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In the last several years, the understanding of the biology and the molecular 
pathogenesis of aggressive lymphomas has substantially improved. This sig-
nificantly changed diagnostic and therapeutic algorithms. As a result, a vari-
ety of novel molecular lymphoma subtypes and patient risk groups have 
recently been identified, and various novel and very specific compounds as 
well as new immunologic approaches have shown impressive efficacy in clin-
ical trials. These therapeutic improvements will soon translate into standard 
of care and will further improve the prognosis of affected patients.

Our textbook summarizes the current knowledge on the epidemiology, 
pathology, and biology of the major aggressive lymphoma subtypes. In the 
main section, we provide an up-to-date overview of the standard of care ther-
apeutic approaches of patients affected by these diseases. In the last part, we 
describe how we believe that the field will develop and how future diagnostic 
and therapeutic strategies will look like. Thus, our textbook provides an up- 
to- date compendium on the recent developments in the field of aggressive 
lymphomas.

At last, we would like to thank all of the authors whose expertise and tre-
mendous efforts made the completion of this textbook possible. Finally, we 
are very grateful to the Springer publisher and especially to Ejaz Ahmad, who 
continuously supported the development of this textbook.

September 2018
Münster, Germany Georg Lenz
Pierre-Benite cedex, France Gilles Salles

Introduction

In the older version the spelling of book title was incorrect. Book title “Agressive Lymphomas” 
has been corrected to “Aggressive Lymphomas”. https://doi.org/10.1007/978-3-030-00362-3

https://doi.org/10.1007/978-3-030-00362-3
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Epidemiology of Aggressive 
Lymphomas

James R. Cerhan

1.1  Introduction and Scope

Lymphomas are a heterogeneous group of nearly 
100 variants of lymphoid malignancy that arise 
from lymphocytes and produce tumors in the 
lymph nodes, lymphatic organs, and extranodal 
lymphatic tissue (i.e., lymphoma), as well as the 
bone marrow (i.e., multiple myeloma) or periph-
eral blood (i.e., leukemia) [1]. Collectively, lym-
phoid neoplasms are the fourth most common 
cancers in the USA, with an estimated 136,960 
cases in 2016 [2]. Lymphomas are considered to 
be clonal tumors of immature or mature B-cells, 
T-cells, or natural killer (NK) cells arrested at 
various stages of differentiation [3]. B-cell neo-
plasms appear to recapitulate the normal stages 
of B-cell differentiation, and many B-cell lym-
phomas can be linked to a presumed normal cell 
counterpart. The normal counterparts of T-cells 
and NK-cells are not as well characterized as 
B-cells, but they do share many immunopheno-
typic and functional properties and are currently 
grouped together. Based on this understanding, 
the current World Health Organization (WHO) 
classification system [4], which has been incor-
porated into the International Classification of 
Diseases for Oncology (ICD-O) [5], recognizes 

precursor lymphoid neoplasm (B- and T-cell), 
mature B-cell neoplasms, mature T/NK-cell neo-
plasms, Hodgkin lymphoma (HL), and histio-
cytic and dendritic cell neoplasms. Acute and 
chronic lymphocytic leukemia (ALL and CLL, 
respectively) and multiple myeloma (MM) are 
classified as a B-cell neoplasms [6]. The 2016 
revision of the fourth edition of the WHO classi-
fication of lymphoid malignancies [1] was 
recently released, and although it did not allow 
for any new definitive entities, it incorporated 
new genetic/molecular and clinical data into cur-
rent disease entities and added a limited number 
of new provisional entities.

While there are multiple B-cell [7, 8] and 
T-cell [9] subtypes that are considered to be 
aggressive lymphomas (with some entities 
changing or being added across editions of the 
WHO Classification in 2001 [6], 2008 [4], and 
2016 [1]), in this chapter, the focus is on three 
broadly defined groups: diffuse large B-cell lym-
phoma (DLBCL), Burkitt lymphoma/leukemia 
(BL), and peripheral T-cell lymphoma (PTCL). 
Table 1.1 provides an overview of the major lym-
phoid malignancy subtypes by version of the 
WHO Classification, with more detail provided 
for the aggressive subtypes. Based on national 
US data, of the estimated 136,960 newly diag-
nosed lymphoid neoplasms in 2016, there were 
8500 HL (6.2%), 117,470 B-cell lymphoid 
malignancies (85.8%), and 8380 T/NK-cell lym-
phoid malignancies (6.1%). In Table 1.1, we have 
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Table 1.1 Expected number of incident lymphoid neoplasms in 2016, USA, according to the WHO classification of 
lymphoid malignanciesa

Subtypeb ICD-O-3 codes

WHO version New 
cases, 
2016

% of 
lymphoid 
neo-plasms2001 2008 2016

Lymphoid neoplasms, total 136,960 100
  1. Hodgkin lymphoma (HL) 9650–9655,9659,9661–

9667
X X X 8500 6.2

  2. Non-Hodgkin lymphoid neoplasms 125,850 91.9
    2(a)  Non-Hodgkin lymphoid 

neoplasms, B-cell
117,470 85.8

     1.  Precursor B-cell lymphoblastic 
leukemia/lymphoma

9727(B), 9728, 
9811–9818, 9835(B), 
9836

X X X 4930 3.6

     1.1.  Precursor B-cell 
lymphoblastic leukemia/
lymphoma, NOS

9727(B), 9728, 9811, 
9835(B), 9836

X X 4570 3.3

     1.2.  Precursor B-cell 
lymphoblastic leukemia/
lymphoma, with recurrent 
genetic abnormalities

9812–9818 X X 360 0.3

    2.  Mature non-Hodgkin lymphoma, 
B-cell

105,190 76.8

     2.1.1.  Chronic lymphocytic 
leukemia/small 
lymphocytic leukemia 
(CLL/SLL)

9670, 9823 X X X 20,980 15.3

     2.1.2.  Prolymphocytic leukemia, 
B-cell

9832(B), 9833 X X X 120 0.1

     2.1.3. Mantle cell lymphoma 9673 X X X 3320 2.4
     2.2.1.  Lymphoplasmacytic 

lymphoma
9671 X X X 1060 0.8

     2.2.2.  Waldenstrom 
macroglobulinemia

9761 X X X 1270 0.9

     2.3.   Diffuse large B-cell 
lymphoma (DLBCL)

9678–9679, 9684(B), 
9680, 9687–9688, 9712, 
9735, 9737–9738

27,650 20.2

        2.3.1. DLBCL-NOS 9684(B), 9680 
(excluding C44.0–44.9, 
C49.9, C71.0–71.9)

X X X 25,380 18.5

        2.3.2.  Primary DLBCL of 
the CNS (PCNSL)

9680 (C71.0–71.9) X X 1100 0.8

         2.3.3.  Primary cutaneous 
DLBCL, leg type

9680 (C44.0–44.9) X X 400 0.3

         2.3.4.  T-cell/histiocyte-rich 
large B-cell 
lymphoma

9688 X X 200 0.1

         2.3.5.  Intravascular large 
B-cell lymphoma

9712, 9680 (C49.9) X X X 60 0.04

         2.3.6.  ALK positive large 
B-cell lymphoma

9737 X X <50 <0.04

         2.3.7.  Plasmablastic 
lymphoma

9735 X X 180 0.1

J. R. Cerhan
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Table 1.1 (continued)

Subtypeb ICD-O-3 codes

WHO version New 
cases, 
2016

% of 
lymphoid 
neo-plasms2001 2008 2016

       2.3.8.  Large B-cell 
(plasmablastic) 
lymphoma arising 
from HHV-8 
associated 
multicentric 
Castleman disease

9738 X <50 <0.04

       2.3.9.  Primary effusion 
lymphoma (PEL)

9678 X X X <50 <0.04

      2.3.10.  Primary mediastinal 
(thymic) large B-cell 
lymphoma (MLBCL)

9679 X X X 240 0.2

        EBV+ DLBCL of the 
elderly

X

       EBV+ DLBCL, NOS X
        DLBCL associated 

with chronic 
inflammation

X X

        Primary cutaneous 
DLBCL, leg type

X X

        Lymphoid 
granulomatosis

9766 X X X

        Large B-cell 
lymphoma with IRF4 
rearrangement

X

        EBV+ mucocutaneous 
ulcer

X

       HHV8+ DLBCL, NOS X
     2.4.  Burkitt lymphoma/

leukemia (BL)
9687, 9826 X X X 1480 1.1

        Burkitt-like lymphoma with 
chromosomal 11q 
aberrations

X

        High-grade B-cell 
lymphoma, with MYC and 
BCL2 and/or BCL6 
rearrangements

X

        High-grade B-cell 
lymphoma, NOS

X

        B-cell lymphoma, 
classifiable, with feature 
intermediate between 
DLBCL and HL

9596 X X

     2.5. Marginal zone lymphomas 9689, 9699 X X X 7460 5.4
     2.6. Follicular lymphoma 9597,9690–

9691,9695,9698
X X X 13,960 10.2

     2.7. Hairy cell leukemia 9940 X X X 1100 0.8
     2.8. Hairy cell leukemia variant 9591 (C42.1–42.2) X X 810 0.6
     2.9. Plasma cell neoplasms 9731–9734 X X X 25,980 19.0
     2.10. Heavy chain diseases 9762 X X X <50 <0.04
    3.  B-cell lymphoid neoplasms, 

NOS
9590(B), 9591(B) 
(excluding C42.1–42.2), 
9675(B), 9820(B)

X X X 7350 5.4

(continued)

1 Epidemiology of Aggressive Lymphomas
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Table 1.1 (continued)

Subtypeb ICD-O-3 codes

WHO version New 
cases, 
2016

% of 
lymphoid 
neo-plasms2001 2008 2016

    2(b)  Non-Hodgkin lymphoid 
neoplasms, T/NK-cell

8380 6.1

    1.  Precursor T/NK-cell 
lymphoblastic leukemia/
lymphoma, NOS

9727(T, NK), 9729, 
9835(T, NK), 9837

X X X 1070 0.8

    2.  Mature non-Hodgkin lymphoid 
neoplasms, T/NK-cell

7190 5.2

     2.1.  Mycosis fungoides/Sezary 
syndrome (MF/SS)

9700, 9701 X X X 1690 1.2

     2.2.  Peripheral T-cell 
lymphomas (PTCL)

9675(T), 9702, 9705, 
9708–9709, 9714, 
9716–9717, 9724, 9726

3950 2.9

      2.2.1. PTCL, NOS 9675(T, NK), 9702 X X X 1660 1.2
      2.2.2.  Angioimmunoblastic 

T-cell lymphoma 
(AITL)

9705 X X X 530 0.4

      2.2.3.  Subcutaneous 
panniculitis-like T-cell 
lymphoma (SPTCL)

9708 X X X <50 <0.04

      2.2.4.  Anaplastic large cell 
lymphoma (ALCL) 
ALK-positive

9714 X X 830 0.6

      2.2.5.  Hepatosplenic T-cell 
lymphoma (HSTL)

9716 X X X <50 <0.04

      2.2.6.  Enteropathy-
associated T-cell 
lymphoma (EATL)

9717 X X X 50 0.0

      2.2.7.  Primary cutaneous 
gamma-delta T-cell 
lymphoma

9726 X X <50 <0.04

      2.2.8.  Primary cutaneous 
T-cell lymphoma, NOS

9709 X X X 760 0.6

      2.2.9.  Systemic EBV-positive 
lymphoproliferative 
disease

9724 X X <50 <0.04

        Anaplastic large cell 
lymphoma ALK-negative

X

        Breast implant-associated 
anaplastic large-cell 
lymphoma

X

        Primary cutaneous CD8+ 
aggressive epidermotropic 
cytotoxic T-cell lymphoma

X

        Primary cutaneous CD4+ 
small/medium T-cell 
lymphoproliferative disorder

X

        Systemic EBV+ T-cell 
lymphoma of childhood

X

        Hydroa vacciniforme-like 
lymphoproliferative disorder

X

J. R. Cerhan
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bolded the specific WHO entities that are the 
focus of this chapter, and most of these entities 
were defined in the first WHO Classification in 
2001 [6], which gives sufficient time to accrue 
cases into cancer registries to provide population-
level data, as well as time for epidemiologic stud-
ies to be conducted to understand these entities. It 
should be kept in mind that registry data rely on 

routine pathology practice and concordance with 
expert review can vary by lymphoma subtype, as 
recently shown in a French study [10]. For major 
aggressive subtypes, concordance in the French 
study between referral and expert diagnosis was 
high for DLBCL not-otherwise-specific (NOS) 
(83.8%) and alkaline phosphatase (ALK)-
positive anaplastic large cell lymphoma (ALCL) 

Table 1.1 (continued)

Subtypeb ICD-O-3 codes

WHO version New 
cases, 
2016

% of 
lymphoid 
neo-plasms2001 2008 2016

       Follicular T-cell lymphoma X
        Nodal peripheral T-cell 

lymphoma with TFH 
phenotype

X

     2.3.  Adult T-cell leukemia/
lymphoma

9827 X X X 180 0.1

     2.4.  Extranodal NK/T-cell 
lymphoma, nasal type

9719 X X X 190 0.1

     2.5.  T-cell large granular 
lymphocytic leukemia

9831 X X X 670 0.5

     2.6.  T-cell prolymphocytic 
leukemia

9832(T, NK), 9834 X X X 160 0.1

     2.7.  Aggressive NK-cell 
leukemia

9948 X X X <50 <0.04

     2.8.  Primary cutaneous 
CD30 + lymphoproliferative 
disorders (primary cutaneous 
anaplastic large cell 
lymphoma)

9718 X X 310 0.2

      Lymphomatoid papulosis X
       Chronic lymphoproliferative 

disorder of NK cells
X

       Monomorphic epitheliotropic 
intestinal T-cell lymphoma

X

       Indolent T-cell 
lymphoproliferative disorder 
of the GI tract

X

       Primary cutaneous acral 
CD8+ T-cell lymphoma

X

    3.  T/NK-cell, lymphoid neoplasms, 
NOS

9590–9591(T, NK), 
9684(T, NK), 9820 
(T, NK), 9970(T, NK)

X X X 120 0.1

  3.  B-cell lymphoma unclassifiable, with 
features intermediate between 
DLBCL and classical HL

9596 170 0.1

  4. Lymphoid neoplasm, NOS 9590, 9727,9820, 9835 
(excluding B, T, NK)

X X X 2440 1.8

aAdapted from Teras et al. [2]
bSubtypes defined using World Health Organization Classification of Tumours of Haematopoietic and Lymphoid 
Tissues and organized according to SEER Cancer Statistics Review (CSR), 1975–2012, and the InterLymph hierarchical 
classification of lymphoid neoplasms for epidemiologic research (2008)

1 Epidemiology of Aggressive Lymphomas
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(82.3%), followed by BL (76.0%), enteropathy- 
associated T-cell lymphoma (EATL) (74.2%), 
angioimmunoblastic T-cell lymphoma (AITL) 
(68.7%), PTCL-NOS (63.8%), and ALK-negative 
ALCL (47.2%).

1.2  Descriptive Epidemiology

Descriptive epidemiology evaluates the occur-
rence of disease and other health-related charac-
teristics in human populations. Descriptive 
patterns are based on aggregate characteristics of 
disease frequency, person (age, sex, race, etc.), 
place (generally geographic region), and calen-
dar time. Such data are critical for an initial basic 
understanding of a disease in the population and 
can also generate hypotheses regarding etiology.

1.2.1  Frequency

DLBCL is the most common lymphoid malig-
nancy in the USA, with an estimated 27,650 new 
cases in 2016, which is 20.2% of all lymphoid 
malignancies. The vast majority of DLBCL is 
DLBCL-NOS (25,380 cases/year), with several 
rarer entities, including primary DLBCL of the 
central nervous system (PCNSL), with an esti-
mated 1100 cases/years; intravascular large B-cell 
lymphoma (IVBCL), with 60 cases/year; primary 
effusion lymphoma (PEL), with <50 cases/year; 
and primary mediastinal (thymic) large B-cell 
lymphoma (MLBCL), with 240 cases/year.

BL, in contrast to DLBCL, is a rare subtype 
with an estimated 1480 cases/year or ~1% of all 
lymphoid malignancies in the USA [2]. It is 
commonly classified into the histologically 
indistinguishable subtypes of sporadic, endemic, 
and immunodeficiency-associated BL [11].

PTCL is also uncommon, with an estimated 
3950 cases/year, representing approximately 3% 
of all lymphoid malignancies. There is great 
heterogeneity in this group, and it includes 
PTCL-NOS (1660 case/year), AITL (530 cases/
year), subcutaneous panniculitis-like T-cell 
lymphoma (SPTCL, <50 cases/year), ALCL (830 
cases/year), hepatosplenic T-cell lymphoma 

(HSTL, <50 cases/year), EATL (50 cases/year), 
primary cutaneous gamma-delta T-cell lymphoma 
(PCGD-TCL, <50 cases/year), and systemic 
EBV-positive lymphoproliferative disease (<50 
cases/year). The entity “ALCL, T-cell or null-cell 
type,” has evolved from the 2001 to the 2008 
WHO classification to be classified as ALK- 
positive and ALK-negative ALCL, with the latter 
initially a provisional entity that is now classified 
as a definite entity [1]. Primary cutaneous T-cell 
lymphoma (CTCL, 760 cases/year), included in 
the 2001 and 2008 classification, now has two 
new provisional entities. This review does not 
include the less aggressive T-cell lymphomas, 
particularly mycosis fungoides/Sezary syndrome; 
most of the new provisional entities; precursor T/
NK-cell lymphoblastic leukemia/lymphoma; or 
other rare NK and T-cell leukemias/lymphomas 
listed in Table 1.1.

Aggressive lymphomas, defined as DLBCL, 
BL, and PTCL (see Table  1.1), make up 24% of 
lymphoid malignancies overall. If non-Hodgkin 
lymphoma is defined using the traditional definition 
(i.e., after excluding HL, MM, and lymphoid malig-
nancy NOS), then DLBCL accounts for 27.6% of 
cases, BL for 1.5%, and PTCL for 3.9% (1.7% for 
PTCL-NOS specifically). In the International Non-
Hodgkin Lymphoma Classification Project of 4539 
cases from 24 countries on five continents [12], 
41% of NHLs from the USA and Europe were clas-
sified as aggressive (using the above definition) 
compared with 56.2% for all other world regions 
(i.e., non-US and European); a lower percentage 
distribution from the USA/Europe versus other 
regions was also observed individually for DLBCL 
(28.9% versus 42.5%), BL (0.8% versus 2.2%), and 
PTCL-NOS (2.6% versus 3.5%). Similar distribu-
tions from European [13, 14] and Asian [15–19] 
countries have also been reported, with a comple-
mentary decrease in the percentage of more indo-
lent subtypes, particularly follicular lymphoma, in 
Asian studies.

1.2.2  Incidence

While frequency counts and distributions provide 
insight into the scope of cancer burden, these 

J. R. Cerhan
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measures do not take into account the size or age 
distribution of the underlying population that 
generates the case counts to provide rates for 
making comparisons. To do this, we use the inci-
dence rate, which is defined as the number of 
newly diagnosed cancer cases in a defined popu-
lation divided by the number of persons at risk 
from that population. Incidence rates are used to 
make comparisons across cancer types, geo-
graphic regions, calendar time, and in subgroups 
(e.g., defined by sex, race, ethnicity, etc.). The 
incidence rates for selected aggressive lympho-
mas in the USA are summarized in Tables 1.2 
and 1.3 and are based on data from the 18 
Surveillance, Epidemiology, and End Results 
(SEER) registries for 2000–2014 [20] using the 
WHO classification system as implemented with 
the InterLymph Classification [21, 22] and 
SEER*Stat [23]. Due to delays in implementing 

coding of new entities in population-based can-
cer registries, the subtypes are based on the 2001 
WHO Classification (Table  1.1) [6]. Incidence 
rates were age-adjusted to the year 2000 US stan-
dard population. The annual percentage change 
(APC) was calculated using weighted least 
squares method, and the APC was evaluated on 
whether it was different from zero (no change), 
with statistical significance set at P < 0.05.

The age-adjusted incidence (per 100,000) was 
35.8 for all lymphomas, 6.95 for DLBCL, 1.15 
for PTCL, and 0.40 for BL. To put these rates in 
perspective to other lymphoma subtypes, the 
incidence of CLL/SLL is 5.87, MM is 5.86, 
follicular lymphoma is 3.57, classic HL is 2.57, 
and marginal zone lymphoma (MZL) is 1.89. 
Thus, DLBCL has the highest incidence rate, 
with both PTCL and BL being relatively 
uncommon.

Table 1.2 Incidence rates (age-adjusted per 100,000) and annual percent change (APC) for all lymphomas and selected 
aggressive subtypes, overall and by sex, USA, SEER 18, 2000–2014

Lymphoma subtypea

Overall
Sex specific

IRRc (M:F)
Males Females

Rate APC Rate APC Rate APC
All lymphomas 35.8 0.1 44.32 0.1 29.1 −0.1 1.5
DLBCL 6.95 0.5b 8.47 0.6b 5.72 0.2 1.5
  DLBCL-NOS 6.88 0.4b 8.41 0.6b 5.65 0.1 1.5
  IVBCL 0.0097 8.8b 0.01 e 0.0093 e 1.1
  PEL 0.011 e 0.02 e d e e

  MLBCL 0.047 e 0.038 e 0.057 e 0.7
BL 0.40 0.2 0.60 0.3 0.21 −0.1 2.9
PTCL 1.15 0.5 1.48 0.4 0.88 0.7b 1.7
  PTCL-NOS 0.41 1.2b 0.54 1.2 0.31 1.2 1.8
  AITL 0.13 4.6b 0.16 4.9b 0.11 4.4b 1.4
  SPTCL 0.014 3.5 0.0096 e 0.018 1.3 0.5
  ALCL 0.24 −3.2b 0.31 −3.6b 0.17 −2.6b 1.8
 HSTL 0.0091 7.1b 0.013 7.5b 0.0055 e 2.3
  EATL 0.012 3.7 0.016 4.4 0.0094 e 1.7
  CTCL 0.23 −0.3 0.30 −0.4 0.18 −0.3 1.6
  PCALCL 0.095 0.5 0.12 0.4 0.075 0.4 1.6

aSubtypes: DLBCL diffuse large B-cell lymphoma, NOS not otherwise specified, IVBCL intravascular B-cell lym-
phoma, PEL primary effusion lymphoma, MLBCL mediastinal (thymic) large B-cell lymphoma, BL Burkitt lym-
phoma, PTCL peripheral T-cell lymphoma, AITL angioimmunoblastic T-cell lymphoma, SPTCL subcutaneous 
panniculitis-like T-cell lymphoma, ALCL anaplastic large cell lymphoma, HSTL hepatosplenic T-cell lymphoma, 
EATL enteropathy-associated T-cell lymphoma, CTCL cutaneous T-cell lymphoma, PCALCL primary cutaneous ana-
plastic large cell lymphoma
bP < 0.05
cIRR incidence rate ratio, male/female
dUnable to estimate (less than 25 cases)
eStatistic could not be calculated
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1.2.2.1  DLBCL
For DLBCL, the age-adjusted incidence rates per 
100,000 were 1.5 times greater in men (8.47) 
compared to women (5.72), were higher in whites 
(7.25) compared to blacks (4.84) and Asian/
Pacific Islanders (5.96), and were similar in 
Hispanic (7.30) compared to non-Hispanic (6.93) 
ethnicity. From 2000 to 2014, the incidence of 
DLBCL increased at an annual rate of 0.5% per 
year (P  <  0.05), and this rate of increase was 
similar across race groups and Hispanic ethnicity. 
There was heterogeneity by gender, however, 
with the APC greater for men (0.8% per year, 
P  <  0.05) than for women (0.2% per year, 
P  >  0.05). The time trends by sex and race of 
DLBCL are shown in Fig. 1.1.

Within the DLBCL category, DLBCL-NOS 
had by far the highest incidence (6.88), while the 
incidence of IVBCL (0.0097), PEL (0.011), and 
MLBCL (0.047) was much lower. Indeed, the 
rarity of the latter subtypes largely precluded any 

detailed comparison by gender, race/ethnicity, or 
time trends. Of note, the APC of IVBCL has 
been increasing at 8.8% per year (P < 0.05), and 
unlike the other DLBCL subtypes, the incidence 
of MLBCL was higher in women (0.057) than 
men (0.038). The age-incidence curve for 
DLBCL- NOS (Fig.  1.2) showed a logarithmic 
increase with age, similar to other common can-
cers like colorectal cancer, and suggests a simi-
lar impact of cumulative risk with age. In 
contrast, the age- incidence curve for MLBCL 
rapidly increased in the late teens, peaked in the 
20s, and then declined until the 60s, when it 
slowly increased again with age. This pattern has 
led to hypotheses regarding reproductive factors 
in the etiology of MLBCL.  PEL incidence 
increased to age 40  years and then stabilized, 
while IVBCL was not observed in those 
<35 years but then rapidly increased with age.

Comparison of incidence rates globally is 
more difficult for the hematologic malignancies 
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due to differences in pathology practice, level of 
abstraction, coding systems, and use of popula-
tion standards (e.g., US 2000 standard has an 
older age distribution than the world standard, 
leading to higher rates). Nevertheless, broad 
comparisons are possible. For example, the age-
standardized incidence rates, male/female ratios, 
and age- incidence curves for DLBCL in Europe 
for 2000–2002 [13], Australia for 1997–2006 
[24], and the UK for 2004–2012 [14] were all 
similar to those reported here, although rates 
were somewhat lower for Australia as well as 
Europe combined, noting that there was a rela-
tively wide range among individual European 
countries. In the UK, age-standardized incidence 
rates for DLBCL were highest for whites, inter-
mediate for South Asian and blacks, and lowest 
for Chinese [25]. Compared to the USA, age-
adjusted rates of DLBCL were lower in 
Singapore [19] and Japan [18], although they 
have been rapidly rising since the 1990s in both 
Asian countries.

1.2.2.2  BL
BL is one of the most male predominant lym-
phoma subtypes and had approximately threefold 
higher age-adjusted incidence per 100,000 for 
men (0.60) compared to women (0.21) in the 
USA for 2000–2014 (Table 1.2). BL also had a 
higher incidence in whites (0.42) compared to 
blacks (0.32) and Asian/Pacific Islanders (0.34), 
while there was little difference in incidence rates 
between Hispanic (0.43) and non-Hispanic (0.40) 
ethnicity (Table 1.3). Over the time frame 2000–
2014, there were no statistically significant 
changes observed for BL incidence overall, or in 
any subgroup defined by gender, race, or ethnic-
ity. The age-standardized incidence rates, male/
female ratios, and age- incidence curves for BL in 
Europe for 2000–2002 [13], Australia for 1997–
2006 [24], and the UK for 2004–2012 [14] were 
all similar to those reported here. Compared to the 
USA, BL rates in Singapore for 2003–2012 [19] 
were only slightly lower, while rates were four-
fold lower in Japan for 2008 [18].
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The age-incidence pattern for BL is unique, 
with a peak in childhood (age 5–9 years), which 
then slowly declines to approximately age 
30 years, followed by a second peak around age 
50  years, and then an increase into old age 
(Fig. 1.3). This age-incidence pattern has been 
previously reported in the SEER data for 1973–
2005, where there were two separate peaks in 
both males and females near ages 10 and 
75 years and a third peak around age 40 years in 
males [26]. The latter peak attenuated with the 
exclusion of registries enriched for HIV/AIDs 
cases, and age-period-cohort models further 
supported a role for HIV/AIDs in the middle 
age peak in the age-incidence curve. This pat-
tern was confirmed using data from cancer reg-
istries from four continents (excluding Africa) 
for 1963–2002, with age-specific peaks at age 
10 and 70 years in all regions and time periods 
and a third peak around 40  years that only 
emerged in the mid- 1990s and more strikingly 
in men [27]. Because BL is one of the most rap-
idly growing tumors known (with cell mass 
doubling every 1–2  days) [28], the interval 
from initiation to diagnosis is likely to be rela-
tively short and, together with the distinctive 
age-incidence pattern, suggests potentially 

unique etiology, biology, and risk factors for 
the different age peaks.

1.2.2.3  PTCL
For PTCL overall, the age-adjusted incidence 
rates per 100,000 were 1.7 times greater in men 
(1.48) compared to women (0.88). Unlike most 
other NHL subtypes, they were higher in blacks 
(1.47) compared to whites (1.11) and lowest in 
Asian/Pacific Islanders (0.92); they were also 
somewhat higher in non-Hispanic (1.19) 
compared to Hispanic (0.97) ethnicity.

Data on eight of the PTCL entities are pro-
vided in Table 1.2 and show the heterogeneity 
of PTCL. The highest incidence was observed 
for PTCL-NOS (0.41), followed by ALCL 
(0.24) and CTCL (0.23). By gender, all of the 
subtypes showed higher incidence in men 
compared to women (IRRs 1.4–2.3) except for 
SPTCL, which had a higher incidence in 
women (0.018) compared to men (0.0096). 
Compared to whites, blacks had a higher inci-
dence for all of the PTCL subtypes except 
AITL and PCALCL, while patterns were more 
mixed (and less stable due to small numbers) 
for Asian/Pacific Islander (Table  1.3). For 
most PTCL subtypes, incidence rates were 
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generally higher in people of non- Hispanic 
ethnicity. The age-incidence curves for PTCL 
subtypes are shown in Fig.  1.4. PTCL- NOS, 
CTCL, PCALCL, and AITL all showed strong 
increases in incidence with age and, except for 
its rarity in those <20  years, so did 
EATL. ALCL showed a very rapid increase to 
age 15–19  years and then a decrease to age 
30  years, followed by an increase into older 
age. HSTL showed an increase to age 
20–24 years and then no change in incidence 
with age, while SPTCL showed a weakly posi-
tive overall trend in incidence with age.

While there was no evidence for changes in 
incidence of PTCL over the 2000–2014 
timeframe, there were statistically significant 
(P  <  0.05) increases in the APC for PTCL in 
women (0.7% per year) and in people of non- 
Hispanic ethnicity (0.7% per year). The time 
trends by sex and race for PTCL are shown in 
Fig.  1.5. By PTCL subtype, statistically 
significant increases in incidence were observed 
for PTCL-NOS (1.2% per year), AITL (4.6% per 
year), and HSTL (7.1% per year). For PTCL- 

NOS, the increase in APC was also statistically 
significant for non-Hispanics. For AITL the 
increase in APC was statistically significant in 
whites, both genders, and both Hispanic and non- 
Hispanic ethnicity. For HSTL, the increase was 
statistically significant in men and non-Hispanic 
ethnicity. The only PTCL subtype to show a 
statistically significant decline was for ALCL 
(−3.2% per year), and this decline was observed 
in both genders and all racial and ethnic 
subgroups.

Compared to the USA, the age-standardized 
incidence rates for PTCL-NOS were slightly 
lower in Australia for 1997–2006 [24] and the 
UK for 2004–2012 [14], although male/female 
ratios were similar. In 2008, age-standardized 
rates for PTCL-NOS in Japan were virtually the 
same as in the USA [18]. Fewer data are available 
for comparisons with other T-cell subtypes, but in 
a direct comparison between the USA versus 
Japan for 2008 using incidence rate ratios (IRR), 
CTCL (IRR  =  6.42) and ALCL (IRR  =  1.78) 
were more common in the USA, while AITL was 
less common (IRR  =  0.80) [18]. In that study, 

0.001

<1

0.01

0.1

1

10

In
ci

de
nc

e 
(p

er
 1

00
,0

00
)

Age

Peripheral T-Cell Lymphoma-NOS
Anaplastic Large Cell Lymphoma (ALCL)
Subcutaneous Panniculitis-like
Cutaneous T-Cell NOS
Primary Cutaneous ALCL
Hepatosplenic
Angioimmunoblastic
Enteropathy-type

1-
4

5-
9
10

-1
4
15

-1
9
20

-2
4
25

-2
9
30

-3
4
35

-3
9
40

-4
4
45

-4
9
50

-5
4
55

-5
9
60

-6
4
65

-6
9
70

-7
4
75

-7
9
80

-8
4

85
+

Fig. 1.4 Age-incidence 
curves for PTCL 
subtypes, USA, SEER 
18, 2000–2014

J. R. Cerhan



15

besides AITL, only NK/T-cell lymphoma nasal 
type and adult T-cell leukemia/lymphoma had 
higher incidence rates in Japan compared to the 
USA, while all other T-cell and B-cell subtypes 
had higher incidence rates in the USA, showing 
that while the proportion of T- versus B-cell 
lymphomas were greater in Japan, this is due to 
lower incidence of B-cell malignancies and not a 
higher incidence of T-cell malignancies.

1.2.3  Survival

Survival is another important parameter in under-
standing the descriptive epidemiology of a can-
cer. Observed survival is the proportion of 
patients surviving for a specified length of time 
after diagnosis and is obtained using standard life 
table procedures. However, from a population 
perspective, we would like to account for 
competing causes of mortality in comparing 

survival rates, and for this we can use relative 
survival, which is essentially the observed 
survival rate adjusted for expected mortality. This 
tells us whether the specific disease (here, 
lymphoma) shortens life.

The 5-year relative survival rates for selected 
aggressive lymphomas are summarized in 
Table  1.4, which is based on data from the 18 
SEER registries for 2000–2010 [20] using the 
WHO classification system as implemented with 
the InterLymph classification [21, 22] and 
SEER*Stat [23]. Expected survival was derived 
from US data for 1970–2012.

1.2.3.1  DLBCL
Five-year relative survival for DLBCL as a group 
for cases diagnosed 2000–2010 in the US SEER 
18 registries was 59.6%, but there was significant 
heterogeneity for the DLBCL subtypes of MLBCL 
(84.0%), DLBCL-NOS (59.5%), IVBCL (53.6%), 
and PEL (24.8%). For DLBCL- NOS, relative 
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 survival rates were similar by sex and Hispanic 
ethnicity but were slightly higher in whites 
(60.1%) compared to Asian/Pacific Islanders 
(56.9%) and blacks (54.5%). Comparison of rela-
tive survival rates by sex, race, and ethnicity was 
not possible for the other three rarer subtypes due 
to small numbers.

Five-year relative survival for DLBCL in the 
EUROCARE-5 study [29] increased from 2000–
2002 (44.8%) to 2003–2005 (50.9%) to 2006–
2008 (55.4%), while in the UK [14], it was 54.8% 
for cases diagnosed 2004–2012. In Singapore, 
5-year age-standardized relative survival for 
DLBCL increased from 1998–2002 (34.7%) to 
2003–2007 (46.5%) to 2008–2012 (49.2%) [19]. 
Increasing overall survival in DLBCL, which 
leads to increasing relative survival and 
decreasing mortality rates since 2000 at the 
population level, has been largely attributed to 
the widespread adoption of immunochemotherapy 
[30]. Racial disparities in the early adoption of 
immunochemotherapy for DLBCL appear to 

account for some of the difference by race in the 
USA [31].

1.2.3.2  BL
Five-year relative survival for BL overall for cases 
diagnosed 2000–2010 in the US SEER 18 regis-
tries was 56.4% and was slightly higher for males 
(57.6%) compared to females (53.1%); was simi-
lar for whites and Asian/Pacific Islander (~58%) 
but much lower for blacks (45.9%); and was simi-
lar by Hispanic ethnicity. A prior analysis of 
SEER data for 1973–2005 reported that 5-year 
death rates due to BL (Kaplan-Meier; not account-
ing for competing causes of death) were ~25% for 
pediatric BL (<20 years at diagnosis), ~50% for 
adult BL (20–59  years), and ~70% for geriatric 
BL (60+ years), with similar rates for males and 
females except for adult BL, where rates were 
slightly higher in males [26]. Five-year relative 
survival for BL in the UK for cases diagnosed 
2004–2012 was 52.9% and was higher for males 
(57.7%) than females (39.9%) [14].

Table 1.4 Five-year relative survival rates (percent) for selected aggressive lymphoma subtypes, USA, SEER 18, 
2000–2010

Lymphoma 
subtypea All (%)

Sex specific Race specific Hispanic ethnicity
Male 
(%)

Female 
(%)

White 
(%)

Black 
(%)

Asian or Pacific 
Islander (%) No (%) Yes (%)

All lymphomas 67.5 66.9 68.2 68.5 58.6 63.3 67.7 65.6
DLBCL 59.6 59.3 60.0 60.2 54.6 57.0 59.7 58.8
  DLBCL-NOS 59.5 59.3 59.8 60.1 54.5b 56.9 59.6 58.8
  IVBCL 53.6b c 56.9b 57.5b c c 54.6b c

  PEL 24.8b 22.5b c 22.5b c c 23.6b c

  MLBCL 84.0 83.0 84.1b 86.3b 79.9 67.0b 84.8 77.8b

BL 56.4 57.6 53.1b 57.6b 45.9b 58.2 56.2 57.4b

PTCL 56.0 54.6 58.0 57.9 45.9 46.3 56.6 51.6
  PTCL-NOS 37.5 37.3 37.7 39.0 32.4 30.3b 37.8 34.5
  AITL 42.5 38.4 46.8b 44.0b 32.5b 39.2 41.1 52.3b

  SPTCL 67.0b 66.1b 67.5b 57.7b c c 64.2b c

  ALCL 56.1 54.8 58.4 57.9 42.8 55.9b 57.3 49.8
  HSTL 21.9b 17.8b c 15.4b c c 23.3b c

  EATL 14.2b 10.4b 19.9b 18.6b c c 14.5b c

  CTCL 82.1b 81.4b 83.1b 83.3b 72.2b 72.4b 82.2b 81.2b

  PCALCL 89.3b 87.6b 91.2 89.7b 76.6 94.2b 89.3b 86.0b

aSubtypes: DLBCL diffuse large B-cell lymphoma, NOS not otherwise specified, IVBCL intravascular B-cell lymphoma, 
PEL primary effusion lymphoma, MLBCL mediastinal (thymic) large B-cell lymphoma, BL Burkitt lymphoma, PTCL 
peripheral T-cell lymphoma, AITL angioimmunoblastic T-cell lymphoma, SPTCL subcutaneous panniculitis-like T-cell 
lymphoma, ALCL anaplastic large cell lymphoma, HSTL hepatosplenic T-cell lymphoma, EATL enteropathy-associated 
T-cell lymphoma, CTCL cutaneous T-cell lymphoma, PCALCL primary cutaneous anaplastic large cell lymphoma
bThe relative cumulative survival increased from a prior interval and has been adjusted
cUnable to estimate (less than 25 cases)
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1.2.3.3  PTCL
The 5-year relative survival for PTCL for cases 
diagnosed 2000–2010  in the US SEER 18 
registries as a group was 56.0%, but within this 
group, there was substantial heterogeneity, 
ranging from 89.3% for PCALCL to 14.2% for 
EATL (Table  1.4). There were no strong sex 
differences for most of the subtypes, and in 
general whites had somewhat higher survival 
rates, although for many of the rarest subtypes, 
comparisons were unstable due to small numbers. 
Compared to the USA, 5-year relative survival 
for selected T-cell subtypes diagnosed from 2004 
to 2012 was lower in the UK for PTCL-NOS 
(37.5% versus 19.7%) and AITL (42.5% versus 
26.2%), similar for ALCL (56.1% versus 50.8%) 
and higher for EATL (14.2% versus 28.0%); 
similar to the USA, there were no statistically 
significant difference in relative survival by 
gender in the UK [14].

1.2.4  Other Measures

1.2.4.1  Mortality Rate
The cancer mortality rate is defined as the num-
ber of cancer deaths in a given year divided by 
the number of persons in the population. This is a 
function of both incidence and survival and is 
generally based on death certificate data [32]. 
While less useful for understanding etiology, 
cancer mortality rates are considered the best 
basis for judging progress against cancer by 
Extramural Committee to Assess Measures of 
Progress Against Cancer [33].

While there have been recent substantial 
declines in NHL mortality overall in the USA 
and other Western countries [14, 24, 34, 35], it 
has been difficult to parse the contribution of 
NHL subtypes to these changes as subtype 
information is generally not recorded on death 
certificates. Using SEER and other population 
data, Howlader et  al. [36] showed that overall 
NHL mortality rates increased from 1975 to 1997 
and then decreased from 1998 to 2011 and that 
incidence-based mortality rates (an approach to 
link subtype-specific incidence data with 
mortality data) for DLBCL began to decline 3% 

per year after 1998, while PTCL (which had 
more limited data) showed no clear trend over 
2006–2011. In 2011, an estimated 33% of NHL 
deaths were due to DLBCL, and 7% of NHL 
deaths were due to PTCL.

1.2.4.2  Event-Free Status at 24 Months 
(EFS24)

In an observational cohort of newly diagnosed 
DLBCL patients treated with immunochemother-
apy for curative intent, approximately 70% of 
DLBCL patients did not have progression or 
relapse, retreatment, or death within 24 months of 
diagnosis (termed event-free survival or EFS24). 
These patients had an 8% absolute risk of DLBCL 
relapse in the next 5 years (95% CI 5–12%) and a 
subsequent overall survival equivalent to that of 
the age- and sex- matched general population 
(standardized mortality ratio [SMR] = 1.18, 95% 
CI 0.89–1.57) (Fig.  1.6); this finding was repli-
cated in French clinical and registry-based data 
[37]. The 30% of DLBCL patients who did not 
achieve EFS24 had a very poor outcome, with a 
median survival of 13  months (95% CI 
10–16 months) after a relapse or retreatment event 
and much higher mortality compared to the age- 
and sex-matched population (SMR  =  16.9, 95 
CI% 14.0–20.2). DLBCL relapses after 24 months 
also appeared to be less aggressive than early 
relapses, with a median OS of 36 months (95% CI 
29–55 months). Similar results have been reported 
in the Danish population [38]. These findings 
have implications for patient counseling [39], 
patient surveillance after 24  months [40], study 
design to identify the biology of aggressive 
DLBCL [41], and use as a surrogate end point in 
clinical trials (as early failures are largely driven 
by DLBCL compared to later EFS events, which 
are more likely to be from unrelated competing 
mortality in patients in remission) [37].

In a similar analysis of cohorts from the USA, 
Sweden, and British Columbia, 36% of patient 
with PTCL treated with anthracycline-based 
chemotherapy regimens achieved EFS24, and the 
median survival after this landmark was not 
reached, and the 5-year OS was 78% (95% CI 
73–84%). Expected 5-year survival based on 
age-, sex-, and country-matched population was 
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92% (SMR  =  3.16, 95% CI 2.48–3.98). In 
contrast, the 64% of patients with PTCL who 
progressed in the first 24 months had a subsequent 
median survival of 4.9  months (95% CI 3.8–
5.9 months), a 5-year OS of 11%, and an SMR of 
46.4 (95% CI 41.9–51.3) [42]. Similar to DLBCL, 
EFS24 can be used in this setting to help inform 
patient counseling, biomarker discovery, and 
clinical trial design for PTCL.

1.3  Analytic Epidemiology 
of Aggressive Lymphomas

1.3.1  General Considerations

In contrast to descriptive epidemiology, ana-
lytic epidemiology tests hypotheses about 
associations of exposure with disease risk. 
While intervention studies, including random-
ized controlled clinical trials, are the gold stan-
dard for evaluating causal associations, this 
approach is not practical for many if not most 
exposures and is not ethical to evaluate expo-
sures that cause harm. Thus, most epidemiol-
ogy studies are observational, in that exposure 
is not manipulated but rather is observed (mea-
sured) as it occurs in the population. The most 

common study designs utilized to study cancer 
etiology are case-control and cohort studies, 
with the latter considered a stronger form of 
evidence. However, all observational studies 
are subject to various types of bias (most 
prominently selection and recall bias), con-
founding (a factor that creates a spurious asso-
ciation due to its association with both exposure 
and outcome), and chance (random error). 
Thus, observational studies must be carefully 
designed to minimize bias and address poten-
tial confounding, although bias can rarely be 
completely eliminated and there always 
remains the possibility of confounding by 
unknown/unmeasured exposures. Chance find-
ings (false positives) are addressed with strin-
gent statistical evaluation and replication in 
independent studies, while false negatives are 
addressed by ensuring sufficient study power. 
Analytic studies also incorporate biomarkers 
to help infer disease mechanisms. A framework 
to evaluate causality incorporates these issues, 
and while intervention data provide the stron-
gest evidence for causality, observational data, 
particularly from pooled and meta-analyses 
and in the context of biologic evidence, can 
provide sufficiently robust data to make a 
causal claim.
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1.3.2  Specific Considerations

There have been several recent reviews of the 
epidemiology of NHL in general [43–45], which 
is not repeated here. Rather, the goal of this 
chapter is to highlight what is known about the 
epidemiology of the three most common aggres-
sive NHL subtypes of DLBCL, BL, and 
PTCL.  This leads to several specific issues 
unique to this task. Most studies have histori-
cally analyzed all NHL, with subtypes either not 
addressed or a secondary objective. This leads to 
inconsistent reporting of results for subtypes, if 
at all. Also, rare subtypes, like BL and PTCL 
usually did not have a sufficient number of cases 
in a given study to even present any associations. 
Further, most studies were not designed with 
sufficient power to address subtype-specific 
associations or to formally test for heterogeneity 
of risk factor associations across the major NHL 
subtypes (“etiologic heterogeneity”). This issue 
has been addressed in part through meta-analysis 
of published studies and pooling of studies 
through consortium efforts such as InterLymph 
[46]. The InterLymph Consortium was launched 
in 2001 to specifically create a structure and 
venue for pooling of individual-level study data 
from case-control studies in order to increase 
statistical power to address rare exposures; lym-
phoma subtypes; interactions between risk fac-
tors, both environmental and genetic; and 
provide definitive results on inconsistent find-
ings identified in individual studies [46]. There 
are many advantages to pooled analysis of pri-
mary data, including more in-depth analyses 
based on detailed and harmonized exposure data, 
adjustment for potential confounding factors, 
evaluation of interactions and subgroup associa-
tions, systematic and comprehensive evaluation 
of NHL subtypes, and more robust statistical 
inferences relative to meta-analysis [47].

Another major issue is the classification of 
NHL subtypes. Prior to the adoption of the 
Working Formulation in 1982, there was no con-
sensus approach for defining NHL subtypes 
which hampered analytic epidemiology studies 
[48]. However, that system only translated across 
different systems. The first true consensus 

 classification for clinical and pathologic use was 
developed in 1994 as the Revised European- 
American Lymphoma (REAL) classification 
[49], which was incorporated in 2001  in the 
WHO Classification of Tumours of the 
Haematopoietic and Lymphoid Tissues [6]. This 
system was adopted worldwide, including incor-
poration into the International Classification of 
Diseases for Oncology, third Edition (ICD-O- 3) 
[5]. In 2007, the InterLymph Consortium 
Pathology Working Group developed a nested 
classification system based on the WHO system 
and ICD-O-3 to group subtypes and to provide a 
translation from classifications before 2001 [21]. 
This system greatly facilitated analysis of lym-
phoid malignancies in epidemiologic studies and 
was able to incorporate updates [22], such as with 
the third edition of the WHO Classification [4].

These issues have been taken into consider-
ation for this review. The initial focus is on 
results for each subtype from meta-analysis, 
pooled analysis, or large cohort studies. This 
approach will tend to overly emphasize positive 
results, as null results (no association) are less 
well reported due to publication bias. The 
InterLymph pooling projects partially over-
comes this limitation, as there has been a more 
systemic evaluation that includes publication of 
null results. Many of the InterLymph pooling 
projects focused on specific exposures and 
ensured consistent harmonization of selected 
exposures. Subsequently, the InterLymph 
Subtypes Project was launched to examine a 
range of risk factors for each NHL subtype and 
to systematically assess commonalities and dif-
ferences in risk factor associations across the 
common NHL subtypes [50].

1.3.3  DLBCL

1.3.3.1  Family History and Genetics
In the InterLymph Subtypes Project, a family his-
tory of NHL was associated with 1.84-fold 
increased risk of DLBCL (95% CI 1.46–2.33), 
and this association slightly strengthened after 
adjustment for DLBCL-specific risk factors 
(OR = 1.95, 95% CI 1.54–2.47) [51]. This risk 
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estimate is in agreement with data from a pooled 
analysis of Scandinavian registries (SIR  =  1.9; 
95% CI 1.6–2.2) [52]. Risk of DLBCL was also 
elevated for persons with a first-degree relative 
with DLBCL (SIR = 1.9, 95% CI 1.4–2.6), FL 
(SIR  =  2.6, 95% CI 1.7–3.6), LPL/WM 
(SIR = 3.5, 95% CI 1.3–7.5), MCL (SIR = 1.9, 
95% CI 0.5–4.8), or mature T-cell lymphoma 
(SIR = 2.1, 95% CI 0.4–6.2), although the latter 
two associations were not statistically significant 
[52]. Risk of DLBCL was also elevated ~2-fold 
for a family history of HL [51, 53], but there was 
no association for CLL [51, 54] or MM [51]. 
Familial aggregation represents both shared 
genetics and environmental factors, and the 
findings summarized above suggest that familial 
risk is not strongly confounded by nongenetic 
risk factors and that there may be shared factors 
among lymphoma subtypes, perhaps exclusive of 
CLL and MM. Interestingly, results for familial 
aggregation of other lymphoma subtypes tend to 
show that a family history of a specific lymphoma 
subtype is most strongly associated with risk for 
that specific lymphoma [55], suggesting that 
there may also be genetic factors unique to a 
subtype.

