 ].   

a

c d

b

  Fig. 18.6    Immunohistochemistry of pcDLBCL, LT from Case  18.1 . 
( a ) Large, atypical B cells stain strongly for CD20 on immunohisto-
chemistry (CD20, 20×). ( b ) The neoplastic cells also express MUM1 

(MUM1, 20×). ( c ) The atypical cells stain positively for Bcl2 (Bcl2, 
20×). ( d ) Bcl6 is not expressed by the neoplastic B cells (Bcl6, 20×)       
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  Fig. 18.7    Immunohistochemistry of pcDLBCL from Case  18.2 . ( a ) 
The large, neoplastic B cells stain strongly for the B-cell marker CD20. 
( b ) The neoplastic cells also stain positively for MUM1. ( c ) Rare cells 
stain positively for Bcl2. ( d ) Most atypical cells show staining for Bcl6. 

( e ) Many of the neoplastic B cells demonstrate expression of Pax5. ( f ) 
This tumor has a very high proliferative index, with nearly 80 % of 
atypical cells staining positively for Ki67       

 

A. Goyal et al.



181

18.3     Differential Diagnosis 

18.3.1     Diagnostic Considerations 

 Although research to characterize the gene expression and 
molecular profi le of pcDLBCL and other B-cell lympho-
mas has been quite fruitful, such studies are not yet used 
in clinical practice [ 20 ,  26 ]. Diagnosis of pcDLBCL rests 
on a synthesis of clinical presentation, histopathology, and 
immunohistochemistry. The differential diagnosis includes 
other lymphomas composed of large atypical cells, but 
most critical is that systemic lymphomas must be ruled 
out with appropriate staging studies, including full body 
PET-CT scanning, before a diagnosis of primary cutaneous 
lymphoma is made [ 18 ].  

18.3.2     Differential Diagnosis 

18.3.2.1     Systemic DLBCL 
 To make a diagnosis of pcDLBCL, systemic DLBCL with 
secondary cutaneous involvement must be excluded. 
Cutaneous involvement occurs in 7–10 % of cases of sys-
temic B-cell lymphomas [ 27 ]. In addition, systemic DLBCL 
is far more common than pcDLBCL; it comprises 25 % of 
cases of non-Hodgkin’s lymphoma overall [ 28 ]. Accurate 
differentiation between systemic DLBCL versus pcDLBCL 
can have a tremendous impact on treatment and prognosis. 
Clinical correlation and appropriate staging examinations 
are required to differentiate secondary cutaneous systemic 
DLBCL from pcDLBCL.  

18.3.2.2     Testicular DLBCL 
 This form of systemic DLBCL is important enough to war-
rant separate discussion. Testicular DLBCL with secondary 
cutaneous involvement is indistinguishable from pcDLBCL, 
leg type, on the basis of pathology and phenotype: both 
lymphomas are histopathologically characterized by a dif-
fuse infi ltrate of centroblasts and immunoblasts with strong 
expression of Bcl2, MUM1, FoxP1, and pan–B-cell mark-
ers [ 29 ]. Clinical correlation and testicular ultrasound 
should be considered in all cases of pcDLBCL to rule out 
testicular involvement. Of note, one case of secondary tes-
ticular involvement of pcDLBCL has been reported [ 9 ].  

18.3.2.3     Primary Cutaneous Follicle Center 
Lymphoma (pcFCL) 

 pcDLBCL and pcFCL can be particularly diffi cult to distin-
guish when they present on the lower leg. They may also mimic 
one another histopathologically when pcFCL shows a diffuse 
pattern. Histopathology can offer a clue as to the diagnosis: the 
presence of many admixed T cells, stromal reaction, and rem-
nants of networks of follicular dendritic cells suggests a diag-
nosis of pcFCL [ 6 ]. Immunohistochemical studies are 
invaluable: pcFCL is typically Bcl2−, Bcl6+, FoxP1−, and 
IgM−, whereas pcDLBCL is typically Bcl2+, Bcl6+, FoxP1+, 
and IgM+ (Table  18.1 ) [ 30 ,  31 ]. MUM1 also serves as a pri-
mary differentiating factor: this marker is present in DLBCL 
but usually is absent in pcFCL. Finally, the deletion of the 
 CDKN2A  gene is common in DLBCL but rare in pcFCL [ 21 ].  

18.3.2.4     Primary Cutaneous Marginal Zone 
Lymphoma (pcMZL) 

 When pcDLBCL presents on parts of the body other than the leg, 
it can be very diffi cult to distinguish clinically from pcMZL, but 
they are quite distinct on histopathology: pcDLBCL is character-
ized by a diffuse infi ltrate of large B cells, but pcMZL present 
with a dense, nodular, dermal and subcutaneous lymphocytic 
infi ltrate of small to medium-sized B cells with reactive lymphoid 
follicles. Immunohistochemistry also may be helpful: although 
pcMZL and pcDLBCL both express CD20, CD79a, MUM1, and 
Bcl2, pcMZL lack Bcl6 expression (see Table  18.1 ).  

18.3.2.5     Intravascular Large B-Cell Lymphoma 
(IVLBCL) 

 IVLBCL is an extremely rare, highly aggressive lymphoma 
of large B cells. Its presentation may vary widely from iso-
lated neurologic symptoms to hemophagocytic syndrome to 
cutaneous manifestations that include maculopapular erup-
tions, nodules with or without ulceration, violaceous infi l-
trated plaques, palpable purpura, and ulcers [ 32 – 34 ]. The 
histopathology of IVLBCL is quite distinctive, however: the 
neoplastic B cells are present only in small vessels and capil-
laries, with minimal to no extravascular extravasation. 
Although both neoplasms are composed of large, atypical B 
cells, cutaneous biopsy of pcDLBCL demonstrates a diffuse, 
monotonous dermal proliferation of neoplastic cells.

    Table 18.1    Immunohistochemical markers for differentiation of pcDLBCL, pcFCL, and pcMZL   

 CD20  CD79  CD10  Bcl6  MUM1  BCL2  FoxP1  IgM 

 pcMZL  +  +  −  −  +  +  ±  ± 

 pcFCL  +  +  ± a   +  −  −  −  − 

 pcDLBCL  +  +  −  ± b   +  +  +  + 

  Adapted from Jaffe et al. [ 35 ] 
  pcDLBCL  primary cutaneous diffuse large B-cell lymphoma,  pcFCL  primary cutaneous follicle center lymphoma,  pcMZL  primary cutaneous 
marginal zone lymphoma 
  a CD10 positive in follicular, negative in diffuse 
  b Positive in most cases  
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18.4                Clinical Cases 

   Commentary     This patient’s pcDLBCL occurred on her 
legs, the most common site for this rare lymphoma. This 
patient was treated effectively with a combination of chemo-
therapy and radiation.  

   Commentary     This case illustrates the important point that 
although pcDLBCL is called “leg-type,” it can occur any-
where on the body, in this case, the scalp. As is expected in 
cases of pcDLBCL, the patient was treated with combination 
systemic chemotherapy, with good effect.    
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      Intravascular Large B-Cell Lymphoma 

           Amrita     Goyal    ,     Joi     B.     Carter     ,     Judith     A.     Ferry     , 
and     Lyn     McDivitt     Duncan     

         Intravascular large B-cell lymphoma (ivLBCL) is an 
aggressive form of diffuse large B-cell lymphoma with 
a markedly poor prognosis. It commonly presents with 
central nervous system (CNS) symptoms and a wide vari-
ety of cutaneous manifestations, including maculopapu-
lar eruptions, ulcerated nodules, and infi ltrated indurated 
plaques. Because the tumor cells lodge in the vasculature, 
in cases without obvious cutaneous disease a biopsy of 
a small cutaneous hemangioma may yield the diagno-
sis. ivLBCL has had numerous names in the literature, 

including angiotropic lymphoma, malignant angioendo-
theliomatosis, and angioendotheliomatosis proliferans 
systemisata. These names refl ect the incorrect initial 
belief that the neoplastic cells were of endothelial origin; 
they are in fact derived from post–germinal center B cells 
[ 1 ,  2 ]. This chapter discusses the clinical presentation, 
prognosis, treatment, histopathology, immunohistochem-
istry, molecular characteristics, and differential diagnosis 
of ivLBCL. The chapter closes with a clinical case featur-
ing a patient with ivLBCL. 
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19.1     Clinical Information 

19.1.1     Clinical Presentation 

 Intravascular large B-cell lymphoma (ivLBCL) is a systemic 
lymphoma that commonly presents in the skin and is fre-
quently diagnosed by means of a skin biopsy. This rare, 
aggressive form of diffuse large B-cell lymphoma (DLBCL) 
primarily strikes older individuals (median age of 
67–70 years, range of 13–90 years) with poor performance 
status and a history of other malignancy [ 1 ,  3 – 5 ]. Less than 
one person per million is diagnosed with this disease each 
year, and there is no gender predilection [ 3 ,  4 ,  6 ]. Patients 
nearly always present with stage III or IV disease and have a 
very poor prognosis [ 2 ,  4 ]. 

 ivLBCL is characterized by the growth of neoplastic B 
cells in the lumina of small vessels, likely caused by defects 
in cell homing and transvascular migration secondary to 
abnormalities in beta-1 integrin or ICAM-1 [ 3 ,  4 ,  7 ]. There 
are two major variants of ivLBCL: Asian and Western. Asian 
ivLBCL is much more likely to manifest with hemophago-
cytic syndrome, cytopenias, and hepatosplenomegaly but 
without cutaneous or CNS involvement [ 2 ,  8 ]. Western 
ivLBCL most often presents with cutaneous and CNS mani-
festations. There is also a subtype of Western ivLBCL that 
shows isolated cutaneous involvement and occurs almost 
exclusively in women, with a mean age of 59 years [ 4 ,  5 ]. 

 Symptoms vary widely, depending on which vessels and 
capillary beds are involved. Most patients have widespread 
symptoms, including fever of unknown origin, night sweats, 
weight loss, and fatigue [ 2 ,  4 ]. When the CNS is involved, 
symptoms may include sensory and motor defi cits, seizures, 
transient vision loss, or altered consciousness [ 4 ]. 

 Cutaneous manifestations are present in 40 % of patients 
with Western ivLBCL and are most often found on the legs 
(35 %), thighs (41 %), and trunk (31 %) [ 9 ]. ivLBCL fre-
quently is seen in the skin as violaceous nodules or plaques 
(49 %), blue or livid macules (22 %), and/or painful 
 telangiectasias (20 %) [ 9 ]. Livedo-like reticular erythema, 
palpable purpura, ulcers, infi ltrative peau d’orange changes, 
and cellulitis have also been observed [ 1 ,  2 ,  4 ,  9 ,  10 ]. Lower 
extremity edema is common (27 %) [ 9 ]. The cutaneous pre-
sentation of ivLBCL may be diffi cult to distinguish clinically 
from that of thrombophlebitis, erythema nodosum, and/or 
erysipelas [ 9 ].  

19.1.2     Prognosis and Treatment 

 ivLBCL has a generally poor prognosis, with overall 3-year 
survival ranging from 30 %–80 %, with recent improvements 
in survival largely related to use of rituximab-based therapies 
[ 1 ,  2 ]. Cutaneous only disease has been reported as a favorable 
prognostic factor [ 2 ,  4 ]. Poor prognostic factors include poor 
performance status, advanced disease, elevated serum lactate 
dehydrogenase, and the presence of B symptoms (including 
fever, night sweats, weight loss) [ 8 ]. 

 ivLBCL demonstrates a very poor response to multiagent 
chemotherapy [ 3 ]. The inclusion of rituximab with other 
multiagent chemotherapy regimens has been shown to 
improve the effi cacy of response substantially [ 2 ]. Patients 
who undergo chemotherapy followed by a stem cell trans-
plant have been documented to have signifi cantly improved 
survival rates [ 1 ,  8 ], but because this cancer usually strikes 
older patients with poor health at baseline, few patients are 
candidates for transplants [ 4 ].   
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19.2     Pathology 

19.2.1     Histopathology 

 The histopathology of ivLBCL is characterized by occlusion 
of the lumina of small- and medium-sized vessels by neo-
plastic cells. The tumor cells do not characteristically exit the 
vascular spaces to involve the surrounding tissue [ 4 ]. 
Angiodestruction is rare, given that the neoplastic B cells of 
ivLBCL are limited to within the vascular space and the vas-
cular endothelia are rarely affected [ 4 ]. The involved vessels 
are nearly always capillaries or small venules, usually spar-
ing the lymphatics (Fig.  19.1 ) [ 5 ]. Occasionally, there is 
associated hemorrhage, fi brin thrombi, and necrosis [ 3 ]. 

 The intravascular tumor cells have large blastic nuclei with 
multiple nucleoli and coarse nuclear chromatin [ 2 ,  3 ]. Mitotic 
fi gures are typically easy to identify [ 2 ,  3 ]. Tumor cells may 
colonize cutaneous hemangiomas; therefore biopsy of a hem-
angioma may be helpful in making this diagnosis [ 10 – 12 ].   