While studies of familial aggregation are con-
sistent with an important role for genetics in lym-
phoma development, only genetic studies can 
definitively identify risk loci. Prior to the advent 
of genome-wide association studies (GWAS), 
there were a large number of candidate gene 
studies in lymphoma (reviewed in [56–61], but 
for a variety of reasons, including biased study 
design, small sample size (low power), 
uncontrolled multiple testing (leading to false 
positive associations), lumping together of all 
subtypes, and unrealistic expectations in our 
ability to choose variants and genes, these studies 
have largely failed to replicate. However, one of 
the most robust candidate gene findings in 
lymphoma has been for an LTA-TNF haplotype 
with DLBCL risk (P = 2.93 × 10−8) [62, 63].

In contrast to candidate gene/pathway studies, 
GWA studies have definitively identified several 
susceptibility loci for DLBCL. In a large GWAS 
of European ancestry [64], novel loci identified 
included 6p25.3 (EXOC2), 6p21.33 (HLA-B), 

2p23.3 (NCOA1), and 8q24.21 (near PVT1 and 
MYC). The strongest finding after imputing HLA 
alleles and amino acids was with HLA-B*08:01 
although this could not be statistically 
distinguished from the HLA-B SNP due to high 
linkage disequilibrium. Based on the GWAS 
data, common SNPs including but not limited to 
the GWAS-discovered loci were estimated to 
explain approximately 16% of the variance in 
DLBCL risk overall [64]. Three of the five 
GWAS-discovered SNPs for DLBCL in 
Europeans were significantly associated with 
DLBCL in an East Asian population [65], 
including EXOC2 (OR = 2.04, P = 3.9 × 10−10), 
PVT1 (OR = 1.34, P = 2.1 × 10−6), and HLA-B 
(OR  =  3.05, P  =  0.009). Overall, MAFs were 
similar or only modestly lower in the East Asian 
population for all SNPs except for one of the 
8q24 SNPs, which was much rarer. In a GWAS 
conducted in an East Asian population, a locus at 
3q27 (near BCL6 and LPP) was identified [66], 
although this could not be replicated in 
independent studies of East Asian [65] or 
European ancestry [64]. The GWAS results 
strongly support a role for immunologic pathways 
in the etiology of DLBCL, but more studies are 
needed to identify additional loci, particularly for 
DLBCL subtypes defined by cell of origin and in 
populations of contrasting risk.

1.3.3.2  Immune Biomarkers
Biomarkers of immune function, most promi-
nently circulating cytokines and chemokines, 
allow epidemiologists to link subclinical immu-
nologic alterations in otherwise normal people to 
future lymphoma risk using banked samples from 
large cohort studies. While most studies have 
reported only overall NHL associations, a meta-
analysis of four studies found a strong and consis-
tent positive association of soluble CD30 
(OR = 2.07, 95% CI 1.41–3.03) and to a some-
what lesser extent soluble CD27 (OR = 1.86, 95% 
CI 0.92–3.78) with DLBCL risk [67]. Several 
studies have also reported a positive association 
of soluble CD23 with DLBCL risk [68, 69]. These 
findings taken together imply a role for B-cell 
activation markers as predictors of future DLBCL 
risk. There are also suggestive data for a positive 
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association of soluble B-cell attracting chemokine 
(BCA-1, or CXCL3) with DLBCL risk [68, 70], 
suggesting a role for chemotaxis in DLBCL 
pathogenesis.

1.3.3.3  Infectious Agents
There are strong data linking several types of 
infections to DLBCL risk. DLBCL, including 
PCNSL, are both AIDS-defining cancers [71], 
and recent estimates from the USA for 1996–
2010 show that HIV infection or AIDS increased 
risk of DLBCL 17.6-fold (95% CI 16.7–18.6) 
and PCNSL 47.7-fold (95% CI 43.4–52.2) [72]. 
Risk of DLBCL and PCNSL has declined with 
the advent of highly active antiretroviral therapy 
(HAART) in 1996, although risks continue to be 
substantially elevated for these subtypes [73, 
74]. The International Agency for Research on 
Cancer (IARC) has listed Kaposi sarcoma-asso-
ciated herpesvirus 8 (HHV8) as an established 
cause of PEL [75]. PEL is primarily observed in 
people with immunodeficiency, and the majority 
of patients are EBV positive [76]. Hepatitis C 
virus (HCV) is also an established cause of 
NHL [75], and HCV has been positively associ-
ated with DLBCL risk in an InterLymph pooled 
analysis (OR = 2.24, 95% CI 1.68–2.99) [77], 
including after adjusting for other risk factors 
(OR = 2.02, 95% CI 1.47–2.76) [51], as well as 
in a large SEER-Medicare analysis (OR = 1.52, 
95% CI 1.05–2.18) [78]. While hepatitis B virus 
(HBV) is considered to only have limited evi-
dence to cause NHL in the 2009 IARC review, a 
recent meta-analysis of 17 case-control and five 
cohort studies (with over 40,000 cases) found a 
positive association with DLBCL (OR  =  1.84, 
95% CI 1.13–3.01), which was restricted to high 
(OR  =  2.73, 95% CI 1.62–4.59) but not low 
(OR  =  1.11, 95% CI 0.73–1.69) HBV preva-
lence countries [79]. Human pegivirus (HPgV), 
previously known as GB virus C (GBV-C) [80], 
viremia has been associated with DLBCL risk 
in a population-based case-control study 
(OR  =  5.18, 95% CI 2.06–13.7) [81] and a 
nested case-control study with prediagnostic 
samples (OR  =  5.31, 95% CI 1.54–18.4) [82] 
independent of HBV and HCV. HPgV is a sin-
gle-stranded RNA virus from Flaviviridae that 

is closely related to HCV but is lymphotropic 
and could impact lymphoma risk by causing 
chronic immune stimulation or impaired 
immunosurveillance.

1.3.3.4  Medical History
Solid organ transplantation is associated with an 
increased risk of DLBCL, most recently estimated 
at a 13.5-fold increased risk (95% CI 12.7–14.4) 
based on data from a US population-based study 
of transplant recipients from 1987 to 2008 [83], 
which is consistent with other recent studies [84, 
85]. In the former study, DLBCL made up over 
50% of the NHLs, which is much greater than the 
25–30% observed at the population level. Other 
aggressive lymphomas (BL, PTCL) were also 
overrepresented in this setting [83]. Risk of 
DLBCL was particularly elevated for transplants 
given before age 20 years (SIR = 379, 95% CI 
318–447) and for pancreas or pancreas/kidney 
transplants (SIR  =  32.6, 95% CI 24.6–42.5). 
There was also evidence for a U-shaped curve, 
with risk highest in the first year after 
transplantation and then after 5  years [83], 
consistent with patterns seen for NHL overall in 
this setting [86, 87]. Mechanistically, these 
findings suggest important roles for 
immunosuppression (specifically in the early, 
intense induction phase as well as in the later 
long-term maintenance phase), chronic immune 
activation (due to the presence of donor organ), 
or the combined effects of these, resulting in 
long-term, chronic immune dysfunction.

History of blood transfusion was not associ-
ated with DLBCL risk in a meta-analysis of case- 
control and cohort studies [88]. In the InterLymph 
Subtypes Project, there was an unexpected 
inverse association of blood transfusion with 
DLBCL risk (OR  =  0.81, 95% CI 0.72–0.91) 
after adjusting for other DLBCL risk factors; in 
sex-specific models, transfusion history only 
remained significantly associated with DLBCL 
risk among men [51].

In the InterLymph autoimmune pooling proj-
ect [89], DLBCL risk was associated with sys-
temic lupus erythematosus (SLE, OR  =  2.74, 
95% CI 1.47–5.11) and Sjogren syndrome 
(OR = 8.92, 95% CI 3.83–20.7), consistent with 
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other studies [90–92]. There were also 
associations with hemolytic anemia (OR = 3.22, 
95% CI 1.31–7.89) and a suggestive association 
with celiac disease (OR = 1.83, 95% CI, 0.89–
3.74), with the latter finding more definitively 
confirmed in a recent meta-analysis (OR = 2.25, 
95% 1.32–3.85) [93]. In the InterLymph Subtypes 
Project, a history of B-cell-activating (OR = 2.36, 
95% CI 1.80–3.09) or both B-cell- and T-cell- 
activating (OR = 4.86, 95% CI 2.31–10.3) but not 
T-cell-activating (OR = 1.03, 95% CI 0.86–1.24) 
autoimmune diseases was associated with 
DLBCL risk after adjusting for other DLBCL- 
specific risk factors [51]. These results were 
similar for men and women and held for DLBCL 
of the GI tract, testis, mediastinum, and skin, but 
not of the CNS [51]. The overall association with 
autoimmune disease was mainly driven by 
individual associations with multiple B-cell- 
activating autoimmune diseases (Sjogren 
syndrome, SLE, hemolytic anemia, and RA) but 
only one T-cell-activating autoimmune disease 
(celiac), suggesting a more prominent role for the 
former mechanism in DLBCL etiology. While it 
has been challenging to disentangle autoimmune 
disease, treatment (i.e., confounding by 
indication), and shared genetics or other host 
factors in understanding these associations, they 
do support the role of chronic inflammation, 
antigenic stimulation, and overall immune dys-
regulation in DLBCL pathogenesis [94].

History of an atopic condition was inversely 
associated with DLBCL risk after accounting for 
other DLBCL-specific risk factors (OR  =  0.82; 
95% CI 0.76–0.89) in the InterLymph Subtypes 
Project; specific inverse associations included 
allergies, asthma, and hay fever [51]. The atopy 
association was particularly strong for 
PCNSL.  However, the association of allergies 
with DLBCL was null in a large cohort study 
[95], raising concerns about reverse causality 
from case-control studies that needs further eval-
uation. In the InterLymph Subtypes Project for 
DLBCL, the autoimmune and HCV risk associa-
tions and the atopy protective association 
remained statistically significant in a multivariate 
model, suggesting a complex interplay of immune 
stimulation (autoimmunity and HCV infection) 

and hypersensitivity (atopy) in DLBCL patho-
genesis that requires further understanding [96].

In a meta-analysis of type 2 diabetes and lym-
phoma risk, there was no overall increased risk 
for DLBCL (OR  =  1.16, 95% CI 0.92–1.48), 
although there was increased risk in European 
(OR  =  1.48, 95% CI 1.10–2.01) but not US 
populations [97].

1.3.3.5  Hormonal and Reproductive 
Factors

In the InterLymph reproductive factors pooling 
project [98, 99], there were no associations of 
menstrual (including age at menarche or age at 
menopause), reproductive (including parity/
number of children and age at first and last child), 
or hormonal contraception history with DLBCL 
risk. In contrast, there was an inverse association 
for use of postmenopausal hormone therapy 
(OR = 0.66, 95% CI 0.54–0.80), although there 
was no trend with years of use. In the InterLymph 
Subtypes Project, both OC use prior to 1970 
(OR  =  0.78 compared to no OC use, 95% CI 
0.62–1.00) and hormone therapy use initiated at 
age 50  years or older (OR  =  0.68 compared to 
never use, 95% CI 0.52–0.88) were inversely 
associated with DLBCL risk in the final 
multivariable model that also adjusted for other 
DLBCL risk factors [51]. However, cohort 
studies evaluating these factors for DLBCL risk 
have not been consistent nor supportive of these 
associations [100–103].

1.3.3.6  Occupations 
and Environmental Factors

In the InterLymph occupational pooling project 
of ten case-control studies [104], DLBCL risk 
was positively associated with the occupational 
groups hairdresser (OR  =  1.47, 95% CI 1.08–
2.00) and textile worker (OR  =  1.19, 95% CI 
1.01–1.41), as well as the specific occupations of 
charworkers, cleaners, and related workers 
(OR = 1.27, 95% CI 1.03–1.58); field crop and 
vegetable farm workers (OR  =  1.50, 95% CI 
1.15–1.97); metal melters and reheaters 
(OR  =  2.31, 95% CI 1.01–5.26); and special 
education teachers (OR  =  1.94, 95% CI 1.01–
3.71). In the InterLymph Subtypes Project, field 
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crop and vegetable farmer (OR = 1.49, 95% CI 
1.14–1.95), sewer and embroiderer (OR = 1.43, 
95% CI 1.10–1.87), women’s hairdresser 
(OR  =  1.61, 95% CI 1.13–2.31), and driver/
material handling equipment operator 
(OR  =  1.47, 95% CI 0.97–2.25) were all 
associated with DLBCL risk after adjustment for 
other DLBCL-specific risk factors [51]. In sex- 
specific models, the former three occupations 
were retained for women, and the latter 
occupation was retained for men. In a meta- 
analysis of occupational exposures to agricultural 
pesticide groups [105], DLBCL was associated 
with phenoxy herbicide exposure (OR = 2.0, 95% 
CI 1.1–3.7) and weakly associated with DDT 
exposure (OR  =  1.2, 95% CI 0.9–1.7). In the 
Agricultural Health Study cohort [106], there 
were no statistically significant associations of 
DLBCL with any of 26 insecticides, fungicides, 
and fumigants evaluated, including DDT. In the 
Agricultural Health Study, a recent report found 
no association of 2,4-D with NHL overall, con-
sistent with prior and an updated meta- analysis 
of this association [107]; no data for DLBCL 
were available.

1.3.3.7  Hair Dye
In the InterLymph hair dye pooling project, there 
was an increased risk of NHL among women 
who started using hair dyes before 1980 
(OR  =  1.3, 95% 1.1–1.4), but there was no 
association with DLBCL (OR = 1.1, 95% CI 0.9–
1.3) [108]. In the InterLymph Subtypes Project, 
hair dye use was not associated with DLBCL, but 
duration of hair dye use was positively associated 
with MLBCL risk (OR = 4.97 for 20+ years of 
use versus never use, P-trend  <  0.001) [51]. 
While the latter finding was based on a small 
number of cases and thus requires replication, it 
is somewhat provocative given the distinct 
descriptive epidemiology of this lymphoma 
subtype, including excess female incidence and 
peak incidence around age 30 years.

1.3.3.8  Anthropometrics and Physical 
Activity

Body mass index (BMI) was positively associ-
ated with NHL (OR = 1.07 per 5 kg/m2, 95% CI 

1.04–1.10) in a meta-analysis of prospective 
cohort studies, and the association was specifi-
cally observed for DLBCL (OR = 1.13 per 5 kg/
m2, 95% CI 1.02–1.26) and not for FL or CLL/
SLL [109]. In a meta-analysis of six case-control 
and ten cohort studies specifically focused on 
DLBCL, overweight (25–29.9 kg/m2, OR = 1.14, 
95% CI 1.04–1.24) and obesity (30+  kg/m2, 
OR = 1.29, 95% CI 1.16–1.43) were associated 
with increased risk. Estimates were similar by 
study design (case-control versus cohort) and 
gender but stronger in American and Asian rela-
tive to European populations [110]. The latter 
study suggested a linear association for BMI and 
DLBCL, such that each 10  kg/m2 increase in 
BMI was associated with a 14% increase in 
DLBCL risk. In the InterLymph Subtypes 
Project, usual adult BMI (P = 0.002) and BMI as 
a young adult (P < 0.001) both showed positive, 
monotonic associations with DLBCL risk in 
models adjusted for age, sex, race/ethnicity, and 
study [51]. When both variables were simultane-
ously included in a multivariable model that also 
included other DLBCL-specific risk factors 
(including socioeconomic status), the association 
for usual adult BMI greatly attenuated and only 
showed an association for underweight 
(OR = 0.58 for 15–18.4 versus 18.5–22.4 kg/m2, 
95% CI 0.39–0.85), while young adult BMI only 
slightly attenuated and continued to show a 
monotonic association with DLBCL risk 
(OR  =  1.58 for 30–50 versus 18.5–22.4  kg/m2, 
95% CI 1.12–2.23). The association of young 
adult BMI with DLBCL risk is supported by 
cohort studies [111–113], including after adjust-
ment for adult BMI [114]. While specific mecha-
nisms linking BMI and DLBCL risk are not 
known, immune (including chronic inflamma-
tion) or hormonal mechanisms have been postu-
lated [115].

Greater physical activity showed a weak 
inverse association with NHL risk in a meta- 
analysis of eight case-control and 15 cohort 
studies (RR = 0.91, 95% CI 0.82–1.00), but there 
was no association for DLBCL (RR = 0.95, 95% 
CI 0.80–1.14) [116]. In the InterLymph Subtypes 
Project, leisure time physical activity was not 
associated with DLBCL risk (OR  =  0.85 for 
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vigorous versus low activity, P-trend  =  0.23). 
Leisure-time sitting (hours/day) was positively 
associated with NHL risk (HR  =  2.18 for 6+ 
versus <3  h/day, P-trend  =  0.008) in a large 
cohort study, but there was no association with 
DLBCL risk (P-trend = 0.98) [117]. The positive 
association of BMI with DLBCL risk, but lack of 
association with physical activity, will require 
further investigation.

1.3.3.9  Smoking and Alcohol 
Consumption

Cigarette smoking history was not associated 
with DLBCL risk in a large meta-analyses [118, 
119] nor in the InterLymph pooling projects [51, 
120]. However, in the InterLymph Subtypes 
Project, there were positive associations of 
smoking (>35 years versus nonsmoker) with risk 
of PCNSL (OR  =  1.52, P-trend  =  0.024), 
testicular DLBCL (OR = 2.72, P-trend = 0.091), 
and cutaneous DLBCL (OR  =  1.88, 
P-trend  =  0.015). A positive association of 
smoking with PCNSL has been previously 
reported [121], while the other associations 
require replication.

Alcohol drinkers had a lower risk of DLBCL 
(OR = 0.79, 95% CI 0.68–0.91) in recent meta- 
analysis of 21 case-control and eight cohort 
studies, which was also observed for NHL over-
all (OR = 0.85, 95% CI 0.79–0.91) and for most 
major NHL subtypes except CLL/SLL [122]. In 
the InterLymph Subtypes Project, greater life-
time consumption of alcohol was inversely asso-
ciated with DLBCL risk after adjusting for 
DLBCL- specific risk factors including socioeco-
nomic status and body mass index (OR = 0.64 
for >400  kg versus nondrinker, 95% CI 0.51–
0.79, P-trend < 0.001) [51]. Inverse associations 
were observed for multiple alcohol variables 
defined by type, intensity, and duration of use, 
and the inverse associations were stronger in 
men. The mechanistic underpinning of this asso-
ciation is unknown, but both the impact of alco-
hol use on general immune function [123] and 
specific effects on cell signaling pathways 
related to lymphomagenesis [124] have been 
suggested.

1.3.3.10  Diet
While several associations had been suggested 
between diet and cancers of the lymphoid and 
hematopoietic system, including milk and dairy, 
meat, fat, fish, and fruit and vegetables [125], the 
Panel for the 2007 Food, Nutrition, Physical 
Activity, and the Prevention of Cancer [126] report 
concluded that more work was needed into mecha-
nisms that underlie putative dietary associations as 
well as the need to better investigate lymphoma 
subtypes, for which there were only limited data. 
Our knowledge state has not increased much since 
that report [43]. The strongest and most consistent 
data have been for vegetable intake. In a meta-
analysis of nine case- control studies and five 
cohort studies, vegetable intake was inversely 
associated with NHL risk (RR = 0.81 for low ver-
sus high intake, 95% CI 0.71–0.92), and this was 
also observed for DLBCL risk (RR = 0.70, 95% CI 
0.54–0.91) [127]. Vegetables are a rich source of 
phytochemicals, vitamins, and antioxidants, which 
have chemopreventive properties and can enhance 
immune function, both mechanisms relevant to 
lymphomagenesis.

In the California Teacher’s Cohort, an antioxi-
dant index measuring hydroxyl radical absor-
bance capacity showed a suggestive inverse 
association with DLBCL risk (RR  =  0.68 for 
highest versus lowest quartile, P-trend  =  0.08) 
[128], which was replicated and expanded in a 
case-control study using an updated and more 
comprehensive measure of hydroxyl radical 
absorbance (OR = 0.43 for highest versus lowest 
quartile, P-trend  =  0.026) [129]. In support of 
these latter findings, inverse associations for 
DLBCL from large cohort studies have been 
reported for dietary and supplemental intake of 
vitamin C (RR = 0.69 for highest versus lowest 
quartile, P-trend = 0.030) [130]; serum levels of 
total carotenoids (OR  =  0.46 for highest versus 
lowest tertile, P-trend  <  0.01), β-carotene 
(OR = 0.38, P-trend < 0.01), lycopene (OR = 0.51, 
P-trend < 0.01), and α-cryptoxanthin (OR = 0.35, 
P-trend = 0.02) [131]; and α-tocopherol in a non-
linear (U-shaped) manner [132]. While sugges-
tive, a specific antioxidant mechanism vrelated to 
DLBCL pathogenesis has yet to be identified.
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1.3.3.11  Sun Exposure
In the InterLymph sun exposure pooling project, 
higher composite recreational sun exposure was 
inversely associated with NHL risk (OR = 0.76 
for highest versus lowest quartile, P-trend = 0.005) 
as well as for DLBCL risk (OR  =  0.69, 
P-trend < 0.001), while there was no association 
with occupational sun exposure [133]. In the 
InterLymph Subtypes Project, recreational sun 
exposure was inversely associated with DLBCL 
risk (OR = 0.78 for highest versus lowest quartile, 
P-trend  <  0.001) after adjusting for DLBCL- 
specific risk factors [51]. In the California 
Teachers Study cohort, residential UVR levels 
within a 20-km radius were associated with 
reduced risk of DLBCL (RR = 0.36 for highest 
versus lowest statewide quartile of minimum UV, 
95% CI, 0.17–0.78; P-trend  =  0.07) [134], and 
this association was not modified by skin 
sensitivity to sunlight, race/ethnicity, body mass 
index, or neighborhood socioeconomic status. In 
the Nurses’ Health Study, multiple measures of 
higher average annual UV-B flux, most 
prominently at age 15 (RR = 0.67, P-trend = 0.37) 
and as a lifetime cumulative average (RR = 0.84, 
P-trend = 0.68), showed weak and not statistically 
significant but nevertheless inverse associations 
with DLBCL risk [135]. In an ecologic study 
from Australia [136], higher latitude (a surrogate 
for lower residential ambient UVR exposure) 
was correlated with higher DLBCL incidence 
rates (IRR = 1.37, 95% CI 1.16–1.61), and in an 
ecologic study in the USA [137], greater ambient 
UV radiation based on satellite estimates was 
inversely associated with DLBCL incidence rates 
(IRR = 0.84, 95% CI 0.76–0.94). The latter study 
also reported that the elevated IRRs for DLBCL 
were similar for whites, blacks, and Hispanics.

The underlying biological mechanism for 
any putative inverse association with DLBCL 
risk is not known, but dietary vitamin D intake 
is not a likely mechanism as a meta-analysis 
found no association for DLBCL (OR  =  1.05 
for highest versus lowest category, 95% CI 
0.73–1.52) [138], and in the California Teachers 
Cohort, neither dietary nor supplemental vita-
min D intake was associated with DLBCL risk 

[134]. A pooled nested case-control analysis of 
ten cohort studies found no association of cir-
culating 25-hydroxyvitamin D with DLBCL 
risk (P-trend = 0.40), although the highest cat-
egory showed a protective effect (OR = 0.74 for 
>100 versus 50 to <75  nmol/L, 95%CI 0.39–
1.42) and the lowest category showed a slightly 
elevated risk (OR = 1.27 for <25 versus 50 to 
<75  nmol/L, 95%CI 0.76–2.12) [139]. These 
and other results suggest that long-term and 
cumulative UV exposure, relative to intermit-
tent intense exposure, are more relevant, which 
would impact the ability of one-time sampling 
of circulating vitamin D levels to detect an 
association. Alternatively, immunologic effects 
of UV radiation and impacts on circadian 
rhythm have been suggested as alternative 
mechanisms [138].

1.3.4  Burkitt Lymphoma

The analytic epidemiology of BL is strongly 
linked to the main clinical variants of endemic, 
immunodeficiency-associated, and sporadic 
BL.  The translocation involving MYC is highly 
characteristic but not specific [140].

1.3.4.1  Endemic BL
Endemic BL occurs predominately in equatorial 
Africa and Papua New Guinea, where it is the 
most common childhood cancer [11]. It most 
commonly presents as a clinically striking 
extranodal jaw or orbital mass, but histologically 
it cannot be distinguished from other variants of 
BL.  The incidence of endemic BL is closely 
linked to areas with high rates of Plasmodium 
falciparum infection and early infection with 
EBV.  Rates of BL also correlate with intensity 
and changes of malaria transmission related to 
malaria control efforts [141, 142]. Both malaria 
and EBV induce B-cell hyperplasia, and while 
the exact mechanism is not definitive, malaria 
can directly influence lymphomagenesis through 
induction of activation-induced cytidine 
deaminase (AID), leading to the creation of a 
MYC translocation with immunoglobulin genes 
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and ectopic MYC expression [11]. This, coupled 
with EBV’s ability to block apoptosis of 
genetically altered cells as they go through the 
germinal-center reaction, is thought to underlie 
BL pathogenesis [11].

1.3.4.2  Immunodeficiency- 
Associated BL

In 1982, HIV infection was linked to an 
increased risk of BL [143, 144], and ultimately 
BL became an AIDS-defining condition [71] 
and was included as a BL variant in 2008 WHO 
Classification of Hematopoietic Tumors [4]. 
HIV/AIDS has been hypothesized to explain the 
third peak in the age-incidence curve that was 
discussed above. In contrast to DLBCL, risk of 
BL did not decline as much after the introduc-
tion of HAART in 1996 [73, 74]. Based on 
SEER data, Mbulaiteye et  al. have estimated 
that in the USA, 71% of adult BL was AIDS 
related and 29% was non-AIDS related [26]. 
Mechanistically, HIV may play a similar role as 
malaria, as high expression of AID in peripheral 
blood mononuclear cells has been shown to be 
associated with later risk of BL in HIV-infected 
patients [145], which is consistent with 
 AID- mediated MYC/Ig translocations character-
istic of BL.

Solid organ transplantation is associated 
with an increased risk of BL, most recently 
estimated at 24.5-fold excess risk (95% CI 
19.7–30.2) based on data from a US popula-
tion-based study of transplant recipients from 
1987 to 2008 [83]. Risk was particularly ele-
vated for transplants given before age 20 years 
(SIR = 123, 95% CI 79–183) and for liver trans-
plants (SIR = 47.1, 95% CI 33.3–64.6). In con-
trast to DLBCL, BL risk was not elevated in the 
first year after transplantation but rather 
increased with time since transplant. While 
EBV appears to drive most of the excess risk of 
DLBCL in children under age 20 and in the first 
year of transplantation (noting that DLBCL 
comprises a larger fraction of posttransplant 
lymphoproliferative disorders), this is probably 
heterogeneous in immunodeficiency-associated 
BL, where only ~50% of HIV-associated BL is 
EBV positive [146].

1.3.4.3  Sporadic BL
Sporadic BL is observed globally, although it is 
more common in developed countries [11]. EBV 
is detected in approximately 30% of sporadic BL 
cases, and EBV+ sporadic BL is associated with 
lower socioeconomic status and early EBV 
infection [11]. There have been relatively few 
epidemiologic studies of this entity due to its 
overall rarity.

For adult BL, the largest study to date is the 
InterLymph Subtypes Project, which published 
risk factors for sporadic BL based on a pooled 
dataset of 295 cases and 21,818 controls from 18 
case-control studies [147]. The study included 
typical BL and Burkitt-like lymphomas and 
excluded cases with HIV infection or history of 
solid organ transplantation. Because of the 
unique descriptive epidemiology of sporadic BL, 
analyses were stratified on younger (<50 years) 
and older (50+ years) age at diagnosis. In the 
final multivariable model, BL in younger 
participants was inversely associated with a 
history of allergy (OR = 0.58, 95% CI 0.32–1.05) 
and positively associated with a history of eczema 
among individuals without other atopic 
conditions (OR = 2.54, 95% CI 1.20–5.40), taller 
height (OR  =  2.17 for highest versus lowest 
quartile, 95% CI 1.08–4.36), use of light color 
hair dye (OR = 2.89 versus never used hair dye, 
95% CI 0.84–9.94), and employment as a 
charworker cleaner (OR  =  3.49, 95% CI 1.13–
10.7). BL in older individuals was positively 
associated with a history of HCV seropositivity 
(OR  =  4.19, 95% CI 1.05–16.6) and inversely 
associated with usual adult BMI (OR = 0.16 for 
35–50 versus <18.5  kg/m2, 95% CI 0.02–1.05) 
and use of alcohol (OR = 0.63 at least one drink 
per month versus nondrinker, 95% CI 0.40–0.98). 
These associations were largely age-specific, 
although there was a suggestive inverse 
association with alcohol use among younger 
individuals and a suggestive positive association 
with height among older individuals.

One notable finding was a lack of an associa-
tion of a family history of any hematologic 
malignancy with risk of BL (OR = 0.81, 95% CI 
0.41–1.62), and this was the only subtype (of 11 
subtypes evaluated) besides mycosis fungoides/
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Sezary syndrome to not have an association with 
family history [148]. Similarly, in the 
Scandinavian registries, there was no association 
of any family history of NHL with BL risk 
(SIR = 0.9, 95% CI 0.3–1.9) [52]. It is not clear if 
the lack of association is real (and perhaps 
suggesting a smaller role for genetic 
susceptibility) or that these studies have been 
underpowered due to the rarity of BL.

The association of hepatitis viruses with BL 
remains unclear. In an Australian cohort of over 
110,000 HBV and HCV patients identified from 
1990 to 2002 and linked to a population-based 
cancer registry, there was excess risk of BL in 
HBV (SIR  =  12.9, 95% CI 5.4–30.9) but not 
HCV patients [149]. In contrast, in the SEER- 
Medicare study of individuals aged 65+ years, 
there was a positive association of BL with 
HCV (OR  =  5.21, 95% CI 1.62–16.8) but not 
HBV [78].

1.3.5  PTCL

1.3.5.1  Family History and Genetics
In the InterLymph Subtypes Project [150], a first- 
degree family history of a hematologic 
malignancy was associated with 1.92-fold 
increased risk of PTCL (95% CI 1.30–2.84) after 
adjusting for PTCL-specific risk factors. This 
association was observed for PTCL-NOS 
(OR  =  1.92, 95% CI 1.05–3.49) and AITL 
(OR  =  2.55, 95% CI 1.10–5.89) but was much 
weaker and not statistically significant for ALCL 
(OR = 1.36, 95% CI 0.54–3.44). In registry-based 
studies from Scandinavia, first-degree relatives 
of patients with HL, CLL, DLBCL, or FL 
specifically were not at elevated risk of T-cell 
lymphoma [53, 54]. There was increased risk of 
mature T-cell lymphoma for a first-degree relative 
with any NHL (SIR = 1.7, 95% CI 0.9–3.0), LPL/
WM (SIR = 17, 95% CI 2.0–60), or mature T-cell 
lymphoma (SIR = 8.2, 95% CI 0.2–46), although 
only the LPL/WM was statistically significant 
and the mature T-cell lymphoma SIR was based 
on only one exposed case [52]. The only GWAS 
conducted in T-cell lymphoma was for extranodal 
natural killer T-cell lymphoma (NKTCL) in 

Asians, which identified a locus at 6p21.32 
(HLA-DPB1 in HLA class II) [151]. Imputation- 
based fine-mapping implicated four AA residues 
(Gly84-Gly85-Pro86-Met87) at the edge of the 
HLA-DPB1 peptide-binding groove as 
accounting for most the association of the top 
SNP in this region.

1.3.5.2  Infections
Although not an AIDS-defining cancer, AIDS was 
associated with a 24.3-fold increased risk of PTCL 
(95% CI 11.7–44.8) in the pre-HAART era [152], 
and US data from 1996 to 2010 showed that HIV 
infection or AIDS was still associated with an 
increased, albeit weaker, risk of PTCL (RR = 3.6, 
95% CI 2.6–4.9) [72], supporting a role for immu-
nosuppression or other immune dysregulation in 
this subtype. ALCL and NKTCL were also ele-
vated in HIV/AIDS patients [72]. In an InterLymph 
pooled analysis of 17 case-control studies, a self-
reported history of infectious mononucleosis was 
associated with an increased risk of PTCL 
(OR = 1.72, 95% CI 1.14–2.59) [153].

While HCV does not appear to be linked to 
PTCL, there is some suggestive evidence for an 
association of HBV with T-cell malignancies, as 
a recent meta-analysis of 17 case-control and five 
cohort studies (with over 40,000 cases) found a 
positive association with T-cell lymphoma 
(OR = 1.44, 95% CI 1.08–1.91); specific results 
for PTCL were not available [79].

1.3.5.3  Medical History
Solid organ transplantation was associated with 
an increased risk of PTCL, most recently 
estimated at a 3.9-fold excess risk (95% CI 2.7–
5.6) based on data from a US population-based 
study of transplant recipients from 1987 to 2008 
[83]. Risk was particularly elevated for transplants 
given before age 20 years (SIR = 172, 95% CI 
69–354) and with time since transplantation, but 
it did not vary by type of transplanted organ. 
Risks were also elevated for ALCL (SIR = 12.8, 
95% CI 9.0–17.7), PCALCL (SIR = 13.5, 95% 
CI 6.2–25.5), and HSTL (SIR  =  100, 95% CI 
33–234).

Celiac disease was associated with T-cell lym-
phoma overall in the InterLymph autoimmune 
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pooling project (OR = 6.21, 95% CI 2.82–13.6) 
[89], in the SEER-Medicare study (OR  =  5.9, 
95% CI 2.4–14) [92], and in a recent comprehen-
sive meta-analysis (OR  =  15.8, 95% CI 7.85–
31.9) [93]. The InterLymph analysis also found an 
association with psoriasis (OR  =  1.63, 95% CI 
1.03–2.57) [89]. In the InterLymph Subtypes 
Project, both celiac (OR  =  17.8, 95% CI 8.61–
36.8) and psoriasis (OR  =  1.97, 95% CI 1.17–
3.32) were associated with PTCL in a multivariable 
model that adjusted for a variety of PTCL risk 
factors [150]. The association with celiac disease 
was also significant for PTCL- NOS (OR = 8.66, 
95% CI 1.97–38.1), ALCL (OR = 16.6, 95% CI 
3.27–84.3), and EATL (OR  =  215, 95% CI 
44–1041). While inflammatory bowel disease per 
se has not been clearly linked to lymphoma risk, 
thiopurine use appears to increase risk, particu-
larly risk of HSTL, with or without TNF-α inhibi-
tors [154, 155].

A history of allergies was inversely associated 
with PTCL risk (OR = 0.69, 95% CI 0.54–0.87), 
while a history of eczema (OR = 1.41, 95% CI 
1.07–1.85) was positively associated with risk 
after simultaneous adjustment for each other and 
other PTCL-specific risk factors in the 
InterLymph Subtypes Project.

In a meta-analysis of type 2 diabetes and lym-
phoma risk, there was an overall increased risk 
for PTCL (OR = 2.42, 95% CI 1.24–4.72), and 
this was most pronounced for Asian studies [97]. 
There is evidence of intrinsic T-cell dysfunction 
in patients with type 2 diabetes [156], and given 
the PTCL associations with the T-cell-activating 
autoimmune diseases of celiac disease and pso-
riasis, it suggests potential shared mechanisms, 
but further research is needed, particularly with 
respect to potential confounding factors.

The association of breast implants and ALCL 
was first describe in 1997 [157], and to date two 
population-based studies from the Netherlands 
(OR  =  18.2, 95% CI 2.1–157) [158] and 
California (HR = 10.9, 95% CI 2.18–54.0) [159] 
have shown increased risk at the population level. 
Additional evidence strongly supports this 
association, and although causation has not been 
fully established [160], a provisional entity called 
breast implant-associated ALCL, to be 

distinguished from other ALK-ALCL, has been 
proposed in the 2016 WHO update [1].

1.3.5.4  Occupations 
and Environmental Factors

In the InterLymph occupational pooling project 
[104], PTCL risk was positively associated with 
ever employment as a painter (OR = 1.80, 95% 
CI 1.14–2.84), textile worker (OR = 1.60, 95% 
CI 1.18–2.17), wood worker (OR = 1.54, 95% CI 
1.04–2.27), or electrical fitter (OR = 2.02, 95% 
CI 1.03–3.97). In the InterLymph Subtypes 
Project, PTCL risk was positively associated 
with ever employment as a textile worker 
(OR = 1.58, 95% CI 1.05–2.83) or electrical fitter 
(OR = 2.89, 95% CI 1.41–5.95) and was inversely 
associated with having ever lived or worked on a 
farm (OR  =  0.72, 95% CI 0.55–0.95) after 
adjusting for other PTCL-specific risk factors 
[150]. In exploratory analyses, there was 
suggestive evidence that employment as a textile 
worker was associated with increased risk of 
ALCL and as an electrical fitter was associated 
with increased risk of ALCL and AITL.

1.3.5.5  Anthropometrics
In the InterLymph Subtypes Project, there was no 
association of body mass index or height with 
risk of PTCL, or specifically PTCL-NOS, ALCL, 
or AITL [150].

1.3.5.6  Smoking and Alcohol Use
Ever cigarette smoking was associated with 
T-cell lymphoma (OR = 1.23, 95% CI 1.09–1.38) 
in a meta-analysis of 41 case-control and nine 
cohort studies [119]. In the InterLymph Subtypes 
Project, cigarette smoking was a strong, 
independent risk factor for PTCL, with a clear 
dose response with duration of smoking (P trend 
<0.001): 40+ year smokers had a 1.92-fold higher 
risk of PTCL compared to nonsmokers (95% CI 
1.41–2.62) [150]. In exploratory analyses, the 
smoking association was strongest for ALCL and 
PTCL-NOS.  In a separate analysis of mycosis 
fungoides/Sezary syndrome, cigarette smoking 
was also associated with increased risk 
(OR = 1.55 for 40+ years versus nonsmoker, 95% 
CI 1.04–2.31) [161], supporting a broad T-cell 
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lymphoma association observed in meta-analysis 
and pooled analysis. While this does not establish 
a causal association, there are accumulating data 
that T lymphocytes may be particularly 
susceptible smoking [119].

Alcohol drinkers compared to nondrinkers 
had a lower risk of T-cell lymphoma (OR = 0.78, 
95% CI 0.58–1.05) in a recent meta-analysis of 
21 case-control and eight cohort studies [122]. In 
the InterLymph Subtypes Project, consumption 
of at least one alcoholic drink per month was 
inversely associated with PTCL risk (OR = 0.64, 
95% CI 0.49–0.82) after adjusting for other 
PTCL-specific risk factors including cigarette 
smoking [150]. In exploratory analyses, alcohol 
use was inversely associated with PTCL-NOS 
but not ALCL or AITL.

1.3.5.7  Sun Exposure
In the InterLymph sun exposure pooling project, 
recreational sun exposure was not associated 
with PTCL risk (P-trend = 0.67), although there 
was an inverse association for the highest level of 
exposure (OR  =  0.83 for highest versus lowest 
quartile, 95% CI 0.46–1.49) [133]. In the 
InterLymph Subtypes Project, recreational sun 
exposure showed a suggestive inverse association 
with PTCL risk (OR  =  0.79 for highest versus 
lowest quartile, P-trend = 0.1), but the associa-
tion attenuated after adjusting for other PTCL 
risk factors, and it was not included in the final 
multivariable model [150]. In exploratory 
analyses, recreational sun exposure was inversely 
associated with ALCL, but not PTCL-NOS or 
AITL. Of some interest, ecologic data from both 
Australia and the USA support an inverse 
association of PTCL-NOS and ambient UV 
radiation [136, 137], and for the latter study, 
associations were strongest among blacks.

1.3.6  Cross-Subtype Patterns

As discussed above, we have focused on risk fac-
tor associations for the three major aggressive 
subtypes, which are summarized in Table  1.5. 
However, this approach does not put these risk 
factor associations in the context of each other or 

relative to the common indolent subtypes, which 
is needed to gain a more systematic insight into 
the etiologic heterogeneity of NHL. To achieve 
such a goal, there needs to be a sufficient sample 
size for at least the more common subtypes, 
harmonized risk factor data, and formal statistical 
testing approaches to evaluate heterogeneity and 
clustering. One of the largest and most 
comprehensive analyses to date has been the 
InterLymph Subtypes Project [50], which has 
already been highlighted above for the individual 
subtypes of DLBCL [51], BL [147], and PTCL 
[150], but which also conducted a formal cross- 
subtype evaluation [148] for 11 subtypes that 
included 4667 DLBCL, 3530 FL, 2440 CLL/
SLL, 1052 MZL, 584 PTCL, 557 MCL, 374 
LPL/WM, 324 MF/SS, 295 BL, 154 hairy cell 
leukemia, 152 ALL, and 23,096 controls. Risk 
factor data were centrally harmonized and 
included data on medical history, family history 
of hematologic malignancies, lifestyle factors, 
and occupation.

With respect to etiologic heterogeneity, 
Table  1.6 summarizes risk factors that were 
associated with 1 or more NHL subtypes 
(P  <  0.01 based on the ASSET test [162], a 
subset-based statistical approach that was used to 
test whether an exposure was associated with at 
least 1 of the 11 subtypes [148]). For example, 
family history of NHL was strongly associated 
with 1 or more of the NHL subtypes 
(PASSET = 1.7 × 10−13), and there was no evidence 
for subtype heterogeneity across subtypes 
(P = 0.52) based on a test of homogeneity of ORs 
among NHL subtypes from the random effects 
meta-analysis Q statistic [163]; eight of the 11 
subtypes showed a positive association with risk 
(OR > 1.6), 5 at P < 0.05. Notably, while both 
DLBCL and PTCL were associated with family 
history of NHL, BL (along with MF/SS and LPL/
WM) did not.

Overall, there was evidence for heterogeneity 
(i.e., risk factors differed among NHL subtypes) 
based on the Q statistic (P < 0.05) for most autoim-
mune diseases, eczema, HCV, blood transfusion, 
height, cigarette smoking, and teaching occupa-
tion, whereas generally homogeneous risks were 
observed for a family history of NHL, alcohol 
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 consumption, recreational sun exposure, allergy, 
hay fever, young adult BMI, socioeconomic status, 
and the occupations of general farm worker and 
painter. However, from inspection of Tables 1.5 
and 1.6, no unique risk factor patterns for the three 
main aggressive subtypes were evident.

A second approach used in the InterLymph 
Subtypes Initiative was to evaluate clustering of 
subtypes based on their shared risk factor pro-
files when all available risk factors were taken 
into account simultaneously. Statistically signifi-
cant clustering among subtypes based on risk 
factor profiles was identified and is summarized 

Table 1.5 Summary of risk factor associations for the major aggressive subtypes of DLBCL, BL, and PTCL

Risk factor DLBCL BL PTCL Comments
Family history of NHL ↑ Ø ↑
Genetic loci
  TNF-LTA Haplotype ↑
  6p25.3 ↑ Near EXOC2
  6p21.33 ↑ HLA-B*08:01 implicated through HLA 

imputation
  2p23.3 ↑ Near NCOA1
  8q24.21 ↑ 2 independent SNPs at this locus; near 

PVT1 and MYC
Immune biomarkers
  Soluble CD30 ↑
Infections
  HIV/AIDS ↑ ↑ ↑ Both DLBCL and BL are AIDS-defining 

conditions
  HHV8 ↑ Considered causal for PEL
  EBV ↑
  Malaria ↑
  HCV ↑ Ø Established carcinogen for NHL; mixed 

data for BL
  HBV ↑
Solid organ transplantation ↑ ↑ ↑ Particularly strong in pediatric population
Breast implants ↑ ALCL
Autoimmune disorders
  System lupus erythematosus ↑
  Sjogren syndrome ↑
  Celiac disease ↑ ↑ Data are strongest for PTCL
  Psoriasis ↑
Allergies (including hay fever) ↓ ↓ ↓ Few data from cohort studies (? reverse 

causality)
Eczema ↑ ↑
Type 2 diabetes Ø ↑ ↑ for DLBCL in Europe; ↑ for PTCL in 

Asia
Body mass index ↑ ↓ Ø
Cigarette smoking Ø ↑ ↑ for PCNSL
Alcohol consumption ↓ ↓ ↓ For DLBCL, stronger in males
Vegetable consumption ↓
Recreational sun exposure ↓ Ø Ø

DLBCL diffuse large B-cell lymphoma, BL Burkitt lymphoma, PTCL peripheral T-cell lymphoma, ALCL anaplastic 
large cell lymphoma, PCNSL primary central nervous system lymphoma
Key: ↑ = increases risk; ↓ = decreases risk; Ø = no association
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in Fig. 1.7 [148]. The greatest difference in risk 
factor patterns was between B-cell and T-cell 
lymphomas (P  <  0.0001, which is the P-value 
for creation of a node in the tree during hierar-
chical clustering), with eczema, occupation as a 
painter, T-cell-activating autoimmune diseases, 
family history of MM, and cigarette smoking 
more strongly (although not necessarily exclu-
sively) associated with risk of T-cell compared to 
B-cell lymphomas. For the T-cell lymphoma arm 
of the tree, there was a second suggestive split 
separating PTCL from MF/SS (P  =  0.058) 
mainly based on the strong association of eczema 
with MF/SS. For the B-cell arm, there remained 
additional substantial heterogeneity, with the 
tree first separating MZL and BL into a cluster 
(P  <  0.0001), then FL and MCL into a cluster 

(P = 0.017), then DLBCL and LPL/WM into a 
cluster, and then a final suggestive separation of 
CLL/SLL (P  =  0.062); key differentiating risk 
factors are shown in Fig. 1.7. The three aggres-
sive subtypes of DLBCL, BL, and PTCL all 
ended up in separate final nodes, further suggest-
ing that there is unlikely to be a common set of 
risk factors that lead to aggressive lymphoma.

Another approach to identify risk factor pro-
files for NHL subtypes has been termed as 
“MedWAS” (medical condition-wide association 
study), which used SEER-Medicare data to 
agnostically (like GWAS) and comprehensively 
evaluate 5296 medical conditions in claims data 
for 52,691 cases of five subtypes (CLL/SLL, 
DLBCL, FL, MZL, and T-cell lymphoma) and 
200,000 controls, all with no history of cancer 

PNODE<1.0x10-4 

PNODE<1.0x10-4 

NHL

Eczema
Painter
T-cell activating AI disease
Celiac disease
Family history of MM
Cigarette smoking (duration)

Eczema

Systemic sclerosis
Hay fever
Allergy
Sjogren syndrome
Teacher
Alcohol consumption
HCV seropositivity

HCV seropositivity
Cigarette smoking (duration)
B-cell activating AI disease

Any alcohol consumption
B-cell activating AI disease
General farm worker

MS/FF

PTCL

MZL and BL

LPL/WM and 
DLCBL

CLL/SLL

FL and MCL

PNODE=0.058

PNODE=0.017

PNODE=0.062

Fig. 1.7 Top-down hierarchical clustering of risk factors 
for groups of NHL subtypes, InterLymph Subtypes Project 
(Adapted from Morton et al. J Natl Cancer Inst Monogr 
2014;48:130–144). PNODE is the P-value for creation of a 
node in the tree during hierarchical clustering. AI autoim-
mune disease, NHL non-Hodgkin lymphoma, DLBCL dif-
fuse large B-cell lymphoma, BL Burkitt lymphoma, PTCL 

peripheral T-cell lymphoma, MZL marginal zone lym-
phoma, CLL/SLL chronic lymphocytic leukemia/small 
lymphocytic lymphoma, FL follicular lymphoma, MCL 
mantle cell lymphoma, LPL/WM lymphoplasmacytic lym-
phoma/Waldenstrom macroglobulinemia, MF/SS mycosis 
fungoides/Sezary syndrome
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(except for nonmelanoma skin cancer) [164]. 
After accounting for multiple testing, 55 unique 
conditions were associated with 1 or more of the 
5 NHL subtypes, of which 49 (89%) varied 
significantly in the association across subtype 
(Pheterogeneity < 0.05). Only history of nonmelanoma 
skin cancer (ORs 1.19–1.55), actinic keratosis 
(ORs 1.12–1.25), and hemolytic anemia (ORs 
1.64–4.07) was associated with increased risk of 
all five subtypes. Several well-established sub-
type-specific risk factor associations were 
observed, including HIV/AIDs and DLBCL 
(OR  =  3.83, 95% CI 2.28–6.43); solid organ 
transplantation and DLBCL (OR = 4.27; 95% CI 
3.23–5.64) and TCL (OR = 3.58, 95% CI 1.82–
7.03); HCV and DLBCL (OR  =  1.74; 95% CI 
1.37–2.22); SLE and DLBCL (OR = 1.74, 95% 
CI 1.39–2.17) and MZL (OR  =  2.57, 95% CI 
1.84–3.58); Sjogren syndrome and DLBCL 
(OR  =  2.10, 95% CI 1.77–2.49) and MZL 
(OR = 4.74, 95% CI 3.81–5.89); and celiac and 
T-cell lymphoma (OR = 8.09, 95% CI 4.36–15.0). 
Nine skin diseases (e.g., atopic dermatitis, psori-
asis) were specifically associated with T-cell 
lymphoma, likely related to the fact that 48% of 
T-cell lymphomas in the study were cutaneous, 
particularly MF/SS.