19.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic B cells express CD20, Bcl2, and MUM-1 
with staining for CD5 and CD10 in 38 % and 13 % of 
cases, respectively [ 3 ]. Cases lacking CD10-expression 
are more likely to express MUM-1 [ 3 ]. It should be noted 
that CD20 may be absent in patients previously treated 
with rituximab [ 4 ]. 

 Case studies have reported abnormalities or transloca-
tions of chromosomes 1, 6, 11, 14, 18, and 19 [ 2 ,  13 – 16 ]. 
The mixed lineage leukemia ( MLL ) gene has been impli-
cated in several cases [ 17 ]. Clonal immunoglobulin 
rearrangement is often present [ 3 ]. Epstein-Barr virus infec-
tion has been rarely reported, and is typically absent in 
ivLBCL [ 4 ].   

a

c

b

d

  Fig. 19.1    Histopathology of ivLBCL. This patient’s ivLBCL was diag-
nosed at autopsy. ( a ) Large atypical lymphocytes fi ll the lumina of 
superfi cial and deep dermal vessels. The vessels around the arrector pili 
muscle ( center ) are completely obstructed by lymphoma cells. There is 
no extravasation of neoplastic cells into the surrounding dermal tissue 

(H&E, 10×). ( b ) The vessels of the subcutaneous fat are similarly 
involved. ( c ) Aggregates of neoplastic large B cells fi ll the lumina of 
numerous vessels in the reticular dermis and adhere to the vascular 
endothelium (H&E, 20×). ( d ) Large atypical lymphocytes occlude the 
vascular lumina (H&E, 40×)       
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19.3     Diagnosis 

19.3.1     Diagnostic Considerations 

 Diagnosis is often extremely delayed because of the hetero-
geneity of presentation, frequent absence of a mass lesion, 
strong tendency to mimic non-neoplastic conditions and the 
diffi culty of obtaining a biopsy that contains a tumor speci-
men. Consequently, a quarter of patients are diagnosed post-
mortem [ 1 ,  3 ,  6 ]. Multiple skin biopsies and repeated bone 
marrow biopsies may be necessary [ 2 ]. Because patients 
typically lack mass lesions or lymphadenopathy, imaging 
scans were initially thought to offer minimal utility [ 1 ,  5 ,  8 ]; 
however, new case reports suggest that magnetic resonance 
imaging and/or positron emission tomography and computed 
tomography may be helpful in the setting of CNS [ 18 ,  19 ], 
uterine [ 20 ], and pulmonary involvement [ 21 ,  22 ]. 

 Relevant and helpful laboratory fi ndings may include ele-
vated lactate dehydrogenase and beta-2-microglobulin levels, 
anemia, other cytopenias, and hemophagocytic syndrome [ 1 ,  4 , 
 5 ]. The differential diagnosis includes other aggressive angio-
tropic B-cell lymphomas that manifest with systemic and/or 
neurologic fi ndings, including lymphomatoid granulomatosis 
and primary DLBCL of the central nervous system [ 4 ].  

19.3.2     Differential Diagnosis 

19.3.2.1     Lymphomatoid Granulomatosis (LyG) 
 This aggressive systemic, Epstein-Barr virus–positive B-cell 
lymphoma frequently manifests in the skin as erythematous 

dermal and subcutaneous papules and nodules [ 23 ]. Both 
LyG and ivLBCL patients usually have systemic symptoms, 
including fever and weight loss. LyG commonly involves the 
lungs, and ivLBCL can involve any vascular bed [ 4 ,  23 ]. 
Histologically both involve the vasculature; however, LyG 
infi ltrates the tissues surrounding the vessels with angiode-
struction and angioinvasion, whereas ivLBCL is an intravas-
cular embolic process [ 4 ,  5 ]. While LyG is typically 
Epstein-Barr virus–positive, ivLBCL has no clear associa-
tion with the virus [ 4 ,  23 ]. Both diseases have a grave prog-
nosis [ 23 ].  

19.3.2.2     Primary Diffuse Large B Cell Lymphoma 
(DLBCL) of the CNS 

 CNS involvement by ivLBCL is common, occurring in 
nearly 30 % of patients [ 4 ]. Primary DLBCL of the CNS 
may also present with neurologic abnormalities and behav-
ioral and personality changes [ 2 ,  4 ]. In ivLBCL the neuro-
logic symptoms are secondary to ischemic changes resulting 
from capillary infi ltration, and brain imaging typically dem-
onstrates a pattern consistent with CNS vasculitis [ 24 ]. In 
primary DLBCL of the CNS, magnetic resonance imaging 
shows contrast-enhancing lesions [ 4 ]. Biopsy of DLBCL of 
the CNS typically shows a diffuse proliferation of large cells, 
often with a perivascular pattern at the periphery of the 
tumor. Also of signifi cance is that multisystem involvement 
of ivLBCL is exceedingly common, whereas primary CNS 
lymphomas tend to remain confi ned to the CNS [ 4 ,  5 ].    

A. Goyal et al.



189

19.4     Clinical Case    Commentary     This case highlights the point that many 
cases of ivLBCL are diagnosed post-mortem. Her lymphoma 
was widespread, evidence that this is a systemic disease with 
prominent cutaneous manifestations rather than a primary 
cutaneous lymphoma. In addition, this patient is in the age 
group most commonly affl icted by this disease. She ulti-
mately developed symptoms consistent with hemophago-
cytic syndrome, as is often seen in ivLBCL.       

a

c

b

  Fig. 19.2    Histopathology of ivLBCL, clinical case  19.1 . ( a ) Skin. 
Aggregates of neoplastic large B cells fi ll the lumina of a vessel in the 
subcutaneous fat and adhere to the vascular endothelium (H&E, 40×). 

( b ) Kidney. Neoplastic B cells fi ll the capillaries of the glomerulus 
(H&E, 20×). ( c ) Liver. Liver sinusoids are occupied by neoplastic B 
cells (H&E, 40×)       

  Case 19.1 

 A 64-year-old woman presented with one-and-one- 
half months of low grade fever, night sweats, weight 
loss, generalized weakness, dizziness, and dry cough. 
She had hepatosplenomegaly and rales but no cutane-
ous or neurologic fi ndings. On admission to the hospi-
tal, she developed a coagulopathy, anemia, and 
thrombocytopenia. She died 1 month after admission 
with metabolic acidosis, hypotension, and respiratory 
failure. The diagnosis of ivLBCL was made on autopsy. 
Lymphoma was present in the skin, lymph nodes, bone 
marrow, liver, adrenal glands, kidneys, bladder, and 
uterus (Fig.  19.2 ). 
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      Introduction to Precursor Neoplasms 
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         Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is 
the only “precursor neoplasm” and only myeloid malignancy 
included in the WHO-EORTC classifi cation of cutaneous 
lymphomas. This exceptionally rare and very aggressive 
lymphoma is derived from blastic plasmacytoid dendritic 
cells, an uncommon subtype of dendritic cells. In contrast to 
our detailed knowledge of T-cell and B-cell biology, very 
little is known about the biology and function of normal 
 blastic plasmacytoid dendritic cells. 

20.1     Blastic Plasmacytoid Dendritic Cell 
Neoplasm as a Precursor Neoplasm 

 The WHO-EORTC classifi cation for primary cutaneous 
lymphoma includes a single non-T cell, non-B cell “precur-
sor neoplasm:” blastic plasmacytoid dendritic cell neo-
plasm (BPDCN). This rare malignancy of blastic 
plasmacytoid dendritic cells is strongly associated with 
antecedent or subsequent myeloid malignancies. Because 
of the cellular immaturity of the blastic plasmacytoid den-
dritic cells, these neoplasms are grouped with precursor 
neoplasms rather than with true dendritic cell neoplasms in 
the WHO Classifi cation of Tumours of Haematopoietic and 
Lymphoid Neoplasms [ 1 ].  

20.2     Plasmacytoid Dendritic Cells 

 Blastic plasmacytoid dendritic cells, also known as “plasma-
cytoid monocytes” or “professional type-1 interferon produc-
ing cells,” are a special subset of dendritic cells [ 2 ]. Although 
they account for only a tiny fraction of our immune cells 
(<0.1 % of peripheral blood mononuclear cells), they are the 
primary producers of interferon alpha in the human body [ 3 ]. 
By virtue of their production of type-1 interferons and other 
cytokines, they are critical to an array of immune functions, 
ranging from antiviral immunity to antitumor immunity to 
peripheral tolerance [ 3 ]. The mechanism of their derangement 
in BPDCN and other myeloid neoplasms is poorly understood. 
Ongoing research efforts will hopefully enhance our under-
standing of blastic plasmacytoid dendritic cell biology and in 
turn enlighten us about the pathobiology of BPDCN.     
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      Blastic Plasmacytoid Dendritic Cell 
Neoplasm 

           Amrita     Goyal     ,     Joi     B.     Carter     , and     Lyn     McDivitt     Duncan     

         Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a 
highly aggressive tumor of plasmacytoid dendritic cells that 
commonly presents with involvement of the skin, bone mar-
row, peripheral blood, and lymph nodes. This diagnosis por-
tends a dismal prognosis. BPDCN has previously been 

referred to in the literature as blastic NK lymphoma, agranu-
lar CD4+ NK-cell leukemia, blastic NK leukemia/lym-
phoma, and CD4+ CD56+ hematodermic neoplasm, 
refl ecting the initial incorrect belief that the neoplastic cells 
are derived from NK cells [ 1 ]. 
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21.1     Clinical Information 

21.1.1        Clinical Presentation 

 BPDCN is an aggressive tumor derived from plasmacytoid 
dendritic cells [ 1 ]. The neoplasm is incredibly rare, account-
ing for less than 0.8 % of all cutaneous lymphomas [ 2 ] and 
less than 1 % of all acute leukemias [ 3 ]. BPDCN is two to 
three times more common in men than in women [ 1 ,  4 ,  5 ]. 
The median age of onset is in the seventh decade of life, but 
reports include patients ranging in age from 3 months to 
103 years [ 4 – 7 ]. There is no racial or ethnic preference for 
this disease [ 1 ]. 

 Initial cutaneous manifestations of BPDCN can vary from 
a solitary bruiselike skin lesion to an asymptomatic viola-
ceous nodule or plaque with a diameter spanning millimeters 
to 10 cm (Fig.  21.1 ) [ 3 ]. There are three major clinical pre-
sentations: 73 % of patients present with nodular lesions, 
12 % with “bruiselike” patches (see Fig.  21.4 ), and 14 % 
with a combination of disseminated patches and nodules [ 5 ]. 
Men are more likely than women to present with bruise-like 
lesions (13 %  vs  1 %, respectively). Mucosal involvement is 
rare but can occur [ 5 ]. Over time, patients often develop mul-
tiple lesions [ 1 ,  3 ,  6 ].  

 Although BPDCN begins in the skin, progression to 
leukemia with bone marrow involvement is the rule rather 
than the exception [ 8 ]. Leukemic dissemination may pres-
ent before, during, or after the onset of cutaneous manifes-
tations, and 50 % of patients have leukemic involvement at 
the time of diagnosis [ 5 ,  7 ]. Up to 20 % of patients initially 
present with regional lymphadenopathy, 20 % with mas-
sive lymphadenopathy [ 9 ], and 46 % with bone marrow 
involvement [ 1 ]. Up to 10–20 % of patients will develop 
associated secondary leukemias, including myelomono-
cytic leukemia or acute myelogenous leukemia (see Case 
 21.2 ) [ 1 ,  6 ,  10 ]. 

 The blood is involved in 60–90 % of patients; the bone 
marrow, in 65–72 %; and lymph nodes, in 45 % [ 1 ,  4 ]. 
Organomegaly is common and can occur in up to 60 % of 
patients; involvement of the lungs, kidneys, muscles, and 
heart also has been reported [ 1 ,  4 ,  11 ]. Central nervous sys-
tem involvement has been reported in 9–26 % of cases [ 5 ]. 
Cytopenias (thrombocytopenia in two thirds of cases, fol-
lowed by anemia and neutropenia) are common in the setting 
of bone marrow involvement [ 3 ], and circulating blast cells 
can be seen in 60 % of patients; in these patients, between 1 
and 90 % of their leukocyte count may be composed of 

 neoplastic cells [ 6 ]. Nearly 60 % of patients will enter a ful-
minant leukemic phase resulting in death [ 1 ,  4 ,  6 ].  

21.1.2     Prognosis and Treatment 

 This disease has a dismal prognosis, with a mean survival of 
1 year [ 1 ,  3 ], a mean 2-year survival rate of 33 %, and a mean 
5-year survival rate of 6 % [ 12 ]. Although many patients ini-
tially respond to chemotherapy, they almost universally relapse 
soon thereafter and progress rapidly [ 1 ]. Patients with isolated 
cutaneous lesions have a better prognosis than those who pres-
ent with both cutaneous and extracutaneous manifestations, 
with a median survival of 21 months versus 12 months [ 12 ]. 
Age younger than 40 years is a positive prognostic factor [ 12 ]. 
Counterintuitively, a high proliferative index and expression 
of TdT are also associated with better survival [ 5 ,  12 ]. 

 There is no established standard of care for this disease. 
Bone marrow transplantation offers the best chance of remis-
sion [ 5 ,  10 ]. Although 80–90 % of patients initially respond 
to multiagent therapy with CHOP or CHOP-like regimens 
[ 1 ,  11 ], most patients relapse and are resistant to chemother-
apy within 3–18 months [ 6 ]. There have been sporadic cases 
of long-term remission in younger patients who underwent 
induction chemotherapy followed by an autologous or allo-
geneic bone marrow or stem cell transplant during their fi rst 
remission [ 1 ,  11 – 13 ]. Bexarotene and interferon alpha have 
been used to induce partial remission [ 9 ].   

  Fig. 21.1    Plasmacytoid dendritic cell neoplasm: a clinical image from 
Case  21.1 . On the patient’s jawline is a pink-to-violaceous tumor 
 measuring 1.5 × 2 cm with a central ulceration. Similar nodules were 
present on his back and shoulders       
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21.2     Pathology 

21.2.1     Histopathology 

 Skin biopsies in BPDCN demonstrate a diffuse, monomor-
phic infi ltrate or large clusters of tumor cells in the dermis 
(Fig.  21.2 ;  see also  Fig.  21.5 ) [ 1 ,  6 ]. Infi ltration of cutaneous 
appendages is common, and subcutaneous involvement may 
occur. The epidermis is generally spared [ 1 ,  3 ,  6 ]. There is no 
angiodestruction or coagulative necrosis; mitoses may be 
present, but they generally are not prominent [ 1 ,  6 ]. Red 
blood cell extravasation may be present [ 9 ]. 

 The neoplastic cells have a varied cytopathological 
appearance; the nuclei are round or oval and occasionally 
cleaved with prominent small, basophilic nucleoli and fi ne 
nuclear chromatin. There is weakly basophilic, grey-blue 
cytoplasm without apparent cytoplasmic granules (see 
Fig.  21.2b ) [ 1 ,  3 ,  6 ]. 

 Involved lymph nodes demonstrate diffuse effacement. 
Bone marrow invasion by neoplastic cells can range from a 
mild infi ltrate to complete replacement of the bone marrow; 
any remaining hematopoietic tissue is often dysplastic. Finally, 
smears of peripheral blood or bone marrow demonstrate cells 
with characteristic microvacuoles and pseudopods [ 1 ].   

21.2.2     Immunophenotype and Molecular 
Findings 

 The neoplastic plasmacytoid dendritic cells of BPDCN are 
characterized by the absence of any specifi c myeloid, 

B-lymphoid, T-lymphoid, or NK markers (Tables  21.1  and 
 21.2 ) [ 3 ]. They are typically positive for CD4, CD56, and 
CD123 (Fig.  21.3 ;  see also  Fig.  21.6 ), similar to normal plas-
macytoid dendritic cells [ 3 ,  6 ,  11 ,  15 ]. The tumor cells also 
usually stain positively for CD7, CD43, CD45RA, CD45, 
HLA-DR, TCL1, and CD303/BDCA2 [ 1 ,  6 ,  7 ,  11 ]. One- 
third of cases are TdT+ [ 1 ], and 50 % show CD68 staining in 
a cytoplasmic dot-like pattern [ 1 ,  6 ,  7 ]. 

 A diagnosis of BPDCN is highly likely when four of the 
fi ve markers are positive: CD4, CD56, CD123, CD303/
BDCA2, and TCL1. There have been rare reports of cases 
negative for CD4, CD56, or both, however; this fi nding is 
likely to be attributable to immunophenotypic variation of 
neoplastic cells or lack of sensitivity of immunohistochemi-
cal staining (see Table  21.1 ) [ 7 ]. 

 The neoplastic cells in skin biopsies are typically negative 
for nonspecifi c esterase, CD34, CD117, linker of activated T 
cells (LAT), lysozyme, myeloperoxidase (MPO), granzyme 
B, and T-cell intracellular antigen-1 (TIA-1). Although gran-
zyme B is generally negative in skin biopsies, it may be posi-
tive in peripheral blood fl ow cytometry [ 1 ]. 

 T-cell receptors are usually in their germline confi gura-
tion [ 1 ]. Up to two thirds of patients demonstrate complex, 
abnormal karyotypes [ 1 ]. Although there are no consistent 
abnormalities, recurrent deletions of 12p13, 6q23, mono-
somy 9 and 15, and 5q abnormalities have been observed; 
deletions on chromosomes 4 and 13 may implicate tumor 
suppressor genes including  RB1  and  LATS2  [ 1 ,  11 ]. Loss of 
cell-cycle control genes, particularly  CDKN1B ,  CDKN2B , 
and  TP53  may play a role in disease pathogenesis [ 5 ]. There 
is no association with Epstein-Barr virus (EBV) [ 1 ].

21 Blastic Plasmacytoid Dendritic Cell Neoplasm
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  Fig. 21.2    Histopathology of blastic plasmacytoid dendritic cell neo-
plasm (BPDCN) from Case  21.1 . ( a ) Diffuse sheets of atypical cells are 
present throughout the dermis with minimal involvement of the overly-
ing epidermis (H&E, 10×). ( b ) Neoplastic plasmacytoid dendritic cells 

fi ll the deep dermis and disrupt the collagen bundles (H&E, 20×). ( c ) 
The medium-sized, atypical cells have dispersed chromatin, irregular 
nuclear borders, and small basophilic nucleoli (H&E, 20×)       

    Table 21.1    Antigens expressed in BPDCN, supporting a diagnosis   

 Antigen  Frequency (%) 

 CD4  94.6 

 CD56  96.5 

 CD123  95.3 

 TCL1  89.3 

 CD2AP  80.5 

 BDCA2/CD303  75.0 

  Adapted from Pagano et al. [ 14 ] 
 It is important to note that one or more of these markers may be nega-
tive in some cases of BPDCN; negativity does not rule out the diagno-
sis, but does make it less likely 
  BPDCN  blastic plasmacytoid dendritic cell neoplasm  

   Table 21.2    Antigens usually absent in BPDCN   

 Antigen 

 Pan–T-cell markers  CD3 

 Pan–B-cell markers  CD20 

 CD79a 

 Myeloid markers  CD11c 

 CD34 

 CD163 

 Lysozyme 

 Myeloperoxidase 

  Adapted from Pagano et al. [ 14 ] 
 Positive staining of these antigens excludes a diagnosis of BPDCN 
  BPDCN  blastic plasmacytoid dendritic cell neoplasm  
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  Fig. 21.3    Histopathology and immunohistochemistry of BPDCN from 
Case  21.1 . ( a ) The atypical cells demonstrate expression of CD4 (CD4, 
10×). The atypical cells also stain positively for CD123 ( b ) (CD123, 

10×) and for CD56 ( c ), consistent with a plasmacytoid dendritic cell 
phenotype (CD56, 10×)       
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21.3           Differential Diagnosis 

21.3.1     Diagnostic Considerations 

 Diagnosis is aided by clinical presentation and histopatho-
logic analysis, but it ultimately rests on extensive immuno-
histochemical analysis to identify the plasmacytoid dendritic 
cell phenotype of the neoplastic cells. Diagnosis is frequently 
complicated by the fact that up to 20 % of BPDCN patients 
may develop additional hematologic neoplasms, especially 
acute myeloid leukemia (AML) and chronic myelomono-
cytic leukemia (CMML) [ 1 ,  6 ].  

21.3.2     Differential Diagnosis 

21.3.2.1     Acute Myeloid Leukemia (AML) 
 This leukemia of myeloid origin is the primary element on the 
differential for BPDCN. Unfortunately, AML also has a very 
poor prognosis. It can present with leukemia cutis (secondary 
cutaneous manifestations of the systemic lymphoma), and 
these cutaneous fi ndings may present before, concurrently 
with, or after the discovery of leukemic involvement and por-
tend an even worse prognosis [ 16 ]. Histopathologically, cuta-
neous lesions of AML present with nodular or diffuse infi ltrates 
with perivascular and periadnexal accentuation [ 16 ]. The 
upper papillary dermis is often spared, and there is typically 
extension into the subcutaneous fat. Individual neoplastic cells 
may be present singly between collagen fi bers [ 16 ]. 
Differentiating AML from BPDCN is further complicated by 
the fact that AML can also stain positively for CD123 [ 17 ], 
and 10–20 % of patients with BPDCN can develop associated 
systemic malignancies, including AML [ 1 ,  6 ,  10 ]. The neo-
plastic cells of AML will stain positively for myeloid markers 
including myeloperoxidase and lysozyme, however, and these 
markers by defi nition are negative in BPDCN [ 14 ].  

21.3.2.2     Extranodal NK/T-Cell Lymphoma 
(eNK/TCL) [ 6 ,  11 ] 

 eNK/TCL presents with painful, commonly ulcerated, cuta-
neous nodules of neoplastic NK/T cells. The neoplastic cells 
of BPDCN are derived from blastic plasmacytoid dendritic 
cells and are strongly positive for both CD56 and CD123; in 
contrast, though the atypical cells of eNK/TCL stain posi-
tively for CD56, they are without staining for CD123 [ 18 ]. 
EBV positivity is one of the hallmarks of eNK/TCL, whereas 

the neoplastic cells in BPDCN are EBV negative. Finally, the 
cutaneous lesions of BPDCN lack the angiodestruction char-
acteristic of eNK/TCL [ 6 ].  

21.3.2.3     Mycosis Fungoides (MF) 
 Clinical fi ndings usually allow the distinction of MF from 
BPDCN: MF typically goes through a classic patch-plaque- 
tumor progression, but BPDCN does not. On histopathology, 
MF is characterized by epidermotropism of neoplastic T 
cells with a CD3+ CD56− phenotype [ 6 ]. A clonal T-cell 
receptor (TCR) also favors a diagnosis of MF rather than 
BPDCN [ 4 ].  

21.3.2.4     Chronic Myelomonocytic Leukemia 
(CMML) 

 The leukemic phase of BPDCN, which occurs in nearly 
60 % of patients, can mimic CMML. In addition, cutaneous 
manifestations (leukemia cutis) may occur in between 10 
and 50 % of cases of monocytic leukemia [ 19 ] and may 
include violaceous to red-brown papules and plaques, pur-
pura, and ecchymoses, which can closely resemble the 
lesions of BPDCN [ 20 ,  21 ]. Immunohistochemical testing 
often yields the diagnosis: though both processes are CD56+, 
the plasmacytoid dendritic cells of BPDCN also stain for 
CD123 and CD4, whereas the cells of CMML are negative 
for CD123 and CD4 but stain positively for CD13, CD33, 
and CD68. [ 1 ]. This differential can be particularly challeng-
ing when the CMML presents with massive nodal involve-
ment by plasmacytoid dendritic cells [ 22 ].  

21.3.2.5     Aggressive NK-Cell Leukemia/
Lymphoma (ANKCLL) 

 BPDCN can also be diffi cult to distinguish from ANKCLL, 
which shares the CD56+ immunophenotype. It may also 
present with fever, systemic symptoms, bone marrow and 
blood involvement (with resultant anemia, thrombocytope-
nia, and leukopenia), and occasional lymphadenopathy [ 23 ]. 
Although cutaneous involvement is rare, when it occurs, 
ANKCLL may present with numerous erythematous mac-
ules, papules, and plaques on the extremities and trunk [ 23 ]. 
They can be differentiated on the basis of immunohisto-
chemistry: the tumor cells of BPDCN are CD56+, CD123+, 
CD4+, CD8−, and TIA-, whereas those of ANKCLL are 
CD4−, CD8+, and TIA+. In addition, the tumor cells of 
BPDCN are agranular but those of ANKCLL have cytoplas-
mic granules [ 6 ].    
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21.4     Clinical Cases 

       Commentary     The majority of patients with BPDCN pres-
ent with multiple nodular lesions, as did this patient. He is in 
the classic demographic for this disease, a male in his 70s.  
His aggressive clinical course and lack of response to treat-
ment are consistent with this diagnosis.  

   Commentary     This patient’s case offers an example of 
BPDCN with concomitant CMML-1, which occurs in 
10–20 % of patients. His clinical presentation differs signifi -
cantly from that of the patient in case 1—this patient pre-
sented with plaques and ecchymoses, rather than nodules. 
Such lesions are found in 12 % of patients.       

 Case 21.2 

 A 66-year-old man presented with a 2-month history 
of numerous violaceous, indurated plaques on his fore-
head, cheeks, shoulders, chest, and legs, measuring 
2–5 cm (Fig.  21.4 ). He experienced progressing fatigue 
and night sweats. A skin biopsy revealed sheets of 
atypical CD4+, CD56+, CD123+, MPO− cells perme-
ating the dermis (Figs.  21.5  and  21.6 ). Peripheral blood 
fl ow cytometry revealed a marked monocytosis com-
posed of atypical CD56+ monocytes with folded nuclei 
and variably condensed chromatin. Bone marrow 
biopsy demonstrated increased numbers of monocytes 
and 2 % blasts. The patient was diagnosed with cutane-
ous BPDCN with concomitant CMML-1. 