1.4  Conclusions and Future 
Directions

With the maturation of the WHO classification 
system and its incorporation into population- 
based cancer registries, the descriptive epidemi-
ology of DLBCL, BL, and PTCL has become 
better defined, acknowledging the challenges of 
changing entities within the WHO classification 
and the likely substantial heterogeneity for PTCL 
in particular. The analytic epidemiology of these 
subtypes has only recently been systematically 
addressed through use of standardized definitions 
(e.g., InterLymph classification) and the use of 
pooled and meta- analysis approaches to increase 
study power and assess consistency across mul-
tiple studies and populations. The analytic epide-
miology suggests that some risk factors are 
associated with all three of these aggressive 

 subtypes but that they are not specific to aggres-
sive lymphoma as a group. Furthermore, both the 
descriptive and analytic epidemiology suggests 
that these three entities are likely to be largely 
unique in their risk factor profile and hence etiol-
ogy, which has clear implications for understand-
ing pathogenesis and primary prevention. 
International comparisons suggest that the over-
representation of aggressive subtypes relative to 
North America and Europe, particularly T-cell 
lymphomas, is due to underrepresentation of 
indolent subtypes as incidence rates for DLBCL, 
sporadic BL, and most T-cell subtypes are lower 
in Asian compared to Western countries.

While we are increasing our understanding of 
these entities, much more research is needed to 
identify environment and genetic risk factors and 
understand differences by race/ethnicity and 
geography. In particular, a better understanding 
between populations of European and non- 
European ancestry may lead to novel biologic 
insights. Our current knowledge base is largely 
from pooling of case-control studies, which are 
susceptible to survival, recall, and selection 
biases, and thus more cohort studies are needed. 
However, given the rarity of many of these 
entities, this will be challenging, and pooling of 
cohorts will also be needed through consortial 
efforts. There will also be continued value in 
clinical series and careful biologic studies as a 
companion to large epidemiologic studies.

Rapidly evolving knowledge about the molec-
ular heterogeneity of DLBCL, BL, and PTCL will 
also need to be incorporated into epidemiologic 
studies. For example, DLBCL is classified into 
germinal center B-cell type (GCB) and activated 
B-cell type (ABC) in the 2016 update of the WHO 
Classification [1]. PTCL is even more challeng-
ing, given our evolving knowledge of the hetero-
geneity of the more well- defined PTCL subtypes 
as well as the yet to be defined heterogeneity 
underling PTCL-NOS [1, 9]. This will be chal-
lenging for epidemiology studies due to the need 
to incorporate these entities into cancer registries 
and new studies, as well as the challenges of 
achieving sufficiently powered studies. 
Sequencing studies of the somatic (tumor) 
genome will also provide new biologic insights 
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that can be incorporated into epidemiology stud-
ies, for example, by defining sub-entities, identi-
fying pathways that cross subtypes, as well as 
linking environmental exposures to somatic alter-
ations. While there has been much progress iden-
tifying and understanding precursor conditions to 
CLL/SLL and MM, there is little understanding 
for DLBCL, BL, and PTCL.

In conclusion, there has been a dramatic 
increase in our understanding of both the 
descriptive and analytic epidemiology of 
DLBCL, BL, and PTCL over the past 20 years, 
and in parallel, it has also become clear of the 
need for much more additional work to fully 
understand and better prevent these aggressive 
cancers.
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Pathology and Molecular 
Pathogenesis of DLBCL 
and Related Entities
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2.1  Introduction

Diffuse large B-cell lymphoma (DLBCL) repre-
sents a heterogeneous group of aggressive lym-
phoid neoplasms that originate, in most cases, 
from the malignant transformation of B cells 
within the germinal center (GC) and feature dis-
tinct genetic, phenotypic, and clinical behavior. 
The 2017 update of the fourth edition of the 
WHO classification of lymphoid, histiocytic, and 
dendritic cell neoplasms reflects this heterogene-
ity by recognizing over ten large B-cell lym-
phoma entities, including, among others, the 
most common DLBCL not otherwise specified 
(NOS), primary mediastinal large B-cell lym-
phoma (PMBCL), intravascular large B-cell lym-
phoma, and a few new categories or provisional 
entities (Table  2.1) [1, 2]. Of importance, the 
revised classification requires the distinction of 
DLBCL-NOS into two “cell-of- origin” molecu-
lar subtypes, i.e., germinal center B-cell-like 
(GCB) and activated B-cell-like (ABC) DLBCL, 
incorporating the notion that these tumors are 
addicted to distinct oncogenic pathways and 

 differ in clinical outcome. Moreover, a separate 
category has been introduced for DLBCL harbor-
ing chromosomal translocations of both MYC 
and BCL2 and/or BCL6 (the so-called double-hit 
or triple-hit lymphomas).

From a genetic standpoint, fundamental new 
insights have been gained over the past decade, 
particularly regarding the mutational landscape 
of DLBCL-NOS and PMBCL. These studies led 
to the identification of multiple genes and path-
ways that are recurrently disrupted by genetic 
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2

Table 2.1 Lymphomas of large B cells in the updated 
WHO classification

DLBCL, NOS
T-cell/histiocyte-rich large B-cell lymphoma
Intravascular large B-cell lymphoma
Plasmablastic lymphoma
ALK-positive large B-cell lymphoma
EBV-positive DLBCL, NOS
HHV8-positive DLBCL
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
Large B-cell lymphoma with IRF4 rearrangements
Primary mediastinal (thymic) large B-cell lymphoma
DLBCL associated with chronic inflammation
Primary effusion lymphoma
High-grade B-cell lymphoma
  –  High-grade B-cell lymphoma, with MYC and 

BCL2 and/or BCL6 rearrangements
  – High-grade B-cell lymphoma, NOS
B-cell lymphoma, unclassifiable, with features 
intermediate between DLBCL and classical Hodgkin 
lymphoma
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lesions in these tumors and likely play significant 
roles in their pathogenesis. Of note, a number of 
the affected genes represent potentially action-
able targets that could be exploited for precision 
medicine approaches.

This chapter will cover the pathology and 
genetics of DLBCL and related entities, accord-
ing to the definition of the updated 2017 WHO 
classification, with special emphasis on the most 
common and molecularly better characterized 
DLBCL-NOS and PMBCL.

2.2  Diffuse Large B-Cell 
Lymphoma, NOS

DLBCL not otherwise specified (NOS) consti-
tutes the most common type of B-cell lymphoma 
in adults, accounting for approximately 30% of 
all diagnoses, and includes cases that cannot be 
assigned to any other specific subtype or disease 
entity. Morphologically, these tumors consist of 
large lymphoid cells with basophilic cytoplasm 
and vesicular nuclei that are at least twice the size 
of normal lymphocytes and exhibit a diffuse 
growth pattern in the large majority of cases. 
DLBCLs are mainly nodal lymphomas, although 
roughly 40% of cases are considered primary 
extranodal in origin [3]. Among them, the most 
common extranodal site is the gastrointestinal 
tract; however, DLBCL can involve virtually 
every lymphoid and nonlymphoid organ, includ-
ing the Waldeyer’s ring, spleen, bones, gonads, 
thyroid, liver, and kidneys. DLBCL cases local-
ized to some of these sites are considered separate 
entities, as it is the case for primary DLBCL of the 
central nervous system (PCNSL) and primary 
mediastinal (thymic) large B-cell lymphoma 
(PMBCL). Leukemic spread is rare in DLBCL.

The etiology of DLBCL remains largely 
unknown; however, a few specific risk factors 
have been recognized, such as immunodeficiency 
and chronic inflammation. In particular, DLBCL 
NOS arising in the setting of immunodeficiency 
is associated with infection by the Epstein-Barr 
virus (EBV) in a large number of cases, a finding 
that is relatively uncommon in sporadic 
DLBCL.  While most DLBCL cases arise de 

novo, they can also be seen in the setting of 
transformation from preexisting low-grade 
lymphoid tumors, including chronic lymphocytic 
leukemia (so-called Richter’s syndrome) and 
follicular lymphoma.

Patients with DLBCL can be asymptomatic or 
present with systemic symptoms such as fatigue, 
fever, and night sweats. Often, a rapidly growing 
mass is found at the site of involvement, and after 
appropriate clinical staging, only 25–30% of 
patients show localized (stage I or II) disease. In 
many cases, specific symptoms are related to the 
site of origin and/or the site of the predominantly 
manifesting tumor mass [4].

2.2.1  Pathology

In lymph nodes, tumor infiltrates may totally 
efface the underlying architecture of the paren-
chyma, while partial infiltration is found more 
rarely. The perinodal soft tissues are often 
affected as well. In extranodal localizations, the 
pattern of infiltration is generally related to the 
specific site involved, e.g., a diffuse infiltration 
of the lung parenchyma by PMBCL or the con-
finement of the infiltrate to the luminal parts of 
the bowel wall in primary intestinal lymphoma. 
Common morphological variants of DLBCL 
include the centroblastic, immunoblastic, and 
anaplastic variants (Fig. 2.1). Of these, the most 
common one is represented by centroblastic 
DLBCL, which consists of medium- to large- 
sized cells with scant to slightly basophilic cyto-
plasm, an open vesicular chromatin structure, 
and several small membrane-bound nucleoli 
(Fig.  2.1a). This classical tumor cell type 
(referred to as the monomorphic variant) may be 
admixed with immunoblasts (the so-called poly-
morphic variant of DLBCL-centroblastic), and 
nuclei with a conspicuously multilobated shape 
may be observed. Roughly 60–70% of centro-
blastic-type DLBCL cases show a germinal cen-
ter B-cell-like gene expression profile (GEP) 
(see next paragraph). Immunoblastic DLBCLs 
are composed of large cells with broad baso-
philic cytoplasm and large vesicular nuclei 
showing a single central nucleolus (Fig. 2.1b). 
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In this variant, partial plasmablastic differentia-
tion may be observed, and most cases show an 
activated B-cell-like GEP [5]. The anaplastic 
DLBCL variant is characterized by large to very 
large cells with equally large and pleomorphic, 
sometimes bizarre nuclei resembling Hodgkin 
or Reed-Sternberg-like cells, and a cohesive 
growth pattern with occasional intrasinusoidal 
spread (Fig.  2.1c). CD30 expression is fre-
quently observed. In many cases, immunohisto-
chemistry is needed in order to differentiate this 
variant from anaplastic large cell lymphoma of 
T-/null- cell linage [6–8]. Often, however, 
DLBCL shows a mixed composition of these 
cell types, and no specific variant can be diag-
nosed. In addition, a varying number of accom-
panying interspersed T cells and histiocytes can 

be seen in the background, reflecting different 
interactions of the tumor cells with the sur-
rounding microenvironment.

2.2.2  Immunophenotype

The tumor cells of DLBCL express by definition 
pan B-cell markers such as CD19, CD20, or 
CD22. A number of other antigens may also be 
expressed on the membrane, in the cytoplasm, or 
in the nuclei of the tumor cells, including CD5 
(5–10% of cases), CD10 (30%), or CD30 (10–
20%). Reactivity for CD5 or CD10 does not 
necessarily indicate transformation from indolent 
lymphomas, and the vast majority of CD5- and/
or CD10-positive DLBCL are de novo diagnoses. 

a b

c

Fig. 2.1 Morphological variants of DLBCL, NOS. (a) 
Centroblastic variant of DLBCL, characterized by 
medium-sized to large cells with a narrow, slightly baso-
philic cytoplasm and round to oval, or lobulated, nuclei 
with vesicular chromatin and several membrane- bound 
nucleoli. (b) Immunoblastic lymphoma, displaying a 

broader, basophilic cytoplasm and round nuclei with loose 
chromatin and a single, prominent nucleolus. (c) 
Anaplastic variant of DLBCL, characterized by large and 
at times very pleomorphic cells with large, irregular nuclei 
and bizarre or multinucleated giant cells
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Additional markers include CD38, CD138, 
immunoglobulin (cytoplasmic), IRF4/MUM1, 
the GC-associated protein BCL6, and BCL2 [2]. 
Apart from correctly identifying the B-cell deri-
vation of the tumor cells and rendering predictive 
information on CD20 expression (the target of 
anti-CD20 immunotherapy), various immunohis-
tochemical algorithms have been constructed to 
assign DLBCL samples to the two main molecu-
lar classes identified by GEP analysis (discussed 
in the next section). The Ki67 proliferation index 
is generally high, and nuclear reactivity is often 
seen in 60–90% of tumor cells.

Of particular relevance is the immunohisto-
chemical analysis of MYC and BCL2, because 
the simultaneous expression of these two pro-
teins, either due to concurrent chromosomal 
translocations (double-hit lymphomas, 5–8% of 
cases) or independently of genetic lesions (so-
called double-expressor lymphomas, accounting 
for 20–30% of cases), has been associated with 
inferior prognosis, although more recent pro-
spective studies are starting to reveal comparable 
overall survival [9–13]. In the WHO update, 
“double-hit” or “triple-hit” lymphomas are 
included in the new category of high-grade B-cell 
lymphoma (see corresponding section for a 
detailed description), while dual expression of 
BCL2 and MYC without MYC/BCL2 chromo-
somal alterations is recognized as a negative 
prognostic indicator within DLBCL, NOS, but 
not as a separate category. The recommended 

cutoffs to define double-expressor DLBCLs are 
>40% for MYC expression and >50% for BCL2 
expression (Fig. 2.2a, b) [1].

2.2.3  Cell of Origin and Gene 
Expression Profiling

The normal counterpart of DLBCL is a periph-
eral mature B-cell that has experienced the GC 
reaction, as demonstrated by the presence in 
these tumors of clonally rearranged, somatically 
hypermutated immunoglobulin genes [14].
Seminal studies utilizing genome-wide tran-
scriptional profiling approaches allowed the 
identification of at least two molecular subtypes 
of DLBCL, NOS, with an intermediate group 
that remains unclassifiable [5, 15]. The germinal 
center B-cell- like (GCB) DLBCL is character-
ized by a gene expression pattern that is more 
similar to that of a light zone (LZ) B cell, possi-
bly recirculating toward the dark zone [15, 16]. 
Conversely, the activated B-cell-like (ABC) 
DLBCL is characterized by the expression of 
genes that are typically upregulated in a subset 
of GC LZ B cells poised to differentiate into 
plasma cells [15, 16]. Besides indicating the 
putative cell of origin (COO) of the disease, this 
classification identifies tumors with fundamen-
tally different biological and genetic features, as 
well as clinical outcome, with ABC-DLBCL 
being generally less curable [5, 17, 18]. In the 

a b

Fig. 2.2 Double expressor lymphoma. (a) Immunohistochemical analysis of BCL2 expression, showing positivity in 
the cytoplasm of virtually all tumor cells. (b) The vast majority of the cells also express nuclear MYC protein

L. Pasqualucci and G. Ott



45

upcoming area of targeted therapies [19], the 
COO classification is, therefore, of important 
 predictive impact in the management of 
DLBCL.  Moreover, some association has been 
reported between COO subtype and cytomor-
phology, site of origin, and age at diagnosis [2, 
5]. Particularly, centroblastic lymphomas are 
more often of GCB type, whereas immunoblas-
tic tumors more often display an ABC-like GEP  
[5]. The tumor cells in specific entities such as 
PCNSL or DLBCL of the leg are more often of 
the ABC-type [20]. Finally, the prevalence of 
ABC-type tumors appears to rise with age [21].

The distinction in ABC- and GCB-DLBCL 
has now been officially incorporated into the 
updated WHO classification and is strongly 
recommended in the clinical practice [1]. 
Because genome-wide molecular profiling is 
not available in all laboratories, a number of 
immunohistochemical algorithms have been 
developed over the past decades in order to pre-
dict DLBCL molecular subtype on routine for-
malin-fixed paraffin-embedded (FFPE) 
material. Among these classifiers, the most 
widely used is the so-called Hans algorithm 
[22] that utilizes expression of CD10, BCL6, 
and IRF4/MUM1 to distinguish GC and non-
GC DLBCL.  However, other algorithms have 
been proposed, which employ additional mark-
ers such as GCET1, FOXP1, and LMO2 [23]. 
While the use of immunohistochemical algo-
rithms is considered acceptable in the revised 
WHO classification, two major caveats have to 
be kept in mind: (1) these classifiers do not—at 
least formally—define an “unclassified” vari-
ant; (2) lack of reproducibility in the staining 
pattern and intensity has been frequently 
observed across different laboratories and 
 institutions [24]. Indeed, the individual 
immunohistochemistry- based algorithms are 
far from yielding identical results, even when 
applied on the same case series [25]. In order to 
overcome these limits, several low-density GEP 
platforms have been recently developed, which 
can be applied to FFPE material and provided 
reproducible results comparable to conven-
tional microarray-based GEP, thus showing 
promise as a routine diagnostic tool [26, 27].

2.2.4  Molecular Pathogenesis

Over the past decade, the rapid expansion of 
next-generation sequencing technologies has 
significantly advanced our understanding of the 
molecular pathogenesis of DLBCL. These stud-
ies revealed a remarkable complexity in the 
DLBCL coding genome, which harbors between 
30 and >100 lesions/case [28–31] and features 
approximately 150 candidate driver genes, as 
predicted in a recent study of over 500 cases 
[32]. Even greater complexity is expected to 
emerge as we start interrogating the noncoding 
portion of the DLBCL genome, including long 
noncoding RNAs, microRNAs, and promoter/
enhancer elements that could be targeted by 
ASHM.  Consistently, recent whole-genome 
sequencing studies uncovered clusters of muta-
tions at enhancers, which may reflect the activ-
ity of the AID cytidine deaminase [33, 34]. 
While only a subset of the identified lesions has 
undergone detailed functional characterization 
to date, these studies revolutionized our knowl-
edge of DLBCL biology, leading to the discov-
ery of several potential targets for therapy. Here 
we will focus on selected genetic alterations that 
are more frequently observed and have been 
functionally dissected (Fig. 2.3).

2.2.4.1  Genetic Lesions Found in Both 
GCB-DLBCL and ABC-DLBCL

Histone/chromatin modifier genes. A consis-
tent theme in recent DLBCL sequencing studies 
has been the discovery of recurrent mutations in 
genes encoding for histone/chromatin modifi-
ers, including methyltransferases, acetyltrans-
ferases, and linker histones [28–30]. Mutations 
of epigenetic modifiers (particularly, CREBBP 
and KMT2D) were shown to represent early 
events that are acquired by a common ancestral 
clone before final clonal expansion and, in the 
context of FL transformation, divergent evolu-
tion to FL or tFL [35–38], suggesting that these 
lesions contribute to the initial phases of 
lymphomagenesis.

Overall, ~30% of all DLBCL samples, with 
some enrichment for GCB-DLBCL, carry 
 mutations and/or deletions inactivating the 
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 acetyltransferase genes CREBBP (25%) and 
EP300 (5%) [39]. These two highly conserved and 
ubiquitously expressed enzymes catalyze the addi-
tion of acetyl groups to the lysine residues of mul-
tiple histone and nonhistone proteins implicated in 
diverse signaling and developmental pathways 
[40]. Mutations include prototypical loss-of-func-
tion events that truncate the CREBBP/EP300 
polypeptide, abolishing the histone acetyltransfer-
ase (HAT) domain, as well as amino acid changes 
that target the HAT domain, leading to diminished 
affinity for Acetyl- CoA and thus impaired enzy-
matic activity [39]. Of note, most of these events 
are heterozygous, and the residual  wild-type allele 
is expressed, implicating a  haploinsufficient 
tumor suppressor role. Indeed, reduced dosage of 
CREBBP/EP300 in mouse GC B cells was shown 
to cooperate with BCL2 deregulation to facilitate 

the development of FL [41]. Recent studies have 
started to unveil the mechanism by which these 
mutations contribute to neoplastic transformation. 
This involves in part the reduced ability of 
CREBBP to acetylate the oncoprotein BCL6, 
where acetylation serves as a negative modulator 
[42], and the tumor suppressor TP53, which, con-
versely, requires acetylation for its transcriptional 
activation [43, 44]. The balanced activity of these 
two proteins is fundamental for GC physiology 
and pathology and particularly for the regulation 
of DNA damage checkpoints during IG remodel-
ing processes [45]; thus, one consequence of 
BCL6 activity overriding p53 would be an 
increased tolerance for DNA damage in the 
absence of proper apoptotic responses. CREBBP 
opposes the activity of BCL6 also by acetylating 
H3K27 residues at the promoter/enhancer 
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Fig. 2.3 Most common genetic lesions in DLBCL, NOS and 
PMBCL. Postulated cell of origin for germinal center B-cell-
like (GCB) DLBCL, activated B-cell-like (ABC) DLBCL, 
and primary mediastinal B-cell lymphoma (PMBCL). The 
most common genetic alterations associated with these dis-

eases (including those shared across different subtypes and 
those subtype-specific) are shown, with color codes indicat-
ing the subverted biological pathway. Blue textbox, loss-of-
function; red, gain-of-function (Modified from Pasqualucci 
and Dalla-Favera, Semin Hematol, 2015) [18]
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sequences of most of its target genes, facilitating 
their transcription. This is particularly important 
for the commissioning of enhancers that need to be 
activated during the transition between GC and 
post-GC stages, when cells receive signals to 
down-regulate BCL6 and become plasma cells 
[41]. Reduced CREBBP acetyltransferase activity 
will impact on multiple biological programs that 
are critical to the normal GC reaction, with genes 
involved in GC exit being especially susceptible. 
The discovery of mutations in CREBBP and 
EP300 has clinical implications in view of avail-
able drugs (i.e., histone deacetylase inhibitors) that 
could provide therapeutic benefits by re-establish-
ing physiologic acetylation levels  in tumors carry-
ing these alterations.

Inactivating mutations of KMT2D (also known 
as MLL2) are found in approximately one third of 
DLBCL cases and >80% of FL cases, representing 
one of the most frequent genetic aberrations associ-
ated with GC-derived malignancies [28, 29]. 
KMT2D is a member of the SET1 family of histone 
methyltransferases and controls epigenetic tran-
scriptional regulation mostly by mono- and dimeth-
ylating the lysine 4 position of histone H3 (H3K4), 
a mark associated with active chromatin conforma-
tion [46]. In GC B cells, KMT2D occupies chroma-
tin domains at enhancer and less frequently at 
promoter regions of genes that have established 
roles in B-cell physiology, including immune regu-
lators and components of BCR and CD40 receptor-
mediated signaling responses [47, 48].

KMT2D mutations impair the protein methyl-
transferase activity by either removing the 
C-terminal cluster of conserved domains, includ-
ing the SET module (truncating mutations) [28, 
39], or by introducing disruptive amino acid 
changes in the same portion of the protein (mis-
sense mutations) [48]. In analogy to the human 
data, conditional B-cell-specific deletion of 
KMT2D before GC formation leads to a signifi-
cant increase in the GC B-cell population and to 
the establishment of a distinct transcriptional 
program enriched in anti-apoptotic and cell cycle 
regulatory genes [48]. While loss of KMT2D is 
insufficient to drive tumor formation, combined 
KMT2D deletion and BCL2 deregulation led to a 
significant increase in the development of lym-

phomas recapitulating the spectrum of pheno-
types observed during human FL to DLBCL 
transition [48].

Collectively, the findings accumulated to date 
suggest that alterations in epigenetic modifiers 
may act differently from classical tumor 
suppressor genes and facilitate the initial stages 
of transformation by creating a permissive 
environment for the proliferation and survival of 
the cancer clone, in cooperation with other 
genetic lesions (e.g., BCL2 translocations).

Deregulation of BCL6 activity. BCL6 is a 
master regulator of the GC reaction [49, 50], and 
deregulation of its activity constitutes a major 
oncogenic mechanism exploited by DLBCL 
cells. The function of BCL6 is required in normal 
GC B cells to negatively modulate multiple 
biological programs that are critical for allowing 
the selection of cells with high-affinity antigen 
receptors and include the establishment of a pro-
liferative phenotype, the attenuation of DNA 
damage sensing and replication checkpoints [45, 
51–53], the protection from programed cell death 
[54, 55], and the block of terminal differentiation 
[56]. These programs are hijacked by DLBCL 
cells through multiple genetic aberrations that 
dysregulate BCL6 function either directly or 
indirectly (Fig.  2.4). Approximately 30% of 
cases—with a preference for ABC-DLBCL 
[57]—carry chromosomal translocations that 
juxtapose the intact coding domains of BCL6 to 
heterologous sequences derived from over 20 
chromosomal partners (the IG heavy and light 
chain loci being most commonly involved) 
[58–61]. In an additional ~6% of cases, translo-
cations cluster at an alternative breakpoint region 
and link BCL6 to distantly acting transcriptional 
regulatory elements [62]. The common feature of 
these promoters is a broader activity that extends 
past the GC stage [63], thus preventing the down-
regulation of BCL6 transcription necessary for 
differentiation into post-GC B cells.

BCL6 is also altered by multiple somatically 
acquired mutations that are distributed within a 
~2  kb region downstream to its TSS, 
encompassing the first noncoding exon (~75% of 
cases). While most of these events reflect the 
physiologic activity of the SHM process [64, 65], 
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selected nucleotide changes within its 
untranslated first exon appear to be restricted to 
lymphoma cells, where they abrogate a negative 
autoregulatory feedback loop (10% of GCB- 
DLBCL cases) [66, 67] or prevent the IRF4- 
mediated BCL6 transcriptional repression 
induced by CD40 signaling in the GC LZ [68].

Besides genetic lesions directly affecting the 
BCL6 locus, several indirect mechanisms lead to 
deregulated BCL6 activity in DLBCL (Fig. 2.4). 
These include (1) inactivating mutations of 
CREBBP/EP300 (discussed above) [41, 42, 69]; 
(2) somatic mutations in the GC-specific tran-
scription factor MEF2B [28, 70], which enhances 
BCL6 expression in ~15% of cases, by abrogat-
ing the binding to the corepressor CABIN1 (mis-
sense mutations in the N-terminal MEF/MAD 
domain) or by generating truncated proteins that 
lack phosphorylation- and sumoylation-mediated 
negative regulatory motifs located in the 
C-terminal portion of the protein (truncating 
mutations) [70, 71]; and (3) loss-of- function 
mutations and/or deletions of the ubiquitin adap-
tor protein FBXO11 (~5% of cases), leading to 
increased BCL6 protein stability [72]. In line 

with the genetic data, mouse models recapitulat-
ing these lesions develop clonal lymphoprolifera-
tive disorders mimicking various stages of the 
human disease [41, 73, 74]. Collectively, these 
data highlight BCL6 as an attractive therapeutic 
target for DLBCL, with several in vitro and pre-
clinical studies showing promising results upon 
the use of small peptide inhibitors [75, 76].

Escape from immune surveillance. DLBCL 
cells have devised means to escape immune 
surveillance mechanisms, both cytotoxic T 
lymphocytes (CTL)-mediated and natural killer 
(NK) cell-mediated, by virtue of several genetic 
lesions. In approximately 60% of DLBCL 
clinical samples, the MHC class I complex is not 
expressed; this is explained in part by (1) biallelic 
inactivating mutations and/or focal homozygous 
deletions of the B2M gene, which encodes for 
β2-microglobulin and is required for assembly of 
the MHC-I complex on the cell surface (29% of 
cases), and (2) point mutations or genomic loss 
of the HLA A, B, and C loci [77]. In the remaining 
30–45% of cases, lack of expression or aberrant 
cytoplasmic localization of the B2M/HLA-I pro-
tein complex is observed in the absence of such 
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Fig. 2.4 Deregulation of BCL6 activity by genetic 
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genetic lesions, suggesting additional mecha-
nisms [78]. Interestingly, the loss of HLA-I 
expression is infrequently observed in other 
B-NHL types [77], but it is often associated with 
FL transformation [38, 79].

Nearly 20% of DLBCL cases carry disruptive 
point mutations and focal deletions inactivating 
CD58, the ligand for the CD2 receptor expressed 
on T cells and NK cells [80]. Notably, concurrent 
loss of HLA-I and CD58 expression is observed 
in over half of DLBCL samples, suggesting that 
lymphoma cells co-select these lesions to evade 
both arms of immune surveillance [78].

Finally, downregulation of MHC class II 
expression has been reported in 40–50% of sam-
ples [5, 81]. This phenotype involves at least in 
part the genetic inactivation of CIITA, the gene 
encoding for the MHC-II transactivator; CIITA 
was identified as a common target of ASHM in 
~23% of DLBCL and can also be implicated in 
promiscuous chromosomal rearrangements (3% 
of cases) that were shown to either disrupt the 
gene or generate dominant-negative fusion pro-
teins [82, 83]. Moreover, CIITA is a functional 
target of CREBBP, and reduced levels of MHC-II 
were observed in GC B cells from CREBBP con-
ditional knockout mice, suggesting that CREBBP 
mutations could also contribute to its downregu-
lated expression [41, 69, 84]. Reduced MHC-II 
levels were shown to correlate with poor outcome 
and may thus represent a relevant biomarker [5, 
81].

Mutations of FOXO1. The transcription fac-
tor FOXO1 plays central roles during B-cell dif-
ferentiation and, within the GC, is expressed 
specifically in the DZ, while its activity is down-
regulated in the LZ via the phosphatidylinositol 
3-kinase (PI3K)/AKT and mTOR cascade. 
FOXO1 is an essential requirement for sustain-
ing the DZ transcriptional program, in part by 
cooperating with BCL6. Accordingly, mice 
engineered to delete FOXO1 specifically in the 
GC form DZ-less structures [85, 86]. This cir-
cuit is disrupted in 8–10% of DLBCL cases that 
carry somatic mutations of this gene. FOXO1 
mutations mainly cluster around a T24 phos-
phorylation site required for its AKT-mediated 
nuclear-cytoplasmic translocation and inactiva-

tion; other events substitute the initiating methi-
onine of the FOXO1 polypeptide, leading to the 
synthesis of proteins that utilize a downstream 
in-frame start codon, and thus also lack the 
N-terminal nuclear export domain. These events 
were suggested to prevent the cytoplasmic 
translocation and inactivation of FOXO1 
induced by PI3K signaling [87]. While muta-
tions are preferentially enriched in GCB-
DLBCL, aberrant nuclear localization of the 
FOXO1 protein is observed in both DLBCL 
phenotypic subgroups (unpublished), implicat-
ing a broader involvement for FOXO1 dysregu-
lation in DLBCL pathogenesis. Clearly, 
additional studies will be needed to dissect the 
precise mechanism by which FOXO1 mutations 
contribute to lymphomagenesis, including a 
systematic examination of their consequences in 
the context of B cells and the analysis of larger 
cohorts to confirm the reported preferential 
enrichment of these mutations in patients with 
aggressive disease [87, 88].

2.2.4.2  Genetic Lesions Associated 
with GCB-DLBCL

Chromosomal translocations of BCL2. The 
BCL2 proto-oncogene encodes for the founding 
member of a protein family that governs com-
mitment to programmed cell death at the mito-
chondrion [89]. BCL2 is also a direct target of 
BCL6, which binds to its promoter via the tran-
scriptional co-activator Miz1 and prevents its 
expression in GC B cells, ensuring the mainte-
nance of a default pro-apoptotic programme [55, 
90]. This regulatory axis is disrupted in 30–40% 
of GCB-DLBCL due to the t(14;18) transloca-
tion, which brings the BCL2 coding exons under 
the control of potent regulatory elements from 
the IG locus, resulting in its ectopic expression 
[91]. As a consequence, BCL2 also becomes tar-
geted by multiple AID- mediated somatic muta-
tions, although the significance of these events 
remains controversial [90, 92]. In line with its 
ability to confer survival advantage, deregula-
tion of BCL2 has been associated with an infe-
rior outcome [93], particularly when coupled 
with MYC deregulation (see paragraph on 
“HGBL-DH”).
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Chromosomal translocations of MYC. The 
MYC gene encodes for a sequence-specific tran-
scription factor that acts as an amplifier of tran-
scriptional programs associated with numerous 
biological functions, ranging from proliferation to 
cell growth, energy metabolism, differentiation, 
apoptosis [94], and DNA replication independently 
of its transcriptional activity [95]. In 10–14% of 
GCB-DLBCLs, the MYC protein is constitutively 
expressed due to chromosomal translocations that 
fuse its intact coding exons to the IG heavy or light 
chains loci [96–99]. Besides juxtaposing enhancer 
elements in close proximity of the MYC locus, a 
subset of these rearrangements abrogates regula-
tory sequences bound by BCL6 to negatively mod-
ulate its transcription in most GC cells [100]. The 
presence of MYC-IGH translocations has been 
linked with worse prognosis in DLBCL [101].

Mutations of the EZH2 methyltransferase. 
EZH2 encodes for the enzymatic component of 
the polycomb repressive complex-2 (PRC2), 
which is responsible for trimethylating the lysine 
27 residue of histone H3 (H3K27me3) at the pro-
moter/enhancer regions of silenced or poised 
genes [102–104]. In GC B cells, EZH2 facilitates 
the establishment of bivalent domains [105] in 
multiple genes that are critical for the termination 
of the GC reaction (IRF4, PRDM1) or for other 
GC programs (CDKN1A) [106, 107]. In line with 
these essential functions, conditional deletion of 
EZH2 in the mouse was sufficient to prevent GC 
formation and affinity maturation [106, 107].

Somatic heterozygous mutations of the EZH2 
gene have been identified in up to 22% of GCB- 
DLBCL [108]. The vast majority of these events 
replace a single evolutionarily conserved residue 
(Y641) within the protein SET domain, leading 
to increased levels of H3K27me3 through altered 
catalytic specificity of EZH2 for its substrates 
[109–111]. Consistently, expression of the 
mutant EZH2Y641F allele in the mouse induces GC 
hyperplasia and, when combined with BCL2 
deregulation, accelerates the development of 
mature B-cell lymphomas [106, 107]. Of note, 
selective small molecule inhibitors of EZH2 have 
shown specific activity in preclinical studies 
 particularly in GCB-DLBCL [106, 112, 113], 
supporting their evaluation in early clinical trials. 
Indeed, a recent first-in-human phase II trial eval-

uating a highly selective EZH2 inhibitor showed 
promising results in patients with FL and, to less 
extent,  relapsed/refractory DLBCL [114].

Mutations of the Gα13 pathway. The position-
ing and confinement of GC B cells within the 
B-cell follicle is regulated by the activity of two 
G-protein-coupled receptors that, among B-cell 
types, are expressed specifically in the GC: sphin-
gosine-1-phosphate receptor 2 (S1PR2) [115] and 
the orphan purinergic receptor P2Y, G-protein-
coupled 8 (P2RY8) [116]. These receptors recruit 
two closely related G proteins (Ga12 and Ga13) in 
response to lipid ligands and stimulate Rho activ-
ity via specific guanine nucleotide exchange fac-
tors (Rho-GEFs), ultimately suppressing pAKT 
signaling and cell migration. The importance of 
the Gα13 inhibitory circuit in the pathogenesis of 
GCB-DLBCLs is underscored by the presence of 
recurrent inactivating mutations in several of its 
components, including S1PR2, GNA13, and, more 
rarely, ARHGEF1 and P2RY8 (~20% of cases) 
(Fig. 2.5) [28, 30, 116]. Consistently, deletion of 
these genes in the mouse is associated with 
increased GC B-cell survival and disruption of the 
GC architecture, followed by dissemination of GC 
B cells to the lymph and bone marrow; with time, 
GNA13, ARHGEF1, and S1PR2 [117] knockout 
mice develop lymphomas exhibiting features of 
GCB-DLBCL [116]. Disruption of this pathway 
may thus contribute to malignant transformation 
by abrogating Gα13-mediated inhibitory signals 
to both cell migration and AKT signaling.

Mutations of TNFRSF14. TNFRSF14 is a 
member of the TNF receptor superfamily 
expressed in both T and B cells, which emanates 
inflammatory or inhibitory signals depending on 
its specificity for diverse ligands [118]. In 9–22% 
of DLBCL, almost exclusively of the GCB type, 
missense (~50%), nonsense (~40%), and frame-
shift (2.5%) mutations target the exons encoding 
for its ectodomain, leading to functional inactiva-
tion (Fig. 2.5). Additionally, TNFRSF14 is part 
of a genomic region that is frequently deleted on 
chromosome 1p36. A tumor suppressor function 
for this gene during DLBCL development was 
recently demonstrated in a BCL2-driven mouse 
model where silencing of Tnfrsf14 induced cell 
autonomous activation of B-cell proliferation 
and  enhanced the development of GC-derived 
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lymphomas [119]. Loss of TNFRSF14 contrib-
utes to tumorigenesis by inhibiting cell-cell inter-
actions between TNFRSF14 and its ligand 
BTLA, thus inducing a supportive microenviron-
mental niche characterized by lymphoid stroma 
activation and increased recruitment of T follicu-
lar-helper cells. Consistent with this model, 
TNFRSF14 mutations and BTLA downregula-
tion are largely mutually exclusive in FL, 
although no studies have investigated this aspect 
in DLBCL.  Of note, administration of soluble 
HVEM to  BTLA- expressing lymphoma cells 
in  vitro was able to restore this circuit and to 
inhibit cell growth, while local production by 
modified CAR-T cells in vivo led to the signifi-
cant reduction of established lymphomas [119].

Other Lesions. While the multitude of genetic 
alterations associated with DLBCL prevents their 
comprehensive and detailed description, loss of the 
tumor suppressor PTEN, amplifications of the REL 
gene, and mutations of SGK1 should be mentioned 
because of their frequency and/or potential thera-
peutic implications. Approximately 55% of GCB-
DLBCL, as compared to 14% of ABC-DLBCL, 
lack expression of PTEN [120], due in part to the 
presence of mutually exclusive 10q chromosomal 
deletions and amplifications of the oncogenic miR-
17-92 micro-RNA cluster (collectively, ~20% of 
patients) [17]. This pattern was inversely corre-
lated with activation of the PI3K/AKT pathway 
and sensitivity to pharmacologic PI3K inhibition, 
uncovering potential therapeutic opportunities 
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Fig. 2.5 Disrupted signaling pathways in GCB- 
DLBCL.  Genetic lesions preferentially associated with 
GCB-DLBCL include chromosomal translocations of 
BCL2 and/or MYC, which cause their ectopic expression 
in part by bypassing BCL6-mediated transcriptional 
repression; chromosomal translocations (15% of cases) 
and point mutations (10% of cases) of BCL6, leading to 
its deregulated expression; gain-of-function mutations of 

EZH2 (~20% of cases), which induce epigenetic remodel-
ing in various lymphoma-relevant genes, such as 
CDKN1A, in part cooperating with BCL6. Additionally, 
loss of PTEN expression is observed in 55% of cases, as a 
consequence of genetic deletions (15%) and amplifica-
tions of miR17-92 (%), resulting in activation of the PI3K/
Akt/mTOR signaling pathway
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[120]. Also largely restricted to GCB-like DLBCL 
is the presence of chromosome 2p amplifications 
encompassing the REL gene, which encodes for a 
subunit of the NF-κB transcription complex. 
Finally, mutations of SGK1, presumably reflecting 
the aberrant activity of SHM, were found specifi-
cally in this phenotypic subgroup. The SGK1 genes 
encode for a PI3K-regulated kinase implicated in 
the control of FOXO transcription factors [121], 
NF-κB [122], and NOTCH signaling [123], but the 
functional consequences of these mutations remain 
unaddressed.

2.2.4.3  Genetic Lesions Associated 
with ABC-DLBCL

Alterations sustaining constitutive activation of 
the NF-κB signaling pathway. The genetic hall-
mark of ABC-DLBCL is the presence of multiple 
genetic aberrations that lead to the constitutive 
activation of the NF-κB signaling pathway, down-
stream of the BCR signaling cascade and the Toll-
like receptor (TLR)/IL1R pathway (Fig. 2.6).

Mutations in the BCR signaling pathway. Most 
ABC-DLBCL cells are characterized by a “chronic 
active” form of BCR signaling associated with the 
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Fig. 2.6 Disrupted signaling pathways in ABC- 
DLBCL. Multiple genetic alterations cluster around two 
main biological programs in ABC-DLBCL: constitutive 
activation of the NF-κB transcription complex and block 
of plasma cell differentiation. NF-κB activity can be 
induced by a variety of signals in GC LZ cells, including 
engagement of the BCR by the antigen, interaction of the 
CD40 receptor with the CD40L presented by T cells, and 
TLR activation, which all lead to the upregulated expres-
sion of its target genes (e.g., IRF4 and A20). IRF4, in turn, 
extinguishes the GC program by suppressing BCL6 and 

thus releasing the expression of the plasma cell master 
regulator PRDM1/BLIMP1. NF-κB responses are then 
terminated in part by a negative feedback loop that 
requires the activity of A20. Subversion of the BCR and 
NF-κB signaling pathways may fuel malignant transfor-
mation by hijacking the anti-apoptotic and pro- 
proliferative functions of NF-κB while blocking terminal 
B-cell differentiation through mutually exclusive altera-
tions deregulating BCL6 or inactivation of BLIMP1 
(Modified with permission from Pasqualucci and Dalla- 
Favera, Semin Hematol, 2015) [18]
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presence of clustered BCRs on the plasma mem-
brane, similar to those formed in antigen-stimu-
lated B cells. This signaling cascade requires 
CARD11 and is sustained in part by somatic muta-
tions in the CD79A/B genes [124]. In particular, 
20% of ABC-DLBCL patients harbor gain-of-
function somatic variants in the immunoreceptor 
tyrosine-based activation motifs (ITAMs) of 
CD79B (or, rarely, CD79A) [124]. Most of these 
events replace the first tyrosine residue (Y196) in 
the cytoplasmic tail of the two BCR subunits and 
are thought to maintain BCR signaling chronically 
active by attenuating the phosphorylation and acti-
vation of the Lyn kinase, which is necessary for 
internalization of the surface BCR and serves as a 
negative feedback regulator.

In ~9% of ABC-DLBCL, activation of the BCR 
and NF-κB signaling cascade can be attributed to 
oncogenic mutations of CARD11 [125]. The 
CARD11 protein is a component of the CBM 
complex that is coordinately recruited to transduce 
signals emanating from the BCR [126]. Missense 
mutations typically target the CARD11 coiled-coil 
domain, facilitating the formation of cytosolic 
aggregates and the recruitment of downstream 
effector molecules, ultimately enhancing its ability 
to transactivate NF-κB target genes [125].

The genetic lesions discussed above maintain, 
yet do not initiate, chronic active BCR signaling, 
which instead was recently shown to require 
engagement by self-antigens [127]. The depen-
dence of ABC-DLBCL from the BCR signaling 
pathway is underscored by the preferential sensi-
tivity of these tumors to agents that inhibit 
Bruton’s tyrosine kinase (BTK), the molecule 
linking BCR to NF-κB, even in the absence of 
mutations targeting CD79A/B [128].

Mutations of the MYD88 gene. MYD88 
encodes an adaptor molecule that mediates acti-
vation of NF-κB as well as type I interferon 
responses downstream the TLR signaling path-
way [129]. Thirty percent of ABC-DLBCLs carry 
a hotspot L265P substitution within the protein 
TIR (Toll/IL1 receptor) domain, which was 
shown to induce the spontaneous assembly and 
activation of a protein complex containing the 
kinases IRAK1 and IRAK4, leading to engage-
ment of the NF-κB signaling pathway [130]. 

MYD88-mutated DLBCL cases also show auto-
crine transcriptional activation of the JAK/STAT3 
signaling cascade, another distinctive phenotype 
of ABC-DLBCL required for their survival [130, 
131]. The significance of other MYD88 muta-
tions found in both ABC- and GCB-DLBCL 
remains to be established. Importantly, MYD88-
mutant DLBCL are not sensitive to BTK inhibi-
tion, but this treatment was exquisitely toxic to 
tumors carrying concurrent MYD88 and 
CD79A/B mutations, suggesting functional inter-
action between these two molecules [128].

Mutations of the TNFAIP3 gene. TNFAIP3 
(also called A20) encodes a dual function ubiqui-
tin-modification enzyme involved in the termina-
tion of NF-κB responses triggered by TLR and 
BCR stimulation. This protein removes K63- 
linked regulatory ubiquitins from a number of 
substrates via its OTU domain and subsequently 
conjugates K48-linked ubiquitins via its zinc fin-
ger domains, targeting these proteins for protea-
somal degradation. In line with this, TNFAIP3 
knockout mice show abnormally prolonged 
NF-κB responses associated with an overactive 
phenotype [132]. Almost one third of ABC-
DLBCLs and fewer GCB-DLBCLs harbor bial-
lelic truncating mutations and/or focal deletions 
that inactivate the function of TNFAIP3, leading 
to constitutively active NF-κB responses [133, 
134]. A tumor suppressor role for this gene  in 
ABC-DLBCL is supported by the observation 
that enforced expression of wild-type TNFAIP3 in 
TNFAIP3-null DLBCL cell lines results in cyto-
plasmic re-localization of the NF-κB complex 
and suppression of its activity, leading to apopto-
sis [133, 134].

At lower frequencies, a variety of other genes 
encoding for NF-κB positive and negative regula-
tors have been found mutated in ABC- DLBCL, 
overall accounting for more than 50% of cases 
[133]. It should be considered that, since the 
BCR emanates signals to multiple downstream 
effectors besides canonical NF-κB (namely, 
PI3K, ERK, and NF-AT), the activation of these 
circuits could also represent vulnerabilities of the 
tumor cells. This may offer additional therapeutic 
opportunities based on the design of combinato-
rial strategies, as supported by the cooperative 
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toxicity observed upon combined inhibition of 
NF-κB and PI3K [125].

Genetic lesions preventing terminal differen-
tiation. A second pathogenic mechanism in ABC-
DLBCL is blockade of post-GC differentiation. 
Indeed, these tumors derive from a GC B cell that 
has received signals to commit to plasma cell dif-
ferentiation but is arrested at the plasma blast 
developmental stage due to a variety of genetic 
and epigenetic mechanisms abrogating the func-
tion of the plasma cell master regulator PRDM1/
BLIMP1 (Fig. 2.6). In 25% of patients, both cop-
ies of the PRDM1 gene are lost owing to truncat-
ing mutations, loss-of-function missense 
mutations, and/or genomic deletions [135–137]. 
Another 25% of patients lack BLIMP1 expression 
as the result of direct transcriptional repression by 
constitutively active, translocated BCL6 alleles 
[135]. Alternative modes of inactivation could 
explain the absence of BLIMP1 in the remaining 
large fraction of cases, including epigenetic 
silencing or high expression of the ETS family 
factor SPIB.  Consistent with this model, condi-
tional ablation of PRDM1 in mouse GC B cells, 
either alone or in combination with a constitu-
tively active IκB kinase, leads to the development 
of DLBCL with ABC-like phenotype [135, 138]. 
BCL6 rearrangements and PRDM1 inactivation 
are mutually exclusive [34, 35], supporting a 
complementary role for these lesions in fostering 
lymphomagenesis.

Other genetic lesions. Additional recurrent 
alterations include amplifications of the BCL2 
locus, observed in more than one third of patients 
[5, 17], homozygous deletions or lack of expres-
sion of the CDKN2A/B tumor suppressor genes 
(30% of cases) [17], and gains or amplifications 
of a large region on chromosome 19q (27% of 
cases), which spans the SPIB locus and may con-
tribute to the elevated expression of this protein 
observed in DLBCL [17].

2.3  High-Grade B-Cell 
Lymphomas

The fourth edition of the WHO classification of 
hematolymphoid tumors of 2008 has coined the 
provisional category of “B-cell lymphoma, 

unclassifiable, with features intermediate between 
DLBCL and BL,” or so-called grey zone lym-
phoma [139]. These lymphomas were defined 
because of their intermediate morphological, 
immunohistochemical, and genetic features 
encompassing features of both DLBCL and 
Burkitt lymphoma. However, this category was 
poorly reproducible, and, owing to the fact that 
around 60% of greyzone lymphomas harbor dou-
ble or triple hits involving MYC and BCL2 and/or 
BCL6, research had mainly focused on the dou-
ble-/triple-hit subcategory. In the 2017 update of 
the fourth edition, this provisional category has 
been replaced by two new categories: high- grade 
B-cell lymphoma with MYC and BCL2 and/or 
BCL6 rearrangements (or HGBL-DH) and high-
grade B-cell lymphoma, not otherwise specified 
(HGBL-NOS), which by definition lacks a dou-
ble- or triple-hit constellation involving MYC but 
may be MYC-rearranged [1]. Most patients with 
HGBL will present at higher age and with aggres-
sive and/or extensive disease, and bone marrow 
and extranodal involvements are common, as are 
elevated lactate dehydrogenase (LDH) levels.

2.3.1  High-Grade B-Cell Lymphoma 
with MYC and BCL2 and/or 
BCL6 Rearrangements 
(HGBL-DH)

The diagnosis of these tumors as a new WHO 
category relies exclusively on the presence of 
rearrangements involving both MYC and BCL2 
and/or BCL6 (previously known as double-hit 
DLBCL). In contrast, DLBCL featuring high- 
level amplifications, copy number alterations, or 
elevated protein expression of MYC will not be 
included in this category. Therefore, by defini-
tion, HGBL-DH encompasses the following 
morphological cases:

• Tumors with the morphology of DLBCL and a 
double (DH) or triple hit (TH) (Fig. 2.7a)

• Tumors that, in the former taxonomy, would 
have been classified as “unclassifiable with 
features intermediate between DLBCL and 
BL” harboring dual rearrangements involving 
MYC (Fig. 2.7b)
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• Cases with blastoid cytomorphology and a 
double- or triple-hit genetic constitution 
(Fig. 2.7c)

One important new concept of the updated 
WHO classification is that DLBCLs with a DH or 
TH genetic constitution will be reclassified as 
HGBL-DH. Consequently, all DLBCL would be 
required to undergo FISH testing in order to iden-
tify and classify these cases. The update of the 
WHO classification, however, does not formally 
require FISH testing on all DLBCL; therefore, 
pathologists may preselect cases according to a 
variety of criteria in order to minimize the efforts 
inherent to extensive FISH testing.

With the probable exception of cases display-
ing immunoblastic morphology and cases with a 
higher number of tumor cells expressing nuclear 

MYC [140], HGBL—DH/TH are virtually indis-
tinguishable from bona fide DLBCL upon mor-
phology. Cases with blastoid cytomorphology 
have a lymphoblast-like appearance and, there-
fore, may require a differential diagnosis with 
B-cell lymphoblastic leukemia/lymphoma or the 
blastoid variant of mantle cell lymphoma. More 
frequently, cases transformed from preexisting or 
concurrent follicular lymphoma with secondary 
MYC rearrangement will have this appearance. 
The latter tumors are classified as transformed 
follicular lymphomas with dual MYC and BCL2 
rearrangements and blastoid cytomorphology. 
Finally, tumors previously classified as greyzone 
lymphomas consist of predominantly medium- 
sized cells in between the size of Burkitt  
lymphoma and DLBCL cells, but featuring a 
more pleomorphic cytology than BL, and will 

a b

c

Fig. 2.7 (a) High-grade B-cell lymphoma, featuring 
large tumor cells of varying size and moderately 
pleomorphic nuclei equivalent to a DLBCL. (b) Double- 
hit DLBCL showing medium-sized cells with narrow 
cytoplasm and round, only slightly polymorphic nuclei. 
This tumor would have been classified as “B-cell 

lymphoma, unclassifiable, with features intermediate 
between DLBCL and BL” in the 2008 WHO classification. 
(c) High-grade B-cell lymphoma with MYC/BCL2 
translocation, transformed from FL. This tumor features 
blastoid cells with small to intermediate size and finely 
dispersed nuclear chromatin
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 occasionally show a starry-sky pattern [139]. 
Cases with a MYC and BCL6 double hit are 
almost exclusively of the GCB type, and, because 
of their particularly poor clinical outcome, they 
represent an unmet clinical need within this oth-
erwise favorable prognostic category of 
DLBCL.  Some clinico-pathological differences 
have been recorded between MYC-BCL2 and 
MYC-BCL6 DH tumors [141, 142].

2.3.2  High-Grade B-Cell Lymphoma 
Not Otherwise Specified 
(HGBL-NOS)

This new category mainly includes the former 
greyzone or high-grade B-cell lymphomas, 
unclassifiable, with features intermediate 
between DLBCL and BL, which lack a genetic 
DH or TH constellation. Morphologically, these 
cases are composed of predominantly medium- 
sized or blastoid cells with a narrow cytoplasmic 
rim, round nuclei slightly more pleomorphic than 
those of Burkitt lymphoma, a finely dispersed 
nuclear chromatin, and inconspicuous nucleoli, 
sometimes in combination with a starry-sky pat-
tern (Fig. 2.8). HGBL-NOS often shows a GCB-
like GEP, although some cases are of 

ABC-DLBCL type based on either GEP or 
immunohistochemical algorithms. By virtue of 
their definition, these tumors may carry isolated 
MYC, BCL2, or BCL6 rearrangements and may 
also show dual BCL2 and BCL6 rearrangements. 
It has to be noted that tumors showing the classi-
cal morphology of DLBCL and harboring iso-
lated MYC rearrangements will continue to be 
diagnosed as DLBCL and do not fall into the 
HGBL-NOS category [1].

2.4  Other Lymphomas of Large 
B Cells and Special Subtypes/
Variants

2.4.1  T-Cell/Histiocyte-Rich Large 
B-Cell Lymphoma

T-cell/histiocyte-rich large B-cell lymphoma 
(THRLBCL) is defined as a DLBCL variant with 
few scattered tumor cells and an abundant reac-
tive background consisting of T cells and histio-
cytes. The median age at presentation is in the 
sixth to seventh decade of life, but this variant 
may also be seen in children. There is a male pre-
dominance. THRLBCL is a primarily nodal dis-
ease and often presents with high-stage and bone 

Fig. 2.8 Bone marrow 
biopsy of a high-grade 
B-cell lymphoma, NOS, 
displaying diffuse 
infiltration by medium- 
sized blasts. Cytogenetic 
analysis in this case was 
positive for a MYC 
translocation, but no 
alterations of BCL2 or 
BCL6 were seen
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marrow involvement. On morphology, there is 
complete effacement of the underlying architec-
ture, with large lymphoid cells scattered in a pre-
dominantly reactive background of activated 
lymphocytes and histiocytes. The tumor cells in 
THRLBCL make up less than 10% of the whole 
cell population, without clusters or sheets 
(Fig. 2.9). Presence of an even focal component 
of NLPHL excludes de novo THRLBCL (see 
above). The cytomorphology of the tumor cells is 
centroblastic, immunoblastic, or LP or HRS cell- 
like. The tumor cells express pan B-cell markers, 
are negative for CD30 and CD15, and often co-
express BCL6 and EMA.  In the background, 
CD3-positive cells usually express CD8 and 
TIA1. THRLBCL shows clonally rearranged IG 
genes, and roughly one quarter of the cases has 
BCL2 rearrangements. EBV is negative in the vast 
majority of cases. In some cases, a biological 
overlap to progressed variants of nodular lympho-
cyte predominant Hodgkin lymphoma (NLPHL) 
is suggested [143]. Malignant lymphomas with 
features of THRLBCL have been observed in pro-
gression of or as secondary lymphomas that 
develop after NLPHL. Diffuse variants of NLPHL 
may bear close similarity to THRLBCL, and 
therefore it is not clear whether predominantly 
diffuse NLPHL and THRLBCL may be repre-
senting a spectrum of the same disease or whether 
THRLBCL could represent transformation of 
NLPHL [144, 145]. Cases with T-cell/histiocyte-

rich areas in NLPHL are designated as THRLBCL-
like transformation of NLPHL in the revised 
fourth edition of the WHO classification.

2.4.2  Intravascular Large B-Cell 
Lymphoma

Intravascular large B-cell lymphoma (IVLBCL) 
is a DLBCL subtype in which blastic tumor cells 
are seen exclusively—or at least predomi-
nantly—within the lumina of small-sized blood 
vessels [146]. The lymphoma is rare, predomi-
nantly occurring in older patients with a peak in 
the seventh decade. IVLBCL can be seen in all 
organs, but most commonly in the CNS, skin, 
kidney, lung, and liver. Clinical symptoms are 
often nonspecific and related to the site of 
infiltration, such as cerebrovascular dysfunction. 
Involvement of the bone marrow is rare. A par-
ticular variant associated with hemophagocytic 
syndrome has been described in Asian patients.

Histologically, medium-sized to large lym-
phoma cells with varying cytological appearance 
are seen in often dilated lumens of small to inter-
mediate-sized vessels (Fig. 2.10a, b). There may 
be secondary changes such as thrombosis or 
endothelial hyperplasia, causing infarction and 
hemorrhage. The tumor cells express pan B-cell 
markers and may be positive for CD5, CD10, 
and/or BCL6. Clonal IGH rearrangements are 

a b

Fig. 2.9 T-cell/histiocyte-rich large B-cell-lymphoma 
(THRLBCL). In this tumor, rare large B blasts highlighted 
in a CD20 stain are seen in a background of small and 

slightly activated reactive T cells and histiocytes (a). Of 
importance, no small B cells are present. (b) H&E 
staining
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usually found. The majority of cases show a non-
GCB immunophenotype, and no specific cytoge-
netic alteration has been defined so far [139].

2.4.3  Plasmablastic Lymphoma

Plasmablastic lymphoma (PBL) is defined as 
a   terminally differentiated B-cell neoplasia. 
Morphologically, it consists of immunoblastic or 
plasmablastic cells. The negativity of the tumor 
cells for the CD20 antigen is a hallmark defining 
feature [139]. PBL frequently occurs in adults with 
immunodeficiency states (most commonly HIV 
infection) but may also be seen in the setting of 
posttransplantation or autoimmune disorders. In 
addition, these tumors are also diagnosed in 
patients without any apparent immunodeficiency. 
PBL frequently arises in extranodal sites, mainly of 
the head and neck and often in the oral cavity, in 
which it was primarily described [147]. Other 
involved locations are the upper respiratory tract, 
gastrointestinal tract or soft tissues, skin, bone, 
lung, and lymph nodes. The latter localization is 
often characteristic in PBL occurring in a post-
transplantation setting. Most patients are diagnosed 
in higher clinical stages (III/IV), but this is less 
apparent in patients without immunodeficiency. In 
general, the prognosis is poor.

PBL may demonstrate monomorphic cytologi-
cal features or plasmacytoid differentiation. 
The  common variant of PBL shows a diffuse 

 proliferation of cohesively growing immunoblasts 
or plasmablasts, whereas in cases of plasmacytoid 
differentiation, the cells are rounder with more 
eccentric nuclei and abundant basophilic cyto-
plasm. In some cases, a starry-sky pattern may be 
seen, and there may be extensive necrosis. On 
immunophenotyping, the tumor cells are negative 
for CD45, CD20, and PAX5. Expression of 
CD79A is variable. Plasma cell-associated mark-
ers are regularly expressed (CD38, CD138, IRF4/
MUM1, and others such as BLIMP1 and XBP1). 
EMA is frequently positive and CD56 expression 
may be seen in some cases. The proliferative 
index is high. BCL2 and BCL6 are usually not 
expressed [148]. EBV association may be seen in 
roughly 70% of cases, in most of the tumors with 
a latency type I pattern. HHV8 is always negative. 
Genetic analyses frequently show complex karyo-
types, and MYC translocationsc to the IG genes 
have been seen in 50% of the cases [149]. These 
cells express the MYC protein, circumventing the 
BLIMP1-mediated suppression of its transcrip-
tion usually encountered in plasma cells.

2.4.4  ALK-Positive Large B-Cell 
Lymphoma

ALK-positive large B-cell lymphoma is an 
uncommon subtype of DLBCL that shares 
with plasmablastic lymphoma its frequent immu-
noblastic-plasmablastic morphology and protein 

a b

Fig. 2.10 Intravascular large B-cell lymphoma. (a) 
Hematoxylin-eosin (H&E) staining of a lung biopsy 
showing dense infiltrations of medium- to large-size 

tumor cells in distended capillary vessels of the alveolar 
septa. (b) CD20 staining of the same sample highlights 
the intravascular localization of the tumor cells
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expression phenotype. In addition, ALK+ 
DLBCL strongly expresses the ALK protein. It 
occurs predominantly in young adults, but there 
is a broad age range at presentation. Generalized 
disease is common, and no obvious association 
with immunodeficiency states has been reported. 
The majority of patients have high-stage (III/IV) 
disease, and the tumor is aggressive with short 
5-year overall survival.

The tumor cells feature an immunoblastic or 
plasmablastic appearance with vesicular nuclei 
and frequently a large central nucleolus 
(Fig. 2.11a). One characteristic architectural fea-
ture is a sinusoidal growth pattern in many cases, 
creating a differential diagnosis with carcinoma. 
CD20, CD79A, and PAX5 are usually negative, 
but the tumor cells express CD45, EMA, IRF4/
MUM1, immunoglobulin light chain genes and 
often IgA.  In addition, CD138, BLIMP1, and 
XBP1 are usually positive. CD30 is negative or 
only weakly expressed [150]. All cases are EBV- 
and HHV8-negative. By definition, the ALK 
kinase is expressed, usually in the cytoplasm 
with a granular pattern (Fig.  2.11b), and these 
cases frequently harbor ALK-CLTC transloca-
tions [150–152]. Tumors with the classical ALK-
NPM translocation inferring nuclear and 
cytoplasmic expression of the ALK protein are 
rare. ALK activation leads to upregulation of the 
STAT3 pathway, and ALK- positive LBCL 
express high levels of phospho- STAT3. STAT3, 

in turn, upregulates MYC and also BLIMP1. 
Consistently, ALK-positive LBCLs also express 
the MYC protein, but do not harbor MYC translo-
cations [153].

2.4.5  Primary Mediastinal (Thymic) 
Large B-Cell Lymphoma

Primary mediastinal (thymic) large B-cell lym-
phoma (PMBCL) is regarded as a distinct sub-
type of DLBCL with organotypic features. The 
tumor usually presents in the upper anterior 
mediastinum of predominantly young adults, 
with a median age of 35 years and a female to 
male ratio of 2:1. The tumor can invade into 
neighboring structures such as the thoracic wall, 
the pericardium, the pleura, and the lung. 
Symptoms are related to the often bulky medias-
tinal mass, such as superior vena cava obstruc-
tion, dyspnea, and chest pain [139]. More 
recently, cases with a gene expression profile of 
PMBCL have also been described outside the 
mediastinum [154].

On morphology, the tumor shows a diffuse 
infiltration of medium-sized to large blastic cells 
that have a variable cytological appearance 
(Fig. 2.12) [155]. Centroblastic, immunoblastic, 
anaplastic, or Hodgkin- and Reed-Sternberg-like 
cells may occur, and a clear cell morphology is 
not infrequent [156]. One hallmark feature of 

a b

Fig. 2.11 ALK-positive large B-cell lymphoma. (a) 
H&E staining shows large tumor cells reminiscent of 
immunoblasts with a certain cohesiveness featuring 
abundant cytoplasm and slightly eccentric nuclei. CD20 

negativity of the tumor cells suggested plasmablastic 
differentiation. (b) ALK staining reveals positivity in the 
cytoplasm of the tumor cells with granular reactivity that 
is characteristic of an ALK-CLTC fusion
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PMBCL is background sclerosis with delicate 
or coarse collagen fibers encompassing small 
groups of lymphoma cells in a way “compart-
mentalizing” the infiltrate. The immunopheno-
type, although not specific to PMBCL, is 
characteristic, frequently showing co-expres-
sion of CD30 and CD23, with pan B-cell mark-
ers and absent expression of MHC class I and II 
antigens [139]. Another feature characteristic of 
PMBCL is expression of the MAL protein [157].  
PMBCL displays a unique GEP that is closer to 
that of classical Hodgkin lymphoma and reflects 
the origin from a thymic, GC-experienced B cell 
(with particular asteroid morphology) [158, 
159].

Molecular Pathogenesis. The core biology of 
PMBCL is defined by a constellation of somatic 
mutations, copy number changes, and genomic 
rearrangements that lead to deregulation of the 
JAK-STAT and NF-κB signaling pathways, as 
well as to acquired immune privilege [82, 160–
163] (Fig. 2.3).

Constitutive activation of the JAK-STAT sig-
naling pathway, a signature identified by gene 
expression profiling analysis and shared with 
classical Hodgkin lymphoma (cHL), is the 
result of both paracrine interleukin receptor-
mediated signaling [164] and genetic altera-

tions, including amplification of JAK2 (>50% 
of patients) [163, 165], deletions or inactivat-
ing mutations of the negative regulators SOCS1 
(45% of cases) [166] and PTPN1 (22% of cases) 
[160], and mutations of STAT6. Amplification 
of chromosomal region 9q24 is a genetic hall-
mark of both PMBCL and cHL and spans mul-
tiple genes of possible pathogenic significance, 
in addition to JAK2, namely, CD274 (PDL1), 
PDCD1LG2 (PDL2), and JMJD2C. The latter 
encodes a demethylase that removes histone H3 
lysine 9 trimethylation marks, interfering with 
the recruitment of HP1α and heterochromatin 
formation [167]. Interestingly, phosphoryla-
tion of JAK2 also contributes to an active chro-
matin conformation by phosphorylating both 
histone H3 and HP1α [168]. Thus, activation 
of JAK-STAT signaling may act synergisti-
cally with acquired immune privilege (through 
PDL1/2) and chromatin remodeling (through 
JMJD2C) in the pathogenesis of PMBCL [161]. 
SOCS1 mutations abrogate SOCS box func-
tion leading to hyperphosphorylation of JAK2 
and STAT5 [166], while mutations of PTPN1, 
encoding a non- receptor member of the pro-
tein tyrosine phosphatases superfamily named 
PTP1B, impair its phosphatase activity caus-
ing hyperphosphorylation of STAT molecules. 

Fig. 2.12 Mediastinal 
(thymic) large B-cell 
lymphoma. This biopsy 
shows large blastic B 
cells diffusely 
infiltrating the 
mediastinal tissue. Note 
the slight fibrosis in the 
background
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Consistent with these data, STAT6 phosphoryla-
tion has been suggested as a reliable marker for 
the differential diagnosis of PMBCL from other 
large cell lymphomas [169]. Finally, recurrent 
mutations of the transcription factor STAT6 are 
found in 36% of PMBCL cases, although the 
exact functional consequences of STAT6 muta-
tions in the DNA binding domain are still a sub-
ject of debate.

Another major target of genetic alterations in 
PMBCL is the NF-κB signaling pathway [161], 
which is maintained constitutively active by a 
variety of somatic gene mutations and structural 
genomic changes. These include (1) copy number 
gains and amplifications of the REL gene (>50% 
of cases), correlated with nuclear localization of 
the REL protein [170]; (2) inactivating mutations 
of TNFAIP3 (36% of cases) [171]; and (3) ampli-
fication of the genomic regions encoding for the 
NF-κB regulators BCL10 (1p22) and MALT1 
(18q21), observed in a subset of cases [172].

Finally, several genetic lesions impinge on the 
crosstalk between the tumor cells and the tumor 
microenvironment [173], leading to acquired 
immune privilege [82]. Among these lesions, the 
loss of MHC-II molecules is a prominent event 
that, analogous to DLBCL, NOS, has been linked 
to decreased infiltrating cytotoxic T cells and infe-
rior outcome [5, 81]. Downregulation of surface 
MHC-II expression in these tumors is explained 
in part by allelic imbalances of the HLA-DR loci 
on chromosome 6p [174, 175] and by genomic 
breakpoints and mutations of the MHC class 
II transactivator gene CIITA (38% of samples) 
[83]. In addition, 20% of PMBCL carry recurrent 
genomic rearrangements involving the PDL1/
PDL2 genes on the short arm of chromosome 9, 
which encode for inhibitors of T-cell responses. 
These rearrangements generate PDL1 and PDL2 
gene fusions with various partner genes, leading 
to elevated protein expression, and may in part 
explain the unique features of PMBCL, which are 
characterized by a significant inflammatory infil-
trate. The cumulative incidence of genetic altera-
tions that interfere with the interaction between 
the lymphoma cells and the microenvironment 
supports a central role for escape from immuno-
surveillance mechanisms in the pathogenesis of 

these neoplasms. Importantly, the frequent co-
amplification of JAK2 and PDL1/2 on chromo-
some 9p24 suggests that combination therapies 
with JAK-STAT pathway inhibitors and immune 
checkpoint inhibitors might have synergistic anti-
tumor activity.

2.4.6  B-Cell Lymphoma, 
Unclassifiable, with Features 
Intermediate Between Diffuse 
Large B-Cell Lymphoma 
and Classical Hodgkin 
Lymphoma

B-cell lymphoma, unclassifiable, with features 
intermediate between DLBCL and CHL (so-
called mediastinal greyzone lymphoma, MGZL) 
still represents a peculiar tumor that shows fea-
tures of both primary mediastinal large B-cell 
lymphoma and classical Hodgkin lymphoma. 
The clinical characteristics of the condition are 
predominantly determined by the site in which 
the tumor arises. Usually, there is a large medi-
astinal mass that can spread to supraclavicu-
lar lymph nodes and/or can invade neighboring 
structures per continuitatem, such as the lungs, 
the surrounding soft tissues, and even bone struc-
tures, but that rarely metastasizes to distant sites. 
Retrospective analyses have shown a poorer clin-
ical outcome of MGZL in comparison with either 
CHL or PMBCL [176]. There are two more or 
less distinct morphologies that may be seen. One 
resembles that of CHL (frequently, of nodular 
sclerosis type), but, on immunohistochemistry, 
the B-cell program is greatly preserved as exem-
plified by strong expression of B-cell-associated 
antigens including CD20 and CD79a and also 
reactivity for the B-cell-specific transcription 
factors OCT-2 and BOB1, while expression of 
CD15 is usually absent. The other type of MGZL 
shows the morphology of large B-cell lymphoma 
with expression of B-cell markers, in which the 
tumor cells are also uniformly positive for CD30 
and often CD15, or are EBV associated [177]. 
This tumor should be set apart from a compos-
ite lymphoma simultaneously showing classical 
Hodgkin lymphoma and primary large B-cell 
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lymphoma in different areas of the same site or 
biopsy.

2.4.7  Primary Cutaneous Diffuse 
Large B-Cell Lymphoma,  
Leg Type

Primary cutaneous DLBCL, leg type (PCDLBCL, 
leg type) is a special variant of diffuse large 
B-cell lymphoma with a characteristic clinical 
presentation, morphology, and immunopheno-
type [1]. It usually develops on the lower legs of 
predominantly female older adults. There is a 
diffuse infiltration of the skin and subcutaneous 
tissues by large cells, often centroblasts and 
immunoblasts, forming large cutaneous nodules 
[178]. The tumor cells express BCL2, IRF4/
MUM1, and FOXP1, while CD10 and BCL6 are 
negative. A characteristic feature is strong 
cytoplasmic expression of IgM and MYC protein 
(without underlying MYC rearrangements). Leg- 
type DLBCL often displays an ABC-type (or 
non-GCB-type) expression profile. High-level 
amplifications of the BCL2 locus have been seen 
in two thirds of cases along with CDKN2A dele-
tion or promoter methylation. Mutation analyses 
have revealed MYD88 L265 mutations in 60% of 
the cases and presence of mutations in genes 
characteristic of ABC-type DLBCL, such as 
CARD11, CD79B, und TNFAIP3 [179].

2.4.8  Primary Central Nervous 
System Lymphoma

Primary CNS lymphoma (PCNSL) is a malignant 
lymphoid neoplasm arising in the brain, spinal 
cord, or leptomeninges; intraocular lymphoma 
forms a subset of PCNSL. PCNSL are predomi-
nantly diagnosed as large B cell lymphomas 
[139] and can develop in either immunocompe-
tent or immunosuppressed patients. The affected 
individuals are in general elderly adults with a 
slight male predominance while, among immu-
nodeficient patients, HIV-infected individuals, 
with younger age and clear male predominance 
at presentation are commonly seen. Histology 

characteristically reveals a diffuse proliferation 
of blasts with perivascular growth and—often 
extensive—necrosis. The tumors are usually 
composed of immunoblasts or centroblasts. They 
express pan B-cell antigens, usually BCL2, 
IRF4/MUM1, and often BCL6 implying a non-
GCB immunophenotype [180]. PCNS-DLBCL 
shares with other lymphomas arising at immune- 
privileged sites the characteristic downregula-
tion of MHC class II antigens [181]. Virtually all 
cases of PCNS-DLBCL in immunosuppressed 
patients are positive for EBERs, and a subset of 
them also expresses LMP1.

At the molecular level, several lines of inves-
tigation support a role for both the NF-κB and 
JAK/STAT signaling pathways as mediators of 
pro-survival signals in this tumor type [182]: 
besides the presence of multiple genetic altera-
tions in NF-κB regulators (see below), interleu-
kin-4 is upregulated at the transcript and protein 
level within the vascular microenvironment; 
IL-10 (another first messenger in the JAK/STAT 
signaling) is increased in the vitreous and cere-
brospinal fluid, and increased JAK1 transcripts 
are detected in the tumor cells [182]. Elevated 
IL-10 expression alongside activation of JAK/
STAT signaling are consistent with aberrant acti-
vation of the MYD88 pathway.

Molecular Pathogenesis. The rarity of PCNS- 
DLBCL and the difficulty in obtaining material 
for investigational studies has hampered the 
molecular analysis of this DLBCL subtype. 
Nonetheless, a number of studies, including 
recent whole-exome sequencing efforts, have 
unveiled important genetic features associated 
with PCNS-DLBCL, including recurrent muta-
tions in genes that are involved in NF-κB path-
way activation (e.g., CARD11, CD79/B, and 
MYD88), cell cycle regulation (CCND3), and 
chromatin structure/histone modifications 
(CREBBP, KMT2D, ARID1A/B, SMARCA4, and 
SMARCA5) [183]. Of these, MYD88 mutations at 
the L265 hotspot represent the most common 
event, accounting for 38–50% of clinical cases 
[184, 185], followed by CD79B (approximately 
20% of cases) [186]. PCNS-DLBCL also shows 
evidence of ASHM in multiple proto-oncogenes 
with established roles in B-cell development and 
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differentiation, including PAX5, PIM1, c-MYC, 
and RhoH/TTF [187].

Moreover, a critical step in the molecular 
pathogenesis of PCNSL (and a biomarker of 
inferior clinical outcome) is inactivation of the 
CDKN2A/B genes, encoding for p14ARF and 
p16INK4a, by either homozygous deletion (40–
50% of cases) or hypermethylation (15–30% of 
cases). BCL6 translocations are detected in 17% 
of tumors and have been associated with inferior 
overall survival especially when combined with 
6q22 deletions [188]. Other potentially relevant 
genetic lesions in PCNS-DLBCL comprise 
recurrent copy number gains of MALT1 (a 
potential additional contributor to the aberrant 
activation of the NF-κB pathway in this disease) 
[189], chromosome 12 (particularly in the 12q 
region harboring STAT6, MDM2, and CDK4), 
and the long arms of chromosomes 1, 7, and 18 
[182]; deletions of the short arm of chromosome 
6 (which harbors the HLA loci) and chromo-
somes 17 and 18 [188, 190]; and deletions of 
6q21-23, detected in 40–60% of cases. The latter 
encompasses several candidate tumor suppressor 
genes, among which PRDM1 [191], TNFAIP3 
(A20), and PTPRK, a protein tyrosine phospha-
tase that participates in cell adhesion signaling 
events [192] may be most relevant. In contrast, 
mutations in the TP53 gene are observed in only 
a small proportion of PCNS-DLBCL specimens.

2.4.9  Epstein-Barr Virus  
(EBV)-Positive Diffuse Large 
B-Cell Lymphoma NOS

The update of the fourth edition of the WHO 
classification has renamed EBV-positive 
DLBCL because this lymphoma, called EBV-
positive DLBCL of the elderly in the fourth 
edition of the classification (2008), can also 
be seen in younger patients [193]. The name 
“EBV-positive DLBCL, NOS” was adopted to 
emphasize the difference from other specific 
EBV-associated LBCL variants and subtypes. In 
elderly individuals EBV infection of the tumor 
cells is explained by an age-related waning of 
the immune system, whereas its association to 

DLBCL occurring in the younger age group is 
not clear [194]. The frequency of EBV-positive 
DLBCL increases with age and is higher in 
Japan and Latin America as compared to Europe. 
Extranodal disease is common, but lymph nodes 
are affected as well. In younger patients, nodal 
disease is the most common form of presenta-
tion. In both younger and elderly patients, the 
male gender predominates [195].

Generally, there is a diffuse effacement of 
the underlying architecture by diffuse infil-
trates of blasts, in many cases with extensive 
necrosis (Fig.  2.13a). A monomorphic subtype 
characterized by tumor cells resembling cen-
troblasts, immunoblasts, and/or Hodgkin-like 
cells has been described and set apart from cases 
where the infiltrate also harbors many reactive 
bystander cells such as lymphocytes, histio-
cytes, plasma cells, and eosinophils. Some cases 
show pleomorphic large cells with several nuclei 
mimicking Reed-Sternberg cells. The tumor 
cells usually express pan B-cell markers such as 
CD20, CD79A, and PAX5. In many cases, co-
expression of CD30 and a non-GCB phenotype 
is common. By definition, in situ hybridization 
with EBV- encoded small RNAs (EBERs) dem-
onstrates EBV infection in at least 50% of the 
tumor cells (Fig.  2.13b), although different and 
lower cutoffs have been used for its definition in 
the past. LMP1 is usually expressed, and EBNA2 
may be positive, consistent with type II latency. 
As is the case in posttransplantation lymphop-
roliferative disease (PTLD), the tumor cells are 
frequently positive for PDL-1 [196], possibly 
leading to attenuated immune surveillance. In 
contrast with classical Hodgkin lymphoma, the 
tumor cells are usually CD15 negative.

EBV-positive DLBCL, NOS, must be differ-
entiated from EBV-associated mucocutaneous 
ulcer because of the apparently indolent clinical 
course of the latter.

2.4.10  Primary Effusion Lymphoma

Primary effusion lymphoma (PEL) is a distinct 
clinico-pathological entity, the hallmark of which 
is malignant effusion in the pleural or peritoneal 
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cavity or in the pericardium (Fig. 2.14a). Infection 
of the tumor cells by the Kaposi sarcoma herpes/
human herpes virus 8 (KSHV/HHV8) (Fig. 2.14b) 
is characteristic [197, 198]. PEL is a disease of 
HIV-infected patients and, in this setting, it is also 
associated with EBV infection. Rare cases of 
HHV8-positive but EBV-negative cases have 
been described in immunocompetent patients 
[199]. PEL associated with HIV infection fea-
tures malignant effusion without solid tumor infil-
trations. Only rarely, there is tumor propagation 
into the lung, the mediastinum, or regional lymph 
nodes. On microscopy, centroblastic, immuno-
blastic, or anaplastic tumor cells are shed into 

body cavities. The tumor cells are positive for the 
pan leucocyte antigen (CD45) and activation-
associated proteins like HLA-DR and CD30; 
B-cell specific antigens including immunoglobu-
lins and PAX5 are not expressed. Rarely, aberrant 
co-expression of T-cell antigens is seen. 
Characteristically, a nuclear reactivity for the 
HHV8 latency-associated nuclear antigen 
(LANA) (Fig. 2.14b) and co-infection with EBV 
is observed. PEL-like effusion lymphomas with-
out HHV8 may be seen in elderly patients mainly 
in the peritoneum [200]. Rarely, PEL may mani-
fest as an extrapleural solid tumor without effu-
sion [201]. Immunoglobulin genes are clonally 

a b

Fig. 2.13 EBV-positive DLBCL, NOS. (a) H&E staining 
of a lung tumor showing blastic tumor cells of varying 
size and shape, intermingled with some larger Hodgkin- 

like cells. Note focal necrotic areas. (b) EBER in situ 
hybridization discloses infection in more than 50% of the 
tumor cell nuclei by the EBV virus

a b

Fig. 2.14 Primary effusion lymphoma (PEL). (a) 
Cytomorphological evaluation of a pleural effusion, disclos-
ing large atypical cells with abundant cytoplasm,  irregular 

nuclei, and prominent nucleoli. (b) Nuclear expression of 
the latency-associated nuclear antigen (LANA) proves 
infection of the tumor cells by the HHV8/KSHV virus
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rearranged. Classical cytogenetic analyses have 
revealed complex karyotypic alterations, but no 
recurrent aberration has been identified so far.

2.4.11  Diffuse Large B-Cell 
Lymphoma Associated 
with Chronic Inflammation

This DLBCL subtype arises in the context of usu-
ally long-standing chronic inflammation and 
involves body cavities or narrow spaces such as 
the joints. Pyothorax-associated lymphoma (PAL) 
is the classical form frequently arising in the pleu-
ral cavity in the setting of long-standing pyotho-
rax. Most patients are in their fifth to eighth 
decade, and usually there is a long interval (>20–
30 years) between the onset of chronic inflamma-
tion and the diagnosis of malignant lymphoma. 
Most patients present with localized disease [202, 
203], and common sites are the pleural cavity, 
bone, and periarticular soft tissues, with possible 
invasion of adjacent structures. On histology, the 
infiltrating blasts are either of centroblastic or 
immunoblastic type. Immunophenotyping shows 
the expression of pan B-cell markers and usually 
a non-GCB expression profile with reactivity for 
IRF4/MUM1 and negativity for CD10 and BCL6. 
Occasionally, aberrant expression of T-cell mark-
ers may occur [204]. Common genetic features of 
PAL are MYC amplifications, TP53 mutations, 
and deletions of TNFAIP3/A20. Immunoglobulin 
genes are clonally rearranged [205, 206].

2.4.12  Lymphomatoid 
Granulomatosis

Lymphomatoid granulomatosis (LYG) is an 
angiocentric and angiodestructive lymphopro-
liferative disorder associated with EBV-positive 
B-cell blasts in a predominantly reactive back-
ground [207]. Most cases of LYG arise in 
healthy individuals, but the disease can also be 
seen in immune deficiencies of varying cause, 
especially iatrogenic immunosuppression. It is 
usually a disease of adulthood, and most cases 
occur in the fourth to sixth decade of life, with a 

male predominance. LYG mainly presents with 
pulmonary disease and can also manifest in the 
CNS, skin, liver, and kidneys. In contrast, lymph 
node, splenic, and bone marrow involvement is 
uncommon. Presenting clinical symptoms are 
unspecific. The radiologic hallmark of the dis-
ease is bilateral nodular infiltration of the lungs. 
Histology shows angiocentric and angiodestruc-
tive polymorphous infiltrates with lymphocytes, 
histiocytes, and large atypical lymphoid cells 
and tissue necrosis [208]. The EBV-associated B 
cells vary in size and correspond to lymphocytes, 
blasts, and/or HRS-like cells. Grading of LYG 
is based on the number of EBV-positive cells. 
Grade 1 lesions contain a minority of large atypi-
cal cells within a rich polymorphous background, 
and EBER in situ hybridization highlights fewer 
than five cells per HPF.  In grade 3 lesions, the 
large atypical cells are readily seen and may form 
smaller or larger aggregates. In case of a uniform 
infiltration of EBV-positive blasts without the 
characteristic background of LYG, a diagnosis 
of EBV- associated DLBCL, NOS, is warranted. 
On immunophenotyping, the EBV-positive blasts 
express CD20, PAX5 or CD79a, and CD30  in 
many cases, but CD15 is negative. LYG fre-
quently shows an EBV latency pattern III with 
positivity for LMP1, EBNA2, and EBER. Clonal 
IG rearrangements are usually seen in grades 2 
and 3 [209].

2.4.13  HHV8-Positive Diffuse Large 
B-Cell Lymphoma, NOS

HHV8-positive DLBCL, NOS is a new disease 
category in the 2016 update of the WHO classi-
fication. It forms part of the spectrum of KSHV/
HHV8-associated lymphoproliferative disor-
ders and is considered a large B-cell lymphoma 
that frequently, but not invariably, arises in the 
background of multicentric Castleman’s dis-
ease (MCD) [210]. The KSHV/HHV8-positive 
plasmablasts are usually negative for CD45 
and CD20, strongly express the KSHV/HHV8 
latency-associated nuclear antigen (LANA), and 
show monoclonal cytoplasmic IgM/λ staining 
[211]. They often represent a tumor form of the 
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KSHV-/HHV8-infected plasmablasts encoun-
tered in MCD in HIV-infected individuals.

2.5  Concluding Remarks

During the past decade, our understanding of the 
pathogenesis of DLBCL, particularly of its most 
common subtypes DLBCL NOS and PMBCL, 
has improved substantially, owing in part to the 
implementation of powerful genomic technolo-
gies. We have now identified a number of path-
ways that are recurrently dysregulated by genetic 
alterations in this disease and are emerging as 
central players in tumor development and main-
tenance. These lesions reveal vulnerabilities in 
the lymphoma cells, which are often uniquely 
associated with distinct lymphoma subtypes and 
could thus be exploited for patient stratification 
and for the design of more effective, possibly less 
toxic- targeted therapeutic approaches. Indeed, 
the information gained from these studies is 
already being translated into the development 
and clinical testing (or repositioning) of novel 
drugs/drug combinations directed against specifi-
cally disrupted programs in DLBCL. While these 
strategies are expected to impact the standard of 
care for this malignancy, the complexity of the 
involved pathways and the overall heterogeneity 
of the disease, which may also involve non- 
genetic mechanisms, underscores the need of 
precise patient stratification in order to identify 
sensitive and resistant cases.
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3.1  Burkitt Lymphoma

3.1.1  Introduction

3.1.1.1  Definition
In the updated World Health Organization 
(WHO) classification of tumors of hematopoietic 
and lymphoid tissues, Burkitt lymphoma (BL) is 
defined as a mature highly aggressive B-cell neo-
plasm that often presents in extranodal sites or as 
an acute leukemia [1–3]. It is composed of mono-
morphic medium-sized B-cells with basophilic 
cytoplasm and numerous mitotic figures and is 
characterized by MYC protein overexpression 
(usually due to chromosomal translocation of 
MYC to an immunoglobulin (IG) locus) and vari-
able association with Epstein-Barr virus (EBV) 
infection [3].

3.1.1.2  Cell of Origin
The postulated cell of origin is a mature B-cell 
during a germinal center (GC) reaction, as indi-
cated by the presence of somatically mutated 
immunoglobulin genes. More precisely, BL cells 
seem to derive from the GC dark zone, made up 
almost exclusively of highly proliferative B-cells 
that undergo immunoglobulin somatic hypermu-
tation (SHM), as demonstrated by gene expres-
sion profiling (GEP) [4–6]. It should be noted 
however that these previous studies were mainly 
on sporadic BL, which is usually EBV negative. 
It has been hypothesized that EBV- associated BL 
cases derive from a later developmental stage of 
B-cells than sporadic BL, i.e., post-germinal cen-
ter/memory B-cells [7]. In fact, in healthy carri-
ers, EBV resides in memory IgM-positive 
B-cells. Activation of the B-cell receptor (BCR) 
by malaria infection and/or other pathogens 
induces the clonal expansion of memory B-cells, 
which express Epstein-Barr nuclear antigen 1 
(EBNA-1) (latency I) and activation-induced 
cytidine deaminase (AID) when they divide. 
EBNA-1 expression in this subset of cells allows 
viral DNA to replicate and may therefore result 
in the upregulation of hsa- miR- 127 and in the 
shift to the characteristic GC phenotype and 
reentry into the GC reaction for additional cycles 
of SHM and division, in an iterative process 
known as “cyclic reentry.” The MYC-IG translo-
cations may occur during clonal expansion of 
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activated memory B-cells or when they reenter 
the GC, being the active form of AID expressed 
regardless of the B-cell developmental stage [7]  
(Fig. 3.1).

3.1.1.3  History
BL has often been referred to as “the Rosetta 
Stone of cancer” because it was the first human 
cancer for which a viral association was shown 
and a chromosomal translocation resulting in the 
activation of an oncogene of clear pathogenic sig-
nificance was identified. It was also the first tumor 
to be successfully treated with chemotherapy 
alone [8]. The first description of BL was proba-
bly that of Albert Cook, a missionary doctor in 
Uganda in 1887: one of Cook’s patients in Mulago 
Hospital (Uganda) was a child with a large jaw 
tumor, and his illustration of its appearance in his 
meticulous notes leaves little doubt that this was a 
case of BL [9]. However, it was Denis Burkitt 
who provided the first detailed clinical description 

of the tumor in 1958, which he called “African 
lymphoma” [10]. He mapped places where chil-
dren with jaw tumors or large abdominal masses 
had been seen, plotting the “lymphoma belt” of 
BL throughout Africa [11]. The high incidence of 
BL in Equatorial Africa and the peculiar epide-
miological features relating the incidence of the 
tumor to temperature and humidity prompted 
Anthony Epstein (a young microbiologist) and 
collaborators to search for a virus in BL speci-
mens, leading to the discovery of the Epstein-Barr 
virus [12]. In the mid-1960s, several pathologists 
described lymphomas in Europe and the USA that 
were indistinguishable at the histological level 
and, often also clinically, from African BL, and it 
became clear that this was not a uniquely African 
disease.

3.1.1.4  Epidemiology
Three epidemiological variants of BL are recog-
nized, differing in their geographical distribution, 
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Fig. 3.1 Burkitt lymphoma cell of origin. The postulated 
cell of origin for sporadic Burkitt lymphoma is a mature 
B-cell during germinal center reaction, whereas EBV- 

positive cases seem to derive from a later developmental 
stage (i.e., post-germinal center/memory B-cells)
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clinical presentation, molecular genetics, and 
biological features. This suggests complex bio-
logical interactions between the host and the 
environment.

 1. Endemic BL (eBL) occurs in Equatorial 
Africa where it represents the most common 
childhood malignancy with an incidence peak 
at 4–7 years and a male to female ratio of 2 to 
1. The jaws and other facial bones (orbit) are 
the site of presentation in about 50% of cases. 
The central nervous system (CNS) as well as 
distal ileum, cecum and/or omentum, gonads, 
kidneys, lung bones, thyroid, salivary glands, 
and breast may also be involved. eBL is asso-
ciated with EBV in almost all cases (Fig. 3.2).

 2. Sporadic BL (sBL) is seen throughout the 
world, mainly in children and young adults, 
with a median age in adult patients of 30 years. 
The male to female ratio is 1.66 to 1. The 
majority of cases present with abdominal 
masses (80%) involving the ileocecal region, 
but bone marrow (20% of cases) and lymph 
node presentations (more commonly in adults 
than in children) are also seen. sBL is associ-
ated with EBV infection in 30% of cases [13].

 3. Immunodeficiency-associated BL (iBL) is 
more common in the setting of human 
immunodeficiency virus (HIV) infection than 

in other forms of immunosuppression 
(posttransplant). In HIV patients, BL appears 
early in the progression of the disease, when 
CD4-positive T-cell counts are still high. 
Nodal and organ localization and bone marrow 
involvement are frequent. EBV is identified in 
25–40% of the patients [13].

3.1.2  Pathology, Genetics, 
and Virology Findings 
and Their Role in Burkitt 
Pathogenesis

3.1.2.1  Morphology

Macroscopy
When localized in the head, disruption of teeth, 
ulcerative and draining lesions of the jaw, and par-
tial obstruction of the airway are observed. 
Abdominal involvement presents as a huge mass 
with thickening of the intestinal wall and hemor-
rhage, often associated with multiple polypoid 
lesions. Affected lymph nodes are enlarged, with 
a smooth surface. The cut surface is usually yel-
low-white to pearl gray and shows a fish-meat-
like appearance. Necrotic foci can be seen [3].

Microscopy
Histologically, lymph node architecture is effaced 
by a characteristically diffuse proliferation, with 
a distinct starry sky pattern evident at low power 
magnification. This feature imparts a “moth- 
eaten” appearance due to the presence of many 
benign phagocytic histiocytes engulfing the 
nuclear debris that result from the apoptosis of 
BL cells. Although the numerous mitoses and 
high proliferative rate of BL have long been rec-
ognized, this tumor also has a significant propor-
tion of cells undergoing apoptosis. The cells are 
round, medium-sized, with a somewhat uniform 
appearance, and often seem cohesive. A so-called 
squaring off of the cytoplasm may be encoun-
tered, as the cell border appears to abut one 
another (Fig.  3.3). The nuclei are uniform and 
round to oval shaped. The chromatin is clumped, 
with relatively clear parachromatin and two to 
five small, centrally located, basophilic nucleoli 

Fig. 3.2 Epstein-Barr virus infection in endemic 
Burkitt lymphoma. Almost all cases of endemic BL are 
associated with EBV.  EBER-ISH stain; OM original 
magnification, 20×

3 Pathology and Molecular Pathogenesis of Burkitt Lymphoma and Lymphoblastic Lymphoma



78

(Fig. 3.3a). There is a moderate amount of deeply 
basophilic cytoplasm that frequently contains 
lipid vacuoles that are best seen in imprint prepa-
rations [3]. The morphologic spectrum of BL is 
however wider than once thought. Thus, some 
degree of nuclear irregularity or variations in cell 
size and shape are accepted for a diagnosis of 
BL. Atypical morphology may be more common 
in adult than in pediatric patients and is more 
often associated with HIV infection (i.e., plasma-
cytoid appearance) (Fig.  3.3b) and with nodal 
disease [3].

3.1.2.2  Immunophenotype
The tumor cells typically express moderate to 
strong membrane IgM with light chain restriction, 
B-cell antigens (CD19, CD20, CD22, CD79a, 
PAX5) and germinal center markers (CD10, 
BCL6). CD38, CD77, and CD43 are also fre-
quently positive [3], whereas BCL2 is usually 
negative (Fig. 3.4a–c). Almost all BL, including 
MYC-IG translocations negative cases (cf Sect. 
1.2.3.2), have strong expression of MYC protein 
in the majority of cells (Fig. 3.4d). The prolifera-

tion rate is very high with nearly 100% of the cells 
positive for Ki-67 (Fig. 3.4e). The characteristic 
cytoplasmic lipid vesicles can also be demon-
strated by immunohistochemistry on paraffin tis-
sue sections using a monoclonal antibody against 
adipophilin [14] (Fig.  3.4f). There are very few 
infiltrating T-cells. T-cell leukemia-1 (TCL-1) is 
strongly expressed in most pediatric BL. The neo-
plastic cells are usually negative for CD5, CD23, 
CD138, and TdT. The immunophenotype may be 
more variable in sBL in older patients. Aberrant 
phenotypes such as CD5 expression, lack of 
CD10, or weak BCL2 expression in a variable 
number of cells have been described in these 
cases. However, high BCL2 expression should 
suggest the presence of an additional BCL2 break-
point consistent with a high-grade B-cell lym-
phoma, with MYC and BCL2 and/or BCL6 
rearrangements (cf Chap. 2). Identifying BL in 
these cases remains a challenge; however, differ-
ent scoring systems may be useful. The most fea-
sible are those proposed by Naresh et al. based on 
morphology, immunohistochemistry, and fluores-
cent in situ hybridization (FISH) [15, 16].

a b

Fig. 3.3 Burkitt lymphoma morphologic and cytologic 
features. (a) A diffuse proliferation of round, medium- 
sized neoplastic cells with squared-off cytoplasm, uni-
form nuclei, and clumped chromatin with multiple, 
centrally located, inconspicuous nucleoli is shown. The 
typical “starry sky” pattern is evident. The cytoplasm of 

neoplastic cells contains lipidic vacuoles that are well 
appreciated on imprint preparations (insert a, bottom 
right). (b) Atypical morphology with plasmacytoid differ-
entiation may be present in adult with human immunode-
ficiency virus (HIV) infection. (a, b) HE Hematoxylin and 
eosin, OM, 20×
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3.1.2.3  Cytogenetics

MYC Rearrangement
At the molecular level, the most consistent factor 
implicated in the pathogenesis of BL is the 
translocation of the MYC gene (8q24) to one of 
the IG loci, predominantly the heavy chain (IGH) 
locus at the chromosome region 14q32 or the 
light chain lambda (IGL) at 22q11, and, less fre-
quently, the kappa (IGK) locus at 2p12 [3]. Most 
breakpoints originate from aberrant SHM medi-
ated by AID activity. In sporadic and immunode-
ficiency-associated BL, most breakpoints are 
close to or within MYC gene, whereas in endemic 
cases most breakpoints are dispersed over several 
hundred kilobases further upstream of the gene. 
As a result of translocations, control of normal 
MYC gene expression is lost, leading to constitu-
tive expression of the MYC protein [17].