    Case 21.1 

 A 71-year-old man presented with a 6-month history 
of fatigue and enlarging, pruritic nodules on his right 
cheek, back, and shoulders (see Fig.  21.1 ). Skin biopsy 
revealed diffuse sheets of atypical CD4+, CD56+, 
CD123+ cells throughout the dermis (see Fig.  21.2 ). 
Although a PET-CT scan demonstrated no lymphade-
nopathy, circulating tumor cells were present in periph-
eral blood. In spite of prednisone and chemotherapy, 
he died of complications of this disease 1 year after 
diagnosis. 

21 Blastic Plasmacytoid Dendritic Cell Neoplasm
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  Fig. 21.4    Clinical photos of BPDCN from Case  21.2 . ( a ), Numerous 
enlarging 2- to 5-cm, nonblanching, violaceous plaques on the patient’s 
cheeks, temples, and forehead. ( b ), Several similar plaques and nodules 

on the shoulder. ( c ), Many similar violaceous plaques and nodules scat-
tered across the patient’s back       
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  Fig. 21.5    Histopathology of BPDCN from Case  21.2 . ( a ), Dense, 
superfi cial and deep dermal infi ltrate of atypical blastic plasmacytoid 
dendritic cells (H&E, 4×). ( b ), The neoplastic cells demonstrate marked 

cytological atypia with large, irregularly shaped nuclei, prominent 
nucleoli, and fi ne nuclear chromatin. Many of the nuclei are cleaved 
(H&E, 63×)       
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  Fig. 21.6    Histopathology and immunohistochemistry of BPDCN from 
Case  21.2 . ( a ) A dense, monomorphic dermal infi ltrate of neoplastic 
cells (H&E, 10×). ( b ) Neoplastic cells stain strongly for CD4 (CD4, 
10×). ( c ) Consistent with a blastic plasmacytoid dendritic cell pheno-

type, the neoplastic cells also express CD123 (CD123, 10×). ( d ) 
Although there are scattered CD3+ T cells within the neoplastic infi l-
trate, the tumor cells do not express CD3 (CD3, 10×)       
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                         Glossary 

    Acanthosis    Epidermal hyperplasia characterized by thicken-
ing of the stratum spinosum.   

  Adnexotropic    With a tropism for cutaneous adnexal struc-
tures.  See  folliculotropic and syringotropic.   

  Anaplastic    Atypical appearance of cell nuclei. Nuclei are 
often large, irregularly shaped, and hyperchromatic with 
prominent nucleoli.   

  Angiocentric    Centered around or distributed around blood 
vessels.   

  Angioinvasion    Invading the wall of the blood vessel with 
associated endothelial cell necrosis and dropout.   

  Angiotropic    Describing an affi nity for tumor cells to attach 
to the vascular surfaces, either the abluminal surface (in 
melanoma) or the luminal surface (as in intravascular 
large B-cell lymphoma).   

  Anthracyclines    Family of cell-cycle nonspecifi c cancer 
chemotherapy agents derived from  Streptomyces  bacte-
ria. These compounds inhibit DNA and RNA synthesis by 
intercalating between base pairs and also by inhibiting 
topoisomerase II. Examples include doxorubicin and 
daunorubicin.   

  B symptoms    Fever (>38 °C), night sweats, and weight loss 
(>10 % body weight over <6 months). These are impor-
tant prognostic factors in some lymphomas.   

  Bexarotene    Retinoid antineoplastic agent used in the treat-
ment of cutaneous T-cell lymphoma (CTCL). Bexarotene 
selectively activates the retinoid X receptors (RXRs), 
causing cell differentiation and apoptosis.   

  Blastic    A cytologic descriptor of enlarged cells with round 
nuclei resembling stem cells.   

  Blastic plasmacytoid dendritic cell    Also known as plas-
macytoid monocytes or professional type 1 interferon-
producing cells. Special subset of dendritic cells that 
produces the majority of interferon-alpha in the human 
body.   

   Borrelia burgdorferi     Spirochete bacterium responsible for 
causing Lyme disease. Carried by the  Ixodes  tick.   

  Bulla    Intraepidermal or subepidermal cavity greater than 
5–10 mm in diameter and containing serous fl uid and/or 
infl ammatory debris.   

  Centroblast    An intermediate cell in the process of B-cell 
differentiation. Centroblasts are B cells derived from 
antigen- stimulated B blasts and located in the dark zone 
of the germinal center; these undergo somatic hypermuta-
tion and proliferation.   

  Centrocyte    An intermediate cell in the process of B-cell 
differentiation, centrocytes are B cells derived from cen-
troblasts that have migrated to the light zone of the germi-
nal center. They undergo selection.   

  Cerebriform    Resembling the fi ssures and contours of the 
brain. Classically used to describe the nuclei of Sézary 
cells and the cells of mycosis fungoides.   

  CHOP    Chemotherapy regimen commonly used for non-
Hodgkin lymphoma, consisting of  C yclophosphamide 
(an alkylating agent),  H ydroxydaunorubicin (an interca-
lating agent, also known as doxorubicin),  O ncovin (a 
microtubule inhibitor, also known as vincristine), and 
 P rednisone.   

  Colonized follicle    Nonneoplastic lymphoid follicle overrun 
by neoplastic cells.   

  Constitutional symptoms    Nonspecifi c, generalized symp-
toms including weight loss, fevers, fatigue, malaise, 
chills, night sweats, and decreased appetite.   

  Cutaneous Lymphocyte Antigen (CLA)    A skin lymphocyte 
homing receptor. Typically present on Sezory cells.   

  Cutaneous lymphoid hyperplasia (CLH)    A dense dermal 
reactive lymphoid infi ltrate that mimics cutaneous lym-
phoma ( see  pseudolymphoma).   

  Dendritic cell (DC)    Antigen-presenting cell that acts as an 
intermediate between the innate and adaptive immune 
systems. DCs are present in the skin, mucosal epithelium, 
bloodstream, and lymph nodes.   

  Disseminated intravascular coagulation (DIC)    Widespread 
activation of the clotting cascade, resulting in formation of 
thrombi in small vessels throughout the body, causing tis-
sue ischemia and necrosis. A consumptive coagulopathy 
that also depletes clotting factors and platelets, simultane-
ously resulting in severe bleeding.   

  Doxorubicin    Anthracycline chemotherapy agent.  See  
anthracycline.   
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  Epidermotropism    The presence of cytologically atypical 
lymphocytes in the epidermis usually with minimal to no 
accompanying spongiosis. Cells may either be present 
singly, surrounded by a clear halo, or in groups, as in the 
Pautrier microabscesses of mycosis fungoides. The cyto-
logic atypia of the lymphocytes distinguishes epidermot-
ropism from exocytosis.  See  Pautrier microabscess.   

  Epstein-Barr virus (EBV)    Also known as human herpes 
virus-4 (HHV- 4); one of the most common human viral 
pathogens. Enveloped DNA virus responsible for causing 
infectious mononucleosis and associated with an array of 
malignancies, including extranodal natural killer/T-cell 
lymphoma (eNK/TCL), Hodgkin lymphoma, Burkitt 
lymphoma, and nasopharyngeal carcinoma.   

  Erosion    Incomplete loss of epidermis without damage to 
the basement membrane. Typically heals without 
scarring.   

  Erythroderma    Also called exfoliative dermatitis; charac-
terized by diffuse erythema and scaling involving most, if 
not all, of the skin (>80–90 % of body surface area).   

  Etoposide    Cytotoxic antineoplastic agent in the class of topoi-
somerase II inhibitors. Prevents religation of DNA strands 
after unwinding and causes the formation of double-stranded 
breaks; DNA damage then promotes apoptosis. Used to treat 
a variety of hematologic and solid malignancies.   

  Exocytosis    The presence of mononuclear cells in the epi-
dermis with or without accompanying spongiosis. 
Typically seen in infl ammatory conditions. The lack of 
signifi cant lymphocytic atypia distinguishes exocytosis 
from epidermotropism.   

  Extranodal lymphoma    Lymphoma arising in sites other 
than the lymph nodes, most commonly the skin and gas-
trointestinal tract.   

  Flow cytometry    Biophysical technique that permits assess-
ment of the size, granularity, and expression of cell-surface 
markers for individual cells. Cells are treated with fl uores-
cently labeled antibodies and suspended in liquid. 
Suspended cells fl ow one by one through an exciting light 
(a laser), and light scatter and emission spectra are recorded, 
allowing the phenotype of individual cells to be assessed.   

  Flower cell    Characteristic cellular morphology of cells in 
adult T-cell leukemia/lymphoma (ATLL).   

  Follicle center cells    Centrocyte and centroblast B cells 
located in the follicle center of a lymphoid follicle. 
Typically CD10+ Bcl6+ Bcl2−.   

  Follicular dendritic cells (FDC)    CD21+ CD23+ dendritic 
cells of mesenchymal origin found in primary and sec-
ondary lymphoid follicles. These cells form the mesh-
work that supports the B cells of the follicle center; FDC 
meshworks may be disrupted in neoplastic or colonized 
lymphoid follicles.   

  Follicular mucinosis    Accumulation of dermal mucin in the 
pilosebaceous unit.   

  Folliculotropic    With a tropism for the hair follicle.   
  Grenz zone    Area of uninvolved dermis between the base-

ment membrane zone and the underlying dermal infi ltrate 
or neoplasm.   

  Hematopoietic stem cell transplantation (HSCT)    The 
transfer of multipotent hematopoietic stem cells from the 
bone marrow, peripheral blood, or cord blood. These 
transplants may be autologous (from the recipient) or 
allogeneic (from another individual).   

  Hemophagocytic syndrome (HPS)    Also known as hemo-
phagocytic lymphohistiocytosis (HLH). Characterized by 
macrophage phagocytosis of erythrocytes, leukocytes, 
platelets, and precursors in the bone marrow. It can be 
associated with a variety of conditions, including malig-
nancy, infection, immunodefi ciency, and autoimmune 
diseases. In cutaneous lymphoma, HPS may be seen in 
gamma- delta T-cell lymphoma and rarely in subcutane-
ous panniculitis-like T-cell lymphoma.   

  Histiocyte    Tissue macrophage. Histiocytes have large, 
elongated, lightly staining nuclei with visible nuclear 
borders.   

  HTLV-1    Human T- lymphotropic virus- 1, the delta retrovi-
rus responsible for adult T-cell leukemia/lymphoma. The 
lymphomagenic effect of this virus is likely secondary to 
random integration into the host cell genome.   

  Imiquimod    Toll-like receptor 7 agonist, used as a topical 
chemotherapeutic agent. Works as an immune modifi er, 
causing cancer cell death by enhancing the local immune 
response.   

  Immunoglobulin heavy chain (IgH)    The large polypeptide 
subunit of an immunoglobulin. An antibody is composed 
of one IgH chain and two Ig light chains.   

  Immunophenotype    Immunohistochemical characteristics 
of a cell or group of cells. In dermatopathology, typically 
assayed using immunohistochemical stains.   

  Inside-out follicle    Large neoplastic follicle center cells may 
surround aggregates of small T and B cells.   

  Langerhans cell    CD1a+, langerin+, CD4+ dendritic cell 
present in the upper layers of the stratum basale and 
spinosum.   

  Leukemia cutis    Infi ltration of the epidermis, dermis, and/or 
subcutis by neoplastic leukocytes or precursors, manifest-
ing as clinically apparent cutaneous lesions.   

  Lichenoid    Characterized by a band-like infl ammatory infi l-
trate in the superfi cial dermis. Typically parallel to the 
epidermis but may abut and obscure the dermal-epider-
mal junction.   

  Lymphoid follicle    Aggregate of lymphoid cells composed 
of a central area of large B cells and a surrounding area of 
smaller T cells and B cells.   

  Macrophage    Monocyte-derived phagocytic and antigen- 
presenting cell. Macrophages play an important role in 
both innate and adaptive immunities.   
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  Macule    Circumscribed fl at area less than 5–10 mm in its 
largest dimension, without elevation or depression rela-
tive to the surrounding skin.   

  Marginal zone cell    B cell located in the marginal zone of a 
germinal follicle or having a cytologic phenotype similar 
to that of cells in the marginal zone (also termed mono-
cytoid B cell).   

  Methotrexate    Commonly used antimetabolite and antifo-
late drug to treat malignancies and autoimmune condi-
tions. Used either alone or in combination with other 
chemotherapeutic agents.   

  Microabscess    Small accumulation of cells in the epidermis. 
They may also be present in the subepidermal papillae.   

  Monoclonal    Group of cells derived from the same ancestral 
cell by repeated cellular replication.   

  Monomorphic    No variation in the appearance of nuclei of 
cells of the same type (e.g., monomorphic appearance of 
B cells in chronic lymphocytic leukemia/lymphoma).   