The product of the MYC gene is a global regu-
lator of transcription that affects thousands of 
genes involved in cell cycle control, cell prolif-
eration, metabolism, regulation of RNA process-
ing, microRNA (miRNA) expression, signal 
transduction, cell-cell interaction, immune func-
tion, and apoptosis. Most importantly, the MYC 
protein acts as a fail-safe mechanism for the 
induction of a large number of proapoptotic 
genes and the transcriptional inhibition of 
antiapoptotic ones, thereby potentiating cell 
apoptosis. MYC-driven tumors therefore tend to 
acquire additional genetic mutations or epigenetic 
modifications that promote cell survival and shift 
the balance toward proliferation [18].

Although MYC is well known to be essential 
for early B-cell development in the bone marrow 
[19, 20], its role in the germinal center (GC) for-
mation and maintenance and the functional con-
sequence of its deregulated expression in GC 
have only recently begun to be understood. The 
GC structure is subdivided into two compartments. 
After antigenic challenge, B-cells enter the dark 
zone (DZ) to proliferate and hypermutate their IG 
genes. Mutants with greater affinity for the 
antigen are positively selected for high affinity in 
the light zone (LZ) to either differentiate into 
plasma and memory B-cells. Upon selection, 

B-cells can reenter the DZ for additional cycles 
of SHM and division, in an iterative process 
known as “cyclic reentry” [4, 6].

MYC has a specific bimodal pattern of expres-
sion in a small subset of GC B-cells during the 
GC reaction [4, 5]. The initial expression of MYC 
required for GC formation is promptly silenced 
in DZ B-cells as a result of transcriptional repres-
sion by BCL6, key transcription regulator for the 
GC reaction. Through interactions with antigens 
and T-helper cells, MYC expression is transiently 
reactivated in a very small subset of LZ B-cells 
that are primed for DZ reentry to undergo further 
cycles of proliferation. The role of MYC in cyclic 
reentry seems to be important in maintaining GC 
structure through activation of transcriptional 
programs associated with many of the known 
functions of MYC.  However, MYC must be 
actively repressed in GC DZ to limit the numbers 
of cell division before each round of antigen 
affinity-based selection.

The MYC-IG translocation uncouples MYC 
expression in the GC from the natural process of 
positive selection in the LZ by bypassing 
affinity- based selection signals and by alleviat-
ing the BCL6-mediated transcriptional repres-
sion that normally prevents MYC expression in 
DZ B-cells. Therefore, by overriding the physi-
ologic control of MYC expression at critical 
checkpoints in the GC reaction (GC entry and 
DZ reentry), MYC-IG translocations result in an 
ectopic and constitutive expression of MYC in 
centroblast cells of the DZ causing a perpetua-
tion of the GC reentry that disturbs normal GC 
dynamics and significantly increases the risk of 
lymphomagenesis [4, 5].

11q Aberration
Up to 10% of cases with the clinical, morpho-
logic, and immunophenotypic features of BL 
lack a demonstrable MYC translocation by FISH 
[3]. Caution is warranted before concluding that 
these are indeed true MYC-negative BL, because 
the scattering of breakpoints in the MYC and IG 
loci, along with small insertions of one locus into 
the other, can render MYC breaks undetectable 
even if an extensive set of FISH probes is applied 
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(both  break-apart and fusion probes for t(8;14)
(q24;q32, as well as IGH, IGL, and IGK 
 break- apart probes). However, two pivotal stud-
ies by Dave et al. [21] and by Hummel et al. [22], 
which demonstrated a specific GEP that distin-
guishes BL from other aggressive mature B-cell 
lymphomas, revealed that about 10% of cases 
have the characteristic BL GEP without the typi-
cal MYC translocation by exhaustive FISH analy-
ses. Although none of the techniques currently 
used to diagnose genetic changes can unambigu-
ously rule out MYC translocations, alternative 
mechanisms that cause MYC deregulation (such 
as abnormal expression of miRNAs through 
direct or indirect mechanisms [18, 23]) may also 
play a role [17]. In these cases, strict clinical, 
morphologic, and phenotypic criteria should be 
used to exclude lymphomas that mimic BL. At 
least, some of these cases likely represent the 
new provisional entity “Burkitt-like lymphoma 
with 11q aberrations” characterized by an inter-
stitial 11q23 gain immediately followed by a 
telomeric loss at 11q24 [3, 25]. Because this 11q 
aberration is also detected in MYC-rearranged 
high-grade lymphoma, it cannot be considered as 
a surrogate for MYC-induced lymphomagenesis 
[25]. Additional studies are needed to better 
understand such lymphoma with a clinical course 
similar to classical BL.

Additional Chromosomal Aberrations
Although the karyotype of BL is usually simple, 
additional chromosomal abnormalities (including 
gains of 1q, 7q, and 12q and losses of 6q, 13q32–
34, and 17p, some of which have been shown to 
be independently associated with reduced sur-
vival [3, 26, 27]) can occur and may influence 
disease progression.

3.1.2.4  Gene and microRNA Expression 
Signature

MYC dysregulation through a chromosomal 
translocation with one of the immunoglobulin 
gene loci is considered primary in BL while sec-
ondary in other MYC-rearranged B-cell lympho-
mas [19]. However, MYC overexpression alone 
is not sufficient to trigger lymphomagenesis: the 
proapoptotic properties of MYC in particular 

have to be counterbalanced. New genomic tech-
nologies have uncovered several genomic and 
epigenetic changes that cooperate with MYC 
deregulation to generate this highly aggressive 
lymphoma.

Gene Expression Signature
Studies by Dave et  al. [21] and Hummel et  al. 
[22], mainly on sBL samples, have defined a 
molecular signature of BL that is distinct from 
that of other lymphomas such as diffuse large 
B-cell lymphoma (DLBCL). Specifically, the BL 
signature includes increased expression of MYC, 
MYC target genes, and GC B-cell genes with 
decreased expression of major histocompatibility 
complex (MHC) class I genes and nuclear factor 
(NF)-kB target genes. However a gray zone per-
sists in both studies, with unclassifiable cases 
between BL and DLBCL. Although BL is a rela-
tively homogeneous entity with a molecular pro-
file related to that of GC cells, a study by Piccaluga 
et al. [28] on eBL, sBL, and iBL identified differ-
ences between BL variants: while iBL and eBL 
appear to be highly related, independent of EBV 
status, differential expression of genes involved in 
cell cycle, proliferation, transcription, and nucleic 
acid metabolism is observed between eBL and 
sBL. Gene set enrichment revealed an enhance-
ment of the BCR signaling pathway and tumor 
necrosis factor α (TNFα)/nuclear factor κB (NF-
κB), suggesting an active role for chronic anti-
genic stimulation and infectious agents in eBL 
pathogenesis and pointing to differences in patho-
genetic mechanism between eBL and sBL.

microRNA (miRNA) Signature
BL is characterized by a miRNA expression pro-
file that is distinct from that of DLBCL, which is 
enriched in MYC- and NF-kB-targeted miRNAs 
[29]. miRNAs may also act as epigenetic regula-
tors in BL, modulating the pro-survival pathway 
mediated by PI3K.  MYC contributes to activa-
tion of PI3K signaling by inducing expression of 
the mir-17-92 cluster. 13q31 genomic amplifica-
tion moreover also leads to the upregulation of 
this cluster [30]. Finally, mir-19a and mir-19b 
reduce expression of PTEN, which counteracts 
PI3K activity (Fig. 3.5).
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3.1.2.5  Next-Generation Sequencing 
(NGS) Results

MYC Mutations
In addition to being translocated, MYC is also the 
most frequently mutated gene in BL (60–70%), 
[31, 32]. Many of these mutations are likely sub-
ject to AID-dependent SHM, due to the high 
proximity of the IG and MYC loci in BL. Most 
MYC mutations affect functional domains that 
either enhance the oncogenic potential of MYC 
(by different mechanisms, such as increased 
protein stability and transcriptional function) or 
impair its ability to induce apoptosis via BIM 
[33] (Fig. 3.4).

Additional Gene Mutations
Recent high-throughput sequencing studies 
revealed that the genetic landscape of mutations 
in BL is more complex than might be expected 
[31, 32, 34, 35]. Aside from MYC mutations, 
about 100 recurrently mutated genes have been 
identified, including ID3 (30–75%), TCF3 (E2A) 
(10–25%), and CCND3, TP53, CDKN2A, 
ARID1A, RHOA, PTEN, SMARCA4, PIK3R1, 
NOTCH1, CCNF, DDX3, GNA13, CREBBP, and 

CCT6B, occurring in 5–40% of BL. The muta-
tional background of BL differs depending on the 
epidemiological context in which the tumor 
arises. In sBL (usually EBV negative), the most 
frequently mutated genes include MYC, ID3, 
TCF3, DDX3X, CCND3, and TP53. eBL (often 
EBV positive) has a lower frequency of TCF3/
ID3 mutations (30% versus 70% in sBL) and a 
higher frequency of mutations in ARID1A, 
RHOA, and CCNF [36]. Interestingly, in sBL 
cases, an almost mutual exclusivity has been 
demonstrated between EBV presence and muta-
tions in TCF3/ID3, indicating that TCF3 pathway 
is more significantly activated in EBV- negative 
cases [36].

TCF3 Pathway and BCR Signaling
TCF3 is a basic helix-loop-helix (B-HLH) tran-
scription factor that homodimerizes via its HLH 
domain and uses its basic region to contact DNA 
within the major groove. TCF3 DNA binding is 
inhibited by heterodimerization with its negative 
regulator ID3, an HLH protein that lacks the 
basic region. TCF3 is rendered constitutively 
active in BL by somatic inactivating biallelic 
mutations (mostly in the HLH domain) of ID3 or 

a b c

d e f

Fig. 3.4 Burkitt lymphoma immunophenotype. The 
tumor cells typically express CD20 (a) and CD10 (b), 
whereas BCL2 is negative (c). Almost all cases show a 
strong expression of MYC protein (d) and a very high pro-

liferation rate (e). The characteristic cytoplasmic lipid 
vesicles are shown (f). (a) CD20 stain; (b) CD10 stain; 
(c) BCL2 stain; (d) MYC stain; (e) Ki-67 stain; (f) adipo-
philin stain. (a–e) OM, 20×; (f) OM, 63×
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by somatic activating mutations in the B-HLH 
domain of TCF3. Both types of mutations result 
in impaired heterodimerization of ID3 and TCF3 
proteins (Fig.  3.5). The resulting deregulated 
transcriptional activity of TCF3 seems to pro-
mote antigen-independent “tonic” BCR signaling 
by two mechanisms: (1) upregulation of the 
expression of immunoglobulin chains (heavy and 
light) on the cell surface and (2) downregulation 
of PTPN6, encoding the SHP1 phosphatase that 
reduces BCR signaling by dephosphorylating the 
ITAM motifs of the CD79A and CD79B 
subunits.

It is noteworthy that the importance of BCR 
signaling for BL lymphomagenesis was initially 
suggested by the observation that MYC translo-
cations to the immunoglobulin loci in BL exclu-
sively involve the nonproductively rearranged 
alleles, indicating that BL cells are selected for 

BCR expression [37]. The resulting tonic BCR 
signaling sustains BL cell survival by engaging 
the phosphoinositide 3-kinase (PI3K) signaling 
pathway. PI3K signaling represents an essential 
and pervasive pro-survival mechanism, playing a 
central role in the development and maintenance 
of BL. Several additional mechanisms can acti-
vate PI3K signaling in BL, including classical 
inactivating mutations of the inhibitory phospha-
tase PTEN (7%) and the regulatory subunit 
PIK3R1, reinforcing the observation of a coop-
erative role between MYC and PI3K.

The involvement of the PI3K signaling path-
way in BL pathogenesis has been elegantly dem-
onstrated in mice engineered to coordinately 
express MYC and constitutively active PI3K, 
specifically in B-cells undergoing the GC reac-
tion [38]. The resulting clonal lymphomas phe-
nocopy human BL in terms of their histology, the 
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ongoing SHM of Ig-variable regions, as well as 
their gene and protein expression signatures. The 
lymphoma cells also accumulate stabilizing 
mutations of the phosphorylation motif of cyclin 
D3, an important regulator of GC B-cell 
proliferation.

Recent studies have suggested two alternative 
means of activating BCR signaling, depending 
on epidemiological context. Whereas sBL is 
characterized by tonic, intrinsic activation of 
BCR signaling, eBL, arising in the context of 
chronic antigen stimulation, is instead 
characterized by extrinsic, antigen-dependent 
activation of BCR signaling. The difference in 
global mutation rate detected in the two BL 
subtypes is in line with a much lower rate of 
TCF3/ID3 mutations in eBL than in sBL cases. 
We cannot exclude a combination of tonic and 
extrinsic BCR signaling in the subset of EBV- 
positive BL with activated TCF3 [39].

TCF3 is also a master regulator of normal GC 
B-cell differentiation. It upregulates genes 
expressed in the rapidly dividing centroblasts, the 
putative cell of origin for BL, while repressing 
genes expressed in less proliferative centrocytes. 
Thus TCF3 causes a centroblast-restricted gene 
expression signature in BL cells, which is exacer-
bated in cases with TCF3/ID3 aberrations. The 
transcriptional program regulated by TCF3 in BL 
distinguishes normal GC B-cells from blood 
B-cells, supporting the idea that TCF3 contrib-
utes to the BL phenotype by enforcing a 
GC-derived transcriptional program [32].

CCND3 and Cell Cycle
Part of TCF3’s proliferative effect arises from its 
transactivation CCND3, a D-type cyclin that reg-
ulates G1/S cell cycle transition. CCND3 itself 
can also be mutated in BL, contributing to its 
highly proliferative phenotype. Mutations are 
often located at the threonine residue at position 
283 (T283) or the nearby proline (P284) or isoleu-
cine (I290) residues that play a role in cyclin D3 
phosphorylation and stability. The CCND3 muta-
tions serve to uncouple cyclin D3 from the regula-
tory processes that govern its abundance in normal 
cells (Fig. 3.4). They occur in 30–40% of sBL and 
up to 67% of HIV-related BL tumors but are sig-

nificantly less prevalent in eBL (2.6%). The dearth 
of CCND3 mutations in eBL tumors raises the 
possibility that another cyclin could be induced 
by EBV, thus removing selective pressure for 
CCND3 mutations. The G1/S phase transition is 
also regulated by the cyclin-dependent kinase 
inhibitor p16, encoded by the CDKN2A gene. 
BLs harbor deletions or inactivating mutations in 
CDKN2A in 17% of samples, with 8% having 
both CCND3 and CDKN2A mutations, suggesting 
that these genetic lesions might cooperatively 
deregulate the cell cycle in BL. It is noteworthy 
that the combination of CCND3 and ID3 muta-
tions seemed to be associated with a poorer out-
come in adult BL. This double hit may be more 
deleterious because it acts simultaneously on two 
different pathways that cross-talk to activate the 
pro- survival PI3 kinase pathway (ID3/TCF3) and 
to drive cell cycle progression (CCND3/CDK6) 
[30]. Finally, recurrent R451C mutations in 
CCNF, an atypical cyclin that acts an inhibitor of 
centrosome reduplication during G2 and protects 
the cell from genome instability, have recently 
been identified exclusively in eBL [36].

TP53-Dependent Apoptotic Pathway
To avoid oncogene-induced stress in cells with 
prolonged MYC expression, autoregulatory 
mechanisms such as activation of TP53- 
dependent apoptosis, induction of proapoptotic 
BIM, and repression of antiapoptotic BCL2 and 
BCLXL [40] trigger programmed cell death. 
These proapoptotic effects likely represent a 
feedback safety mechanism of MYC and must be 
counterbalanced to allow BL development. 
Consistent with this, alterations in TP53 pathway 
are common in BL, occurring in 55% of sBL and 
30% of eBL: either TP53 mutations or, less 
frequently, homozygous deletion or inactivating 
mutations in p14ARF, a protein that stabilizes 
p53. TP53 and p14ARF are usually inactivated in 
a mutually exclusive manner, in what is consid-
ered to be an early event in tumorigenesis [32, 
39] (Fig. 3.4).

Other Altered Pathways
Recent studies identified a number of additional 
genetic mutations targeting other pathways 
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involved in BL lymphomagenesis with overlaps: 
inactivating mutations targeting the RNA helicase 
DDX3X, the nucleosome remodeling SWI/SNF 
pathway (ARID1A and SMARCA4 are mutated in 
a mutually exclusive manner in about 25% of the 
BL), the focal adhesion pathway (silencing muta-
tions of GNA13 in nearly 15% of BL but also in 
some GCB- DLBCL, ROCK1, and RHOA—exclu-
sively detected in eBL), and recurrent mutations 
in oncogenes known to be involved in other 
tumors (NOTCH1, RET, BRAF). Individual BL 
tumors harbor different combinations of muta-
tions that can give rise to a diversity of molecular 
phenotypes and that suggest new therapeutic tar-
gets [31–34].

3.1.2.6  The Role of Pathogens

EBV
BL was the first human cancer to be associated 
with the EBV, with the endemic form (eBL) 
linked to malaria and EBV infection in almost all 
cases. Epidemiological studies have however 
shown that malaria and EBV do not fully explain 
the distribution of eBL in high-risk regions [41]. 
Both infections are in fact ubiquitous within the 
lymphoma belt of Africa, suggesting that other 
etiologic agents may be involved and suggesting 
BL may be a polymicrobial disease [36, 42]. It is 
established that EBV latent genes are necessary 
for the persistence of the viral genome in B-cells 
(and possibly other cell types) throughout the life 
of the individual. Latent infection is characterized 
by maintenance of the genome at constant copy 
number and expression of a limited number of 
genes. EBV first infects naïve B-cells and acti-
vates a growth program in these cells (also termed 
latency III), which is characterized by expression 
of nine latent viral genes. These cells are recog-
nized and targeted by a T-cell-mediated immune 
response, but a fraction enters the GC, where they 
express only three latent viral genes (default pro-
gram or latency II). In proliferating GC B-cells, 
the process of SHM, which modifies the DNA of 
the variable region of Ig genes, is activated, and 
GC B-cells undergo differentiation into memory 
B-cells or plasma cells. The virus thus gains 
access to the memory B-cell compartment, its 

main reservoir during persistence, where no latent 
viral genes are expressed. This mechanism is 
thought to allow EBV-infected cells to remain 
hidden from the immune system, enabling life-
long persistence. Upon receiving certain activa-
tion signals (BCR stimulation, hypoxia, TGF-β, 
DNA damage, chemical agents), the latency of 
these cells is disrupted, and they divide, express-
ing EBNA-1 protein (latency I), thereby allowing 
viral DNA to replicate [43]. The virus reactivates, 
switching to a lytic phase, with subsequent lysis/
death of infected cells and release of virions that 
infect more cells and enable virus transmission 
from host to host [44, 45]. The lytic phase can 
also enhance tumor growth through growth fac-
tors and immunosuppressive cytokines. Until 
recently, BL was considered to be characterized 
by latency I, classically diagnosed by the detec-
tion of EBV-encoded RNAs (EBER) by in situ 
hybridization (ISH). However, it has now been 
demonstrated that the latency program elicited by 
the virus in BL is more complex, with a large 
number of cases showing a noncanonical latency 
program with expression of LMP-1/LMP-2A/
LMP-2B in a significant proportion of cells along 
with lytic cycle reactivation [36, 44–46]. LMP-2A 
participates in the reprogramming of normal 
B-lymphocytes and enhances MYC- driven lym-
phomagenesis through the activation of PI3K 
pathway. This suggests that LMP-2A activation of 
PI3K is an alternative/convergent mechanism to 
the one driven by TCF3/ID3 mutations [36] 
(Fig. 3.5).

EBV encodes different products that may be 
involved in carcinogenesis, including lytic and 
latent proteins, RNA molecules, and miRNAs. 
Viral miRNAs regulate both cellular and viral 
genes, playing important roles in maintaining 
EBV latency [47]. They provide a potent mecha-
nism for the virus to modulate the cellular envi-
ronment by regulating host cell growth, survival, 
apoptosis, and immune evasion. In addition, EBV 
affects the expression of cellular miRNAs, 
thereby regulating cellular gene expression, 
enhancing the pathogenesis of virus- associated 
diseases [48]. It has been demonstrated that mul-
tiple cellular miRNAs are differentially expressed 
between EBV-positive and EBV- negative BL 
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(hsa-miR-7, hsa-miR-5p, hsa- miR- 510, hsa-miR-
181d, hsa-miR-609, hsa-miR-574, hsa-miR-197, 
and  has-miR142-5b) and that a subset of viral 
miRNAs, all belonging to BART-locus, are 
expressed in EBV-positive BL [44, 45, 49]. Of 
these, BART6-3p modulates the expression of 
IL-6 receptor and PTEN in vitro, thus impacting 
cell proliferation, cell death, and immune escape.

Since EBV is found in other lymphoid and 
nonlymphoid neoplasms, its direct and specific 
role in BL pathogenesis remains questionable, 
and some authors simply considered EBV as a 
bystander [50]. Early during oncogenesis, viral 
genes are essential for initiating disease. 
Progressively, viral genome is lost to escape the 
immune system, and host mutations accumulate 
in proto-oncogenic cell. It has been recently dem-
onstrated that EBV may be associated with a 
larger number of BL cases than previously recog-
nized, including those diagnosed as EBV negative 
by routine methods [i.e., immunohistochemis-
try—IHC and EBER-ISH] thanks to a hit-and-run 
mechanism [50]. After eliciting a heritable change 
in the gene expression pattern of the host cell, the 
genome of tumor viruses may be completely lost. 
The cancer cells then accumulate vast numbers of 
mutations that become the main drivers of onco-
genesis, promoting autonomous growth [51]. 
Thus, it may be inevitable that a cancer, with time, 
will evolve to be independent from viral gene 
functions, allowing for viral genome loss. This 
results in an inverse correlation between the num-
ber of viral genes expressed in these tumor cells 
and their associated cellular mutations [52].

Malaria and Other Pathogens
Malaria is per se a cofactor of BL in conjunction 
with EBV; in fact, malaria parasites are strong 
polyclonal stimulators of the B-cell system, 
thereby increasing the likelihood of chromosomal 
translocations. Moreover, certain Plasmodium 
falciparum antigens and exposure to a large 
number of antigens during multiple infections 
can reactivate EBV from memory B-cells, 
increasing viral load and consequently the num-
ber of EBV-infected B-cells in vivo.

It has been recently found that pathogens 
other than EBV and malaria are associated with 

eBL, namely, CMV and KSHV. Their prevalence 
in areas endemic for EBV, along with their 
absence in the sporadic cases, suggests that CMV 
or KSHV could contribute to the chronic 
antigenic stimulation in the context of which eBL 
occurs [36]. The presence of these additional 
cofactors may also induce the EBV lytic cycle 
through B-cell reactivation, spreading EBV 
infection out of its natural niche of memory 
B-cells [44, 45].

A small number of other environmental fac-
tors have been proposed to be relevant to the 
pathogenesis of BL on the basis of apparent 
space-time clusters and enhanced in  vitro 
transformation of EBV. These include arboviruses 
and tumor promoters from Euphorbia tirucalli, a 
plant used widely in Africa for a variety of 
purposes, capable of reactivating the EBV lytic 
cycle [53].

3.2  Lymphoblastic Lymphoma

3.2.1  Introduction

3.2.1.1  Definition
Lymphoblastic lymphoma (LBL) is a neoplasm 
of precursor cells (lymphoblasts) of either B- 
(B-LBL) or T-cell origin (T-LBL), grouped 
together with acute lymphoblastic leukemia 
(ALL) of either B- (B-ALL) or T-cell origin 
(T-ALL) in the last WHO classification. By con-
vention, the word “lymphoma” is used if there is 
a bulky lesion in the mediastinum or elsewhere, 
with no or limited infiltration of peripheral blood 
(PB) and bone marrow (BM). In general, a thresh-
old of 25% BM blasts is used for defining leuke-
mia in the contexte of lymphoma [3, 54]. LBL 
and ALL show overlapping clinical, pathologi-
cal, and immunophenotypic features: hence they 
were considered the same disease (with differ-
ent clinical presentations) for decades. However, 
some recent studies showing different molecular 
profiles suggest different pathogeneses. In the 
last WHO classification, the precursor lymphoid 
neoplasms are subdivided into B-lymphoblastic 
leukemia/lymphoma, not otherwise specified, or 
B-lymphoblastic leukemia/lymphoma with recur-
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rent genetic abnormalities, and T-lymphoblastic 
leukemia/lymphoma [55]. Moreover, the natural 
killer (NK) cell lymphoblastic leukemia/lym-
phoma as a new provisional entity [3].

3.2.1.2  Cell of Origin
The postulated normal cell of origin is a precursor 
B- or T-cell in the bone marrow or thymic T-cells 
at varying stages of differentiation [54, 55].

3.2.1.3  Epidemiology and Etiology
Lymphoblastic lymphoma is a rare disease that 
accounts for approximately 2% of adult but more 
than 20% of pediatric non-Hodgkin lymphomas. 
The overall incidence of LBL is expected to be 
less than 10% of the total ALL/LBL incidence. In 
contrast to ALL, T-LBL constitutes the large 
majority of LBL (~90%). T-LBL occurs more 
frequently in late childhood, adolescence, and 
young adulthood, while B-LBL occurs mostly in 
childhood and to a lesser extent in adulthood. 
Both B- and T-LBL have male predominance 
with an overall male/female ratio of 1.4 [54].

T-LBL frequently presents with a mass in the 
anterior mediastinum, often exhibiting rapid 
growth and pleural effusion. The most frequent 
site of involvement in B-LBL are the skin, soft 
tissue, bone, and lymph nodes, mainly in the head 
and neck region particularly in children [54].

The causes of LBL as well as ALL are largely 
unknown. However, several studies suggest an 
increased risk of ALL associated with several 
environmental exposures, such as chemicals 
(pesticides, benzene, oil products, medical drugs) 

and ionizing radiation. Down syndrome is one 
congenital conditional known to predispose to 
the development of ALL, mostly of B-cell 
lineage. Other germline genetic predispositions 
to ALL, also of B-cell lineage, have recently been 
identified by high-throughput sequencing studies. 
It is noteworthy that the affected genes are 
frequently also somatically mutated in ALL/
LBL: rare, highly penetrant germline variants are 
reported in PAX5, ETV6, and TP53 and common 
allelic variants in IKZF1, ARID5B, CEBPE, and 
CDKN2A [56]. All these features should be 
 carefully investigated in LBL.

3.2.2  Pathology and Genetics 
Findings

3.2.2.1  Morphology
The lymphoblasts of LBL are indistinguishable 
from ALL cells at the cytological analysis of 
imprints. They range from small cells with scant 
cytoplasm, condensed nuclear chromatin, and 
indistinct nucleoli to larger cells with moderate 
amounts of faintly basophilic cytoplasm, often 
vacuolated, dispersed chromatin, and multiple 
prominent nucleoli. The nuclear shape may be 
round, oval, or convoluted. A few azurophilic 
cytoplasmic granules may be present. In lymph 
node sections, LBL is characterized by a diffuse 
or, less commonly, paracortical pattern. More 
rarely, particularly in T-LBL, neoplastic cells 
occur in nodules superficially resembling follicu-
lar lymphoma. A single-file pattern of infiltration 

a b c

Fig. 3.6 B-Lymphoblastic lymphoma morphologic and 
cytologic features. (a, b) Diffuse proliferation of interme-
diate-sized neoplastic cells with inconspicuous or small 
nucleoli and scanty, faintly basophilic cytoplasm that typi-

cally infiltrate in an Indian file pattern. (c) Bone marrow 
aspirate showing lymphoblasts with variable size and mor-
phology. (a) Hematoxylin and eosin; (b) Giemsa stain; (c) 
May-Grünewald-Giemsa. (a, b) OM, 20×; (c) OM, 100×
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is common (Fig.  3.6). In some circumstances, 
eosinophils may be present within lymphomatous 
infiltrate. Mitotic figures are frequent and vari-
able in number. A starry sky pattern or necrotic 
areas and, in some instances, sclerosis may be 
seen. There is no correlation between morphol-
ogy and B or T lineage. Immunophenotyping 
studies are therefore required to distinguish pre-
cursor B-LBL from precursor T-LBL.

Although histological features are usually 
sufficient to distinguish lymphoblastic from 
mature B- or T-cell neoplasms, a differential 
diagnosis with blastoid variant of mantle cell 
lymphoma, Burkitt lymphoma, or the rare 
myeloid sarcoma can arise in some cases, par-
ticularly in adults, if imprints are unavailable 
and/or if the biopsy is too small. In these cases, 
immunophenotyping and molecular genetic 
studies are critical [57].

Rarely, transformation of low-grade lym-
phoma such as follicular lymphoma (FL) 
results in a highly aggressive presentation that 
is clinically, morphologically, and immunophe-
notypically reminiscent of B-lymphoblastic leu-
kemia/lymphoma. Transformation may occur 
during chemotherapy or follow-up of a preex-
isting FL.  Sometimes, patients develop mature 
high-grade lymphoma, followed by lympho-
blastic transformation. In rare cases, FL may be 
initially diagnosed as a lymphoblastic transfor-
mation right from the outset. This rare, highly 
aggressive variant of FL usually occurs in older 
patients (median age of around 60 years) than the 
classical lymphoblastic lymphoma. It is charac-
terized by acquisition of blastic/blastoid mor-
phology, TdT expression, partial or complete loss 
of immunoglobulin light chain, loss of BCL6, but 
persistence of PAX5, BCL2, and CD10 expres-
sion, and increased proliferation index. The high-
grade transformation is usually accompanied by 
MYC gene rearrangement as a critical event in 
addition to the preexisting BCL2 deregulation. 
FL and LBL are usually clonally related. The 
prognosis is very poor. It is crucial to correctly 
classify this double-hit lymphoma as high-grade 
lymphoblastic transformation of FL rather than 
B-LBL/B-ALL, as the clinical management 
should be different [58].

3.2.2.2  Immunophenotype

B-LBL
In precursor B-LBL/B-ALL, the B-cell lympho-
blasts are virtually always positive for B-cell 
markers CD19, CD79a, and CD22. They are 
positive for common acute lymphoblastic leuke-
mia antigen CD10, CD 24, PAX5, and terminal 
deoxytransferase (TdT) in most cases, while the 
expression of CD20 and the lineage- independent 
stem cell antigen CD34 is variable and CD45 
may be absent. The following set of antigens 
defines the stage of differentiation:

 – Pro-B stage (CD19+, cytoplasmic CD79a+, 
cytoplasmic CD22+, and nuclear TdT+)

 – “Common” stage (CD10+), which represents 
the majority of B-LBL [59]

 – Pre-B stage (CD20+ and cytoplasmic μ heavy 
chain+)

Surface immunoglobulin is usually absent, but 
its presence does not rule out B-LBL, neither 
does the presence of myeloid antigens CD13 and 
CD33.

The expression of TdT (characteristics of 
LBL/ALL) and the lack of surface immuno-
globulin (hallmarks of mature B-cell neo-
plasms) are useful in distinguishing B-LBL 
from more mature B-cell neoplasms. Negative 
cyclin D1 and CD5 with concomitant expres-
sion of TdT differentiate B-LBL from mantle 
cell lymphoma. In addition to TdT and MPO, 
CD19, CD22, CD10, CD79a, and, more 
recently, LMO2 and SALL4 are useful for the 
differential diagnosis of T-LBL and myeloid 
sarcoma [54, 57].

T-LBL
In precursor T-LBL/T-ALL, neoplastic cells are 
usually TdT positive (Fig. 3.7a) and PAX-5 neg-
ative (Fig.  3.7b) with variable expression of 
CD1a, CD2 to CD5, CD7, and CD8 depending 
on maturation stage. The only reliable lineage- 
specific marker is surface CD3 (Fig. 3.7c). CD7 
and cytoplasmic CD3 are usually positive. CD4 
and CD8 are frequently co-expressed. Besides 
TdT, the most specific markers are CD99, CD34, 
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and CD1a. CD10 may be positive. Myeloid- 
associated antigens CD13 and CD33 are 
expressed in 19–31% of cases, and their pres-
ence does not exclude T-LBL/T-ALL. According 
to the expression pattern of specific markers, the 
following categories of T-LBL/T-ALL can be 
identified:

 – Early or pro-T (cCD3+, CD7+, CD2−, 
CD1a−, CD4−, CD8−, CD34+/−)

 – Pre-T (cCD3+, CD7+, CD2+, CD1a−, CD4−, 
CD8−, CD34+/−)

 – Cortical-T (cCD3+, CD7+, CD2+, CD1a+, 
CD4+, CD8+, CD34−), which represents the 
majority of T-LBL [59]

 – Medullary-T (cCD3+, CD7+, CD2+, CD1a−, 
CD4+, CD8+, CD34−, and surface CD3+)

T-LBL and T-ALL have almost completely 
overlapping features, although the lymphoma-
tous counterpart tends to show a more mature 
immunophenotype than the leukemic one. The 
differential diagnosis of T-LBL from a periph-
eral T-cell lymphoma relies on its expression 
of non- lineage- specific immature markers, such 
as TdT or CD99 or, in some cases, CD34. 
Cytoplasmic without surface expression of CD3 
is also a relatively specific and useful finding, 
although it is important to be aware of the fact 
that this phenotype is best demonstrated by flow 
cytometry rather than immunohistochemistry. 
Moreover, CD1a is also a relatively specific fea-
ture when positive. Finally, rare cases of LBL 
express NK-related antigens, such as CD16 and 
CD57 [54, 57].

3.2.2.3  Genetic Profile
Little is known about the pathogenesis and 
genetic changes in LBL, due to scant availability 
of  biological material for genetic analysis. The 
few studies reported in the literature describe 
certain molecular differences between LBL and 
ALL.

T-LBL
Four studies have shown that nearly all chro-
mosomal abnormalities reported in T-LBL have 
previously been reported in T-ALL [60–64].
Cytogenetic abnormalities seem to be frequent 
in T-LBL patients (50–70%), including pseu-
dodiploidy (25%), deletions (20%), hyperdip-
loidy, and chromosomal translocations (18% 
each). The most recurrent cytogenetic abnor-
malities in T-LBL involve chromosomal loci 
containing the T-cell receptor (TCR) genes. The 
14q11–13 region (containing the TCR-alpha 
and TCR-delta) as well as the 7q34 (TCR-beta) 
and 7p14–15 (TCR-gamma) are altered in about 
60% of cases [65]. They show chromosomal 
translocations or cryptic gene rearrangements, 
usually leading to a transcriptional deregula-
tion of a partner gene due to juxtaposition of 
the regulatory regions of one of the TCR loci. 
The most commonly involved genes are the 
transcription factors HOX11(TLX1)/10q24 
and HOX11L2(TLX3)/5q35. Other genes 
include TAL1/1p32, RBTN1(LMO1)/11p15, 
RBTN2(LMO2)/11p13, LYL1/19p13, and the 
cytoplasmic tyrosine kinase LCK/1p34.3–35. 
Importantly, these translocations are not always 
detected by conventional karyotyping [3, 55]. 

b ca

Fig. 3.7 T-Lymphoblastic lymphoma immunopheno-
type. The tumor cells are typically TdT positive (a) and 
PAX5 negative (b); the only reliable lineage-specific 

marker is CD3 (c). (a) TdT stain; (b) PAX5 stain; (c) CD3 
stain. (a–c) OM, 40×
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Other important translocations in T-ALL include 
PICALM-MLLT10 -CALM-AF10; t(10;11)
(p13;q14)-, occurring in 10% of cases, and 
translocations involving MLL (8%), most often 
with the partner ENL at 19p13. Noteworthy, the 
aberrant expression of TAL1, LYL1, HOX11, 
HOX11L2, PICALM, and MLL appears to be 
mutually exclusive, suggesting the existence of 
nonoverlapping, pathogenically distinct sub-
groups [3, 57, 66]. MYC (8q24.1) transloca-
tions can occur in T-ALL but only rarely, with 
very few unequivocal cases reported in the lit-
erature. Similarly, BCR/ABL1 rearrangements 
have been occasionally reported in T-LBL [3, 
54, 57]. The translocation t(9;17)(q34;q22–23) 
was described only in T-LBL but not T-ALL 
[63] and is associated with a dismal prognosis 
with rapid progressive disease course. Patients 
with this translocation were reported to present 
with a mediastinal mass and might have a more 
aggressive disease course [61, 67]. Although less 
frequent, the association of T-LBL with myelo-
proliferative neoplasms should be mentioned. 
Two different gene rearrangements have been 
identified in such cases. Cases of T-LBL with 
myeloid proliferation or hyper- eosinophilia have 
been reported in patients with t(8;13)(p11;q11) 
fusing FGFR1 with ZMYM2 in the so-called 
FGFR1/8p11 myeloproliferative syndrome. 
Moreover, two patients with concomitant T-LBL 
and eosinophilia-associated disorders were 
shown to bear a FIP1L1-PDGFRA fusion gene. 
The same gene rearrangement is present in lym-
phoma and myeloid cells, suggesting a common 
lymphoid/myeloid stem cell as the target of the 
original transforming event. The identification of 
such fusion genes is important since the poten-
tial use of tyrosine kinase inhibitors [57].

As classically observed in T-ALL, deletion of 
the CDKN2A/CDKN2B locus at 9p21 seems to be 
the most frequent genomic imbalance, best 
detected by molecular karyotyping. Using a sin-
gle nucleotide polymorphism-based array 
approach, Schraders et al. [68] detected this dele-
tion in 11 out of 12 cases of pediatric T-LBL. An 
average of 3–6 genomic imbalances (2–3 losses 
and 1–3 gains) were identified per case. The two 
other recurrent genomic imbalances were 13q14 

deletion including the RB1 locus (two cases) and 
6q23 gain within the MYB locus (two cases).

As in T-ALL, about 60% of T-LBL harbor 
activating mutations involving the extracellular 
heterodimerization domain and/or the C-terminal 
PEST domain of the NOTCH1 gene, which 
encodes a transmembrane receptor critical for 
early T-cell development [69, 70]. In addition, 
about 18% of cases have mutations in FBXW7, a 
negative regulator of NOTCH1, resulting in 
increased half-life of the NOTCH1 protein [69]. 
It is noteworthy that NOTCH1 mutation occurs 
mutually exclusively from loss of heterozygosity 
of the long arm of chromosome 6 (LOH 6q) [69]. 
Whole exome sequencing of a series of five 
pediatric T-LBL patients identified the recurrently 
altered genes, PHF6, NOTCH1, PAPPA, NFIL3, 
MUC4, PEDM2, and ZNF91, which can be 
considered candidates with potential pathogenic 
relevance for T-LBL [69].  Larger-scale studies 
are needed to get a genome-wide insight into the 
genetic basis of T-LBL [71].

B-LBL
Although only a limited number of cytogenetic 
studies of B-LBL are reported in the literature, 
the distribution of chromosomal aberrations 
seems to differ from that of B-ALL.  Some of 
the characteristic cytogenetic changes seen in 
B-ALL, t(9;22)(q34;q11)/BCR-ABL (20–30% in 
adulthood and 2–4% in childhood) and  t(4;11)
(q21;q23)/KMT2A-AFF1 (5–10% in childhood 
and up to 50% in infants), both of which are 
associated with an adverse prognosis; t(12;21)
(p13;q22)/ETV6/RUNX1 (~30% in childhood 
only), associated with a relatively good out-
come in children; and t(1;19)(q23;p13)/TCF3-
PBX1 (3–5%), were not detected in 
B-LBL.  Hyperdiploidy does not seem to be as 
common as in B-ALL, where it is associated 
with a good clinical outcome, while additional 
21 materials—such as trisomy, tetrasomy, or 
add(21)(q22)—are proportionally more frequent 
in B-LBL than in B-ALL.

3.2.2.4  Gene Expression Signature
Despite the many similarities between T-ALL 
and T-LBL, GEP studies have highlighted 
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some  subtle differences [72]. While the two 
malignancies share a large fraction of their 
transcriptional profile, a subset of genes appears 
to be differentially expressed between T-LBL 
and T-ALL.  The expression profiles may sug-
gest that thymocytes represent the normal 
counterpart of T-LBL, while most T-ALL derive 
from a T-cell progenitor of the bone marrow 
[64, 65]. This differential signature includes 
genes involved in cell adhesion, chemotaxis 
(downregulation of ARRB2 which reduces che-
motaxis), and angiogenesis (upregulation of 
EPAS1, PTPRB, and SLIT2 which promote 
angiogenesis for local tumoral growth in lymph 
node), which may play a role in tumor cell 
localization [73].

No data regarding GEP relative to B-LBL are 
available yet. It was postulated that differences 
between B-LBL and B-precursor ALL might be 
related to overexpression of genes encoding for 
chemokine receptors CXCR4 and its ligand or 
other adhesion molecules involved in extramed-
ullary migration and homing [74]. Moreover, 
GEP revealed the existence of the so-called BCR-
ABL1-like B-ALL, a high-risk subtype specially 
occurring in adolescents and younger adults, 
which is characterized by kinase- activating alter-
ations. It would be useful to identify such cases in 
B-ALL as they may benefit from targeted treat-
ments [75].

3.2.2.5  Epigenetics: microRNA (miRNA) 
Expression Profiling

Nothing is known for LBL; however, distinct 
miRNA signatures are reported in different ALL 
subtypes and can be used for the diagnosis, clas-
sification, and prognosis of ALL in addition to 
insights into their pathogenesis [76, 77]. Different 
examples of miRNA signatures in ALL are listed 
on Table 3.1. Inappropriate epigenetic regulation 
of miRNAs may be the initial event that predis-
poses a precursor ALL cell to transformation. 
Alternatively, common genetic changes in ALL 
(such as chromosomal translocations) may be the 
initial transformation events that lead ALL cells 
to a more undifferentiated stage, which acquires 
the epigenetic changes. These effects remain to 
be assessed in LBL.
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4.1  Introduction

Peripheral T-cell lymphomas (PTCLs) and natu-
ral killer-cell lymphomas (NKCLs) constitute a 
group of heterogeneous diseases comprising 
about 10–20% of all non-Hodgkin lymphomas 
(NHLs). There is substantial geographic varia-
tion in the incidence and the subtype prevalence 
[1, 2], which can be attributed to a combination 
of genetic and environmental factors. Some 
PTCL subtypes occur at higher frequency in Asia 
and Central/South America than in Western 
countries, especially those induced by the human 
T-lymphotropic virus 1 (HTLV1) or by the 
Epstein-Barr virus (EBV) [2]. Conversely, enter-
opathy-associated T-cell lymphoma (EATL) is 
predominant in Northern Europe where celiac 
disease is more prevalent [3] (Fig. 4.1). Despite a 
plateau observed in the incidence of B-cell lym-
phoma in the Western world, the incidence of 
PTCLs has increased in recent years, amounting 
to 3.8% per  annum in the United States [4], 

sharply augmenting both clinical and research 
interest. Whether this is due to improved diagno-
sis, or due to epidemiological changes, is not 
known. In general, NHL incidence steadily 
increases with age and is higher in males than 
females, and similar patterns are also true in 
PTCL, with the exception of some individual 
entities that are more common in children or 
younger adults, such as ALK-positive anaplastic 
large cell lymphoma (ALK+ALCL) and hepato-
splenic T-cell lymphoma (HSTL) [5].

In the World Health Organization (WHO) 
classification of hematopoietic and lymphoid 
organs [5, 6], disease entities are defined based 
on several parameters: morphologic, immuno-
phenotypic, genetic and clinical features, and 
putative normal cellular counterpart. Application 
of this principle for the delineation of NK/T-cell 
neoplasms is more challenging than for the B-cell 
tumors, reflecting the complexity of the T-cell 
immunobiology, with numerous functional sub-
sets, and evidence of functional plasticity. 
Although there is increasing evidence that the 
cell of origin is a major determinant of PTCL 
biology [7–10], the cellular derivation of many 
PTCL entities remains poorly characterized or 
appears heterogeneous [7]. The cellular composi-
tion, cytomorphological features, and immuno-
phenotypic profiles are heterogeneous within 
disease entities and also significantly overlap 
across different diseases. The recent application 
of genome-wide expression profiling (GEP) and 
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massive parallel/next-generation sequencing 
(NGS) technologies has markedly accelerated the 
discovery of new biomarkers, molecular signa-
tures, and cancer-associated mutations. These 
new data have been included in the revised clas-
sification [5] as they refine the diagnostic criteria 
of some PTCL entities and may be relevant to 
future clinical management of patients [9, 11]. A 
striking characteristic of NK/T- cell neoplasms is 
that the clinical and biological presenting fea-
tures and disease localization represent relevant 
diagnostic criteria. In the current classification 
[5], more than 30 PTCL entities are recognized 
(Table  4.1) which may present as disseminated 
(leukemic), predominantly extra-nodal or cutane-
ous, or predominantly nodal diseases. Some enti-
ties are relatively homogeneous and/or well 
defined, whereas others have poorly defined bor-
ders (typically PTCL, not otherwise specified 

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

Europe North America

Asia

F
R

A
N

C
E

I-
P

T
C

L
P

M
C

34
59

61
7

∗

U
S

A
 P

M
ID

:
25

38
21

08
 

I-
P

T
C

L
P

M
ID

:
24

87
91

15
 

I-
P

T
C

L
P

M
ID

:
24

48
19

42

PTCL-NOS
30%

AITL
22%

ENKTCL
12%

ALK+ ALCL
8%

ATLL
11%

HSTL
2%

EATL
5%

Others
3%

Meta-analysis of
Europe/North America/Asia

PTCL cohorts

EATL
HSTL
ATLL
ALK+ ALCL

ALK- ALCL
AITL
PTCL-NOS

ENKTCL

ALK-ALCL
7%

Fig. 4.1 Incidence of PTCL entities. Relative incidence 
of PTCLs (non-cutaneous) in Europe, North America, and 
Asia compiled from published data sets with at least 300 
cases in (a) Europe/France (Laurent et  al. J Clin Oncol 
2017; Bellei et al. Rev. Bras Hematol Hemoter 2012; Vose 
et al. JCO, 2008), (b) North America/USA (Petrich et al. 
Br J Haematol 2015; Vose et al. JCO, 2008; Briski et al. 

Blood Cancer Journal; 2014), (c) Asia (Parks et al. Int J 
Hematol 2014;Vose (Vose et  al. JCO, 2008). Meta- 
analysis of these cohorts revealed that PTCL-NOS is the 
major PTCL entity in the world, but AITL appears to be 
more common in France and ENKTL in Asia. *Some of 
the studies do not include ALK status in ALCL, thus data 
was not presented

Table 4.1 2016 WHO classification of mature T- and 
NK-cell neoplasms

Disseminated/leukemic
T-cell prolymphocytic leukemia
T-cell large granular lymphocytic leukemia
Chronic lymphoproliferative disorder of NK-cells*

Aggressive NK-cell leukemia
Systemic EBV-positive T-cell lymphoma of  
childhood*

Chronic active EBV infection of T- and NK-cell type, 
systemic form
  Adult T-cell leukemia/lymphoma
Extra-nodal
  Extra-nodal NK/T-cell lymphoma, nasal type
  Enteropathy-associated T-cell lymphoma
  Monomorphic epitheliotropic intestinal T-cell 

lymphoma
  Indolent T-cell lymphoproliferative disorder of the 

gastrointestinal tract*
  Hepatosplenic T-cell lymphoma
  Subcutaneous panniculitis-like T-cell lymphoma
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(NOS)) and some are provisional. Among this 
large number of NK/T-cell lymphoma entities, 
less than one third of them account for the vast 
majority of cases, and some entities are extremely 
rare and/or essentially restricted to certain parts 
of the world (i.e., the various kinds of childhood 
EBV-associated lymphoproliferations).

The introduction of targeted immunotherapy 
(i.e., rituximab) for B-cell lymphomas resulted in 
remarkable clinical improvement; however, simi-
lar improvements in outcomes in PTCL have not 
been observed over the last three decades (Fig. 4.2) 
[12–16]. However, depending on the entity and 
staging, the prognosis can vary widely; thus, accu-
rate diagnosis of PTCL is therefore mandatory. 
For several reasons, it is highly recommended that 
the diagnosis should be made by an expert pathol-
ogist [17]. PTCLs are not only rare but also hetero-
geneous, implying limited exposure and experience 
for most pathologists. The malignant nature of the 
lymphoproliferation may be difficult to recognize 
in the infrequent instances where the neoplastic 
component is rather sparse and obscured by a 
coexistent reactive infiltrate and architectural dis-
tortion is subtle, which may mimic a benign condi-
tion. Another confounding element is that PTCLs 

Coiffer et al. Ann Oncol. 1990;1(1):45-50
Gisselbrecht et al. Blood 1998;92(1):76-82
Iqbal et al. Blood 2014;123(19):2915-23
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Fig. 4.2 Overall survival of PTCL patients (excluding 
ALCL) in the last three decades. No significant 
improvement in overall survival (OS) has been observed 
since the 1990s. Engauge digitizer software was used to 
extrapolate data from earlier studies. Survival of PTCL 
cohorts diagnosed pre-1990 (n  =  188), 2000 (n  =  228), 

and 2010 (n  =  233) from three earlier studies is shown 
(Coiffier et al. Ann Oncol. 1990, Gisselbrecht et al. Blood 
1998 and Iqbal et al. Blood 2014). Patients were generally 
treated with anthracycline-containing regimen and are 
either PTCL-NOS or AITL histological subtypes

  Breast implant-associated anaplastic large cell 
lymphoma*

 Cutaneous
  Mycosis fungoides
  Sezary syndrome
  Primary cutaneous CD30+ T-cell 

lymphoproliferative disorders
  Primary cutaneous anaplastic large cell lymphoma
  Lymphomatoid papulosis
Primary cutaneous γδ T-cell lymphoma
  Primary cutaneous CD8+ aggressive epidermotropic 

cytotoxic T-cell lymphoma*
  Primary cutaneous CD4+ small/medium T-cell 

lymphoproliferative disorder*
  Hydroa vacciniforme-like lymphoproliferative 

disorder
  Severe mosquito bite allergy
Nodal
  Peripheral T-cell lymphoma, not otherwise specified
  Angioimmunoblastic T-cell lymphoma (AITL)
  Follicular T-cell lymphoma
  Nodal peripheral T-cell lymphoma with T follicular 

helper phenotype
  Anaplastic large cell lymphoma, ALK-positive
Anaplastic large cell lymphoma, ALK-negative

Adapted from Swerdlow SH et al. WHO Classification of 
Tumours of Haematopoietic and Lymphoid Tissues, 
Fourth Edition. Revised [5]

Table 4.1 (continued)
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may comprise atypical cells resembling Reed- 
Sternberg cells and/or an expansion of B-cells, 
misleading toward the diagnosis of Hodgkin or 
B-cell lymphomas. In France, where a network of 
expert lymphoma pathologists was created to 
review lymphoma diagnoses and biopsies from 
patients with clinically suspected lymphoma, the 
diagnostic concordance rates (between referral 
and expert pathologists) for PTCLs were rather 
low (47–74% for the most frequent entities), 
except for ALK+ALCL (>80% concordance rate) 
over a recent time period (2010–2013), highlight-
ing the importance of expert review for diagnoses 
of PTCL [18]. It is also recommended that the 
diagnosis of PTCL should rely on an excisional 
tumor biopsy whenever possible [17] with suffi-
cient tissue for adequate histopathological assess-
ment and additional ancillary techniques, in 
particular immunohistochemistry and molecular 
studies that critically contribute to the diagnosis.

After presenting an overview of normal T-cell 
development and differentiation that is relevant to 

T-cell lymphoma pathogenesis, we will summa-
rize the pathology, molecular and genetic features 
of the major NK/T-cell neoplasms.

4.2  Normal T-Cell Differentiation 
and Relevance 
to Lymphomagenesis

Many molecular abnormalities in PTCL target 
genes critical for normal T-cell differentiation 
and development [19], and thus an overview of 
normal T-cell development and differentiation is 
presented here (Fig. 4.3).

T-cell development: T-cells originate from the 
hematopoietic stem cells (HSC) in the bone mar-
row [20, 21] and further develop in the thymus, 
where thymic microenvironment directs differen-
tiation and selection of T-cells [22] for periphery. 
This tightly regulated phase, also termed 
β-selection phase, starts with TCR-β chain rear-
rangement in immature double- negative (DN, 
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Fig. 4.3 Schematic representation of T-cell development 
and association with PTCL entities. The hematopoietic 
stem cells (HSC) in the bone marrow (BM) are the 
initiating cells for T-cell lymphopoiesis. Common 
lymphoid progenitor cells (CLP) in BM are directed to 
T-cell lineage fate via IL7/Notch signaling. Further 
development of immature precursor T-cells happens in the 
thymus through a series of tightly regulated steps (double 
negative (DN (1–4) to double positive (DP)) and 
differentiate into either single positive CD4+ or CD8+ 
T-cells. Distinct stages of differentiation (i.e., β selection 
phase and TCR repertoire phase) can be identified through 
cell surface receptors (CD44 and CD25) and the 
rearrangement of TCR genes. T-cells undergo dual 

selection process, positive selection for compatibility of 
their TCR with self-MHC molecules and negative 
selection against autoantigenic peptides, and leave the 
thymus to form the peripheral T-cell repertoire. Though 
the vast majority of cells express an αβ TCR, a small 
subset express an alternative TCR composed of γ and δ 
chains (γ/δ T-cells) and diverge early place at the DN3a 
stage in T-cell development and mostly become resident 
of mucosal sites. Mature CD4+ T-cells can differentiate 
into different T helper (TH) subsets (TH1, TH2, TFH, Treg) 
characterized by expression of transcriptional factors and 
different cytokine profiles and can represent the normal 
cell counterpart of different disease entities
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CD4−/CD8−) thymocytes, via productive VDJ 
rearrangement of TCR-β chain and surface expres-
sion of TCRβ, which co-assemble with pre-Tα 
[23]. The pre-TCR signals are essential for rapid 
expansion and maturation to the DP (CD4+CD8+) 
and rearrangement of the TCR-α chain [24] lead-
ing to the mature TCR-αβ receptor expression 
upon successful rearrangement [25]. The DP thy-
mocytes that recognize self-MHC receive a posi-
tive selection signal leading to either CD4 or CD8 
T-cells depending on their interaction with either 
class I or class II MHC, referred to as repertoire 
selection phase. The TCR repertoire is produced 
by a series of DNA recombination events that gen-
erates 1016 to 1018 different possible sequences 
from the VDJ recombination events shaped by the 
selection by self-antigens. This hyper-variability 
of the TCR is crucial for recognition of diverse 
antigens presented by MHC.  The TCR includes 
the α, β, γ, and δ chains, which form α/β or γ/δ 
heterodimeric receptors that are expressed on the 
surface of mature T-cells [26]. Both αβ- and γδ-T-
cells share similar developmental pathways, but 
T-cell lineage fate [27] is dependent on the TCR 
signal strength. This process is regulated by tran-
scription factors (ID3 and Erg), strength of the 
TCR signaling determined by TCR affinity, with 
weak TCR signal favoring the αβ lineage T-cells 
commitment [28]. Other than these signals, Notch 
and CXCR4 receptors also cooperate with the 
TCR in determination of lineage fate [28]. Even 
though γδ T-cells have only a limited repertoire of 
TCR rearrangements, they have a broad functional 
armamentarium including cytokines secretion, 
cytotoxicity, or growth factors [29]. In human, the 
majority of T-cells express αβ-TCR, whereas 
1–5% of the T-cells in the peripheral blood and 
20–50% of T-cell in mucosal sites express γδ-TCR 
[30], and this distribution also reflects in T-NHLs 
derived from these sites.

T-cell activation: TCR signaling is initiated 
by the immunological synapses between antigen- 
presenting cells (APCs) and T-cells with corre-
sponding MHC/peptide interaction with CD4 or 
CD8 co-receptor. Optimal T-cell activation 
occurs via T-cell receptor (TCR) in conjunction 
with CD28 co-receptor engagement. TCR alone 
cannot effectively signal after it has bound anti-
gen and has to form the TCR complex with the 

CD3γ, δ, ɛ, and ζ chains. Once TCRs and CD4 or 
CD8 molecules bind to MHC/peptide com-
plexes, LCK is activated and subsequently phos-
phorylates the immunoreceptor tyrosine-based 
activation motifs (ITAM) in the ζ and ɛ chains of 
the CD3 complex. The signaling cascade is 
extended by phosphorylating LAT, which is a 
transmembrane adaptor protein associated with 
GRB2, GADS, and PCLG1 via its four distal 
tyrosine residues. CD3/TCR activation without 
co-stimulation induces anergy, in which the 
T-cell is not able to respond to even high-affinity 
stimulus. Classically, co-stimulation occurs 
through CD28, the prototypical costimulatory 
receptor and founding member of the B7 recep-
tor family. The CD28-mediated activation leads 
to PI3K, NF-κB, and NFAT activation, augment-
ing T-cell survival [31]. The negative signals are 
mediated by competing member CTLA4 which, 
like CD28, forms heterodimers [32]. CTLA4 
shares high-protein homology with CD28 but 
has some differences that result in affinity and 
functional changes [32–36]. CTLA4 can prevent 
CD28 from interacting with src family tyrosine 
kinases LCK and FYN [37, 38].

The antigen-inexperienced naïve CD4+ 
T-cells can further differentiate into one of sev-
eral T-cell subtypes (TH1, TH2, TH17, TREG, and 
TFH), instructed by distinct environmental cyto-
kines, lineage defining transcription factors, and 
consequently acquire distinct functions in the 
adaptive immune system [39]. Though T-cell 
development and activation are well orchestrated 
by distinct regulatory genes or pathways, genetic 
aberrations and/or constitutive activation of these 
pathways can lead to the development of T-cell 
neoplasms.

4.3  Angioimmunoblastic T-Cell 
Lymphoma (AITL) and Other 
Nodal Lymphomas 
of Follicular Helper T-Cell 
Derivation

AITL is the second most common PTCL world-
wide (18.5% of the cases in the International 
T-cell lymphoma project) [2], but most prevalent 
in North America and Europe where it accounts 
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for up to 35% of non-cutaneous PTCLs, according 
to a recent epidemiological analysis in France 
[40–42]. It is defined as a neoplasm of mature T 
follicular helper (TFH) cells [8] characterized by a 
systemic disease, a polymorphous infiltrate in 
lymph nodes with prominent proliferation of 
vessels and follicular dendritic cells [5, 8]. This 
disease exhibits variable, often aggressive clinical 
course, and unfortunately no major improvement 
in patient care has been achieved over the last 
three decades (Fig. 4.2).

AITL is usually characterized by generalized 
peripheral lymphadenopathy, often with extra- 
nodal disease and frequent cutaneous involve-
ment. The 2017 WHO classification recognizes 
two other PTCL entities related to AITL [5], 
namely, follicular T-cell lymphoma (FTCL) and 
nodal PTCL with TFH phenotype (TFH-PTCL) [5]. 
FTCL is a rare TFH neoplasm defined by a pre-
dominantly follicular growth pattern [5, 43–45] 
closely related to AITL as supported by analo-
gies in their cellular derivation and clinical pre-
sentation, and documentation that patients with 
FTCL may relapse with lesions resembling AITL 
[43, 45]. Nodal PTCL of TFH origin designates 
a subset of PTCL “unspecified” by morphology 
showing expression of a TFH phenotype (expres-
sion of at least two TFH markers). TFH-PTCL is 
less frequent than AITL, but not rare, as it is esti-
mated that up to 30% of PTCL unspecified by 
morphology and formerly considered as PTCL-
NOS show a TFH immunophenotype. A common 
feature of AITL and other nodal TFH lymphomas 
is the presence of scattered to numerous large 
B-cell blasts, often infected by EBV [46].

4.3.1  Pathology

The lymph nodes in AITL show complete efface-
ment of architecture, often with perinodal infil-
tration sparing the peripheral sinus (Fig.  4.4). 
Less frequently, depleted follicles may be present, 
or the neoplastic cells infiltrate around 
hyperplastic GC.  The neoplastic cells are 
typically medium-sized with clear cytoplasm and 
tend to form small clusters around high 
endothelial venules admixed with an abundant 

tumor microenvironment composed of small 
lymphocytes, histiocytes or epithelioid cells, 
B-cell immunoblasts, eosinophils, and plasma 
cells. The relative proportion of the neoplastic 
and individual reactive components varies 
widely, and in particular, histiocytes may be 
prominent and cause confusion with other 
histiocyte-rich lymphoma entities. The neoplastic 
cells are mature TCR-αβ CD4+CD8− T-cells that 
frequently show aberrant loss or reduced 
expression of CD7, surface CD3 and/or CD4, and 
may show partial CD30 expression or aberrant 
co-expression of CD20 [47]. A population of 
large B-cell blasts, sometimes mimicking Reed- 
Sternberg cells, usually infected by EBV, is 
almost invariably present. Irregular proliferation 
of follicular dendritic cells (FDC) is evidenced in 
most cases by immunohistochemistry (CD21, 
CD23, CD35, and CNA42). The neoplastic cells 
express several markers of TFH cells: CD10, 
CXCL13, CXCR5, CD154, programmed death-1 
(PD-1), inducible costimulatory (ICOS), 
cytoplasmic SLAM-associated protein (SAP), 
BCL6, and/or c-MAF [48]. In addition to 
monoclonal or oligoclonal rearrangement of the 
TCR genes in the vast majority of cases, a 
clonal or oligoclonal rearrangement of the immu-
noglobulin (IG) gene(s) is found in up to one 
third of patients in relationship to increased num-
bers of B-cell blasts and/or plasma cells.

4.3.2  Molecular Signature

The molecular profile of AITL is dominated by a 
strong microenvironment imprint, including over-
expression of B-cell- and FDC-related genes, che-
mokines/chemokine receptors, and genes related 
to extracellular matrix and vascular biology [14, 
15, 19, 49] (Fig. 4.5a). The signature contributed 
by the neoplastic cells, albeit quantitatively minor, 
is enriched in genes normally expressed by TFH 
cells. This demonstration of molecular similari-
ties between AITL cells and TFH cells at a genome-
wide level definitively established the cellular 
derivation of AITL from TFH cells [15, 45, 50] 
(Fig.  4.5b), initially suspected on the basis of 
expression of single TFH markers in AITL cells, in 
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Fig. 4.4 Histopathological features of angioimmunoblas-
tic T-cell lymphoma (AITL) and follicular T-cell lym-
phoma (F-PTCL). (a) AITL.  The low- power view of an 
AITL lymph node shows complete architectural efface-
ment by a diffuse lymphoproliferation (upper left panel), 
and CD21 highlights a marked expansion of follicular den-
dritic cells. The case illustrated in the middle left panel 
shows a lymphoproliferation associated with an increased 
density of high endothelial veinules and comprising a 
polymorphous infiltrate among which medium-sized cells 
with clear cytoplasm that represent the neoplastic compo-
nent, and a large number of plasma cells. In the case illus-
trated in the middle right panel, the neoplastic cells are 

small with minimal atypia and dispersed in a background 
rich in histiocytes with scattered large blastic cells. 
Immunohistochemical stains for CD10, CXCL13, and 
PD1 highlight the neoplastic population. (b) F-PTCL. The 
low-power view of the lymph node shows a vaguely nodu-
lar lymphoproliferation (upper left panel), which com-
prises small dense lymphoid cells interrupted by pale 
cellular aggregates (upper right panel). 
Immunohistochemical stains show that the nodules corre-
spond to large follicular structures associated with a 
CD21+ follicular dendritic cell meshwork and comprising 
numerous CD20+ B-cells, while CD4 stains the pale 
aggregates of neoplastic cells

CD10 CXCL13 PD1

a

CD21
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Fig. 4.5 Molecular and genetic features of AITL. (a) 
Gene expression-based molecular predictor identified for 
AITL. Iqbal et al. used the Bayesian algorithm to distin-
guish AITL cases from other PTCLs. Genes were selected 
at significance (p < 0.001) and a mean fold difference (>4) 
between the AITL and other PTCLs. Arbitrary ≥90% 
threshold probability is used to assign a subgroup, and 
classification precision was evaluated by the use of leave-
one-out cross-validation. Approximately 14% of PTCL-
NOS cases showed AITL molecular signature 
characterized by expression of genes involved in T-cell 
activation or TFH differentiation and a distinct tumor 
milieu (adapted from Iqbal et  al. Blood 2010). (b) TFH 
genes showed significant association with AITL. A subset 
of genes that are expressed by TFH cells significantly asso-

ciate with AITL, but not with PTCL-NOS.  Conversely, 
gene expression signatures of other T-cell subsets (TH1, 
and TH2) are not enriched in AITL. Standardized expres-
sion ranges from low (blue to high (red) (adapted from de 
Leval et al. Blood 2007). (c) Mutational landscape AITL 
and TFH-like PTCL.  Recurrent mutations in epigenetic 
modifiers and genes related to T-cell receptor signaling 
were identified by targeted deep sequencing. Case-
mutation pairs for which data are not available are indi-
cated by a 0. Mutated genes (rows) are arranged by 
decreasing order of mutation frequency. Patients (col-
umns) are arranged from left to right based on their muta-
tional status following gene ranking. AITL cases are 
featured in light gray and TFH-like PTCLs in dark gray 
(adapted from Vallois et al. Blood 2016)
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particular the CXCL13 chemokine [51]. Analysis 
of GEP across a variety of PTCL entities indi-
cated that the majority of AITLs clustered 
together, and robust molecular classifier for AITL 
was identified, which was dominated by the tumor 
microenvironment and a complex cytokine profile 
expressed in the tumor milieu [15]. Further, 
refinement of these genes signatures [14] reclassi-
fied as many as 14–18% of PTCL-NOS cases as 
AITL. This was further supported by analysis of 
IDH2 mutations (R172K/S/T/G/M), which are fre-
quent (~33%) in molecularly defined AITL, but 
not in other PTCL entities [52]. GEP studies iden-
tified oncogenic pathways, including the NF-κB 
pathway, IL-6 signaling, and the TGFβ pathway 
enriched in AITL compared to other PTCLs [15, 
45, 50, 51], but the genetic etiology of these acti-
vated pathways is not clear yet. GEP analysis also 
demonstrated that immunosuppressive tumor 
microenvironment (TME) predominantly exhib-
ited by tumor- associated dendritic cell gene sig-
natures and macrophage signatures associated 
with markedly inferior survival in AITL [14], 
whereas TME exhibiting high B-cell signature 
was associated with more favorable clinical out-
come [14, 15].

Cell of origin: GEP analysis revealed TFH 
cells as the cellular origin of AITL [15, 45, 50] 
(Fig.  4.5b). TFH cells are resident T-cells of the 
germinal center (GC) which are necessary for the 
formation and maintenance of the GC reaction, a 
hallmark of adaptive immunity [48]. TFH cells are 
CD3+ CD4+ cells that express the master tran-
scriptional regulator BCL6; have surface expres-
sion of CXCR5, PD-1, and ICOS; and secrete 
different cytokines and chemokines, in particular 
CXCL13 and IL-21 [53–55]. IL-21 and/or IL-6 
can induce the expression of BCL6 [56]. BCL6 
expression is critical for maintaining the TFH tran-
scriptional program [54] via repressing PRDM1 
and the upregulating chemokine receptor CXCR5. 
High-affinity TCR interactions with APCs, espe-
cially dendritic cells, are important for TFH cell 
generation [57]. TFH cells play a major role in 
supporting and regulating T-cell-dependent 
B-cell responses in the GC, and their characteris-
tics are retained in AITL neoplastic cells and 
likely explain the major pathological and biologi-
cal traits of the disease [48]. AITL features an 

important reactive cellular background and 
microenvironment accounted for by the secretion 
of various soluble factors by TFH cells promoting 
recruitment, activation, and differentiation of 
other cells [8, 49]. For example, CXCL13 pro-
duced by TFH cells promotes B-cell expansion 
and plasmacytic differentiation, causing hyper-
gammaglobulinemia and Coombs+ hemolytic 
anemia commonly found in AITL patients [58]. 
Other factors incriminated in the pathogenesis of 
AITL comprise lymphotoxin beta, potentially 
released by B-cells under CXCL13 stimulation, 
and several angiogenic mediators.

4.3.3  Molecular Pathogenesis

An increasing number of recurrent genetic aber-
rations have been identified in AITL and other 
TFH-derived lymphomas using NGS.  Besides 
RHOA which is the most frequently mutated 
gene, highly recurrent mutations are observed in 
epigenetic modifier genes and in genes related to 
the T-cell receptor (TCR) and costimulatory sig-
naling pathways [59–62, 69, 76].

The RHOA gene which encodes a small 
GTPase involved in regulating the actin cytoskel-
eton, cell adhesion, and distal TCR signaling is 
most frequently mutated in 60–70% of AITLs 
and TFH-PTCL [59–62]. No correlation with clin-
ical presentation or outcome was documented. 
Most RHOA mutations are hotspot and generate a 
RHOAG17V dominant-negative variant [59–62]. 
The substitution of glycine17 with valine pre-
vents the G-box, the domain responsible for sta-
bilizing guanine nucleotide, from binding 
guanine and performing any of its effector func-
tions. The dominant-negative RHOAG17V muta-
tion is particularly perplexing, since a variety of 
both gain and loss-of-function mutations in 
RHOA are known to occur in other T-cell neo-
plasms and solid cancers [63]. Nevertheless, the 
total loss of functional RHOA in T-cells by trans-
genic expression of C3 exotoxin generates a 
T-acute lymphoblastic leukemia-like disease 
with thymic enlargement in mice [64]. 
Experimental works based on mass spectrometry 
and immunoprecipitation demonstrated that the 
RHOAG17V protein specifically binds to VAV1, 
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and this interaction enhances the adaptor func-
tion of VAV1, ultimately leading to increased 
TCR signaling [65].

TET2, IDH2, and DNMT3A, genes involved in 
regulating DNA methylation, are mutated in 
50–75%, 20–30%, and 20–30% of AITLs, respec-
tively [52, 66–68]. Mono- or biallelic TET2 and 
DNMT3A mutations are inactivating and distrib-
uted along the coding sequences of the genes. 
Conversely, virtually all IDH2 mutations are gain-
of-function missense at the R172 residue, induc-
ing the production of an oncometabolite 
(2-hydroxyglutarate) which inhibits various deox-
ygenases including TET2 and histone demethyl-
ases, resulting in global DNA and histone 
hypermethylation. Mutations in TET2 and 
DNMT3A are also found in other PTCL entities, 
in particular in TFH-PTCLs, but IDH2 mutations 
appear to be rather specific for AITL [52, 69]. In 
AITL, DNMT3A and IDH2 mutations almost 
always occur in association with TET2 mutations, 
which is in contrast with myeloid neoplasms 
where mutations in these epigenetic modifiers are 
usually mutually exclusive [59, 60, 67–69]. While 
RHOA and IDH2 mutations are present in tumor 
cells only, TET2 and DNMT3A mutations have 
also been found in hematopoietic progenitors as 
well as in polyclonal B-cells invariably present in 
AITL lesions [59, 68, 70–72]. In most cases, 
RHOA mutations are observed in TET2-mutated 
tumors, suggesting cooperation between impaired 
RHOA function supervening on TET2 loss-of-
function contributing to AITL pathogenesis [59]. 
It was indeed recently demonstrated that loss of 
TET2 and RHOAG17V expression in mature murine 
T-cells cooperate to cause abnormal CD4+ T-cell 
proliferation, aberrant activation of TCR signal-
ing, and an imbalance in differentiation along TH17 
cells, Tregs, and TFH cells, as a consequence of a 
synergistic effect inducing deregulation of 
FOXO1 gene expression and inactivation of 
FOXO1 [73].

Mutation-induced activation of the TCR and 
costimulatory signaling pathways has recently 
emerged as another oncogenic mechanism in 
AITL, TFH-PTCL, and PTCL-NOS (Fig.  4.5c). 
Activating mutations in genes encoding proximal 
TCR signaling elements (FYN), costimulatory 
receptors (CD28), or key intracellular effectors of 

signal transduction (PLCG1) have been discov-
ered in AITL or cutaneous T-cell lymphomas [60, 
74–76]. Vallois et  al. [62] found that half of the 
AITL or TFH-PTCL patients carried virtually 
mutually exclusive mutations in TCR-related 
genes other than RHOA, most frequently in 
PLCG1 (14.1%), CD28 (9.4%, exclusively in 
AITL), PI3K elements (7%), CTNNB1(6%), and 
GTF2I (6%). CARD11 was also mutated in several 
patients. The vast majority of these variants could 
be classified as gain-of- function. Although no cor-
relation with clinical features nor a significant 
impact on survival was observed, the presence of 
TCR-related mutations correlated with early dis-
ease progression [62]. Interestingly, oncogenic 
TCR activation may result from gene fusions also. 
For example, the rare t(5;9)(q33;q22) transloca-
tion found in about 20% of FTCL and occasion-
ally in AITL [44, 77, 78] produces an ITK-SYK 
chimeric protein with tyrosine kinase activity 
which induces a T-cell lymphoproliferative dis-
ease in mice [79, 80]. The CTLA4-CD28 fusion 
gene recently discovered consists of the extracel-
lular domain of CTLA4 and the cytoplasmic region 
of CD28 and is likely capable of transforming 
inhibitory signals into stimulatory signals for 
T-cell activation. It has been reported to occur at 
very high frequency in AITL and other PTCL as 
well [81], but this high incidence reported in cases 
from Asia was not confirmed in other cohorts [82, 
83]. Another fusion involving CD28 (ICOS-CD28) 
and VAV1 rearrangements which are recurrent in 
PTCL- NOS (about 10% of the cases) has been 
shown to drive tumor cell growth [84]. Considering 
the importance of the TCR pathway to PTCL 
maintenance from GEP, it follows that mutation of 
members of this pathway could be relevant to lym-
phomagenesis and cancer progression.

4.4  Anaplastic Large Cell 
Lymphomas (ALCL)  
(Figs. 4.6 and 4.7)

Anaplastic large cell lymphoma, originally 
termed “Ki-1 lymphoma,” was described as a 
neoplasm composed of clusters of large CD30 
(Ki-1)-positive anaplastic cells, often involving 
lymph nodes in a sinusoidal pattern. Four ALCL 
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Fig. 4.6 Histopathological features of anaplastic large cell 
lymphoma (ALCL). (a) ALK-positive ALCL.  This case 
presented as an intestinal mass. On a HE stain, this lym-
phoma comprises diffuse cohesive sheets of large lymphoid 
cells with abundant cytoplasm and irregular, often horse-
shoe-shaped nuclei. Several of these show the features of 
so-called hallmark cells with a prominent paranuclear Golgi 
region (arrows). The lymphoma cells are strongly positive 
for CD30, express EMA, and show cytoplasmic positivity 
for perforin. Immunohistochemistry for ALK produces a 
cytoplasmic and membrane positivity, which indicates a 

fusion other than NPM1-ALK. (b) ALK- negative ALCL 
with DUSP22/IRF4 rearrangement. This case manifested as 
a cutaneous mass with regional lymph node involvement 
and was considered as a primary cutaneous ALCL. Lymph 
node involvement was associated to sinusoidal involvement 
by cohesive sheets of large cells. At high magnification, the 
tumor comprised many hallmark cells and “doughnut” 
cells. The lymphoma cells are positive for CD30 and CD2 
and are negative for ALK, EMA, and cytotoxic markers (not 
shown). FISH analysis using break-apart probes spanning 
the DUSP22/IRF4 locus shows a biallelic rearrangement
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Fig. 4.7 Molecular and genetic features of anaplastic 
large cell lymphoma (ALCL). (a) GEP analysis of ALCL, 
PTCL entities, and normal T-cells using a predefined 337 
gene signature derived from ALCL cell lines altered by 
ALK and STAT3 KD. This signature showed significant 
association with ALK+ALCL (adapted from Piva et  al., 
JCO 2010). (b) GEP-based molecular predictor for  
ALK+ALCL and ALK−ALCL and PTCL-NOS cases 

demonstrating that ALK−ALCL is distinct entity from 
PTCL-NOS and ALK+ALCL. (re-classified ALCL cases 
are indicated at the top) (adapted from Iqbal et al. Blood, 
2014). (c) Overall survival rate in patients with ALCL, 
stratified by ALK status only (ALK positive, n = 29; ALK 
negative, n = 67) and by rearrangements of ALK DUSP22 
and TP63 triple-negative cases lacking all 3 rearrangements 
(N = 40) (adapted from Feldman et al. Blood. 2011)
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entities are currently recognized that differ by 
their clinical presentation and genetic features, 
anaplastic lymphoma kinase (ALK)-positive 
ALCL, ALK-negative ALCL, primary cutaneous 
ALCL (pcALCL), and breast implant-associated 
ALCL (BI-ALCL), which is a new provisional 
entity in the latest classification [5].

4.5  ALK-Positive ALCL

Anaplastic lymphoma kinase (ALK)-positive 
ALCL represents 7% of PTCL worldwide. It 
appears to be more common in North America 
than in Europe and is rather rarely seen in Asia 
[85]. ALK+ALCL preferentially affects children 
and young adults, predominantly males, as it rep-
resents 10–20% of childhood lymphomas [86]. 
ALK+ALCL usually presents with lymphadenop-
athy; mediastinal disease is uncommon, but 
involvement of other extra-nodal sites (skin, bone, 
soft tissues) is frequent. However, the bone mar-
row is involved in less than one third of the cases. 
Most patients present with stage III or IV disease.

4.5.1  Pathology

ALK+ALCL is a neoplasm of mature T-cells 
comprising cells that are usually large with abun-
dant cytoplasm and pleomorphic, often horse-
shoe-shaped nuclei, with a chromosomal 
translocation involving the ALK gene and 

 expression of ALK protein and CD30 (Fig. 4.6a). 
The neoplastic cells typically involve the sinu-
soids and infiltrate the lymph node as diffuse 
sheets. There is frequent fibromyxoid thickening 
of the capsule, and some cases may show an 
annular sclerosis, mimicking Hodgkin lymphoma 
[87]. There is a broad range of cytomorphology, 
and several variants have been described. All vari-
ants contain the so-called hallmark cells which 
have an eccentric kidney- or horse shoe- shaped 
nucleus, a prominent Golgi region which appears 
as a clear, more eosinophilic zone, and abundant, 
usually basophilic cytoplasm. The classical form 
(common pattern) (75% of the cases) comprises 
sheets of large cells, and “hallmark cells” are eas-
ily recognized. The small cell variant (comprising 
small lymphoid cells with irregular nuclei, and 
fewer larger hallmark cells, which typically tend 
to cluster around vessels) and the lymphohistio-
cytic variant (where the neoplastic cells are scat-
tered within a predominant population of reactive 
histiocytes), each account for <10% of the cases, 
are often admixed and are both associated with a 
less favorable outcome [88, 89].

The tumor cells are uniformly strong positive 
for CD30 on the cell membrane and in the Golgi 
region and show ALK expression due to rearrange-
ment of the ALK gene at 2p23. EMA is positive in 
the majority of cases, and a subset of cases may 
express cytokeratins. The tumor cells exhibit an 
aberrant T-cell immunophenotype with defective 
expression of the TCR/CD3 complex [90, 91] and 
pan T-cell antigens, despite a T-cell genotype; 
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therefore, many cases have an apparent “null” 
immunophenotype. CD3 is negative in >75% of 
cases and CD5 and CD7 are often lost. CD2 and 
CD4 are positive in a significant proportion of 
cases. CD8 is usually negative, whereas CD43 and 
CD45 are often positive. Most cases are positive 
for cytotoxic  granule- associated antigens (gran-
zyme, TIA-1, perforin) and exhibit an activated 
cytotoxic immunophenotype. Although usually 
negative for CD15, a subset of the cases may be 
positive for this marker. In the morphologic vari-
ants, only the larger cells are highlighted by CD30 
and EMA, and in the smaller cells, ALK expression 
tends to be restricted to the nucleus.

By molecular analysis, ALK+ALCL can usu-
ally be shown to be of T-cell origin with a mono-
clonal rearrangement of the T-cell receptor-β and 
-γ chains demonstrable by PCR, even in cases 
with a “null” T-cell phenotype. A recent study 
[92] presented a model of peripheral ALCL 
pathogenesis where the malignancy is initiated in 
early thymocytes, before TCR β-rearrangement, 
which is bypassed in CD4/NPM-ALK transgenic 
mice following Notch1 expression. However, 
TCR is required for thymic egress and develop-
ment of peripheral murine tumors, yet TCR must 
be downregulated for T-cell lymphomagenesis. 
These observations suggest that children affected 
by ALCL may harbor thymic lymphoma-initiat-
ing cells capable of seeding relapse after 
chemotherapy.

4.5.2  Molecular Signature

In initial GEP analysis, using engineered 
ALK+ALCL cell lines, the diagnostic signature of 
systemic ALK+ALCLs was mainly dictated by 
STAT3 signaling, and a gene subset was able to 
distinguish primary ALK+ALCL cases from other 
PTCLs [93] (Fig. 4.7a). Using a more refined GEP 
analysis in ALK+ALCL, a mRNA classifier with 
several upregulated transcripts (e.g., ALK, 
TNFRSF8 (CD30), MUC1), TH17- cell- associated 
molecules (IL-17A, IL-17F, ROR- γ), and down-
regulated transcripts related to TCR components 
and TCR signaling, was developed that was able to 
distinguish majority of the cases with >90% prob-
ability [15]. An extensive GEP investigation on a 

well characterized set of ALK+ALCL cases led to 
identification of gene signature that was able to 
differentiate ALK+ALCL from ALK−ALCL and 
showed a concordance with the pathological diag-
nosis of 100% (31/31) for ALK+ALCL and 94% 
(30/32) for ALK−ALCL [14]. This signature 
included some previously defined genes (e.g., 
TNFRSF8 [CD30], BATF3, TMOD1) [94] in 
ALCL as well as a subset of p53 transcriptional 
targets. ALK+ALCL cases were enriched for the 
expression of signatures of HIF1-α target genes, 
IL10-induced genes, and H-ras/K-ras-induced 
genes compared with ALK−ALCL, which showed 
marginal enrichment of PI3K pathway-regulated 
genes (Fig. 4.7b). The association of TH17 cell like 
gene signature with ALK+ALCL was shown to be 
regulated by miR-135b [95].

4.5.3  Molecular Pathogenesis 
and Genetic Features

ALK+ALCLs are characterized by a transloca-
tion involving the ALK gene on chromosome 
2p23, most commonly t(2;5)(p23;q35), which 
results in a fusion with the nucleophosmin gene 
(NPM) on chromosome 5. The type of transloca-
tion determines the subcellular distribution of 
upregulated ALK; the t(2;5)(p23;q35) transloca-
tion produces ALK expression in both the nucleus 
and the cytoplasm, while less common variant 
translocations produce a different subcellular dis-
tribution (cytoplasmic and/or membranous) of 
the chimeric protein, which is determined by the 
translocation partner [96]. There is no prognostic 
impact according to the type of ALK transloca-
tion. All translocations juxtapose the cytoplasmic 
catalytic domain of ALK to a partner protein, 
forming a chimeric fusion protein inducing ALK 
phosphorylation and constitutive activation. In 
vitro, constitutively activated ALK chimeras 
induce cellular transformation, enhance cell pro-
liferation and survival, and account for the silenc-
ing of the T-cell phenotypic markers [97, 98]. 
GEP analysis demonstrated that C/EBPβ and the 
anti-apoptotic protein BCL2A1 are absolutely 
necessary to induce cell transformation and/or to 
sustain the growth and survival of ALK+ALCL 
cells [99]. NPM-ALK represents the major 
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 oncogenic driver in ALK+ALCL, and accord-
ingly, pharmacologic ALK inhibition has shown 
efficacy in relapsed/refractory ALK+ALCL 
patients [100]. The oncogenic properties of ALK 
are mediated by interaction with downstream 
molecules that engage intracellular signals, 
among which the JAK3-STAT3 pathway is of 
prime importance [101]. The NPM-ALK fusion 
transcript has been detected at low levels in reac-
tive lymph node and normal peripheral blood 
samples of healthy individuals, suggesting addi-
tional cofactors [102] and other genetic alteration 
required for T-cell transformation. Several stud-
ies demonstrated that miR-17 ~ 92 cluster and its 
paralogues are also highly expressed in 
ALK+ALCL and may represent important down-
stream effectors of the ALK oncogenic pathway 
[103, 104]. No etiologic agent has been linked to 
ALCL, but there have been case reports of sys-
temic ALK+ALCL presenting with skin lesions 
occurring after an insect bite [105], suggesting 
the possible role of inflammatory mediators 
released upon the bite in eliciting lymphoma 
development.

4.6  ALK-Negative ALCL

ALK-negative ALCL, introduced as a provisional 
entity in the 2008 WHO classification, was 
promoted to a definitive status in the revised 
edition [5]. This disease is defined as a systemic 
large cell lymphoma with comparable morphol-
ogy to classical ALK+ALCL, uniformly strongly 
positive for CD30 but lacking ALK expression. 
ALK−ALCL is overall less common than 
ALK+ALCL; in the international T-cell lym-
phoma study, it comprised 5.5% of PTCLs world-
wide [85]. ALK−ALCL tends to occur in older 
individuals with less frequent extra-nodal 
involvement. The distinction from ALK+ALCL 
is important since the clinical course and progno-
sis of the patients are worse than for those with 
ALK+ tumors, but more favorable than those of 
PTCL-NOS patients [106]. However, recent anal-
yses have highlighted that the prognostic differ-
ence between ALK+ and ALK−ALCL might be 
related to the fact that ALK−ALCL tends to occur 

in older patients, rather than intrinsically distinct 
biological properties according to ALK expres-
sion [107].

4.6.1  Pathology

By definition the cytomorphologic features over-
lap with those of the common variant of 
ALK+ALCL, including the presence of hallmark 
cells. The diagnostic criteria for ALK−ALCL 
[108] require (1) the presence of “hallmark cells,” 
(2) a cohesive architecture, and (3) strong CD30 
expression in virtually all tumor cells. In most 
cases, the tumor cells tend to be larger and more 
pleomorphic than in ALK+ALCL. In addition, the 
presence of the following criteria is desirable: 
reduced T-cell surface antigen expression, EMA 
positivity, and a cytotoxic phenotype and/or a 
sinusoidal involvement. ALK−ALCL by defini-
tion contains no ALK translocation and is negative 
for ALK protein expression (Fig. 4.6b). Compared 
to ALK+ALCL, ALK−ALCL has more preserved 
expression of T-cell antigens, while the expression 
of cytotoxic markers and of EMA tends to be less 
frequent. Nuclear expression of PAX5 has been 
detected in rare cases in association with the pres-
ence of extra copies of the gene [109].

4.6.2  Molecular Signature

ALCL, irrespective of ALK status, is molecularly 
distinct from other PTCLs and expresses a distinct 
set of transcripts, including CD30 (TNFRSF8), 
BATF3, and TMOD, and demonstrates low expres-
sion of genes associated with TCR signaling [14, 
15, 94, 110]. Due to fewer number of cases, it was 
challenging to generate definitive diagnostic sig-
nature for ALK−ALCL, but a refined study used a 
two-step algorithm to identify ALCL cases from 
PTCL- NOS first and then within ALCL cases dis-
tinguish ALK+ALCL from ALK−ALCL.  Using 
this algorithm, 97% of pathologically defined 
ALCL cases irrespective of ALK status were iden-
tified and reclassified 11% (17 of 150) of PTCL-
NOS as ALCL, which upon further review  
were all ALK−ALCL cases [14]. The signatures 
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 distinguishing ALK+ALCL from ALK−ALCL 
included enrichment of MYC, IRF4 target, and 
mTOR genes in ALK−ALCL [94]. Further studies 
have identified NF-κB and stromal signatures to be 
predictive of prognosis independent of ALK status 
in ALCL [111].

4.6.3  Molecular Pathogenesis 
and Genetic Features

Two types of recurrent translocations were dis-
covered in ALK−ALCL by massive parallel 
sequencing [112, 113]. The most frequent 
rearrangements involving the 6p25.3 locus are 
rather specific to ALK−ALCLs (both systemic 
and primary cutaneous), and virtually absent in 
other PTCL entities, and involve either IRF4 or 
DUSP22 (encoding a dual-specificity phosphatase 
that inhibits TCR signaling) with various partners. 
The less frequent TP63 rearrangements encoding 
fusion proteins homologous to ΔNp63, a 
dominant-negative p63 isoform that inhibits the 
p53 pathway, have been detected in systemic 
ALK−ALCL and PTCL-NOS.  The most com-
mon rearrangement resulting from inv(3)
(q26q28) fuses TP63 to TBL1XR1 [112]. 
Rearrangements of DUSP22 and TP63 in ALK−
ALCL are mutually exclusive and detected in 
19–30% and 7–8% of the cases, respectively 
[114, 115]. DUSP22-rearranged ALCLs have a 
prognosis similar to ALK+ALCL, while con-
versely TP63 rearrangements are associated with 
a poor outcome (17% 5-year OS), and cases lack-
ing all three genetic markers have an intermedi-
ate prognosis [114, 115] (Fig. 4.7c). Interestingly, 
the genetic heterogeneity seems to imprint phe-
notypic correlates, as DUSP22 rearranged cases 
tend to have very classical morphology with 
many hallmark cells, usually lack both cytotoxic 
markers and EMA expression [112] and display 
higher expression of the chemokine receptor 
CCR8 [115–117]. A subset of ALK−ALCL is 
characterized by aberrant expression of ERBB4-
truncated transcripts carrying intronic 5′ untrans-
lated regions, which appear to have oncogenic 
properties and can potentially be antagonized 
pharmacologically [118].

A recent large comprehensive genomic study 
uncovered diverse mechanisms convergent to 
induce constitutive oncogenic activation of the 
JAK/STAT pathway in a substantial proportion 
of ALK−ALCL [119]. These mechanisms 
include occasionally co-occurring activating 
mutations of STAT3 and JAK1 in around 40% of 
the cases and recurrent gene fusions involving a 
transcription factor (NFKB2 or NCOR2) with 
tyrosine kinase genes (ROS1 or TYK2) in a small 
subset of the cases. Therefore, STAT3 activation 
represents a shared oncogenic mechanism in 
both ALK+ and ALK−ALCLs. Compared to 
ALK+ALCL, ALK- tumors have more genomic 
complexity. Loss at 17p13 (involving TP53) or 
inactivation of PRDM1 by various mechanisms 
was found in 42 and 56% of ALK−ALCLs, 
respectively [120], and these alterations were 
found to be associated with a more aggressive 
course [115].

4.7  Primary Cutaneous ALCL

Primary cutaneous (pc)ALCL is a disease entity 
within the spectrum of primary cutaneous CD30+ 
lymphoproliferations, along with lymphomatoid 
papulosis. It is the second most common type of 
cutaneous T-cell lymphoma (after mycosis fun-
goides). A history of mycosis fungoides must be 
excluded, since transformed mycosis fungoides 
(defined as >25% large cells) is often CD30+ and 
may mimic pcALCL. pcALCL presents as soli-
tary or less commonly (in 20% of the cases) mul-
tiple skin nodule(s) or tumor(s) that may regress 
and recur and usually carries a good prognosis. 
Secondary cutaneous involvement by systemic 
ALK−ALCL has overlapping features, but the 
distinction is of prime importance given the prog-
nostic implications with systemic ALCL requir-
ing chemotherapy and having a 5-year overall 
survival (OS) rate of only 49%. Locoregional 
lymph node involvement may occur and even 
precede the skin lesions in pcALCL without 
necessarily indicating an aggressive behavior. 
Therefore, detailed clinical information is man-
datory; involvement of a single peripheral lymph 
node by ALK−ALCL should always raise the 
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possibility of nodal  dissemination of a primary 
cutaneous lesion before concluding to early-stage 
systemic disease.

4.7.1  Pathology

In pcALCL, the tumor comprises sheets of large 
anaplastic, pleomorphic, or immunoblastic T-cells 
of which the majority express CD30. The neoplas-
tic cells form diffuse infiltrates of cohesive sheets, 
may display epidermotropism, and can have an 
inflammatory background. They are usually CD4+, 
show variable loss of expression of other T-cell 
antigens, frequently express cytotoxic molecules, 
and are usually negative for EMA and ALK.  At 
variance with systemic ALCL, pcALCL usually 
expresses the CLA cutaneous address in antigen.

4.7.2  Genetic and Molecular 
Features

The genetic features of pcALCL overlap with 
those of systemic ALK−ALCL, including rear-
rangements of DUSP22 in up to 30% of the cases, 
a feature associated to more pronounced epider-
motropism [121, 122], rearrangements of TYK2 in 
13% of the cases [123], occasional STAT3 muta-
tions [119], and rearrangements of TP63. 
Although pcALCL is classically described as an 
ALK- form of ALCL, unusual cases of pcALCL 
expressing ALK and carrying an ALK transloca-
tion have been reported, which remained confined 
to the skin and had a very good outcome [124].

4.8  Breast Implant-Associated 
ALCL

Breast implant-associated ALCL (BI-ALCL) is a 
very rare form of T-cell lymphoma that arises in 
association with various kinds of breast implants. 
The estimated risk is one case for every 500,000–
3,000,000 women with breast implants [125]. In the 
recently revised WHO classification of hematologi-
cal malignancies, BI-ALCL is introduced as a new 
provisional disease entity, distinct from the other 
types of ALCLs already recognized [5]. While the 

morphological and immunophenotypical features 
of BI-ALCL are indistinguishable from those of 
systemic ALK−ALCL, what makes the specificity 
of this disease is the clinical presentation in associa-
tion and vicinity with a breast implant. Most cases 
present as a periprosthetic effusion (seroma or in 
situ lymphoma), and only a minority of the cases 
present as a tumor mass infiltrating into the adjacent 
breast parenchyma, with or without an associated 
effusion [126–128]. A significant proportion of 
patients may present with axillary lymphadenopa-
thy which is not proven involved by lymphoma in 
all instances [126]. Rare cases present with dissemi-
nated disease. While most patients have excellent 
outcome, several studies have highlighted an asso-
ciation between the clinical pattern and disease 
aggressiveness; for example, most cases presenting 
as a seroma appear to be cured with surgery alone 
and infrequently experience recurrences, while the 
presence of a solid tumor mass is an adverse prog-
nostic factor [126]. A detailed longitudinal analysis 
of patients who died of BI-ALCL showed locore-
gional dissemination of the disease to the breast, 
locoregional lymph nodes, chest, and mediastinum, 
but no systemic dissemination typical of other lym-
phomas, hence, suggesting to use a staging system 
similar in its principles to those applied to solid 
tumors [126, 129].

4.8.1  Genetic and Molecular 
Features

Information available on the genetic lesions 
underlying the development and progression of 
BI-ALCL and its molecular pathogenesis is lim-
ited. DUSP22 and TP63 rearrangements were not 
found in a reported series [127]. Complex karyo-
types were observed in cell lines established from 
three BI-ALCL patients [130]. STAT3 mutations 
were found in few cases of BI-ALCL [131].

4.9  Adult T-Cell Lymphoma/
Leukemia (Figs. 4.8 and 4.9)

ATLL is a mature T-cell lymphoma that is caused 
by human T-cell lymphotropic retrovirus type 1 
(HTLV-1). The disease distribution parallels that 
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CD4
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Fig. 4.8 Histopathological features of ATLL. This case 
with lymphomatous presentation was diagnosed in a 
middle-aged man with no previous medical history. An 
abdominal lymph node showed a diffuse involvement by a 
monotonous population of medium to large lymphoid 

cells with moderately abundant cytoplasm and slightly 
irregular nuclei. The lymphoma cells are CD3+ (not 
shown) CD4+ CD7- CD25+, an immunophenotype 
characteristic of ATLL.  Positivity for HTLV1 was 
discovered during the clinical work-up
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Fig. 4.9 Molecular and 
genetic features of 
ATLL. (a) Gene 
expression-based 
molecular predictor for 
ATLL versus other 
PTCLs. The gene 
signature was derived 
using Bayesian 
algorithm and was 
enriched in genes 
involved in TCR 
signaling and HTLV-1-
induced genes in T-cells 
(adapted from Iqbal, 
et al. Blood, 2010). 
(b) Frequencies and 
types of somatic 
mutations identified by 
targeted capture 
sequencing in 50 
significant genes for 370 
ATLL cases (q < 0.1). 
Genes affected by 
activating mutations are 
shown in red, and genes 
previously reported to be 
altered in other T-cell 
malignancies are 
underlined. Significant 
focal amplifications 
(red) and deletions 
(blue) identified by 
GISTIC 2.0 analysis 
(n = 426). Well-localized 
regions with 12 or fewer 
genes <500 kb in size 
and with residual q 
value <0.1 are 
annotated. The number 
of genes included in 
each locus is indicated 
in parentheses. 
Significantly mutated 
genes are marked with 
asterisks. (B-C, adapted 
from Kataoka, et al. Nat. 
Genet. 2015)
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of the prevalence of HTLV-1 infection in the 
 population and is endemic in southwest Japan, the 
Caribbean basin, Central and South America, and 
Central Africa. The average age at diagnosis is 
40–60 years, but comparatively lower in Central 
and South America than in Japan [132]. The dis-
ease encompasses a marked diversity of clinical 

manifestations: peripheral blood involvement 
ranging from blood abnormal lymphocytes to 
lymphocytosis to a frank leukemic picture, wide-
spread lymphadenopathy, hepatomegaly and sple-
nomegaly, hypercalcemia, skin lesions, and 
involvement of various organs including the gas-
trointestinal tract and central nervous system. The 
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clinical presentation is classified into four variants 
(acute and lymphomatous which are highly 
aggressive and smoldering and chronic which are 
less aggressive), based on the degree of peripheral 
blood involvement, type of tissue infiltration, 
hypercalcemia, and lactate dehydrogenase levels 
[133]. Most patients present with lymph node and 
peripheral blood involvement, but no correlation 
is observed between the abundance of circulating 
tumor cells and bone marrow involvement.