  Monomorphous    Homogeneous population of cells (e.g., a 
monomorphous infi ltrate of lymphocytes without histio-
cytes, plasma cells, or granulocytes).   

  Mucin    In the dermis, mucin usually refers to hyaluronic 
acid; dermal mucin is a major component of the ground 
substance of tissue. Dermal mucin stains with Alcian 
blue, colloidal iron, and toluidine blue but is PAS-
negative. Epidermal mucin is composed of neutral and 
acid mucopolysaccharides. It is PAS- positive, mucicar-
mine-positive, and diastase-resistant.   

  Multiagent chemotherapy    Use of a combination of che-
motherapeutic drugs to treat a neoplasm.   

  Munro microabscess    Small aggregate of disintegrated 
 neutrophils in the parakeratotic stratum corneum of 
psoriasis.   

  Naked follicle    Collections of neoplastic follicle center cells 
apposed to the reticular dermal collagen without an inter-
vening mantle zone of small lymphocytes.   

  Narrowband UV-B (NBUVB)    Type of phototherapy using 
a specifi c wavelength of ultraviolet radiation (311–
312 nm). Used in a variety of benign skin conditions such 
as psoriasis, atopic eczema, vitiligo, and lichen planus as 
well as in cutaneous T-cell lymphoma. Referred to as 
“narrowband” because it uses a single wavelength of light 
compared with its precursor treatment, broadband UVB 
therapy (290–320 nm).   

  Natural killer (NK) cell    Cytotoxic lymphocyte of the 
humoral immune system, analogous to the cytotoxic T 
cell of the adaptive immune system. Involved in host 
response to viral infection and tumors.   

  Neutrophil    Also known as polymorphonuclear cells, these 
granulocytes are a key component of the humoral immune 
system and are responsible for phagocytosis.   

  Nodule    Palpable, nonfl uctuant lesion, often in the dermis or 
subcutis, greater than 5–10 mm in width and depth.   

  Oligoclonal    Group of cells derived from a few ancestral 
cells by repeated replication.   

  Pan T-cell markers    Immunohistochemical markers found 
on the majority of T-cell subtypes. These include CD2, 
CD3, CD5, and CD7.   

  Papule    Well-circumscribed, fi rm elevation of the skin with-
out visible fl uid; less than 5–10 mm.   

  Parakeratosis    Incomplete keratinization with retention of 
nuclei in the stratum corneum, often associated with 
attenuated or absent granular layer.   

  Parapsoriasis    Patches of erythema greater than 6 cm in 
diameter with overlying adherent scale. Frequently 
accompanied by atrophy and poikiloderma. The patches 
of parapsoriasis often occur in a bathing suit distribution 
and are considered by some to be a patch-stage mycosis 
fungoides (MF).   

  Patch    A large macule (area of change in surface color) 
greater than 5–10 mm in its widest dimension.   

  Pautrier microabscess    Intraepidermal accumulation of 
three or more atypical T cells within the stratum spino-
sum of the epidermis; seen in mycosis fungoides.   

  Plaque    Circumscribed thickened, indurated, or elevated 
plateau-like lesion greater than or equal to 1 cm in 
diameter.   

  Pleomorphic    Variation in appearance of nuclei of cells of 
the same type.   

  Poikiloderma    Combination of telangiectasia, hyper- and 
hypopigmentation, and atrophy of the  epidermis, yielding 
a mottled appearance.   

  Polyclonal    Group of cells derived from numerous different 
ancestral cells.   

  Polymorphous    Heterogeneous population of cells.   
  Positron emission tomography (PET) scan    Nuclear medi-

cine scan that produces a three-dimensional image of the 
body, indicating areas of increased metabolic activity. 
Patients receive a bolus of a biologically active tracer, 
most commonly fl uorodeoxyglucose (FDG), which is 
taken up in larger quantities by metabolically active tissue 
and then imaged.   

  Prednisone    Synthetic corticosteroid used for immune sup-
pression. Used in chemotherapy, autoimmune diseases, 
rheumatic disorders, allergic disorders, and for the treat-
ment and prevention of posttransplant rejection.   

  Proliferative index    Immunohistochemically based mea-
surement of tumor cell proliferative rate using markers of 
cellular proliferation, most commonly Ki-67.   

  Provirus    Viral genomic material integrated into host 
cell DNA. In many cases, this integration can be 
oncogenic.   

  Pseudoepitheliomatous hyperplasia    Histopathologic reac-
tion pattern characterized by a benign hyperplasia of epi-
dermal and adnexal epithelia resembling squamous cell 
carcinoma.   
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  Pseudolymphoma    Benign lymphocytic proliferation that 
clinically and histopathologically may resemble a lym-
phoma ( see  cutaneous lymphoid hyperplasia).   

  Psoralen + UVA (PUVA) treatment    A form of photother-
apy using oral or topical psoralen, a photosensitizing 
agent derived from plants that intercalates into DNA in 
combination with light in the UV-A spectrum. Has been 
used successfully in mycosis fungoides and other cutane-
ous T-cell lymphomas as well as in benign conditions, 
including psoriasis, eczema, and vitiligo.   

  Pustule    Intraepidermal or subepidermal fl uid-fi lled space 
containing infl ammatory cells, typically neutrophils.   

  R-CHOP    CHOP chemotherapy with the addition of ritux-
imab.  See  CHOP.   

  Reactive follicle    Benign lymphoid hyperplasia resulting in 
follicle formation.   

  Retinoid    Class of compounds derived from vitamin A. 
Common examples include bexarotene, isotretinoin, and 
tazarotene.   

  Rituximab    Chimeric monoclonal antibody against the 
B-cell cell-surface protein CD20, commonly used in the 
treatment of B-cell- derived hematologic malignancies.   

  Sézary cell    Characteristic cell of Sézary syndrome, a T cell 
with a  convoluted/cerebriform nucleus. Typically found 
in the circulation but occasionally may be found in skin 
biopsies.   

  Somatic hypermutation    Diversifi cation of B-cell receptors 
via mutation of variable regions of immunoglobulin 
genes.   

  Spongiform pustule of Kogoj    Multilocular pustule in the 
upper stratum spinosum composed of neutrophils in a 
sponge-like network of degenerated keratinocytes. These 
are suggestive of psoriasis but can be seen in a variety of 
other conditions.   

  Spongiosis    Intercellular edema between keratinocytes of 
the epidermis (with increased space between the kerati-
nocytes) and visible intercellular junctions. Severe spon-

giosis may result in spongiotic intraepidermal vesicle 
formation.   

  Syringotropic    With a tropism for eccrine structures.   
  T cell    Lymphocyte that is the primary affecter of cell-medi-

ated immunity. T cells derive their name from the fact that 
they mature in the thymus. Subsets of T cells include 
CD4+ helper T cells, CD8+ cytotoxic T cells, follicular 
helper T cells, and more.   

  Tagging    In mycosis fungoides, tagging refers to the pres-
ence of atypical cells with cerebriform nuclei arrayed 
along the dermal-epidermal junction, either singly or 
lined up in a row.   

  T-cell receptor (TCR)    Molecule on the surface of T cells 
responsible for binding antigens presented by major his-
tocompatibility complex (MHC). In 95 % of T cells this 
receptor is composed of alpha and beta chains, while 5 % 
are composed of gamma and delta chains.   

  Telangiectasia    Visible dilation of small superfi cial blood 
vessels.   

  Tumor    Neoplastic proliferation in the epidermis, dermis, or 
subcutis forming a solid mass greater than 10 mm in 
diameter.   

  Ulcer    Discontinuity of the epidermis caused by complete 
loss of epidermis and basement membrane zone. Parts of 
the dermis and subcutaneous fat may also be lost. 
Typically associated with granulation tissue and healing 
with scarring.   

  Vesicle    Well-circumscribed, fl uid containing cavity less 
than 5–10 mm in diameter.   

  Vincristine    Vinca alkaloid, used in chemotherapy. A mitotic 
inhibitor that prevents microtubule assembly by binding 
to tubulin, thus killing rapidly dividing cells. Also called 
Oncovin, it is the “O” in CHOP chemotherapy regimens. 
 See  CHOP.   

  Zidovudine    An antiretroviral drug used to treat HIV/
AIDS. A member of the class of nucleoside analog 
reverse- transcriptase inhibitors (NRTIs).           
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  A 
  Acanthosis , 39, 53, 54, 116, 120  

 epidermal , 53, 120  
 skin biopsy in erythrodermic MF , 54  

   Acute myeloid leukemia (AML) 
 neoplastic cells , 198  
 nodular/diffuse infi ltration , 198  

   Adnexotropic , 44, 50, 54  
   Adult T-cell leukemia/lymphoma (ATLL) 

 acute and lymphomatous forms , 74  
 CD30+ LPD , 78  
 cutaneous lesions , 73  
 fl ower cells , 76, 77  
 histopathology , 76, 77  
 HTLV-1 , 67  
 hyperpigmented patches and plaques , 79–80  
 immunohistochemical features , 68  
 immunohistochemical staining patterns , 76, 77  
 lymphocytes stain , 79, 81  
 and MF , 54, 78  
 prognosis and treatment , 74–75  
 and SS , 67, 78  

   Aggressive NK-cell leukemia/lymphoma (ANKCLL) , 198  
   ALK.    See  Anaplastic lymphoma kinase (ALK) 
   Alopecia areata (AA) , 54  
   AML.    See  Acute myeloid leukemia (AML) 
   Anaplastic lymphoma kinase (ALK) , 76, 107, 115, 116  
   Angioinvasion , 26, 85, 95, 97, 99, 100, 120, 127, 

128, 130, 188  
 aggressive cutaneous T-cell lymphoma , 99  
 eNK/TCL , 100, 124, 130  
 neoplastic cells with , 97  

   Angiotropic , 185, 188  
   ANKCLL.    See  Aggressive NK-cell 

leukemia/lymphoma (ANKCLL) 
   ATLL.    See  Adult T-cell leukemia/lymphoma (ATLL) 
   Atopic dermatitis , 53  

    B 
  B-cell cytology 

 centroblast nuclei , 145, 146  
 centrocytes , 145, 146  
 immunoblasts and plasmablasts , 145, 146  
 naïve B cells , 145, 146  
 plasma cells , 145, 146  

   B-cell lymphomas 
 CBCL   ( see  Cutaneous B-cell lymphoma (CBCL)) 
 clonal Ig rearrangements , 169  
 pcDLBCL, leg type , 176  
 pcFCL , 164  

 pcMZL , 154  
 relative incidence of , 10, 11  
 WHO-EORTC classifi cation , 11, 139, 140  

   Bexarotene , 37, 57, 105, 110, 117, 120, 126, 194  
   Blastic plasmacytoid dendritic cell neoplasm (BPDCN) 

 aggressive tumor , 193, 194  
 AML , 198  
 ANKCLL , 198  
 antigens absent in , 195, 196  
 antigens expressed in , 195, 196  
 cell-cycle control genes, loss , 195  
 clinical presentation , 194, 199, 200  
 CMML , 198  
 dismal prognosis , 193, 194  
 eNK/TCL , 99, 198  
 histopathology , 195–197, 199, 202  
 leukemic dissemination , 194  
 lymphomas , 8, 88  
 MF , 198  
 NK cells , 99  
 organomegaly and cytopenias , 194  
 plasmacytoid monocytes , 88, 191  
 precursor neoplasm , 11, 191  
 T-cell receptors , 195  
 treatment , 194  
 WHO-EORTC classifi cation, cutaneous 

lymphomas , 191  
    Borrelia burgdorferi   ,  154  
   BPDCN.    See  Blastic plasmacytoid dendritic 

cell neoplasm (BPDCN) 
   B symptoms , 87, 92, 141, 186  

 ALCL , 116  
 systemic symptoms , 126    

  C 
  CBCL.    See  Cutaneous B-cell lymphoma (CBCL) 
   CD8+ aggressive epidermotropic cutaneous T-cell lymphoma 

(CD8+ AECTCL).    See  Primary cutaneous CD8+ 
aggressive epidermotropic cytotoxic 
T-cell lymphoma (CD8+ AECTCL) 

   CD30+ lymphoproliferative disorder (CD30+ LPD) , 78  
   CD30+ primary cutaneous anaplastic large cell lymphoma 

(pcALCL) 
 biopsy , 108  
 clinical presentation , 103–104  
 diagnosis , 107, 116  
 histopathology , 105–106  
 immunophenotype and molecular fi ndings , 107  
 PET-CT scan and blood work , 108  
 prognosis and treatment , 107  
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   Centroblast , 139, 145–150, 156, 160, 166–167, 169–170, 
172, 178, 181  

 defi nition , 145–150  
   Centrocyte 

 B-cell infi ltrate , 156  
 “buttock cells,” 145 
 immunoblasts and plasmablasts , 145  
 lymphoid follicle , 146  
 MALT lymphomas , 146  

   Cerebriform 
 ATLL , 67  
 neoplastic T cells , 38, 54, 61  
 “Sézary cells,” 78 

   Chronic myelomonocytic leukemia (CMML) , 198, 199  
   CLH.    See  Cutaneous lymphoid hyperplasia (CLH) 
   Clonality analysis 

 B-cell clonality , 19  
 PCR , 19, 20  
 TCRs , 19  

   CMML.    See  Chronic myelomonocytic leukemia (CMML) 
   CMZL.    See  Primary cutaneous marginal zone 

lymphoma (pcMZL) 
   Colonized follicle , 158  
   Constitutional symptoms , 74, 79, 89, 104, 107, 131, 138, 161  
   Crosti lymphoma , 163, 164  
   CTCL.    See  Cutaneous T-cell lymphomas (CTCL) 
   Cutaneous B-cell lymphoma (CBCL) 

 B-cell cytology , 145–146  
 B-cell subsets , 139  
 clinical characteristics , 141  
 frequency of , 140  
 histopathologic and molecular characteristics , 142–143  
 immunohistochemistry , 144  
 lymphoid follicle structures , 147, 149–150  
 prognosis , 141  

   Cutaneous lymphoid hyperplasia (CLH) 
 clinical characteristics , 141  
 clonal Ig rearrangements , 169  
 Dutcher bodies , 160  
 histopathologic and molecular characteristics , 142  
 immunohistochemical stains , 169  
 pseudolymphoma/cutaneous follicular hyperplasia , 169  

   Cutaneous marginal zone lymphoma (CMZL) , 153.     See  Primary 
cutaneous marginal zone lymphoma (pcMZL) 

   Cutaneous T-cell lymphomas (CTCL) 
 clinical characteristics , 24–25  
 diagnosis , 25  
 histopathologic pattern , 25–27  
 Immunohistochemistry (IHC) , 13, 14–18  
 incidence , 23  
 MF   ( see  Mycosis fungoides (MF)) 
 prognosis , 23–24  

   Cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) , 
64, 131, 182, 194  

    D 
  Dermatomyositis , 55  
   DIC.    See  Disseminated intravascular coagulation (DIC) 
   Diffuse large cell B cell lymphoma (DLBCL).    See  Primary cutaneous 

diffuse large B-cell lymphoma (pcDLBCL) 
   Digitate dermatosis , 32  
   Disseminated intravascular coagulation (DIC) , 91, 92  
   DLBCL.    See  Primary cutaneous diffuse large B-cell lymphoma 

(pcDLBCL) 
   Doxorubicin , 64, 84, 105, 131  
   Dutcher bodies , 145, 147, 156, 160  

    E 
  EBV.    See  Epstein–Barr virus (EBV) 
   EBV-encoded small RNAs (EBER) , 94, 95, 97, 100, 131  
   eNK/TCL.    See  Extranodal natural killer/T-cell 

lymphoma (eNK/TCL) 
   Epstein–Barr virus (EBV) , 91, 92, 98  

 B-cell lymphoma , 99, 188  
 EBER , 94  
 eNK/TCL , 91, 92, 130  
 HVLL , 99  
 LyG , 88, 99, 188  
  mixed lineage leukemia (MLL)  gene , 187  

   Erythema nodosum (EN) , 88  
   Erythroderma , 206  

 ATLL , 73  
 exfoliative dermatitis , 206  
 SS , 32, 54, 61, 67  

   Exfoliative dermatitis , 206  
   Exocytosis , 53, 113, 206  
   Extranodal lymphoma , 2, 206  
   Extranodal natural killer/T-cell 

lymphoma (eNK/TCL) 
 aerodigestive tract , 91, 92  
 angiocentricity and angiodestruction , 88, 99  
 BPDCN , 198  
 CD8+ AECTCL , 124  
 clinical presentation , 92  
 differential diagnosis 

 BPDCN , 99  
 CD8+ AECTCL , 99  
 HVLL , 99  
 LyG , 99  
 PG , 99  

 EBV. See Epstein–Barr virus 
 hemophagocytic syndrome and DIC , 91  
 histopathology 

 angiocentricity and angiodestruction , 94, 95  
 cucumber cells , 94  
 necrosis and apoptosis , 94, 96  
 neoplastic NK/T-cell infi ltration , 94  

 immunophenotype and molecular fi ndings 
 cytotoxic T-cells , 94, 97  
 immunohistochemical staining patterns , 94, 98  
 ISH and EBER , 94, 95  
 neoplastic NK cells , 94  
  p53  mutation , 94  

 nasal type , 130  
 neoplastic NK/T cells , 198  
 pcGDTCL , 130  
 prognosis and treatment , 92  
 radiation therapy , 100  

    F 
  FDC.    See  Follicular dendritic cells (FDC) 
   Flow cytometry , 206  
   Flower cells , 76, 77, 206  
   Follicle center cells 

 aggregates/nodules , 169  
 centrocyte and centroblast B cells , 206  
 neoplastic follicles , 149  
 pcFCL , 160  

   Follicle center lymphoma (see primary cutaneous follicle center 
lymphoma (pcFCL)) 

   Follicular dendritic cells (FDC) 
 CD21+ CD23+ dendritic cells , 206  
 lymphoid follicle , 147  
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   Follicular mucinosis (FM) , 54  
   Folliculotropic MF , 31, 44–47  

    G 
  Giemsa stain , 94  
   Granulomatous MF (GMF) , 52, 55  
   Granulomatous slack skin (GSS) 

 diagnosis , 55  
 GMF , 52  
 infi ltrate , 46, 49  
 pruritus and eczematous-appearing plaques , 57  

   Grenz zone , 48, 160, 206  

    H 
   Helicobacter pylori   ,  154  
   Hematopoietic stem cell transplantation 

(HSCT) , 64, 206  
   Hemophagocytic lymphohistiocytosis 

(HLH) , 206  
   Hemophagocytic syndrome (HPS) 

 and DIC , 91, 92  
 eNK/TCL , 91  
 IVLBCL , 181, 186  
 neurologic symptoms , 181  
 pcGDTCL , 125  
 prognosis , 126  
 SPTCL patients , 84  

   Histiocytes 
 GSS , 46, 49  
 tissue macrophage , 206  

   HLH.    See  Hemophagocytic lymphohistiocytosis (HLH) 
   HSCT.    See  Hematopoietic stem cell transplantation (HSCT) 
   HTLV-1.    See  Human T-lymphotropic virus-1 (HTLV-1) 
   Human T-lymphotropic virus-1 (HTLV-1) 

 ATLL , 54, 67, 74  
 PCR amplifi cation , 74, 79  

   Hydroa vacciniforme-like lymphoma (HVLL) , 99  
   Hypereosinophilic syndromes , 68  
   Hypopigmented MF , 49, 55, 58  

    I 
  Imiquimod , 105, 110, 206  
   Immunoglobulin heavy chain (IgH) , 9, 147, 159, 206  
   Immunohistochemical fl ow chart , 7, 9  
   Immunohistochemistry (IHC) 

 antibodies , 13  
 lymphoid and hematologic malignancies , 14  
 markers , 14–18  

   Immunophenotypic analysis 
 B-cell markers , 144  

   Inside-out follicles , 167, 169  
   Intravascular large B-cell lymphoma (IVLBCL) 

 Asian and Western, variants , 186  
 chromosomes abnormalities/translocations , 187  
 CNS symptoms , 185  
 cutaneous manifestations , 141, 185, 186  
 histopathology of , 181, 187, 189  
 laboratory fi ndings , 188  
 LyG , 188  
 and pcDLBCL , 147  
 primary DLBCL, CNS , 188  
 prognosis and treatment , 186  
 symptoms , 186  
 systemic lymphoid neoplasms , 8, 186    

  L 
  Lactate dehydrogenase (LDH) , 74, 92, 176, 186, 188  
   Langerhans cell , 7, 53, 206  
   Large cell transformation (LCT) , 32, 36, 40  
   Leukemia cutis , 198, 206  
   Leukemic variant of mycosis fungoides , 62  
   Lupus erythematosus panniculitis (LEP) , 88  
   Lupus erythematosus profundus (LEP) , 130  
   LyG.    See  Lymphomatoid granulomatosis (LyG) 
   Lymphadenosis benigna cutis , 137  
   Lymphocytoma cutis , 137  
   Lymphoid follicles 

 and eosinophilic hyalinization , 88  
 germinal follicles , 147  
 “inside-out” and “naked,” 160 , 169  
 lupus profundus , 130  
 pcFCL and MALT lymphoma, differentiation , 149  
 pcSMPTCL , 137  
 pcFCL , 167  
 reactive and neoplastic , 149, 150  

   Lymphomatoid granulomatosis (LyG) 
 CD8+ AECTCL , 124  
 eNK/TCL , 99  
 IVLBCL , 188  
 SPTCL , 88  

   Lymphomatoid papulosis (LyP) 
 CD30+ pcALCL , 107  
 clinical presentation , 110–111  
 cutaneous T-cell lymphomas , 24  
 differential diagnosis 

 CD8+ AECTCL , 116  
 MF , 116  
 pcALCL , 116  
 PLEVA , 116  
 systemic ALCL, secondary cutaneous involvement , 116  

 histopathology 
 type A , 112, 113  
 type B , 112, 113  
 type C , 112, 114  
 type D , 112, 115  

 Hodgkin lymphoma , 117  
 immunophenotype and molecular fi ndings , 115  
 methotrexate , 117  
 prognosis and treatment , 110  

    M 
  Macrophages 

 hypersensitivity reactions , 53  
 innate and adaptive immunities , 206  
 skin as immune organ , 7  

   MALT.    See  Mucosa-associated lymphoid tissue (MALT);  See  Primary 
cutaneous marginal zone lymphoma (pcMZL) 

   Marginal zone cell , 147, 149, 150, 156, 159, 160   
  Marginal zone lymphoma.    See  Primary cutaneous marginal zone 

lymphoma  
  MF.    See  Mycosis fungoides (MF)  
  Microabscess , 31, 38, 41, 44, 53, 54, 57, 76–80, 123   
  MRD.    See  Multidrug resistance protein (MRD) 
   Mucin , 44, 47, 52, 54, 55, 57, 87, 88  
   Mucosa-associated lymphoid tissue (MALT) , 169, 179, 181  
   Multiagent chemotherapy , 37, 64, 74, 100, 131, 134, 141, 164, 186  
   Multidrug resistance protein (MRD) , 92  
   Mycosis fungoides (MF) 

 ATLL , 78  
 atypical lymphocytes and Pautrier microabscesses , 122  
 blood involvement , 67  
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 Mycosis fungoides (MF) (cont.) 
 CD30+ large cell transformation , 107  
 CD30+ pcALCL , 107  
 characteristics, pathologic diagnosis , 38–39  
 clinical presentation 

 and large cell transformation , 32, 36  
 patch and plaque stage , 32, 33  

 and CTCL , 31  
 DEJ and string-of-pearls sign , 38, 41  
 differential diagnosis 

 Alopecia areata , 54  
 adnexotropic forms , 54  
 ATLL , 54  
 atopic dermatitis , 53  
 dermatomyositis , 55  
 Follicular mucinosis , 54  
 granulomatous , 55  
 GSS , 54–55  
 hypopigmented , 55  
 LyP , 54  
 Pityriasis alba , 55  
 patch/plaque/tumor stage , 53  
 poikilodermatous , 55  
 Pigmented purpuric dermatosis , 55–56  
 psoriasis , 53  
 radiation dermatitis , 55  
 reactive process , 53  
 SS , 54, 67  
 steroids , 55  
 T-cell dyscrasia , 53–54  
 tinea versicolor , 55  
 vitiligo , 55  

 Granulomatous mycosis fungoides (GMF) , 52  
 Granulomatous slack skin (GSS) , 46, 49  
 histopathology and immunohistochemistry , 38, 40  
 hypopigmented , 49, 55  
 immunophenotype and molecular fi ndings , 42–43  
 LCT , 40, 42, 56  
 LyP , 24, 116  
 Pautrier’s microabscesses , 38, 41  
 pcSMPTCL , 137  
 poikilodermatous , 52  
 skin-directed therapies , 120  
 staging criteria , 36  
 subtypes 

 clinical presentations and pathology , 43–44  
 folliculotropic , 44–47  
 pagetoid reticulosis , 44–46, 48  

 syringotropic , 50–52  
 tumor stage , 39–40, 88  

    N 
  Naked follicles , 160, 167, 169  
   Narrowband UV-B (NBUVB) , 56, 58  
   Natural killer (NK) cell , 7, 16, 18    

  P 
  Pagetoid reticulosis , 3, 44–46, 48  
   Pan T-cell markers , 28, 76, 136, 137, 196   
  Parapsoriasis , 32  
   Pautrier microabscesses 

 cutaneous biopsies, MF , 31  
 defi nition , 38  
 HTLV-1-induced T-cell lymphoma , 54  