4.9.1  Pathology

Morphologically, ATLL is characterized by a wide 
spectrum of morphological appearances including 
variable patterns of infiltration in the tissues and 
variable cytological features. In the chronic and 
smoldering forms, the neoplastic cells tend to be 
small with minimal atypia, while in the leukemic 
and lymphomatous presentations, the neoplastic 
cells are larger and more pleomorphic and may 
include anaplastic-like or large multinucleated 
giant cells (Fig. 4.8). Blastoid morphology may be 
seen in a subset of the cases. In the peripheral 
blood, the neoplastic cells are typically multilo-
bated and are referred to as “flower cells.” In 
lymph nodes, ATLL infiltrates may be focal or 
extensive; they may mimic other lymphoma enti-
ties and may resemble, for example, AITL by fea-
turing cells with clear cytoplasm and having an 
associated eosinophilic component; in other cases, 
they may mimic Hodgkin lymphoma due to the 
presence of large EBV-positive B-cell blasts likely 
expanded as a result of the concomitant immune 
deficiency in ATLL patients. The skin infiltrates 
are often epidermotropic and may mimic cutane-
ous T-cell lymphoma.

In most cases, ATLL cells are CD4+ CD8- 
(but a subset may be CD4- CD8+ or CD4+ 
CD8+). They express several other T-cell anti-
gens but typically lack CD7 expression. They 
strongly co-express CD25+, are frequently 
CCR4+, and may be CD30+ especially in cases 
with large cell morphology. Expression of Foxp3, 
a marker for TREG cells, is found in a subset of the 
cases and often in the neoplastic cells [134, 135]. 
Thus, it has been suggested that ATLL cells may 
originate from HTLV-I-infected TREG cells [136]. 

Recent studies have identified CD45RA (+) T 
memory stem (TSCM) cells, as the hierarchical 
apex is capable of reconstituting identical ATLL 
clones in murine models [137].

4.9.2  Molecular Signature

Many of the molecular features of ATLL are 
determined by perturbed signaling pathways 
mediated by HTLV1 infection [138] (Fig. 4.9a). 
GEP studies have corroborated such findings and 
demonstrated high expression of IL2Rα, IL2Rβ, 
and MHC-II genes in ATLL [139]. Another study 
using neoplastic lymphoma cells has shown high 
expression of TSLC1/CADM1, CAV1, and PTGDS 
compared to normal T-cells [140]. Leukemic 
ATLL cells have increased expression of unique 
genes including TNFSF11, RGS13, MAFb, 
CSPG2, C/EBP-α, and TCF4, and gene associ-
ated with cell cycle (CDC2, cyclin B), hypercalce-
mia (RANKL, PTHLH), tyrosine kinase signaling 
(SYK, LYN), and anti-apoptosis (BIRC5) [141]. 
We identified a unique mRNA signature for 
ATLL, which is distinct from other PTCL entities 
and included many of the transcripts induced by 
TAX viral oncoprotein [15] or involved in TCR 
signaling. At least 3% of PTCL-NOS cases exhib-
ited similar signature, which were seropositive for 
HTLV1, but had no integrated HTLV-1 proviral 
genome in the tumor cells. GSEA revealed enrich-
ment of TCR signaling genes, RARγ target signa-
ture but not TREG-related gene signatures [15].

4.9.3  Molecular Pathogenesis 
and Genetic Features

Without a doubt, HTLV1 is involved in ATLL 
lymphomagenesis, but most neoplastic cells do 
not express oncogenic viral protein TAX and only 
express antisense gene product HBZ [142]. 
However both HTLV1 Tax and HBZ act as major 
drivers of T-cell transformation and induce chronic 
proliferation, apoptotic resistance, multiple organ 
invasion, and drug resistance [143]. TAX oncop-
rotein has been shown to activate multiple signal-
ing pathways in infected T-cells, which acquire 
further genetic and epigenetic changes for neo-
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plasm transformation [138]. Despite these obser-
vations, the low rate of ATLL incidence in 
HTLV1-infected population suggests that HTLV1 
itself is not sufficient, but other genetic events are 
the likely driving force fueling the clonal progres-
sion of tumor cells. A comprehensive genetic 
study has shown deletions of the NRXN3 locus 
(14q31.1 fragile site) in 60% of cases [63] and a 
number of driver abnormalities enriched in com-
ponents of the TCR pathway, the most common 
being in PLCG1 (36%) and PRKCB (33%) which 
are the two most common mutated genes overall 
(Fig. 4.9b). CARD11 was also frequently mutated 
(24%) or amplified (12%), and 8% of the cases 
had focal small internal deletions within the pro-
tein’s auto- inhibitory domain. Other changes 
include hotspot mutations in VAV1 (18%), some of 
which are known to be activating by altering auto-
inhibitory domains, and in FYN (4%), many in the 
C-terminal auto-inhibitory region. Signaling from 
CD28 is expected to be frequently enhanced by 
several mechanisms, including focal gains (71%), 
which are often high-level amplifications (23%), 
mutations in hotspots that could increase activity; 
and tandem duplications leading to expression of 
CD28 sequences from the CTLA4 or ICOS pro-
moter and occasionally substituting the extracel-
lular domain with that of ICOS or CTLA4. Since 
CTLA4 binds CD80 and CD86 more strongly 
than CD28, this results in stronger signaling from 
the retained CD28 intracellular domain. Since 
CTLA4 binds CD80 and CD86 more strongly 
than CD28, this results in stronger signaling from 
the retained CD28 intracellular domain. Mutations 
in CCR4 (29%) and CCR7 (11%) almost always 
result in truncation of the intracellular C-terminal 
tail, which prevents internalization upon stimula-
tion with ligand and thereby enhances chemotaxis 
[144]. CCR4 is expressed at a high level in ATLL 
[144–146] and likely contributes to the frequent 
skin involvement in this disease. Mogamulizumab, 
a monoclonal antibody to CCR4, has been 
approved in Japan for the treatment of ATLL and 
has shown efficacy [147, 148] in PTCL-NOS and 
CTCL [149]. In contrast to these gain-of-function 
mutations in CCR4 and CCR7, apparent loss-of-
function mutations are frequent (28%) in GPR183 
(EBI2), which responds to 7α, 25-dihydroxycho-
lesterol and may promote retention in the 

lymph  node by positioning the cells adjacent to 
follicles [150].

4.10  Cutaneous T-Cell Lymphomas

CTCL encompasses several disease entities char-
acterized by neoplastic T-cell proliferations that 
are by definition largely confined to the skin at the 
time of diagnosis [151] (Table  4.1). Altogether, 
CTCL largely outnumber primary cutaneous lym-
phomas of B-cell derivation. Within CTCL, the 
most common subtypes are mycosis fungoides 
(MF) and Sezary syndrome (SS) accounting for 
about 75% of the cases, followed by primary cuta-
neous CD30+ lymphoproliferative disorders, 
while other entities are distinctively rare [152].

Mycosis fungoides is the most common type of 
CTCL; it is characterized by epidermotropic infil-
trates of small- to medium-sized lymphocytes with 
cerebriform nuclei. The disease affects mainly 
adults and elderly patients with a male predomi-
nance but can also be observed in children. The dis-
ease has an indolent clinical course with slow 
progression over years from cutaneous patches to 
more infiltrated plaques and tumors at a later stage. 
Early-stage lesions are often distributed in sun-pro-
tected areas. Histologically, patch lesions show a 
lichenoid infiltrate of lymphocytes and histiocytes 
in the dermis, with a component of atypical lym-
phocytes with cerebriform nuclei and pericellular 
haloes infiltrating the epidermis in the basal layer. 
More infiltrated lesions comprise a more diffuse 
infiltrate with intraepidermal collections of atypical 
cells (Pautrier microabcesses). At the stage of 
tumors, ulceration may be seen, and epidermotropic 
features may not be apparent any more. Histological 
transformation defined as >25% large lymphoid 
cells may occur at the tumor stage. Uncommon his-
tological variants (folliculotropic MF, pagetoid 
reticulosis, and granulomatous slack skin) are asso-
ciated with distinct clinical presentations. In MF the 
neoplastic cells are usually CD2+ CD3+ CD4+ 
CD5+ CD8-, often lack CD7 and express TCRalpha-
beta. CD30 expression is not uncommon, especially 
in large cell transformation. The cell of origin is 
resident memory T-cells homing to the skin [153].

Sezary syndrome (SS) is a rare and aggres-
sive disease defined by a triad consisting of 
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erythroderma, generalized lymphadenopathy, 
and the presence of clonal T-cells with cerebri-
form nuclei (Sezary cells) in the skin, lymph 
nodes, and peripheral blood. SS and MF are 
closely related diseases—and MF patients may 
uncommonly develop and erythrodermic stage 
without fulfilling the criteria for SS—but they 
are considered distinct diseases based on differ-
ent biology and different cell of origin, SS being 
derived from central memory T-cells [153]. The 
neoplastic cells in SS are usually CD3+ CD4+ 
CD8- typically lacking CD7 or CD26 expres-
sion. The cutaneous lymphocyte antigen (CLA) 
is expressed in most cases of SS, as it is in 
MF. In the skin and lymph nodes, the neoplastic 
cell infiltrate is usually monotonous, with 
effacement of the architecture in lymph nodes. 
In the skin, the features may overlap with those 
seen in MF, but epidermotropism may be absent. 
Bone marrow involvement can be present, usu-
ally patchy and interstitial.

4.10.1  Molecular Signature

Numerous GEP studies have compared various 
CTCL subtypes to those of normal T-cells, normal 
skin, and inflammatory skin conditions and often 
resulted in discrepancies in GEP signatures, 
which can be attributed to cell population selec-
tion or small sample number in these studies 
(reviewed by Dulmage et.al [154]). Most GEP 
studies were performed on common clinical vari-
ants (i.e., MF or SS), commonly overexpressed 
genes in these variants but not in normal T-cells, 
including TWIST1, PLS3 (plastin 3), and two 
NK-cell markers, NCR1 (NKp46) and KIR3DL2 
[155]. Several gene expression changes are seen 
in both MF and SS (TWIST1, CD52, PTPRCAP, 
JUNB, TOX), and still others show differential 
expression between MF and SS (EPHA4, STAT4) 
[156]. GSEA showed the upregulated genes to be 
enriched in cell cycle control, MYC transcrip-
tional activation, immune system regulation, and 
chemokine signaling [156]. Several genes with 
critical roles in TCR, cytokine, and chemokine 
signaling are strongly upregulated (≥5×). These 
include CD3G, RAC2, PRKCQ, and HRAS (TCR 

signaling) and chemokine receptors CCR4 and 
CCR8, IL6R, and IL2RG. IL2RG encodes the IL-2 
receptor common gamma chain, which is a sub-
unit of six cytokine receptors including receptors 
for IL-15 and IL-21, which are important auto-
crine factors in CTCL. Upregulated transcripts for 
transcription factors include TOX (~19-fold 
increase), which has been suggested as a specific 
biomarker for MF and SS. There is evidence for a 
pathogenic role for TOX in CTCL by downregu-
lating the cell cycle inhibitory proteins CDKN1B 
and –C [157], and RUNX3 [158] which may act 
as a tumor suppressor gene in CTCL [159].

4.10.2  Molecular Pathogenesis 
and Genetic Features

The specialized homing of neoplastic cells in the 
skin may reveal the role of tumor 
microenvironment in disease progression. 
However, tumor intrinsic features are essential to 
maintain the survival advantage, and distinctive 
pathognomonic chromosomal alterations have 
been observed in CTCL [160–163], with loss of 
17p in ~40% of cases, including smaller deletions 
at 17p13.1 encompassing TP53 in >50% SS 
cases. In addition, deletions at 9p21.3 that include 
CDKN2A occur in ~50% of cases and are often 
homozygous. Loss of CDKN2A and TP53 is 
expected to confer resistance to apoptosis and 
cellular senescence and enhances proliferation 
and genomic instability. Other aberrations 
inducing the loss of cell cycle regulators include 
deletion at 13q14.2 (RB1) and 12p13.1 
(CDKN1B). Another apoptosis regulator that is 
commonly deleted or mutated is FAS (10q23.3, 
which also includes PTEN). Loss of FAS is 
expected to interfere with activation-induced cell 
death (AICD), an important homeostatic 
mechanism in T-cells. Genes involved in 
chromatin remodeling are frequently affected. A 
focused deletion on 1p36.1 includes ARID1A, 
which also shows a mutation in ~10% of cases. 
Together, ~40–60% of cases have either deletion 
or mutation of ARID1A. ARID5B is also 
frequently (~40%) included in deletions within 
10q and ARID3A in deletions of distal 19p [162]. 
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Other SWItch/sucrose mon-fermentable (SWI/
SNF) components are also frequently affected by 
deletions. In particular, SMARCC1 at 3p21.31 
was included in deletions of <4  Mb in 21% of 
tumors. Deletions or mutations affecting 
ARID1A, ARID5B, or SMARCC1 occurred in 
61% of cases. Other genes mutated in CTCL also 
have roles in enhancer function. For example, 
mutations in MLL2, MLL3, and MLL4 (KDM2D, 
-C, and -B) occur in SS although the frequencies 
vary considerably among reports [161, 162]. 
Alterations affecting DNA methylation are also 
common in CTCL.  Focal deletions at 2p23.3, 
sometimes homozygous, likely target de novo 

DNA methyltransferase DNMT3A in ~20–35% in 
CTCL [160, 161]; deleterious mutations also 
occur. Mutations and deletions also occur in TET 
family genes, essentially affecting TET1, whereas 
TET2 mutations are uncommon [161].

4.11  Hepatosplenic T-Cell 
Lymphoma (HSTL) (Fig. 4.10)

HSTL is a very rare and aggressive entity orig-
inally described as “hepatosplenic γδ T-cell 
lymphoma” because most cases derive from γδ 
T-cells. Since there are rare cases with an αβ 

Fig. 4.10 Hepatosplenic T-cell lymphoma (HSTL). (a) 
Histopathology of a splenectomy specimen showing 
intra- sinusoidal involvement by medium-sized lymphoid 
cells in the splenic white pulp. The lymphoma cells are 
positive for TCR gamma expression, and this immunos-
tain emphasizes the intravascular distribution of the 

 neoplastic cells, which are also positive for TIA1. Iso7q 
demonstrated here by FISH is a major genetic abnormal-
ity in HSTL. (b) Recurrent mutation is chromatin modi-
fiers in HSTL. Bars colored by most damaging mutation 
in each gene-sample pair (adapted from McKinney et al. 
Cancer Discovery 2017)
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 phenotype and similar clinicopathologic and 
molecular features, the entity was simply 
renamed (hepatosplenic T-cell lymphoma) 
[164]. HSTL predominantly affects young 
male adults; in about 20% of the cases, it 
occurs in the setting of chronic immune sup-
pression or prolonged antigenic stimulation, 
particularly in solid organ transplant recipi-
ents, and about 10% of the patients have a his-
tory of inflammatory bowel disease that may 
have required treatment by azathioprine and/or 
anti-TNF-alpha conjugates [165–167]. The 
disease typically presents with hepatospleno-
megaly, thrombocytopenia, and systemic 
symptoms without lymphadenopathy or 
peripheral blood involvement.

4.11.1  Pathology

HSTL comprises a monotonous infiltrate of atypi-
cal medium-sized lymphoid cells (Fig.  4.10a). 
A subset of cases may show more pleomorphic or 
blastoid morphology. Splenomegaly results from 
the enlargement of the red pulp while the white 
pulp is rather atrophic [168]. The lymphoma cells 
expand the red pulp cords and distend the sinu-
soids. A sinusoidal pattern of infiltrate is also seen 
in the liver and bone marrow. HSTL is thought to 
derive from functionally immature cytotoxic γδ 
T-cells of the splenic pool with vδ1 gene usage. 
The usual immunophenotype is CD3+ CD5− 
CD56+ CD4−/CD8− TCRγδ+ with a nonacti-
vated cytotoxic profile (Fig. 4.10a) [168].
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4.11.2  Molecular Pathogenesis 
and Genetic Features

Isochromosome 7 is observed in majority of the 
cases (Fig. 4.10a), both in cases with a γδ or αβ 
phenotype [169, 170] resulting in (1) deletion of 
the short arm of chromosome 7 which may lead to 
the loss of tumor suppressor genes located on 7p, 
as well as loss of TRB@ gene at 7p15 and (2) dupli-
cation of the long arm most likely causing overex-
pression of oncogenes located on 7q, as well as the 
TRG@ gene at 7q35 [171]. Isochromosome 7q is 
usually thought to be the primary abnormality of 
this disease with a tendency to multiply the i(7)
(q10) during disease progression; it may be accom-
panied by trisomy 8 and loss of a sex chromosome, 
which seem also to be associated with progression 
of the disease [169, 172]. Isochromosome 7q is not 
specific for HSTL, as it is indeed one of the most 
common isochromosomes in malignant disorders 
(acute myeloid and lymphoblastic leukemias, 
myelodysplastic syndromes, and Wilms tumor) 
and in the spectrum of NK/T-cell malignancies and 
ALK−ALCLs [173].

Whole-exome sequencing analysis of a large 
series of HSTL (Fig.  4.10b) showed frequent 
mutations in chromatin-modifying genes (SETD2, 
INO80, and ARID1B) in 62% of cases and also in 
STAT5B (31%), STAT3 (9%), and PIK3CD (9%) 
[174]. SETD2 encodes a major chromatin modi-
fier and catalyzes trimethylation of Lys-36 of his-
tone H3 (H3K36me3) [173, 174]; thus, epigenetic 
imbalance widely governs the molecular path-
ways in HSTL.

4.11.3  Molecular Signature

Irrespective of TCR cell lineage, these lymphomas 
have unique gene signatures and in general form a 
distinct hierarchical cluster [164] but exhibit close 
association with ENKTCL [16]. The differentially 
expressed transcripts reflect the characteristic dis-
tribution of the neoplastic cells in the liver and 
spleen with high expression of metabolic and 
B-cell-related genes, mainly from stromal 

 components. Overall, there were differences in 
expression of cytotoxicity genes compared with 
NKCL and/or other non- hepatosplenic cytotoxic 
PTCLs [175]. Other GEP studies have identified a 
unique gene signature that can distinguish hepato-
splenic γδ-TCL from other αβ-TCL and γδ-TCL 
[175]. Travert et al. also performed GEP analysis 
on a subset of HSTL and showed overexpression of 
genes encoding NK-cell-associated molecules and 
oncogenes (FOS and VAV3). The study also showed 
low expression of AIM1 due to promoter hyper-
methylation and decitabine treatment that induced 
a significant increase in AIM1 transcript [164].

4.12  Intestinal T-Cell Lymphomas

Primary intestinal T-cell lymphomas formerly des-
ignated as enteropathy-associated T-cell lympho-
mas (EATL) type I and type II are derived from 
intraepithelial T lymphocytes and overall account 
for 5–8% of PTCLs and 10–25% of all primary 
intestinal lymphomas [3, 6, 176, 177]. These dis-
eases tend to occur in adults older than 50 years, 
with a slight male preponderance. Symptoms may 
include anorexia, weight loss, diarrhea, abdominal 
pain, malaise, and fever, but many cases present 
with acute symptoms due to intestinal perforation, 
obstruction, or bleeding. The tumor usually devel-
ops in the small intestine, most often in the jeju-
num, ileum, or duodenum, or as multifocal 
intestinal lesions. Primary intestinal T-cell lym-
phomas have a poor prognosis, with <20% 5-year 
survival [6, 178]. Besides these primary intestinal 
diseases, the intestines may be involved by virtu-
ally any T-cell lymphoma entity at presentation or 
during disease course, especially EBV-associated 
ENKTL.  Moreover a peculiar form of indolent 
clonal intestinal T-cell lymphoproliferative disor-
der was recently recognized.

4.12.1  Pathology (Fig. 4.11)

The two subtypes of EATL previously consid-
ered as variants of the same disease have been 
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Fig. 4.11 Histopathological and genetic features of pri-
mary intestinal T-cell lymphomas. (a) Enteropathy- 
associated T-cell lymphoma (EATL) in a patient with 
history of celiac disease; the tumor is presented as an 
ulcerated mass and is composed of large pleomorphic and 
somewhat anaplastic cells, which are strongly positive for 
CD30. (b) Monomorphic epitheliotropic intestinal T-cell 
lymphoma (MEITL) composed of monotonous medium-
sized cells, expressing the gamma chain of the TCR. (c) 
Most frequent mutation and pathways perturbed in 
MEITL. Epigenetic modification and JAK-STAT pathway 
are more frequently altered pathways in this rare entity 
(adapted from Roberti et al., Nat Commun. 2016). (d) An 
extended cohort of EATL (type I n  =  41) and MEITL 

(EATL type II n  =  23) showed a higher frequency of 
SETD2 alterations in MEITL and similar mutation profile 
in other genes in these entities: type I frequency (purple; 
left); type II frequency (orange; right) (adapted from 
Moffitt et al., JEM 2017). (e) The Circos diagram summa-
rizes the somatically acquired genetic variants in MEITL 
genomes detected by WES. From outermost to innermost 
tracks: (1) ideogram representing chromosomes oriented 
clockwise, with centromeres indicated in red; (2, 3) plot of 
somatic copy number alterations and relative frequency, 
gains (red) and losses (blue); (4) neutral LOH distribution; 
(5) distribution of somatic mutations and different muta-
tion types across the genome colored by type of alteration 
(adapted from Roberti et al., Nat Commun. 2016)
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reclassified as two distinct disease entities 
(WHO 2017) due to differences in epidemiologi-
cal, clinical, histological, and genetic features 
(Table 4.2) [6], i.e., former type I EATL is now 
simply designated as EATL, and former type II 
EATL was renamed monomorphic epitheliotro-
pic intestinal T-cell lymphoma (MEITL).

EATL is most common overall, comprising 
about 80–90% of cases, and is more prevalent in 
Western populations, especially in Northern 
Europe where celiac disease is more prevalent. 
EATL occurs as a complication of gluten- 
sensitive enteropathy, but less than half of the 
patients have a known history of celiac disease. 
In patients with symptomatic celiac disease, the 
development of EATL may be preceded by 
refractory celiac disease (RCD) (RCD I, com-
prising increased polyclonal IEL with normal 
immunophenotype, or RCD II, characterized by 
monoclonal IEL with an aberrant immunopheno-
type) or chronic ulcerative jejunitis (multifocal 
ulcerated microlymphomas). In around half of 
the patients, EATL represents the first manifesta-
tion of enteropathy. It is composed of pleomor-
phic, medium to large, occasionally anaplastic 
lymphoid cells. Extensive necrosis and a high 

mitotic rate are common (Fig. 4.11a). A polymor-
phic inflammatory infiltrate rich in histiocytes 
and eosinophils is frequently present, sometimes 
obscuring the lymphoma cells, and indeed the 
disease was initially reported as “malignant his-
tiocytosis of the small intestine” [179]. The neo-
plastic cells are usually CD3+, CD5-, CD4-, 
CD8-, and CD56- and diffusely express cytotoxic 
markers with an activated profile (expression of 
TIA1 and granzyme B and/or perforin) [180]. 
Most cases are CD30+ (Fig. 4.11a), and interest-
ingly complete remission was reported recently 
in a patient with CD30+ EATL, after brentux-
imab vedotin administration [47, 180, 181]. The 
neoplastic cells are EBV- negative and usually 
express TCRαβ+ and the intraepithelial homing 
integrin CD103 [178].

MEITL is overall very rare [3]. It comprises 
<20% of primary intestinal T-cell lymphomas, is 
rare in Western populations, and represents the 
more prevalent intestinal T-cell lymphoma type 
in Asian-Pacific studies [5, 182]. Although this 
remains controversial, most studies suggest the 
lack of association with celiac disease in the 
majority of type II EATL cases [3, 178, 183]. 
Typically, it comprises a monomorphic 

Table 4.2 Characteristics of primary intestinal T-cell lymphomas

Enteropathy-associated T-cell 
lymphoma (EATL)

Monomorphic epitheliotropic intestinal T-cell 
lymphoma (MEITL)

Epidemiology Northern Europe, association 
with celiac disease (CD) 
HLA-DQ2/−DQ8: >90%

Celiac disease uncommon
HLA-DQ2/−DQ8: nl frequency

Morphology Pleomorphic, medium to large 
size, some cases anaplastic
Inflammation, necrosis common

Monomorphic, small to medium size, epitheliotropic
No inflammation, no necrosis

Distant mucosa Enteropathy Increased IEL, no atrophy
Immuno-phenotype CD3+, CD5−, CD8−/+, CD56-

frequently CD30+
Cytotoxic activated
MATK+ <40% of tumor cells

CD3+, CD5−, CD8+/−, CD56+/−
CD30-
Cytotoxic activated
MATK+ >80% tumor cells
Co-expression of B-cell antigens (20%)

TCR expression Usually αβTCR γδTCR (Vδ1) > αβTCR
Genomic imbalances +1q32.2-q41, +5q34-q35.2

+9q −16q21.1
+8q24 (MYC)
+9q −16q21.1

Epigenetics SETD2 mut. rare SETD2 inactivation (>90%)
JAK/STAT pathway JAK1 mut (20–50%)

JAK3 mut (10%)
STAT3 mut (20%)
STAT5B mut (rare)

JAK1 mut (10–20%)
JAK3 mut (35–50%)
STAT3 mut (10%)
STAT5B mut (50–65%)

MAPK pathway KRAS NRAS BRAF mut (20%) BRAF KRAS NRAS mut (50%)
GRP signaling GNAI2 mut (24%)
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proliferation of medium-sized cells, without 
necrosis and inflammation [184]. At the periphery 
of the central tumor zone, the neoplastic cells 
spread to the adjacent mucosa by featuring 
marked epitheliotropism [185, 186]. The 
neoplastic cells are usually CD3+, CD5-, CD7+, 
CD4-/CD8+, CD30-, and CD56+, with an 
activated cytotoxic immunophenotype. EBV is 
negative. Aberrant expression of CD20 and/or 
other B-cell markers may be seen in up to 25% of 
the cases. The megakaryocyte-associated tyrosine 
kinase (MATK) was reported as a specific marker 
of MEITL [186, 187]. MEITL appears 
heterogeneous in terms of TCR expression, and 
the majority of the cases are of γδ origin 
(Fig.  4.11b) [185]. Increased IEL in distant 
mucosa can be frequently identified upon careful 
examination and have an immunophenotype that 
is either concordant or variably discordant with 
that of the invasive tumor [185, 186, 188, 189].

4.12.2  Molecular Pathogenesis 
and Genetic Features (Table 4.2)

Comparative genomic hybridization (CGH)-
based studies have shown that EATL and MEITL 
share common recurrent chromosomal imbal-
ances, and also distinctive genetic alterations 
[190–192]. Both are cytogenetically character-
ized by chromosome 9q gains and almost mutu-
ally exclusive losses of 16q12.1. Gain of 
chromosome 7 and losses of 8p22–23.2, 16q21.1, 
11q14.1- q14.2, and 9p21.2-p21.3 are also fre-
quent in both diseases. Conversely, MEITL is 
characterized by significantly more frequent gains 
of the MYC oncogene locus and less frequent 
gains of chromosomes 1q and 5q as compared 
with EATL, suggesting two distinct genetic path-
ways. Additionally the loss of 3p21.31 has been 
reported as recurrent in MEITL, but not in EATL.

A few studies have examined the mutational 
landscape of these lymphomas, by targeted or by 
whole-exome sequencing. While some studies 
have examined both EATL and MEITL [193, 
194], a few were primarily focused on MEITL 
[195–197], and overall MEITL appears to be 
better characterized than EATL (Fig.  4.11c–e). 
Whole-exome sequencing analysis of a series of 

MEITL led to the discovery of highly recurrent 
alterations of the tumor suppressor SETD2 gene 
encoding a nonredundant H3K36-specific 
trimethyltransferase, in the majority of the cases 
(14/15) (93%) [196]. SETD2 alterations were 
often biallelic, mainly by loss-of-function 
mutations and/or loss of the corresponding locus 
(3p21.31). The latter finding was generated from 
CNV analysis of the exome sequences and 
confirmed by a FISH assay that we designed to 
specifically interrogate the SETD2 locus. SETD2 
alterations are found in both γδ and αβ-expressing 
tumors and consistently correlated with defective 
SETD2 expression and H3K36 trimethylation 
evaluated by immunohistochemistry. In a 
subsequent study, Moffitt et  al. confirmed that 
SETD2 was the most frequently silenced gene in 
MEITL and identified SETD2 alterations in a 
small percentage of EATL as well [194] 
(Fig.  4.11d). These authors also modeled the 
effects of SETD2 loss in  vivo by developing a 
T-cell-specific knockout mouse, and these mice 
manifested an expansion of γδ T-cells, indicating 
novel roles for SETD2 in T-cell development and 
lymphomagenesis. Interestingly, SETD2 is also 
most frequently mutated gene (about one third of 
the cases) in HSTL [174], an entity having in 
common with MEITL to be highly aggressive 
and often derived from γδ T-cells. In another 
study, GNAI2 was identified as a frequently 
mutated gene in MEITL(24% of the cases) [195]. 
Collectively, sequencing studies of EATL and 
MEITL have pointed at recurrent mutation- 
induced activation of the JAK/STAT pathway in 
these tumors. Recurrent mutations of STAT5B in 
MEITL were first reported by Kucuk C et al. and 
found to occur exclusively in cases of γδ origin 
[198]. The study by Nairismagi et al. and Roberti 
et  al. further substantiated almost constant 
mutation-induced alterations in the JAK-STAT 
pathway in MEITL, mainly affecting STAT5B 
(60–65%), JAK3 (35–46%), and SH2B3 (20%) 
[195, 196]. In a targeted NGS analysis of 34 
intestinal T-cell lymphomas (comprising EATLs, 
MEITLs, and other T-cell lymphomas), Nicolae 
et al. reported JAK/STAT pathway mutations in 
67.6% of cases (with STAT5B and JAK3 most 
frequently mutated in 26.5% and 27.3% of cases) 
in all intestinal PTCL subtypes with a higher 
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prevalence in MEITL, regardless of αβ and γδ 
origin, and RAS pathway gene alterations in 
24.2% of cases [193]. A high percentage of cases 
showed co-occurring mutations in both the JAK/
STAT and RAS pathway. Moffitt AB et al. also 
found evidence of overlapping genetic alterations 
in EATL and MEITL, with frequent mutations in 
MAPK signaling pathway (TP53, BRAF, and 
KRAS) indicating shared mechanisms underlying 
their pathogenesis [194].

4.13  Indolent Intestinal T-Cell 
Lymphoproliferations

“Indolent T-cell lymphoproliferative disorder of 
the gastrointestinal tract” was coined to designate 
clonal T-cell proliferations, with indolent clinical 
course after long-term monitoring [199]. The 
small number of such cases reported in the 
literature [199–202] occurred more commonly in 
males at a median age of 48.5  years (range, 
15–77  years). Patients presented with chronic 
diarrhea, weight loss, abdominal pain, and/or 
rectal bleeding. Endoscopic findings include 
mucosal erythema, erosions or small ulcerations, 
and in some instances small polyps without mass 
lesions. Patients usually had multiple lesions 
along the gastrointestinal tract, most commonly 
in the small intestines and colon. Rare cases have 
evidence of distant disease, with liver or bone 
marrow infiltrates, proven with biopsy and/or 
detection of monoclonal TCR rearrangement.

Mucosal biopsies reveal a dense infiltrate of 
small, monotonous lymphoid cells expanding the 
lamina propria and displacing the epithelial 
structures without signs of destruction. Villous 
atrophy is commonly present [199, 200, 202]. 
The infiltrate is composed of CD3+ T-cells, either 
CD4+ (more commonly) or CD8+, or in rare 
instances CD4-/CD8-. CD8-positive cases have a 
cytotoxic profile [199, 203], and some cases 
show loss of expression CD5 and/or CD7. CD56, 
CD103, and EBV are not detected. The variations 
observed in the immunophenotype do not appear 
to translate into any relevant clinical correlation. 
Ki67 proliferation index is in the range of 5–10%. 
STAT3 mutations or evidence of STAT3 activation 

has not been found [199]. Some CD4+ cases 
occurred in patients with associated autoimmune 
disease [202].

The differential diagnosis includes inflamma-
tory conditions, such as ulcerative colitis, but 
more challenging is to not misdiagnose an indo-
lent T-cell lymphoproliferation as lymphoma, and 
indeed among the cases reported in the literature, 
several patients have received chemotherapy for 
presumed T-cell lymphoma; the diagnosis was 
then revisited after the lesions persisted without 
significant progression or resolution under treat-
ment. The condition is clinically indolent, and 
most patients are alive with persistent disease 
after several years of follow-up. Complete remis-
sions have been reported in two cases [199], and 
death from disease progression has been reported 
at 132 and 176  months after diagnosis in two 
patients [200, 201].

4.14  Extra-nodal NK/T-Cell 
Lymphoma (ENKTCL)

ENKTCL is not exceptional in Western coun-
tries, but predominantly affects middle-aged men 
in Asia, Mexico, and South America [204]. It 
presents as tumors or destructive lesions in the 
nasal cavity, maxillary sinuses, or palate and, 
despite a localized presentation in most patients, 
tends to relapse locally or at other extra-nodal 
sites, such as the skin, and has an overall 40–50% 
5-year survival rate. “Extranasal NK/T-cell lym-
phomas” otherwise similar to the nasal NKTCL 
may present in other localizations, especially in 
the skin, gastrointestinal tract, or testis, and tend 
to have a more adverse clinical outcome [204]. 
Aggressive NK-cell leukemia, also EBV- 
associated and derived from NK-cells, is regarded 
as the systemic form of NKTCL [205].

4.14.1  Pathology (Fig. 4.12)

ENKTCL ranges from monomorphic small-/
medium-sized to large cell lymphomas and is 
characterized by frequent features of angioinva-
sion and angiocentrism, and common necrosis, 
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Fig. 4.12 Extra-nodal NK/T-cell lymphoma (ENKTCL). 
(a) Histopathological features of a case presenting as an 
ulcerated mass of the gingiva; low-power view of the 
biopsy shows massive infiltration of the subepithelial soft 
tissues and surface ulceration. At higher magnification, 
the lymphoma comprises a proliferation of medium to 
large slightly pleomorphic cells, with abundant apoptotic 
debris and foci of necrosis. The lymphoid cells are 

strongly positive for CD56 and most nuclei stain for 
Epstein-Barr virus-encoded RNAs (EBERs) as shown by 
in situ hybridization. (b) Gene mutations identified in 
ENKTCL. The mutations are classified into the catego-
ries indicated at left: I RNA helicase, II tumor suppres-
sors, III JAK-STAT pathway, IV epigenetic modifiers, V 
others, VI RNA helicase family (adapted from Jian E. al. 
Nat Genet. 2015)

CD56 EBER
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accounting for frequent diagnostic difficulties on 
small biopsies. In cases where the neoplastic 
cells are admixed with an inflammatory compo-
nent and/or in small biopsies, the lesions may 
be  mistaken for a reactive process. 
Pseudoepitheliomatous hyperplasia of the over-
lying epithelium in mucosal localizations is 
another source of diagnostic difficulties. The 
neoplastic cells usually express cytoplasmic CD3 
(CD3ε+); are CD2+, CD5-, CD7+, CD16+/− and 

CD56+; and have an  activated cytotoxic profile. 
A subset of cases are negative for CD56 which is 
not specific for ENKTCL, as most cases are 
derived from NK-cells; however, up to 38% of 
the cases derived from clonal T-cells with a γδ or 
more rarely αβ TCR configuration. By definition, 
all cases are associated with EBV, which is best 
demonstrated by in situ hybridization [6]. EBV 
infection in ENKTCL is characterized by a type 
II latency program with expression of EBERs, 
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LMP1, and EBNA2 [206]. Recently, several 
studies have documented consistent PD-L1 
expression by ENKTCL neoplastic cells in the 
vast majority of the cases [207], and recent 
reports indicate that antagonization of PD1- 
PD- L1 interactions might represent a therapeutic 
option for ENKTCL patients refractory to stan-
dard lines of therapy [208].

4.14.2  Molecular Signature

The molecular signature of ENKTCL, irrespec-
tive of the cellular derivation, is distinct from that 
of other PTCLs and is characterized by high 
expression of transcripts associated with NK-cell- 
associated receptors (e.g., killer cell immuno-
globulin- or lectin-like receptor (KIR or KLR), 
cytotoxic markers (e.g., GZMB, GZMH), and 
distinct chemokine signatures, TCRδ mRNA, but 
not CD16 (FCGR3A)). It was also noted that 
non-hepatosplenic γδ-TCL showed a very similar 
gene expression profile to NKTCL [15], suggest-
ing that these two diseases are highly similar and 
may use the same oncogenic mechanisms during 
neoplastic transformation. A subsequent mRNA 
signature was able to delineate NK and γδ-T-cell 
lineage in these tumors. Compared to normal 
NK-cells, ENKTCL is characterized by activa-
tion of PDGFRA, JAK/STAT, MYC, AKT, and 
NF-KB pathways [206, 209–211], and NK-cell 
lines have been shown to be sensitive to STAT3 
and NOTCH inhibition.

4.14.3  Molecular Pathogenesis 
and Genetic Features

EBV is clonally present in an episomal form in 
the tumor cells and exerts oncogenic effects 
through the production of cytokines such as IL-9 
and IL-10 and the upregulation of IP10/MIP2 
chemokines that may contribute to vascular 
 damage and secondary necrosis [212], while 
TNF-α production may explain the common 
hematophagocytic syndrome. ENKTCL usually 
bears complex recurrent genomic aberrations 
[206]. Partial deletion of chromosome 6  (6q21–25) 
is a recurrent aberration in ENKTCL.  Several 

candidate tumor suppressor genes, such as 
PRDM1, ATG5, AIM1, and HACE1, are mapping 
to that region, and their inactivation by deletion 
and/or methylation might be involved in lympho-
magenesis [206, 211]. ENKTL is characterized 
by constitutive activation of the JAK/STAT path-
way [210], and activating JAK3 mutations are 
detected in up to one third of the cases [213, 214], 
but a report showed that JAK3 mutations are not 
frequent in NKTCLs, at least in Japan [215]. This 
marked difference in mutation frequency requires 
additional investigation. In a recent whole-exome 
sequencing analysis [216], the most frequent 
mutations involved DDX3X, an RNA helicase that 
has been found to be recurrently methylated as 
well [198], but understanding the precise role of 
DDX3X in the pathogenesis of ENKTCL needs 
further exploration. This study also confirms the 
frequent TP53 and STAT3 mutations and demon-
strated mutations affecting epigenetic modifiers. 
Similar to the γδ T-cell-derived tumors, JAK-
STAT pathway plays a pathogenetic role in 
ENKTL [217] (Fig. 4.12b).

4.15  PTCL Not Otherwise 
Specified (PTCL-NOS)

PTCL-NOS is a heterogeneous entity of both 
nodal and extra-nodal mature T-cell neoplasms 
that do not correspond to any of the more specific 
entities. The disease generally occurs in adults 
and has an aggressive clinical course [218]. 
Importantly, neoplasms with a TFH immunophe-
notype are now excluded from the PTCL-NOS 
category. In many publications, PTCL-NOS is 
reported as the most common PTCL entity; how-
ever, with the current more stringent criteria 
including the exclusion of TFH neoplasms, PTCL-
NOS appears to be outnumbered by AITL and 
related TFH tumors [18].

4.15.1  Pathology (Fig. 4.13a–c)

In PTCL-NOS, lymph nodes usually are diffusely 
involved. While a small subset of the cases show 
monomorphic cytology, most cases are typically 
pleomorphic. Most cases consist predominantly 
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of medium-sized or large cells with irregular 
nuclei containing prominent nucleoli and many 
mitoses. High endothelial venules are usually 
increased. Many cases comprise an admixture of 
small lymphocytes, eosinophils, histiocytes, 
B-cells, and plasma cells. Many cases are CD4+ 
CD8-, a subset are CD4-CD8+, and more rarely 
tumors are either double(−) or -positive for CD4 
and CD8. Most cases derive from T cells express-
ing an αβ-TCR, a minority are of γδ origin, or 
TCR-silent. The lymphoma cells usually express 
several T-cell-associated antigens, but one or sev-
eral of these (most commonly CD5 or CD7, more 
rarely CD3 or CD2) may show reduced or absent 
expression. Expression of CD20 or other B-cell 
markers (CD19, CD79a, PAX5) has been docu-
mented in rare cases of PTCL-NOS, but co-
expression of several of them seems exceptional 
[219–221]. CD30 is often detected in a variable 
proportion of tumor cells [47]. Up to 50% of 
PTCL-NOS are EBV-positive usually in a small 
subset of cells, likely bystander B-cells, and this 

feature has been associated with a poor survival 
[222]. A subset of PTCL-NOS (15–40% of 
cases), most commonly CD8+, feature a cyto-
toxic immunophenotype. The rare lymphoepithe-
lioid variant, comprising a proliferation of small 
cytotoxic CD8+ neoplastic T-cells in association 
with an abundant epithelioid cell background, 
may have a better prognosis [223, 224]. All cases 
of CD4+ non-cytotoxic “unspecified” PTCLs 
should be investigated for the expression of TFH 
markers, since PTCL of TFH cell origin are now 
classified in the group of AITL and related 
neoplasms.

4.15.2  Molecular Signature

Several GEP studies of PTCL-NOS identified 
distinct clusters, but their biological significance 
was not clear and largely reflected characteris-
tics of the tumor microenvironment [45, 50, 
225], and either association with activated CD4+ 
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Fig. 4.13 Pathological heterogeneity of peripheral T-cell 
lymphoma (a–c). Three different cases are shown, (a) 
characterized by markedly pleomorphic morphology and 
eosinophilia, (b) composed of monotonous medium-sized 
cells with few reactive cells, and (c) containing numerous 
histiocytes (lymphoepithelioid lymphoma). Molecular 
subgroups within PTCL-NOS with prognostic difference 
(d–e): GEP identified two major molecular subgroups 

within PTCL-NOS.  Bayesian predictor for the PTCL- 
GATA3 and PTCL-TBX21 subgroups was derived using 
PTCL-NOS cases; LOOCV was used for classification 
precision. Overall survival (OS) analysis of molecularly 
defined GATA3 and TBX21 subgroups showed significant 
difference in clinical outcome (P = 0.01) (adapted from 
Iqbal et al. Blood 2014)
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or CD8+ T-cell gene expression signatures [50]. 
Molecular prognosticators showed association 
of NF-κB activation with a favorable clinical 
outcome, whereas high proliferation gene signa-
ture was associated with poor clinical outcome 
[226, 227]. Though no consensus in biological 
significance was observed in these studies, 
which may be due to either platform differences 
or differences in the patient populations profiled, 
nevertheless, multiple molecular subgroups 
within nodal PTCL-NOS [228] were anticipated. 
Using a large cohort of PTCL-NOS cases and 
rigorous pathology review and GEP analysis, we 
identified two novel molecular subgroups within 
PTCL- NOS showing distinct signaling pathways 
and different prognosis [14]. They are character-
ized by high expression of either TBX21 (TH1 
master regulator) or GATA3 (TH2 master regula-
tor) and corresponding target genes at both 
mRNA and protein levels. The “PTCL-GATA3” 
subgroup was associated with poor clinical out-
come and the lack of a prominent microenviron-
ment signature (Fig. 4.13d–e). It was associated 
with high MYC and proliferation signatures, 
whereas the NF-κB pathway was enriched in the 
TBX21 subgroup, which may likely explain the 
favorable outcome associated with the NF-κB 
pathway reported in the previous study [227]. 
Our study also suggested that the TBX21 sub-
group (49% of PTCL-NOS) may contain a sub-
set with high cytotoxic signature, which is 
associated with a poorer clinical outcome than 
compared to the rest of the TBX21 subgroup. 
This adverse outcome of the GATA3 subgroup is 
further supported by an independent study using 
immunohistochemistry for GATA3 expression 
[229]. The TH1 polarization is induced by expo-
sure to IFNγ and IL-12, leading to STAT1 and 
STAT4 activation and induction of TBX21 
expression. TBX21 upregulates the production of 
IFNγ leading to a positive feedback loop through 
both autocrine and paracrine mechanisms. TH2 
polarization, however, is induced by exposure to 
IL-4, leading to STAT6 activation and upregula-
tion of GATA3. Though there is great plasticity 
between the different T-cell helper subsets, TH1 
and TH2 identities are relatively stable because 
they have built-in positive feedback loops to 

maintain the current polarization and inhibit all 
other helper lineages.

4.15.3  Genetic Features

As anticipated, the genetic features of PTCL are 
heterogeneous with significant overlap with other 
PTCL subtypes. There are fewer genomic studies 
in PTCL-NOS, and even the results generated 
from conventional cytogenetic, karyotyping, or 
array-based hybridization platforms are difficult 
to interpret. Nevertheless structural alterations 
are found in the majority of PTCL-NOS, more 
commonly in tumors with large cell morphology, 
cytological grade, and chromosomal gains of 7q 
and 8q identified in majority of PTCL-NOS 
(reviewed by de Leval et al.) [230]. Two genes on 
chromosome 7 (CDK6 at 7q22 and CARMA1 at 
7p22), have been shown to be effected by 
chromosomal genes and may have pathogenic 
role in PTCL-NOS [231, 232].

Chromosomal breaks involving the TCR 
gene loci (mostly the A/B TCR locus at 14q11.2) 
have been reported in rare cases of PTCL-NOS, 
but the translocation partner(s) has been identi-
fied in only occasional cases [173, 231, 233, 
234]. The t(14;19)(q11;q13) translocation 
involves the poliovirus receptor-related 2 gene 
(PVRL2) and induces overexpression of both 
PVRL2 and BCL3 mRNAs [235, 236]. The mul-
tiple myeloma oncogene-1/interferon regulatory 
factor-4 (IRF4) was recently identified as the 
gene partner in chromosomal translocations 
involving the TCRA gene in the t(6;14)
(p25;q11.2) translocation in three cases of clini-
cally aggressive cytotoxic PTCL-NOS, involv-
ing the bone marrow and skin or presenting with 
massive splenomegaly (Fig.  4.12) [237, 238]. 
TP63 rearrangements encoding fusion proteins 
homologous to ΔNP63, (a dominant-negative 
p63 isoform that inhibits the p53 pathway 
reported in a subset of ALK-ALCLs) are 
detected in less than 10% of PTCL-NOS as 
well, and are associated with an aggressive clin-
ical course and bad outcome [113]. A high-reso-
lution genomic analysis of the two molecular 
subgroups of PTCL-NOS (TBX21 and GATA3) 
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revealed significant differences in the profile of 
copy number aberrations (CNAs), with higher 
genomic complexity in the PTCL-GATA3 sub-
group, suggesting different oncogenic pathways 
for tumorigenesis [239].

Scanty data are available so far regarding the 
mutational landscape of PTCL-NOS.  Some 
mutations that are frequent in AITL (see above) 
are also detected in PTCL-NOS but at lower 
frequencies. A study using a limited capture 
panel of known mutated genes [240] reported 
frequent mutations in epigenetic regulators 
including MLL2, KDM6A, MLL, TET2, and 
DNMT3A. Cases showing alterations in histone 
methyltransferase genes (MLL, MLL2, or 
KDM6A) were associated with poor clinical 
outcome (P  =  0.0198). Recent studies have 
identified VAV1 fusion transcripts that have the 
common theme of deleting the terminal SH2 
domain, thus eliminating an autoregulatory 
domain and possibly causing constitutive VAV1 
activation [61, 241]. A small deletion affecting 
intron 25 extending to exon 26 of VAV1 is detected 
in number of PTCL cases resulting in the 
abnormal splicing of exon 25, again leading to a 
protein that is constitutively active. Thus, VAV1 
activation could be a significant pathogenetic 
mechanism in this group of lymphomas. In future 
studies, it is anticipated that the integration of 
GEP data with mutational profiles would support 
defining genetic subgroups with recurrent lesions 
and well-defined expression profiles.