 MF, CD8+ variant , 122  
 plaque stage MF , 39  

   pcDLBCL.    See  Primary cutaneous diffuse large B-cell lymphoma 
(pcDLBCL) 

   pcFCL.    See  Primary cutaneous follicle centre lymphoma (pcFCL) 
   pcGDTCL.    See  Primary cutaneous gamma/delta T-cell lymphoma 

(pcGDTCL) 
   pcMZL.    See  Primary cutaneous marginal zone lymphoma (pcMZL) 
   PCR.    See  Polymerase chain reaction (PCR) 
   Peripheral blood fl ow cytometry , 65–67, 69, 195, 199  
   PG.    See  Pyoderma gangrenosum (PG) 
   Pigmented purpuric dermatosis (PPD) , 55–56  
   Pityriasis alba (PA) , 55  
   Pityriasis lichenoides et varioliformis acuta (PLEVA) , 116  
   Plasmacytoid monocytes , 191  
   Poikilodermatous MF , 32, 52, 55  
   Polyclonal , 13, 19, 20, 87, 144  
   Polymerase chain reaction (PCR) 

 ATLL and HTLV-1 infection , 74, 79  
 clonality analysis , 19–20  

   PPD.    See  Pigmented purpuric dermatosis (PPD) 
   Precursor neoplasm.    See  Blastic plasmacytoid dendritic cell neoplasm 

(BPDCN) 
   Primary cutaneous anaplastic large cell lymphoma (pcALCL).    See  

CD30+ primary cutaneous anaplastic large cell lymphoma 
(pcALCL) 

   Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell 
lymphoma (CD8+ AECTCL) 

 clinical differential diagnosis , 122  
 eNK/TCL , 99, 124  
 histopathology , 120, 121, 124  
 hypersensitivity reaction , 123  
 immunohistochemical staining patterns , 122  
 Ketron–Goodman disease , 45  
 LyG , 124  
 LyP , 116  
 LyP type D , 115, 116, 123  
 MF , 122–123  
 pcGDTCL , 123  
 PG , 124  
 predisposing factors , 120  
 prognosis and treatment , 120  
 SPTCL , 123  
 WHO/EORTC classifi cation guidelines , 119  

   Primary cutaneous CD4+ small/medium pleomorphic T-cell 
lymphoma (pcSMPTCL) 

 CLH , 137  
 clonal T-cell receptor , 136  
 histopathology , 135, 138  
 immunohistochemistry , 136, 138  
 indolent and aggressive variants , 134  
 MF , 137  
 pcFCL , 137  
 pcMZL , 137  
 prognosis and treatment , 134  

   Primary cutaneous diffuse large B-cell lymphoma (pcDLBCL) 
 CD30+ pcALCL , 107  
 description , 139, 140  
 histopathologic characteristics , 143, 160, 178, 182  
 immunohistochemistry , 179–180  
 IVLBCL , 147, 181  
 leg type (LT) , 170  
 pcFCL , 181  
 pcMZL , 160, 181  
 post-germinal B cells , 175  
 prognosis , 141  
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 systemic and testicular DLBCL , 181  
 treatment , 176  
 clinical presentation , 176, 177, 182  

   Primary cutaneous follicle centre lymphoma (pcFCL) 
 CLH , 169  
 Crosti lymphoma , 164, 166  
 diffuse type , 165, 166, 168, 171  
 DLBCL, LT , 170  
 follicular type , 171–173  
 germinal center phenotype , 167  
 immunohistochemical stains , 160, 181  
 indolent B-cell lymphoma , 163  
 “inside-out” and “naked” lymphoid follicles , 160, 167, 168  
 monoclonal Ig rearrangement , 167  
 pcDLBCL-LT , 181  
 pcMZL , 169–170  
 pcSMPTCL , 137  
 sFCL with secondary cutaneous involvement , 163, 169  
 treatment , 164  

   Primary cutaneous gamma/delta T-cell lymphoma (pcGDTCL) 
 CD8+ AECTCL , 123  
 eNK/TCL , 130  
 hemophagocytic syndromes , 126  
 histopathology , 128  
 immunohistochemistry , 128, 129  
 LEP , 130  
 mature, activated γδ cytotoxic T cells , 126  
 prognosis and treatment , 126  
 SPTCL , 87–88, 130  
 clinical presentation , 126–127, 131  
 TCRγ and TCRδ genes, clonal rearrangement , 128  

   Primary cutaneous lymphomas , 3  
   Primary cutaneous marginal zone lymphoma (pcMZL) 

 adnexal involvement , 156  
 B-cell lymphomas , 139, 140  
  Borrelia burgdorferi  and  Helicobacter pylori   ,  154  
 CBCL , 153  
 colonized follicle , 156, 158, 161  
 CXCR3 expression and Th2 type cytokine milieu , 159  
 differential diagnosis 

 CLH , 160  
 pcDLBCL , 160  
 pcFCL , 160  
 secondary cutaneous MZLs , 160  

 follicle structure , 170  
 histopathology , 156, 161  
 indolent B-cell lymphoma , 153  
 MALT1 gene and trisomy 18 , 159  
 pcFCL , 169–170  
 pcSMPTCL , 137  
 plasma cells, light-chain restriction , 159, 161  
 prognosis and treatment , 154  
 reactive follicle , 156, 157, 161  
 skin biopsy , 169  
 varied clinical morphologies , 154, 155, 161  

   Professional type-1 interferon producing cells , 191  
   Proliferative index , 180, 194  
   Provirus , 76  
   Pseudoepitheliomatous hyperplasia , 94  
   Pseudolymphoma 

 pcFCL , 169  
 pcSMPTCL , 137  

   Psoralen plus ultraviolet A (PUVA) treatment , 117, 208   
  PUVA treatment.    See  Psoralen plus ultraviolet A (PUVA) treatment 
   Pyoderma gangrenosum (PG) , 124  

 eNK/TCL , 99  

    R 
  Reactive follicle 

 B cells , 157  
 germinal center , 149  
 lymphoid hyperplasia , 208  
 pcMZL , 160, 169, 170  

   Reticulohistiocytoma , 163  
   Retinoid 

 CTCL treatment , 205  
 and phototherapy , 57, 120  
 vitamin A , 208  

   Revised European–American lymphoma classifi cation (REAL) , 2  
   Rituximab 

 anti-CD20 therapy , 144  
 B-cell cell-surface protein CD20 , 208  
 chemotherapy , 164, 176, 186  

    S 
  Sézary syndrome (SS) 

 ATLL , 67, 78  
 epidermotropism , 61, 64  
 erythroderma , 61–62  
 hypereosinophilic syndromes and malignancies , 68  
 immune dysfunction , 61  
 immunophenotype and molecular fi ndings , 65, 66, 68  
 MF   ( see  Mycosis fungoides (MF)) 
 neoplastic T cells , 65, 66  
 peripheral blood fl ow cytometry , 65–66  
 prognosis , 64  
 psoriasis , 67  
 T-PLL , 67  
 treatment , 64  

   sFCL.    See  Systemic follicle center lymphoma (sFCL) 
   Somatic hypermutation (SHM) 

 B-cell receptors , 208  
 centroblasts , 148  

   Spongiform pustule of Kogoj , 53, 208   
  String-of-pearls sign , 41  
   Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) 

 CD8+ cytotoxic T cells , 123  
 clinical and histopathologic differential diagnosis , 87  
 Erythema nodosum (EN) , 88  
 eNK/TCL , 88  
 immunohistochemical phenotype , 85, 86  
 infl ammatory infi ltrate , 85  
 LEP , 88  
 lipoatrophy , 84, 89  
 LyG , 88  
 panniculitis , 88  
 pcGDTCL , 130  
 and pcGDTCL , 83, 87–88  
 prognosis , 84  
 septal  vs.  lobular panniculitis , 85  
 TCR phenotype , 3  

   Syringotropic MF , 50–52, 58  
 alopecia , 50  
 subtypes , 43  
 T-cell lymphoma , 50  

   Systemic DLBCL , 181  
   Systemic follicular lymphoma (sFL) , 169  

    T 
  Tagging , 41, 208  
   T-cell dyscrasia , 53–54  
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   T-cell lymphomas 
 cutaneous   ( see  Cutaneous T-cell lymphomas (CTCL)) 
 WHO/EORTC classifi cation , 10  

   T-cell receptor (TCR) , 107  
 antigen receptors , 19  
 chromosomes , 65  
 clonal HTLV-1 provirus integration , 76  
 immunophenotypic identifi cation , 130  
 PCR amplifi cation , 19  

   Telangiectasia 
 erythrodermic MF skin biopsy , 54  
 poikilodermatous , 32, 52  
 superfi cial blood vessels , 208  
 topical steroids , 55  

   Testicular DLBCL , 181  
   Tinea versicolor , 55  

    V 
  Vitiligo , 55  

    W 
  World Health Organization–European Organization 

for Research and Treatment of Cancer 
(WHO/EORTC) 

 B-cell lymphomas , 11, 139, 140  
 classifi cation schema , 8  
 guidelines , 125         

Index


	Preface
	Acknowledgment
	Contents
	Contributors
	1: Introduction and a Brief History of Cutaneous Lymphoma Classification
	1.1	 Goals of This Book
	1.2	 History of the Classification of Cutaneous Lymphomas
	1.3	 Terminology
	1.4	 Case-Based Approach in Primary Cutaneous Lymphomas
	References

	2: Introduction to Cutaneous Lymphomas
	2.1	 The Skin as an Immune Organ
	2.2	 Classification of Cutaneous Lymphomas
	2.3	 T-Cell Lymphomas
	2.4	 B-Cell Lymphomas
	2.5	 Precursor Neoplasms
	References

	3: Immunohistochemistry and Molecular Techniques
	3.1	 Immunohistochemistry
	3.2	 Clonality
	References

	4: Introduction to the T-Cell Lymphomas
	4.1	 Classification and Incidence of Cutaneous T-Cell Lymphomas
	4.2	 Clinical Presentation and Prognosis of Cutaneous T-Cell Lymphomas
	4.3	 Algorithms for Understanding Cutaneous T-Cell Lymphomas
	4.3.1	 Histopathology
	4.3.2	 Immunohistochemistry

	References

	5: Mycosis Fungoides
	5.1	 Clinical
	5.1.1	 Clinical Presentation
	5.1.2	 Prognosis and Treatment

	5.2	 Pathology
	5.2.1	 Histopathology
	5.2.1.1 Patch Stage
	5.2.1.2 Plaque Stage
	5.2.1.3 Tumor Stage
	5.2.1.4 Large-Cell Transformation

	5.2.2	 Immunophenotype and Molecular Findings

	5.3	 Subtypes of MF
	5.3.1	 Folliculotropic MF
	5.3.2	 Pagetoid Reticulosis
	5.3.3	 Granulomatous Slack Skin
	5.3.4	 Hypopigmented MF
	5.3.5	 Syringotropic MF
	5.3.6	 Poikilodermatous MF
	5.3.7	 Granulomatous MF

	5.4	 Differential Diagnosis
	5.4.1	 Diagnostic Considerations
	5.4.2	 Differential Diagnosis of Classic (Patch/Plaque/Tumor Stage) MF
	5.4.2.1 Psoriasis
	5.4.2.2 Atopic Dermatitis
	5.4.2.3 Hypersensitivity Reactions to Ingested Antigens Such as Drugs
	5.4.2.4 T-Cell Dyscrasia
	5.4.2.5 Adult T-Cell Leukemia/Lymphoma (ATLL)
	5.4.2.6 Lymphomatoid Papulosis (LyP), Type B
	5.4.2.7 Sézary Syndrome

	5.4.3	 Differential Diagnosis of Adnexotropic (Folliculotropic and Syringotropic) MF
	5.4.3.1 Follicular Mucinosis (FM)
	5.4.3.2 Alopecia Areata (AA)

	5.4.4	 Differential Diagnosis of Granulomatous Slack Skin (GSS)
	5.4.5	 Differential Diagnosis of Granulomatous MF
	5.4.6	 Differential Diagnosis of Hypopigmented MF
	5.4.6.1 Vitiligo
	5.4.6.2 Tinea Versicolor
	5.4.6.3 Pityriasis Alba (PA)

	5.4.7	 Differential Diagnosis of Poikilodermatous MF
	5.4.7.1 Dermatomyositis
	5.4.7.2 Overuse of Topical Steroids
	5.4.7.3 Radiation Dermatitis

	5.4.8	 Differential Diagnosis of Pigmented Purpuric Variant of MF

	5.5	 Clinical Cases
	References

	6: Sézary Syndrome
	6.1	 Clinical
	6.1.1	 Clinical Presentation
	6.1.2	 Prognosis and Treatment

	6.2	 Pathology
	6.2.1	 Histopathology
	6.2.2	 Immunophenotype and Molecular Findings

	6.3	 Differential Diagnosis
	6.3.1	 Diagnostic Considerations
	6.3.2	 Differential Diagnosis
	6.3.2.1	 Mycosis Fungoides (MF)
	6.3.2.2	 Erythrodermic Psoriasis
	6.3.2.3	 Adult T-Cell Leukemia/Lymphoma (ATLL)
	6.3.2.4	 T-Cell Prolymphocytic Leukemia (T-PLL)
	6.3.2.5	 Hypereosinophilic Syndromes and Malignancies


	6.4	 Clinical Case
	References

	7: Adult T-Cell Leukemia/Lymphoma
	7.1	 Clinical
	7.1.1	 Clinical Presentation
	7.1.2	 Prognosis and Treatment

	7.2	 Pathology
	7.2.1	 Histopathology
	7.2.2	 Immunophenotype and Molecular Findings

	7.3	 Diagnosis
	7.3.1	 Diagnostic Considerations
	7.3.2	 Differential Diagnosis
	7.3.2.1	 Mycosis Fungoides (MF)
	7.3.2.2	 Sézary Syndrome (SS)
	7.3.2.3	 CD30+ Lymphoproliferative Disease (CD30+ LPD)


	7.4	 Clinical Case
	References

	8: Subcutaneous Panniculitis-Like T-Cell Lymphoma
	8.1	 Clinical
	8.1.1	 Clinical Presentation
	8.1.2	 Prognosis and Treatment

	8.2	 Pathology
	8.2.1	 Histopathology
	8.2.2	 Immunophenotype and Molecular Findings

	8.3	 Differential Diagnosis
	8.3.1	 Diagnostic Considerations
	8.3.2	 Differential Diagnosis
	8.3.2.1	 Primary Cutaneous Gamma/Delta T-Cell Lymphoma (pcGDTCL)
	8.3.2.2	 Infectious Panniculitis
	8.3.2.3	 Erythema Nodosum (EN)
	8.3.2.4	 Lupus Erythematosus Panniculitis (LEP)
	8.3.2.5	 Extranodal NK/T-Cell Lymphoma, Nasal Type (eNK/TCL)
	8.3.2.6	 Mycosis Fungoides (MF)
	8.3.2.7	 Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN)
	8.3.2.8	 Lymphomatoid Granulomatosis (LyG)


	8.4	 Clinical Case
	References

	9: Extranodal NK/T-Cell Lymphoma, Nasal-Type
	9.1	 Clinical
	9.1.1	 Clinical Presentation
	9.1.2	 Prognosis and Treatment

	9.2	 Pathology
	9.2.1	 Histopathology
	9.2.2	 Immunophenotype and Molecular Findings

	9.3	 Differential Diagnosis
	9.3.1	 Diagnostic Considerations
	9.3.2	 Differential Diagnosis
	9.3.2.1	 Hydroa Vacciniforme-Like Lymphoma (HVLL)
	9.3.2.2	 Lymphomatoid Granulomatosis (LyG)
	9.3.2.3	 CD8+ Aggressive Epidermotropic Cutaneous T-Cell Lymphoma (AECTCL)
	9.3.2.4	 Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN)
	9.3.2.5	 Pyoderma Gangrenosum (PG)


	9.4	 Clinical Case
	References

	10: CD30+ Primary Cutaneous Anaplastic Large Cell Lymphoma
	10.1	 Clinical Information
	10.1.1	 Clinical Presentation
	10.1.2	 Prognosis and Treatment

	10.2	 Pathology
	10.2.1	 Histopathology
	10.2.2	 Immunophenotype and Molecular Findings

	10.3	 Differential Diagnosis
	10.3.1	 Diagnostic Considerations
	10.3.2	 Differential Diagnosis
	10.3.2.1 Lymphomatoid Papulosis (LyP)
	10.3.2.2 CD30+ Large Cell Transformation of Mycosis Fungoides (MF)
	10.3.2.3 Systemic ALCL
	10.3.2.4 Primary Cutaneous Diffuse Large Cell B Cell Lymphoma, Leg Type (DLBCL)


	10.4	 Clinical Case
	References

	11: Lymphomatoid Papulosis
	11.1	 Clinical Information
	11.1.1	 Clinical Presentation
	11.1.2	 Prognosis and Treatment

	11.2	 Pathology
	11.2.1	 Histopathology
	11.2.1.1 Type A
	11.2.1.2 Type B
	11.2.1.3 Type C
	11.2.1.4 Type D

	11.2.2	 Immunophenotype and Molecular Findings

	11.3	 Differential Diagnosis
	11.3.1	 Diagnostic Considerations
	11.3.2	 Differential Diagnosis
	11.3.2.1 Primary Cutaneous Anaplastic Large Cell Lymphoma (pcALCL)
	11.3.2.2 Systemic ALCL (sALCL) with Secondary Cutaneous Involvement
	11.3.2.3 Primary Cutaneous Aggressive Epidermotropic CD8+ Cytotoxic T-Cell Lymphoma (CD8+ AECTCL)
	11.3.2.4 Mycosis Fungoides (MF)
	11.3.2.5 CD30+ Variants of Pityriasis Lichenoides et Varioliformis Acuta (PLEVA)


	11.4	 Clinical Case
	References

	12: Primary Cutaneous CD8+ Aggressive Epidermotropic Cytotoxic T-Cell Lymphoma
	12.1	 Clinical Information
	12.1.1	 Clinical Presentation
	12.1.2	 Prognosis and Treatment

	12.2	 Pathology
	12.2.1	 Histopathology
	12.2.2	 Immunophenotype and Molecular Findings

	12.3	 Differential Diagnosis
	12.3.1	 Diagnostic Considerations
	12.3.2	 Differential Diagnosis
	12.3.2.1 Mycosis Fungoides (MF), CD8+ Variant
	12.3.2.2 Hypersensitivity Reaction
	12.3.2.3 Lymphomatoid Papulosis (LyP), Type D
	12.3.2.4 Subcutaneous Panniculitis–Like T-Cell Lymphoma (SPTCL)
	12.3.2.5 Primary Cutaneous Gamma/Delta T-Cell Lymphoma (pcGDTCL)
	12.3.2.6 Extranodal NK/T Cell Lymphoma (eNK/ TCL)
	12.3.2.7 Lymphomatoid Granulomatosis (LyG)
	12.3.2.8 Pyoderma Gangrenosum (PG)


	12.4	 Clinical Case
	References

	13: Primary Cutaneous Gamma-Delta T-Cell Lymphoma
	13.1	 Clinical Information
	13.1.1	 Clinical Presentation
	13.1.2	 Prognosis and Treatment

	13.2	 Pathology
	13.2.1	 Histopathology
	13.2.2	 Immunophenotype and Molecular Findings

	13.3	 Differential Diagnosis
	13.3.1	 Diagnostic Considerations
	13.3.2	 Differential Diagnosis
	13.3.2.1 Subcutaneous Panniculitis-Like T-Cell Lymphoma (SPTCL)
	13.3.2.2 Extranodal NK/T-Cell Lymphoma, Nasal Type (eNK/TCL)
	13.3.2.3 Lupus Erythematosus Profundus (LEP)


	13.4	 Clinical Cases
	References

	14: Primary Cutaneous CD4+ Small/Medium Pleomorphic T-Cell Lymphoma
	14.1	 Clinical Information
	14.1.1	 Clinical Presentation
	14.1.2	 Prognosis and Treatment

	14.2	 Pathology
	14.2.1	 Histopathology
	14.2.2	 Immunophenotype and Molecular Findings

	14.3	 Differential Diagnosis
	14.3.1	 Diagnostic Considerations
	14.3.2	 Cutaneous Lymphoid Hyperplasia (CLH)
	14.3.3	 Primary Cutaneous Marginal Zone Lymphoma (pcMZL)
	14.3.4	 Primary Cutaneous Follicle Center Lymphoma (pcFCL)
	14.3.5	 Mycosis Fungoides (MF)

	14.4	 Clinical Case
	References

	15: Introduction to the B-Cell Lymphomas
	15.1	 Classification and Frequency of Cutaneous B-Cell Lymphomas
	15.2	 Clinical Presentation and Prognosis of Cutaneous B-Cell Lymphomas
	15.3	 Pathologic Algorithms for Understanding Cutaneous B-Cell Lymphomas
	15.3.1	 Histopathology in Diagnosis of CBCL
	15.3.2	 Immunohistochemistry in the Diagnosis of CBCL

	15.4	 Understanding the Cutaneous B-Cell Lymphomas
	15.4.1	 B-Cell Cytology
	15.4.2	 Using B-Cell Development and Germinal Center Architecture to Understand the B-Cell Lymphomas
	15.4.2.1 Development of the Germinal Follicle
	15.4.2.2 Application to the Cutaneous B-Cell Lymphomas

	15.4.3	 Reactive and Neoplastic Lymphoid Follicle Structure

	References

	16: Primary Cutaneous Marginal Zone Lymphoma
	16.1	 Clinical
	16.1.1	 Clinical Presentation
	16.1.2	 Prognosis and Treatment

	16.2	 Pathology
	16.2.1	 Histopathology
	16.2.2	 Immunophenotype and Molecular Findings

	16.3	 Differential Diagnosis
	16.3.1	 Diagnostic Considerations
	16.3.2	 Differential Diagnosis
	16.3.2.1 Cutaneous Lymphoid Hyperplasia (CLH)
	16.3.2.2 Primary Cutaneous Follicle Center Lymphoma (pcFCL)
	16.3.2.3 Primary Cutaneous Diffuse Large B-Cell Lymphoma, Leg Type (pcDLBCL)
	16.3.2.4 Secondary Cutaneous Marginal Zone Lymphoma


	16.4	 Clinical Case
	References

	17: Primary Cutaneous Follicle Center Lymphoma
	17.1	 Clinical Information
	17.1.1	 Clinical Presentation
	17.1.2	 Prognosis and Treatment

	17.2	 Pathology
	17.2.1	 Histopathology
	17.2.2	 Immunophenotype and Molecular Findings

	17.3	 Differential Diagnosis
	17.3.1	 Diagnostic Considerations
	17.3.2	 Differential Diagnosis
	17.3.2.1 Cutaneous Lymphoid Hyperplasia (CLH)
	17.3.2.2 Systemic Follicular Lymphoma (sFL) with Secondary Cutaneous Involvement
	17.3.2.3 Primary Cutaneous Marginal Zone Lymphoma (pcMZL)
	17.3.2.4 Diffuse Large B-Cell Lymphoma, Leg Type (DLBCL, LT)


	17.4	 Clinical Case
	17.4.1	 Primary Cutaneous Follicle Center Lymphoma, Diffuse Type
	17.4.2	 Primary Cutaneous Follicle Center Lymphoma, Follicular Type

	References

	18: Primary Cutaneous Diffuse Large B-Cell Lymphoma, Leg Type
	18.1	 Clinical
	18.1.1	 Clinical Presentation
	18.1.2	 Prognosis and Treatment

	18.2	 Pathology
	18.2.1	 Histopathology
	18.2.2	 Immunophenotype and Molecular Findings

	18.3	 Differential Diagnosis
	18.3.1	 Diagnostic Considerations
	18.3.2	 Differential Diagnosis
	18.3.2.1 Systemic DLBCL
	18.3.2.2 Testicular DLBCL
	18.3.2.3 Primary Cutaneous Follicle Center Lymphoma (pcFCL)
	18.3.2.4 Primary Cutaneous Marginal Zone Lymphoma (pcMZL)
	18.3.2.5 Intravascular Large B-Cell Lymphoma (IVLBCL)


	18.4	 Clinical Cases
	References

	19: Intravascular Large B-Cell Lymphoma
	19.1	 Clinical Information
	19.1.1	 Clinical Presentation
	19.1.2	 Prognosis and Treatment

	19.2	 Pathology
	19.2.1	 Histopathology
	19.2.2	 Immunophenotype and Molecular Findings

	19.3	 Diagnosis
	19.3.1	 Diagnostic Considerations
	19.3.2	 Differential Diagnosis
	19.3.2.1 Lymphomatoid Granulomatosis (LyG)
	19.3.2.2 Primary Diffuse Large B Cell Lymphoma (DLBCL) of the CNS


	19.4	 Clinical Case
	References

	20: Introduction to Precursor Neoplasms
	20.1	 Blastic Plasmacytoid Dendritic Cell Neoplasm as a Precursor Neoplasm
	20.2	 Plasmacytoid Dendritic Cells
	References

	21: Blastic Plasmacytoid Dendritic Cell Neoplasm
	21.1	 Clinical Information
	21.1.1	 Clinical Presentation
	21.1.2	 Prognosis and Treatment

	21.2	 Pathology
	21.2.1	 Histopathology
	21.2.2	 Immunophenotype and Molecular Findings

	21.3	 Differential Diagnosis
	21.3.1	 Diagnostic Considerations
	21.3.2	 Differential Diagnosis
	21.3.2.1 Acute Myeloid Leukemia (AML)
	21.3.2.2 Extranodal NK/T-Cell Lymphoma (eNK/TCL) [6, 11]
	21.3.2.3 Mycosis Fungoides (MF)
	21.3.2.4 Chronic Myelomonocytic Leukemia (CMML)
	21.3.2.5 Aggressive NK-Cell Leukemia/Lymphoma (ANKCLL)


	21.4	 Clinical Cases
	References

	Glossary
	Index