4.16  Conclusion

With the advent of high-throughput genomic 
analysis, molecular description has aided in 
PTCL diagnosis and provided a deeper 
understanding of their intrinsic biology. 
Therapeutic interventions especially targeting 
epigenome have shown early promise reference, 
but accurate diagnosis of PTCL is a prerequisite 
for selecting the most appropriate treatment 
regimen for patients in future clinical trials [242]. 
PTCL is rare and heterogenous, and more 
collaborative international efforts are required to 
identify molecular features that can decipher 

molecular subgroups of PTCLs for better 
understanding.
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5.1  Introduction

Diffuse large B-cell lymphoma (DLBCL) is the 
most common lymphoma entity accounting for 
about 40% of the global lymphoma burden [1]. 
Approximately 60% of patients are cured with 
frontline chemoimmunotherapy, with most 
relapses occurring within the first 2 years from 
diagnosis. While some of the patients with 
relapsed disease can be salvaged with aggressive 
chemotherapy and transplant approaches, the 
majority of patients who relapse after modern 
frontline therapy will succumb to the disease [2, 
3]. Not surprisingly, a great effort has been under-
taken to improve outcomes of frontline treatment 
and increase cure rates in newly diagnosed 
DLBCL.  DLBCL is unique with respect to the 
number and the quality of studies providing level 
1 evidence which treatment should be considered. 
In addition to unmet clinical needs, two factors 
resulted in successful development of randomized 
studies in DLBCL: it is a common lymphoma 
enabling fast accrual to prospective studies and it 

runs an aggressive clinical course allowing for 
relatively quick readout of study endpoints. 
However, it is now recognized that DLBCL is a 
molecularly diverse disease, with several distinct 
molecular subtypes showing different outcomes 
and responsiveness to therapy [4]. These molecu-
lar subtypes described in Chap. 2 will drive 
future  developments of novel therapies in 
DLBCL.  Nonetheless, the large diversity of the 
clinical presentation of DLBCL including increas-
ing patient age, comorbidities, and performance 
status will remain important variables affecting 
therapy selection and outcomes.

5.2  Current Standard Therapy

The current chemotherapy backbone, the anthra-
cycline-based CHOP (cyclophosphamide, doxo-
rubicin, vincristine, prednisolone) regimen first 
described in 1976 [5] demonstrated its curative 
potential in a number of early studies. In the 
1980s and 1990s of the last century, major efforts 
of clinical investigators focused on intensifica-
tion of chemotherapy in order to increase cure 
rates. Disappointingly, intensification of cyto-
toxic therapy failed to improve treatment out-
come in a pivotal randomized study [6]. 
Consequently, it became apparent that novel 
approaches rather than escalation of classical 
cytotoxic therapy were needed. Such a novel 
approach and major breakthrough were the 
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 development of chemoimmunotherapy. The 
addition of rituximab, a monoclonal anti-CD20 
antibody, to CHOP chemotherapy in the early 
2000s represented the first major advance in 
DLBCL management since decades. A number 
of large, randomized pivotal trials demonstrated 
consistent benefit of adding rituximab to CHOP 
or CHOP-like chemotherapy with respect to pro-
gression-free and overall survival. Importantly, 
improvement in progression-free survival trans-
lated to a consistent overall survival benefit of 
approximately 15% in both younger and older 
populations [7–11]. Long-term outcome reports 
and population- based studies showed results 
concordant with the randomized studies, hence 
initiating the “rituximab era” in therapy of 
DLBCL. R-CHOP or R-CHOP-like chemother-
apy became the standard treatment approach in 
DLBCL.  Currently, the vast majority of novel 
combinations for up-front treatment of DLBCL 
incorporate new molecules into a backbone of 
chemoimmunotherapy rather than using these 
molecules alone or in more experimental 
combinations.

5.3  Prognostic Factors 
in Patients Treated 
with R-CHOP or R-CHOP-Like

While the development of rituximab-containing 
chemoimmunotherapy improved overall outcome, 
significant variation in survival persisted and 
resulted in the renewed interest in identification of 
clinical and molecular factors behind. The 
International Prognostic Index (IPI, comprised of 
age, LDH, stage, more than one extranodal site, 
and performance status) retains its prognostic sig-
nificance in R-CHOP-treated patients [12] and is a 
useful tool in cross-trial evaluation of outcomes. 
Variations of the IPI, developed in the rituximab 
era, such as the revised IPI (R-IPI) and the National 
Comprehensive Cancer Network-IPI (NCCN- IPI) 
have been proposed and validated [13, 14]. The 
R-IPI reassessed clinical prognostic variables in a 
population-based cohort of DLBCL patients 
treated almost uniformly with rituximab. While 
the original components of the IPI remain prog-

nostically significant, three groups, rather than the 
original five, emerged [13]. Importantly, patients 
with low R-IPI of 0 achieved long-term disease 
control and survival of over 90%. The NCCN-IPI, 
based on an analysis of 1650 adults with DLBCL 
and validated using a Canadian cohort of over 
1100 patients, identified age, lactate dehydroge-
nase (LDH), sites of involvement, Ann Arbor 
stage, and ECOG performance status as the key 
prognostic variables [14]. When compared to the 
original IPI, the NCCN-IPI was better able to dis-
tinguish high- risk and low-risk subgroups. A direct 
comparison of IPI, R-IPI, and NCCN-IPI in a large 
and independent cohort of patients with DLBCL 
has not been reported. While the newer prognostic 
indices may have advantages, an important point 
in favor of staying with the original IPI is that 
comparison across different trials over time is pos-
sible without adjustments.

In addition to clinical risk factors, molecular 
differences in DLBCL have been used to define 
new prognostic subgroups. DLBCL is a heteroge-
neous disease consisting of several morphologi-
cal, immunophenotypic, and molecular subtypes 
[1] with unique biology and differences in clinical 
outcome [15, 16]. These biological entities are 
discussed in more detail in Chap. 2. In terms of 
clinical outcomes, the relevant subgroups include:

 – The “germinal center (GC),” “activated B 
cell” (ABC or non-GC), and “unclassifiable” 
subtype of DLBCL originally identified by 
gene expression profiling (GEP). The clinical 
significance of determining the cell of origin 
(COO) was evident in both CHOP- and 
R-CHOP-treated patient cohorts where infor-
mation on molecular subtypes had been 
 collected retrospectively: ABC-DLBCL had a 
substantially inferior outcome [17]. Data 
from prospective studies using NanoString 
technology [18] or the Hans classifier [19, 20] 
failed to confirm the prognostic impact of 
COO subtyping. It should also be pointed out 
that COO classification is not fully applicable 
to uncommon DLBCL variants like histio-
cyte-/T-cell-rich DLBCL or primary medias-
tinal DLBCL, since these tumors show 
different molecular signatures and were  
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generally excluded from studies on the role of 
COO in DLBCL.

 – MYC, BCL2, and BCL6 deregulation. MYC is 
rearranged in 6–16% of DLBCL cases and said 
to confer an adverse prognosis [21, 22]. It is 
widely accepted that the concurrent rearrange-
ment of MYC and BCL2 or BCL6 genes (result-
ing in so-called double-hit or triple-hit 
lymphomas) substantially contributes to poor 
outcome. The new WHO classification defines 
lymphomas with concomitant MYC and BCL2 
(and/or BCL6) rearrangements as a new bio-
logic entity termed “high-grade B-cell lym-
phoma with rearrangements of MYC and BCL2 
and/or BCL6 ” [23], comprising approximately 
5% of DLBCL; HGBL with rearrangements of 
MYC and/or BCL2/BCL6 are associated with 
poor outcomes when treated with R-CHOP 
[24] and most other treatment regimens.

 – MYC and BCL2 protein expression. Up to 
one-third of DLBCL patients have protein 
overexpression of both MYC and BCL2 (“dual 
protein”-expressing lymphomas, DEL) also 
reported to result in inferior outcomes 
[24–27].

 – A number of other genetic and epigenetic 
lesions have been described and also may 
contribute to poor outcome in DLBCL [16, 
28, 29].

The initial studies in DLBCL patients harbor-
ing dual MYC and BCL2/BCL6 rearrangements 
demonstrated that double-hit or triple-hit lym-
phomas (DHL and THL) are rarely cured with 
R-CHOP.  While subsequent reports showed 
better outcomes in prospectively identified 
patients, results with R-CHOP remain poor. 
A  single-center review of 129 patients reported 
a 2-year disease-free survival of 33% following 
R-CHOP. More intensive regimens were variably 
effective, and consolidative ASCT (performed 
only in patients achieving complete remission) 
was not significantly beneficial [30]. Another ret-
rospective analysis from various American cen-
ters similarly reported that R-CHOP was inferior 
to all intensive regimens with a hazard ratio of 
0.53 and less than 20% long-term survival; again, 
ASCT consolidation was not beneficial [31]. 

Preliminary results of a phase II NCI study of 
DA-EPOCH-R in MYC- associated lymphomas 
are promising, with a PFS of 87% but, however, 
with very short follow-up [32]. To date, there are 
no prospective trials powered to study the effects 
of alternative, mostly more aggressive, therapies 
in DHL.  Therefore, recommendations to use 
intensive, Burkitt lymphoma-like therapy espe-
cially in younger patients with good performance 
status document clinicians’ despair rather than 
evidence-based medicine.

5.4  Improving on R-CHOP

Attempts to improve R-CHOP have taken 
several avenues , including the addition of 
other cytotoxic drugs (CHOEP, DA-EPOCH), 
testing alternative polychemotherapy with 
moderate increases of anthracycline and cyclo-
phosphamide (R-ACVBP), adding new agents 
onto an R-CHOP backbone (XR-CHOP, where 
X is a new agent), testing dose-dense delivery of 
R-CHOP (R-CHOP-14) with growth factor sup-
port, or integrating alternative anti-CD20 anti-
bodies. Only one trial to date has demonstrated 
a survival advantage. In patients with IPI 1, the 
R-ACVBP regimen had a 3-year OS of 92% 
versus 84% (p = 0.007) for R-CHOP, but wide-
spread use is likely to be limited by the increased 
toxicity of ACVBP in older patients and lim-
ited global availability of vindesine. Etoposide 
added to CHOP either as a fixed dose of 100 mg/
sqm i.v. (CHOEP) [33] or in a dose-escalating 
fashion guided by the leukocyte nadir of the 
previous treatment course as stipulated in the 
DA-EPOCH-R regimen had impressive activity 
in phase II settings, but has not randomly been 
tested against R-CHOP (R-CHOEP) or failed to 
improve outcomes in the US intergroup study 
(CALGB 50303) comparing DA-EPOCH-R 
to R-CHOP in unselected patients [34]. The 
DA-EPOCH-R was more toxic with more vin-
cristine-associated neuropathy and neutrope-
nic complications but no better than R-CHOP 
in terms of disease control and survival. The 
analysis of molecular and high IPI subtypes 
is ongoing but unlikely to show significant  
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positive results considering the number of 
patients with high-risk features and the overall 
negative results.

Based on experimental findings and retrospec-
tive observations that lenalidomide and ibrutinib 
appear to have selective activity in relapsed ABC-
DLBCL as compared to GC-DLBCL, prospective 
randomized trials designed to assess the activity 
of both molecules in treatment-naive DLBCL, 
enriched for ABC- DLBCL, when added to 
R-CHOP-21 have been performed. Results are 
not yet available. Lenalidomide has an overall 
response rate of 53% in relapsed/refractory ABC-
DLBCL versus 9% in GC-DLBCL (p = 0.006), 
with COO designation via an IHC algorithm [35]. 
Addition of lenalidomide to R-CHOP in two 
phase II trials showed improved PFS compared to 
historical controls specifically for the ABC-
DLBCL subtype [36, 37]. These results prompted 
a US intergroup randomized phase II trial, pow-
ered to have sufficient ABC-DLBCL patients on 
both arms, and a phase III trial sponsored by 
industry, both of which compare R-CHOP to 
R-CHOP plus lenalidomide (NCT01856192, 
NCT02285062).

Ibrutinib is a BTK inhibitor showing inhibi-
tion of DLBCL in vitro [38] and clinically as a 
single agent [39] also preferentially in ABC sub-
type. A small phase I/II study showed impressive 
results when ibrutinib was combined with 
R-CHOP [40]. Based on these findings, a world-
wide study randomizing patients (with ABC-
DLBCL defined by the Hans classifier) to 
R-CHOP or R-CHOP combined with ibrutinib 
has been completed, but no results are currently 
available (NCT01855750). A smaller phase II 
study testing the feasibility and toxicity of 
R-CHOEP plus ibrutinib is accruing patients 
(NCT03399513). Another large phase III trial 
compared the combination of the proteasome 
inhibitor bortezomib and R-CHOP with R-CHOP 
and showed no benefit to this approach in all 
DLBCL subtypes [20]. Despite encouraging pre-
clinical data, there was also no evidence of ben-
efit to the addition of bortezomib in ABC-DLBCL 
as defined by GEP [41].

Ofatumumab [42] and obinutuzumab [43] are 
alternative anti-CD20 antibodies with experimen-

tal characteristics different from rituximab. 
Unfortunately, in DLBCL, neither antibody 
showed superiority to rituximab when studied 
prospectively in phase III studies. While ofatu-
mumab was tested against rituximab in the 
relapsed setting only [42], a large phase III study 
was performed comparing R-CHOP with 
O(binutuzumab)-CHOP in newly diagnosed 
patients with DLBCL [44]. No significant differ-
ence in any clinically relevant endpoint (EFS, OS) 
was observed between R-CHOP- and O-CHOP-
treated patients. The German High- Grade 
Lymphoma Study Group (DSHNHL) performed 
a number of phase II studies investigating the role 
of different dosing and scheduling of rituximab in 
combination with CHOP [45–48]. Overall, only 
one of these studies showed a significantly better 
EFS and OS when compared to retrospective data 
from the RICOVER-60 trial [46]. The improve-
ment demonstrated by administering rituximab on 
days −4, 0, 10, 29, 57, 99, 155, and 239 instead of 
day 1 of each chemotherapy cycle, however, was 
largely restricted to men aged 60–80 years with 
poor prognosis. No benefit was shown when 12 
instead of 6 rituximab infusions were adminis-
tered to young, high-risk patients [48] or when 
patients of all risk groups aged 18–80 years 
received an extra infusion of rituximab on day 8 
of the first cycles of R-CHOP [49].

5.4.1  Radiotherapy as Part of First- 
Line Therapy in DLBCL

In contrast to most other study groups, all study 
protocols of the German High-Grade Lymphoma 
Study Group for first-line treatment of patients 
with aggressive B-cell lymphoma stipulated 
local radiotherapy (RT) for patients with bulky or 
 extranodal disease who had achieved CR, CRu, or 
PR after chemotherapy. Of note, these studies did 
not use PET or PET/CT to define remission sta-
tus. In patients mostly with advanced disease 
(stages III–IV, 60% of patients) or IPI 1–4 (IPI 
2–4, 77%), a retrospective comparison of patients 
aged 60–80 years receiving or not receiving RT to 
bulky and extralymphatic disease suggested a sur-
vival benefit for patients with bulky disease 
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treated with chemo- and radiotherapy [50]. Data 
from randomized studies addressing the role of 
RT in advanced stage DLBCL are not available. 
Likewise, the role of PET to spare RT in patients 
with early PET-negative remission has not been 
investigated in a randomized study so far. RT in 
patients with limited disease is discussed else-
where in this article.

5.4.2  High-Dose Chemotherapy/
Autologous Stem Cell 
Transplantation 
for Consolidation

Four prospective randomized studies addressed 
the question if high-dose therapy followed by 
autologous stem cell transplantation (HDT/AST) 
improves outcome of young, high-risk patients 
with aggressive B-cell lymphoma in the era of 
rituximab. Three of these studies did not find a 
survival benefit of HDT/SCT when compared to 
R-CHOP [51], R-(Mega)CHOP-14 [52], or 
R-CHOEP-14 [33]. The American study 
(Southwest Oncology Group trial 9704) com-
pared eight courses of R-CHOP to six courses of 
R-CHOP followed by HDT/SCT [53]. No differ-
ence in OS was found between treatment arms. 
The authors, however, conclude that HDT/AST 
is beneficial for patients with high-risk disease 
because PFS and OS differed significantly from 
R-CHOP-treated patients. This interpretation 
has been questioned by the Fondazione Italiana 
Linfomi (FIL) and the DSHNHL because of sta-
tistical concerns [54]. Taken together, in the 
rituximab era, HDT/AST does not improve sur-
vival of younger patients with aaIPI 2 and 3. 
Accordingly, consolidation of CR and PR 
patients with HDT/AST has largely been 
abandoned.

5.4.3  Maintenance Therapy 
in DLBCL

An alternative approach to trying to improve on 
R-CHOP has been the introduction of maintenance 
therapy post R-CHOP particularly in high-risk 

patients. The PRELUDE trial, which randomized 
high-intermediate and high-risk DLBCL patients 
2:1 to either oral enzastaurin or placebo, focused 
on patients with IPI 3–5 in complete response fol-
lowing R-CHOP induction [55]. There was no dif-
ference in disease-free survival; overall outcomes 
were better than expected in both groups with 70% 
long-term DFS and OS despite IPI 3–5 at baseline. 
The similarly designed PILLAR study showed no 
advantage to 1 year of everolimus maintenance vs. 
placebo [56]. In contrast, the use of lenalidomide 
maintenance (25 mg/day for 3 weeks followed by 1 
week rest over 2 years) was associated with a PFS 
but no survival advantage [57]. Rituximab mainte-
nance [58] also did not result in improvement of 
outcome. Interestingly, if only male patients were 
considered, they did significantly better with than 
without maintenance supporting earlier observa-
tions that particularly older male patients show 
faster clearance of rituximab than females [59]. In 
summary, as of 2018, CHOP or CHOP-like chemo-
therapy in combination with standard-dose ritux-
imab without maintenance remains a standard 
therapy for DLBCL regardless of the molecular 
subtype.

5.5  Risk of CNS Relapse 
and Prophylaxis

Patients with CNS relapse have an extremely 
poor prognosis; in most cases, their life expec-
tancy does not exceed a couple of months [60]. 
On the other hand, progression or relapse in the 
CNS is relatively rare in patients with DLBCL; a 
strategy administering prophylaxis of CNS dis-
ease to every patient with DLBCL therefore 
would be inadequate. Accordingly, clinical risk 
models have been developed in order to describe 
subgroups of DLBCL patients with high risk of 
CNS disease. Such patients were considered for 
prophylaxis usually consisting of intrathecal (IT) 
methotrexate (MTX) or combinations of MTX 
with cytosine arabinoside and prednisolone. 
Because risk models for patients treated with 
CHOP or R-CHOP differed substantially [60–
62], we set out to develop the CNS International 
Prognostic Index (CNS-IPI) which was devel-
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oped in patients treated on studies of the 
DSHNHL and validated in an independent cohort 
of patients from British Columbia [63]. The 
CNS-IPI comprises all individual IPI factors 
(age, LDH, ECOG performance status, stage, and 
extranodal involvement) and involvement of the 
kidneys and/or adrenal glands. The 2-year rates 
for development of CNS relapse are estimated at 
0.6% for patients in the low-risk group, 3.4% for 
the intermediate-risk group, and 10.2% for the 
high-risk group. Meanwhile the CNS-IPI has 
been validated not only by the patient cohort 
from BC but also by other groups from Australia 
and Denmark [64]. Furthermore, an algorithm on 
how to use the CNS-IPI in order to diagnose and 
to initiate prophylaxis against CNS relapse has 
been developed [65]. Patients with high risk of 
CNS relapse should undergo imaging of the brain 
(preferentially by gadolinium-enhanced MR) and 
a lumbar puncture. If signs of CNS disease are 
found, patients should be switched to a state-of- 
the-art CNS protocol. Patients testing negative 
for CNS disease but with bone marrow, testicular, 
or kidney involvement should receive prophy-
laxis preferentially using systemic MTX before 
and after R-CHOP.  Because some studies 
observed an increase of CNS disease in patients 
with double-/triple-hit lymphoma, also these 
patients may receive systemic MTX [66]. In con-
trast to most chemotherapeutic agents, small 
molecules such as lenalidomide and ibrutinib 
cross the blood-brain barrier and have been used 
to treat primary CNS lymphoma [67, 68]. It 
remains to be seen if patients treated on the ran-
domized studies comparing R-CHOP with 
R-CHOP plus lenalidomide or ibrutinib, respec-
tively, show reduced incidences of CNS involve-
ment as compared to the patients treated with 
R-CHOP only. Patients with simultaneous lymph 
node and/or organ involvement as well as CNS 
disease have a particularly poor prognosis. 
Combining R-CHOP with  systemic MTX, high-
dose Ara-C, and other  CNS-penetrating agents 
seems feasible, but success rates are moderate. 
Best results are reported from studies involving 
high-dose therapy with cytotoxic drugs crossing 
the blood- brain barrier and autologous stem cell 
transplantation [66, 67].

5.6  Therapy of Limited-Stage 
Disease

There is an ongoing debate whether patients with 
limited-stage DLBCL should receive full 
immunochemotherapy (six courses of R-CHOP 
identical to patients with more advanced disease) 
or show better results and/or less toxicity after 
administration of only three courses of R-CHOP 
followed by local radiotherapy. Problems in this 
group of patients begin with the definition of 
limited-stage disease. While S8736, the SWOG 
study setting the standard of care in the pre- 
rituximab era [69], enrolled patients with stage I 
and II disease including patients with bulky stage 
I (>10 cm in diameter) as well as patients with 
systemic symptoms, most recent studies excluded 
such patients. Furthermore, the definition of 
bulky disease varies from study to study with 
tumors from 5 to 10  cm in greatest diameter 
defined to represent bulky disease. In the 
rituximab era, a later phase II study by SWOG 
reported excellent PFS and OS after three courses 
of R-CHOP and local radiotherapy. However, the 
authors themselves state that both the previous 
(SWOG S8736) and the new study are 
characterized by a pattern of continuing late 
relapses dampening the enthusiasm for 
implementation of abbreviated (immuno)chemo-
therapy in limited-stage DLBCL [70]. A recently 
published French study [71] reported on 334 
patients with stage I/II non-bulky DLBCL (bulk 
defined by tumor >7  cm in diameter) based on 
PET scan who received 4 courses of R-CHOP-14 
followed by PET/CT.  If the PET/CT after four 
cycles of R-CHOP showed a metabolic CR, 
patients were randomized to RT or observation. 
Five-year EFS and OS (96% vs. 92%) were not 
significantly different. The authors conclude that 
R-CHOP alone is not inferior to R-CHOP fol-
lowed by RT in patients with non- bulky limited-
stage DLBCL.  The DSHNHL performed two 
studies in limited-stage DLBCL.  The FLYER 
study randomized patients with IPI 0 and without 
bulky disease to four or six courses of CHOP in 
combination with six rituximab infusions. Results 
are not yet available, but warnings pointing to 
possible inferiority of four courses of R-CHOP 
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did not appear. The UNFOLDER study random-
ized patients with IPI 0 and bulky disease and 
patients with IPI 1 to 6 x R-CHOP-21 or 
R-CHOP-14 with or without RT. The treatment 
arm without RT was closed prematurely, but the 
final analysis of the study is pending. Taken 
together, the evidence available today would rec-
ommend to administer 4–6 cycles of R-CHOP to 
patients with IPI 0 and IPI 1 with or without 
bulky disease. Probably, most patients can be 
spared RT, especially if PET negativity is docu-
mented after four cycles of R-CHOP.

5.7  Therapy of DLBCL 
in the Elderly

Clinical experience and results from prospective 
randomized trials demonstrate that six or eight 
cycles of standard R-CHOP can be difficult to 
administer without severe, sometimes life- 
threatening, side effects in patients beyond 65 
years [72]. Several analyses show that especially 
patients beyond 75 years of age tolerate R-CHOP 
less well than younger patients with increased 
toxicities (infection, polyneuropathy, cardiac fail-
ure) leading to dose reductions, omission of cyto-
toxic agents, and administration of less cycles 
than planned and finally resulting in decreased 
survival. In order to avoid such problems, a num-
ber of strategies have been evaluated. Since 
anthracyclines significantly contribute to the mor-
bidity and mortality of R-CHOP, reducing the 
dose of doxorubicin [73], substituting etoposide 
for doxorubicin [74], and combining bendamus-
tine with rituximab are among the most popular 
strategies to avoid severe toxicities in the elderly. 
The French study by Peyrade et al. administered 
standard-dose rituximab, 400  mg/sqm of cyclo-
phosphamide, 25  mg/sqm of doxorubicin, and 
1 mg/sqm of vincristine, all on day 1, and 40 mg/
sqm on days 1–5 to 150 patients with DLBCL 
over the age of 80 years. Two-year OS was 59%, 
and 2-year PFS was 47% [73]. A study from 
BCCA substituted etoposide for doxorubicin in 
patients with contraindications for doxorubicin 
[74]. Five-year OS after R-CEOP was 49% as 
compared to 64% in patients treated with 

R-CHOP. Bendamustine has been widely used in 
indolent lymphoma; studies in relapsed and 
refractory DLBCL suggest acceptable efficacy 
with moderate toxicity [75]. A phase II study 
combining rituximab with bendamustine as first-
line therapy in patients beyond the age of 80 years 
or patients unfit to receive R-CHOP has been 
completed; results are not yet available. Probably, 
the optimal approach in order to judge the tolera-
bility of standard therapy in old and frail patients 
would be applying a standardized geriatric/
comorbidity score to each patient deemed unfit to 
receive R-CHOP. Furthermore, administration of 
pre- phase therapy (1 mg of vincristine and 5 days 
of prednisolone) and vigorous supportive care 
including the regular use of G-CSF especially in 
older patients and antibiotic and antiviral prophy-
laxis will help to avoid inferior results due to dose 
reductions, prolongation of the therapeutic inter-
val, omission of effective drugs, or premature end 
of therapy. Of course, some patients will remain 
who cannot tolerate standard R-CHOP.  In such 
patients, palliative care may at least partly allevi-
ate pain and other symptoms caused by lympho-
matous infiltrates for weeks or months.

5.8  Summary

In 2018, the standard of care for patients newly 
diagnosed with DLBCL consists of six courses of 
R-CHOP.  In patients with IPI 0, four courses of 
R-CHOP may be enough. There is no definitive 
scientific evidence that other or higher doses of 
chemotherapy necessitating transplantation, the 
addition of radiotherapy, new molecules or anti-
bodies, or consolidation with any therapeutic 
agent will improve outcome. ACVBP may improve 
outcome in DLBCL patients with IPI 1; the favor-
able results reported with DA-EPOCH-R and 
R-CHOEP-14 cause some investigators to con-
tinue using these regimens in high-risk patients. 
Large prospective, randomized trials investigating 
the addition of targeted therapies to R-CHOP have 
been completed; results, however, are not yet 
available. A plethora of new drugs has been devel-
oped and is under investigation in relapsed disease 
and to a lesser extent also as part of first-line therapy. 
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Results of prospective studies randomizing 
patients to R-CHOP vs. R-CHOP plus new agent 
are eagerly awaited especially for those patients 
where clinical and molecular risk factors herald 
poor prognosis with R-CHOP alone.
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6.1  Introduction

At least 50% of patients with diffuse large B-cell 
lymphoma (DLBCL) experience long-term dis-
ease-free survival [1, 2]. Although the addition of 
anti-CD20 monoclonal antibody rituximab (R) to 
conventional chemotherapy has dramatically 
improved event-free survival (EFS) and overall 
survival (OS) in DLBCL [3], a significant pro-
portion of patients are refractory or relapse fol-
lowing first-line treatment.

Patients with DLBCL are considered primary 
refractory if they have no response or if they 

experience on or within 3 months of completion 
of primary therapy [4]. The incidence of primary 
refractory DLBCL is between 5 and 10%. 
Patients with DLBCL are considered to have 
relapsed disease if lymphoma recurs beyond 
3  months after achieving an initial objective 
response. Most relapses occur during the first 
2–3 years following treatment, with less than 4% 
of relapses occurring after 5 years [5].

Relapses are rarely identified solely based on 
routine imaging. Most of the relapses are associ-
ated with B symptoms (i.e., fever, night sweats, 
and/or weight loss) and other symptoms such as 
cytopenias, lymphadenopathy, splenomegaly, 
hepatomegaly, and/or extranodal tumors [6]. 
Whenever possible, a biopsy should be per-
formed to confirm the relapse before proceeding 
to salvage therapy, particularly for late relapses, 
or when intensive consolidation is planned.

The outcome of relapsed DLBCL depends on 
several factors. The secondary age-adjusted 
International Prognostic Index at the initiation of 
second-line therapy (sAAIPI) comprises three of 
the IPI risk factors: LDH, Ann Arbor stage, and 
Karnofsky performance status. The sAAIPI pre-
dicts outcome for patients with relapsed or pri-
mary refractory DLBCL and is a powerful 
prognostic instrument to predict response to sal-
vage chemotherapy [7]. Time to relapse (within 
the first 12 months following first-line treatment) 
is also an independent prognostic factor for pro-
gression-free survival (PFS) and OS [3, 4, 8, 9]. 
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Patients with chemorefractory DLBCL, defined as 
progressive or stable disease after therapy or 
relapse less than 12 months from ASCT, have poor 
outcome with a median OS of 6.6 months [10].

6.2  Second-Line Treatment

6.2.1  Induction/Salvage Therapy

Two randomized trials evaluated the efficacy of 
different salvage regimens in patients with 
relapsed DLBCL and eligible to ASCT (Table 6.1).

The CORAL study, a phase III, multicenter, 
randomized trial, compared R-ICE (rituximab, 
ifosfamide, carboplatin, and etoposide) versus 
R-DHAP (rituximab, dexamethasone, high-dose 
cytarabine, and cisplatin), followed by ASCT in 
396 patients between ages 18 and 65 years, with 
relapsed DLBCL.  Similar response rates were 
observed after three cycles of R-ICE (63%) or 
R-DHAP (64%). Three-year PFS and OS were 
not significantly different between the two 
treatment arms [3]. However, when analyzing the 
outcome of these patients according to the cell of 
origin (COO), there was a significantly higher 
CR rate (49% vs. 31%, respectively, P = 0.035) 
and PFS (52% vs. 32% at 3 years, respectively, 
P = 0.0108) in the germinal center B (GCB)-like 
DLBCL subset for patients treated with R-DHAP 
compared to R-ICE [11].

The NCIC-CTG LY.12 study [12] randomized 
619 patients with relapsed/refractory aggressive 
lymphoma (89% of patients had DLBCL) to 
receive either a treatment with gemcitabine, 
dexamethasone, and cisplatin (GDP) or DHAP as 
salvage therapy. Patients with DLBCL also 
received rituximab (71% DLBCL) followed by 
high-dose chemotherapy and ASCT for 
responding patients. In this study, treatment with 
GDP was non-inferior but was associated with 
fewer adverse events, better preservation of 
patient-reported quality of life, and less frequent 
hospitalization (Table 6.1).

Other treatments with gemcitabine-containing 
regimens have low toxicities and similar efficacy 
(Table  6.1). In a prospective phase II study, 49 
patients not eligible to ASCT received R-GemOx 
(rituximab, gemcitabine, and oxaliplatin). The 
overall response rate (ORR) was 61% with a 
complete remission (CR)/unconfirmed CR rate of 
44%. The 5-year PFS rate was 13%, while the 
5-year OS rate was 14% [13].

The combination of bendamustine and ritux-
imab was also tested in patients with relapsed 
DLBCL (Table  6.1). Fifty-nine patients were 
treated prospectively with rituximab and 
bendamustine. The ORR was 62.7% with a CR 
rate of 37.3%. The median PFS was 6.7 months 
(95% CI, 3.6–13 months) [14].

Since no salvage chemotherapy regimens 
have demonstrated superior efficacy over the 

Table 6.1 Salvage chemotherapy regimen tested in R/R DLBCL patients

Regimen References Phase
Patients 
(n) RR CR OS PFS

GDP vs. DHAP [12] 619 45.1% vs. 
44.1%
P = 0.005

13.5% vs. 
14.3%

39% (4-year 
OS) vs. 39%
P = 0.78

26% (4-year EFS) 
vs. 28%
P = 0.95

R-ICE vs. 
R-DHAP

[3] 396 63% vs. 
64%

36% vs. 
40%

47% (3-year 
OS) vs. 51%
P = 0.48

31% (3-year PFS) 
vs. 42%
P = 0.44

GDP [15] 51 53% 23% 9 months 
(median OS)

3 months (median 
PFS)

R-GemOx [13] 49 61% 44% 14% (5-year 
OS)

13% (5-year PFS)

R-bendamustine [14] 59 63% 37% 6.7 months 
(median PFS)

GDP gemcitabine, dexamethasone, cisplatin, DHAP dexamethasone, high-dose cytarabine, cisplatin, ICE ifosfamide, 
carboplatin, etoposide, R-GemOx rituximab, gemcitabine, oxaliplatin, CR complete response, ORR overall response 
rate, PFS progression-free survival, OS overall survival
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others, the choice of the chemotherapy regimen 
is largely based on their toxicity profile and indi-
vidual institutional practice, the practice of each 
center.

The role of rituximab in combination with sal-
vage chemotherapy may be questioned for 
patients who have relapsed after a rituximab- 
containing regimen. In a retrospective cohort of 
414 patients (78% DLBCL) initially treated with 
R-CHOP, the incorporation of rituximab to 
salvage chemotherapy (R-positive cohort) 
increased ORR (45.6% for R-positive cohort vs. 
25% for R-negative cohort, P = 0.0003) and the 
rate of CR (15.7% vs. 4.2%, P = ). The percent-
age of patients undergoing hematopoietic stem 
cell transplantation was also significantly higher 
in the R-positive cohort (51.9% vs. 31.3%, 
P = 0.0004). In patients who responded to ritux-
imab in the first-line treatment, there was an 
overall survival benefit to re-treatment with 
rituximab in the second line [16].

6.2.2  Consolidation

6.2.2.1  Autologous Stem Cell 
Transplantation

The pivotal PARMA study randomized patients 
to salvage chemotherapy alone versus high-dose 
therapy and autologous stem cell transplantation 
(HDT-ASCT) and demonstrated superior OS and 
EFS in patients who underwent up-front HDT- 
ASCT [17]. This trial established HDT-ASCT as 
the standard of care in transplant-eligible patients 
<60  years old with relapsed, chemosensitive 
aggressive NHL treated with curative intent. The 
PARMA trial did not enroll patients >60  years 
old, and there are no published studies comparing 
HDT-ASCT and salvage therapy in this specific 
population. Several retrospective cohort studies 
examined this issue in patients ≥60 years old and 
demonstrated acceptable results, suggesting that 
age alone should not be considered an absolute 
contraindication to HDT-ASCT [18, 19]. 
However, it must be noted that PFS, OS, and non- 
relapse mortality (NRM) outcomes appear 
inferior to those seen in patients <60 years old in 
these studies.

Patients whose disease fails to achieve at least a 
partial remission following standard platinum- 
containing salvage chemotherapy have poor over-
all outcomes after HDT-ASCT [20]. Demonstrating 
chemosensitivity to salvage therapy prior to HDT-
ASCT remains the most important prognostic fac-
tor impacting outcomes after ASCT [7, 21]. In the 
modern era, assessing chemosensitivity to salvage 
therapy is routinely done with fluorodeoxyglucose 
positron emission tomography (FDG-PET). 
Multiple groups have shown that patients with a 
negative FDG-PET prior to HDT-ASCT have 
more favorable outcomes when compared to 
patients with a positive FDG-PET [22–24]. These 
results have remained consistent even when 
assessing FDG- PET response using the contempo-
rary Deauville scale [25].

6.2.2.2  Peripheral Blood Versus (vs.) 
Bone Marrow Stem Cells

Growth factor-mobilized peripheral blood stem 
cells (PBSC) have become the standard and pre-
ferred stem cell source for ASCT due to more 
rapid engraftment, improved quality of life and 
costs, and a reduced need for supportive care mea-
sures when compared to bone marrow harvested 
stem cells [26–28]. Over the years, there has been 
considerable debate regarding the impacts of lym-
phoma cell contamination in mobilized PBSC 
products; however, in vivo malignant cell purging 
is not routinely practiced [29].

6.2.2.3  Choice of ASCT Conditioning 
Regimen

Historically, the choice of conditioning regimen 
for HDT-ASCT in patients with relapsed, chemo-
sensitive DLBCL was guided by institutional 
practice, as there have been no direct comparative 
studies. For years, centers more often relied on 
total-body irradiation (TBI)-based regimens, 
though chemotherapy-only myeloablative condi-
tioning (MAC) regimens such as carmustine, eto-
poside, cytarabine, and melphalan (BEAM) and 
cyclophosphamide, carmustine, and etoposide 
(CBV) are now more commonly utilized [30]. 
Early phase studies incorporating radioimmuno-
therapy (RIT) agents, such as I131 tositumomab, 
into the BEAM platform showed promising 
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results; however, the pivotal phase III trial com-
pleted by the BMT Clinical Trial Network (BMT 
CTN) showed no advantage when compared to 
rituximab and BEAM [31, 32]. In a large, retro-
spective registry analysis using data from the 
Center for International Blood and Marrow 
Transplantation (CIBMTR), ASCT patients 
receiving regimens containing higher doses of 
carmustine incurred more serious toxicities and 
had poorer overall survival, whereas BEAM con-
ditioning appeared to result in the most favorable 
outcomes [33]. In early phase studies, investiga-
tors reported encouraging results with novel com-
binations such as the replacement of carmustine 
with bendamustine in BEAM regimen, known as 
BeEAM; however, in the absence of prospective, 
randomized studies, rituximab and BEAM remain 
the most commonly utilized conditioning regi-
mens for patients with DLBCL [34].

Patients with relapsed, chemosensitive pri-
mary or secondary central nervous system lym-
phoma (CNSL), which is most often of DLBCL 
histology, have decidedly benefited from HDT-
ASCT.  Specifically, transplant-eligible patients 
conditioned with the highly CNS penetrant 
agents, thiotepa, busulfan, and cyclophospha-
mide (TBC), had durable long-term remission 
and often cure in multiple retrospective studies 
[35–38]. Relapsed DLBCL involving the CNS 
may therefore represent a very unique population 
that should be strongly considered for TBC-
conditioned ASCT.

6.2.2.4  The Role of Radiotherapy
The role of radiotherapy (RT) has been largely 
undefined for patients with relapsed DLBCL pro-
ceeding to HDT-ASCT. Given that the majority of 
treatment failures after ASCT occur at previously 
involved bulky sites, RT remains a potentially 
important consolidation strategy in high-risk 
patients, though the timing, schedule, and dose of 
RT in the peri-ASCT period are unclear [39]. 
Most centers utilize consolidative RT after ASCT 
to allow for recovery from the effects of HDT and 
to mitigate unnecessary toxicities [40]. However, 
this approach may result in the inability to 
deliver the intended RT treatment plan given the 
variable toxicity experienced by patients recently 

 completing HDT. Some centers have successfully 
integrated RT as part of a combined-modality 
conditioning regimen prior to ASCT, ensuring 
that patients receive planned RT prior to ASCT. A 
study of 164 patients with relapsed/refractory 
DLBCL receiving salvage involved-field radia-
tion therapy (IFRT) given twice daily for a total 
dose of 30 Gy to sites of disease >5 cm or to sites 
of residual disease of >2 cm demonstrated favor-
able 5-year PFS and OS of 53% and 58%, respec-
tively. Additionally, there was enhanced disease 
control in sites of bulky or residual disease, few 
relapses within the RT fields, and an acceptable 
toxicity profile [40]. In a subsequent study, it was 
shown that while FDG-PET-positive patients after 
salvage therapy had poor overall survival after 
ASCT, disease-specific survival and OS were 
improved in a subset of these patients if they 
received combined-modality conditioning pre- 
ASCT [41].

6.2.2.5  Allogeneic Hematopoietic Cell 
Transplantation

The use of allogeneic hematopoietic cell trans-
plantation (allo-HCT) has the potential added 
advantage of the graft-versus-lymphoma effect 
[42, 43]. It is most often considered in patients 
who relapse after HDT-ASCT or high- risk 
patients with a specific contraindication to ASCT, 
such as persistent bone marrow involvement. 
Even in patients previously treated with ritux-
imab, the addition of rituximab to salvage ther-
apy for relapse after HDT-ASCT was shown to 
improve CR and OS rates [44].

More contemporary, non-randomized studies 
have compared first HDT-ASCT with MAC allo-
geneic hematopoietic cell transplantation (allo-
HCT) for patients with relapsed DLBCL.  One 
group compared patients undergoing ASCT with 
those undergoing T-cell- depleted MAC allo-HCT 
and showed a markedly higher risk of non-relapse 
mortality (NRM) and similar overall survival 
among all patients [45]. In a multicenter, retro-
spective CIBMTR analysis published in 2010, 
patients undergoing allo-HCT had similar risk of 
disease progression though had significantly 
higher non-relapse mortality (NRM) and overall 
mortality, particularly within the first year after 
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HCT, when compared to patients that underwent 
ASCT. Long-term PFS and OS were more favor-
able in the ASCT group overall mostly due to 
early treatment-related deaths [46]. While neither 
study demonstrated differences in relapse or pro-
gression, patients treated with allo-HCT generally 
had poorer-risk disease [47].

Given the unfavorable NRM with myeloabla-
tive conditioning (MAC), the use of reduced 
intensity conditioning (RIC) and non- 
myeloablative (NMA) conditioning regimens has 
been studied extensively in DLBCL, particularly 
for older patients and those that relapsed after 
ASCT. Despite high relapse rates in early studies, 
patients with chemosensitive disease prior to allo-
HCT had PFS rates of up to 54% at 3 years [47]. 
In the largest study comparing MAC and RIC/
NMA completed on behalf of the CIBMTR, 
relapse or progression rates were lower for 
patients receiving MAC than RIC and NMA (26% 
vs. 38% vs. 40%, P = 0.031); however, NRM was 
significantly higher in MAC than RIC and NMA 
(56% vs. 47% vs. 36%, P = 0.007) leading to sim-
ilar OS in both cohorts. Additionally, multivariate 
analysis showed that Karnofsky performance sta-
tus <90 and chemoresistance to salvage therapy 
were associated with poorer survival, while 
patients transplanted in later years had improved 
survival [48].

The incidence of graft-versus-host disease 
(GVHD), particularly chronic GVHD, has also 
been challenging after allo-HCT for relapsed 
DLBCL. In an effort to reduce high incidence of 
GVHD, many centers began incorporating 
alemtuzumab into their RIC regimens [49, 50]. 
This method resulted in reduced risk of both 
acute and chronic GVHD, though at the expense 
of an increased risk of progression or relapse in 
prospective series [51].

These data highlight an ongoing debate in the 
field regarding the use of MAC vs. RIC/NMA, as 
well as optimal conditioning regimen in patients 
undergoing allo-HCT who relapsed after 
ASCT.  This is reflected in the most recent evi-
dence-based review provided by the American 
Society of Blood and Marrow Transplantation, 
which could not provide a consensus recommen-
dation regarding the use of MAC vs. RIC/NMA 

due to insufficient high-quality data [52]. 
Similarly, the optimal conditioning and GVHD 
preventive regimens for patients undergoing allo-
HCT are unknown. These decisions ultimately 
involve a detailed assessment of patient and dis-
ease-related risk factors.

6.2.3  Maintenance

6.2.3.1  Rituximab Maintenance
In the CORAL study, 242 patients underwent a 
second randomization after ASCT between 
rituximab maintenance (every 2  months for 
1  year) and surveillance [53]. The 4-year EFS 
after ASCT was not significantly different 
between the two groups (52% vs. 53%, 
respectively). Therefore, rituximab maintenance 
in R/R DLBCL is not recommended. Similarly, 
in a second randomization after ASCT in a large, 
prospective study, Haioun and colleagues showed 
no significant difference in survival for those 
patients who received rituximab maintenance 
versus observation [54].

6.2.3.2  Lenalidomide Maintenance
In an open-label, multicenter phase II trial, 46 
patients with chemosensitive relapses of DLBCL 
who were not eligible for ASCT or who had 
relapsed after ASCT received maintenance with 
lenalidomide [55]. Lenalidomide maintenance 
started within 2 months from the end of salvage 
chemotherapy and lasted until lymphoma 
progression or unacceptable toxicity. One-year 
PFS was of 70% (95% CI 57–83) and 3-year OS 
was 71%. However, there is insufficient data to 
recommend lenalidomide maintenance in R/R 
DLBCL.

6.3  Second Relapse and Beyond

6.3.1  Chemotherapy

In DLBCL patients who have failed a first sal-
vage therapy, third-line treatments are not well 
established. A follow-up study from the CORAL 
trial evaluated the outcome and prognostic factors 
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of 203 patients who failed second-line chemo-
therapy [56]. In the intent-to-treat analysis, over-
all response rate to third-line chemotherapy was 
39%, with 27% CR or uCR, and 12% PR. Among 
the 203 patients, 64 (31.5%) were eventually 
transplanted. Interestingly, patients who shifted 
from DHAP-type to ICE-type or vice versa could 
achieve a favorable response (with ~43% OR and 
~25% CR), demonstrating that a significant per-
centage of patients can still be rescued by stan-
dard chemotherapy.

6.3.2  New Drugs

A phase II/III, multicenter, randomized study was 
initiated to compare the efficacy and safety of 
lenalidomide as single agent versus investigator’s 
choice (IC) (gemcitabine, rituximab, etoposide, or 
oxaliplatin monotherapy) in relapsed/refractory 
DLBCL.  Twenty-five patients were included in 
each subgroup (GCB or non-GCB) who received 
either lenalidomide or IC. A significant benefit in 
PFS and OS was observed for lenalidomide vs. IC 
in non-GCB (ABC) patients (P < 0.05).

In a phase I/II clinical trial that involved 80 
subjects with relapsed or refractory DLBCL, 
ibrutinib induced an objective response of 37% 
(14/38) in the ABC subset versus 5% (1/20) in 
the GCB subset (P = 0.0106) [57].

Chimeric antigen receptor T-cell (CAR-T) 
therapy may also have efficacy in this population 

of patients. In the ZUMA-1 trial, 101 refractory 
DLBCL patients were treated with CD19-CAR-T 
(Ref: Neelapu, ICML-14, 2017). This therapy 
achieved a CR rate of 57%, which was sevenfold 
higher than historical controls (8% in the 
SCHOLAR-1 study, ref). The 6-month OS was 
80% compared to the 55% in SCHOLAR-1 
study. In July 2017, the US Food and Drug 
Administration (US FDA) recommended 
approval of CAR-T therapy (CTL019, Novartis) 
for the treatment of relapsed or refractory 
pediatric and young adult patients with B-cell 
acute lymphoblastic leukemia. This will likely 
soon be followed by applications for approval of 
CTL019 therapy for the treatment of relapsed or 
refractory DLBCL.

There are many new agents being studied in 
this setting including inhibitors of BTK, BCL-2, 
histone deacetylase, BET, PD1, and PDLI; these 
drugs are commonly combined. For example, a 
recent study with nivolumab and ibrutinib 
showed promising activity in Richter’s transfor-
mation. Antibody-drug conjugates (ADCs) that 
bind to CD30, CD19, or CD79 have reasonable 
single-agent activity, and a large phase II study 
adding an CD19 ADC to R-ICE chemotherapy is 
ongoing. Lastly, novel bi-specific monoclonal 
antibodies such as bi-specific T-cell engagers 
(BiTES) and dual- affinity retargeting antibodies 
(DARTs) have shown reasonable single-agent 
response rates, and clinical research studies con-
tinue to accrue (Fig. 6.1).

Relapsed/Refractory
DLBCL after 1st line
regimen (R-CHOP or

R-CHOP-like)

Salvage
chemotherpay

Fit patients:

Unfit patients:

R-DHAP/R-DHAC/R-
DHAOx
R-ICE
R-GDP
R-Gemox
R-Bendamustine

CR/PR

SD/PD

- ASCT

- If CR: STOP
- If PR: 3rd line
chemotherpay

- Clinical trial
- 3rd line chemotherapy
- Lenalidomide
  (ABC subtype)
- Ibrutinib (ABC subtype)
- CAR-T cells

Fig. 6.1 Standard of care relapsed/refractory DLBCL
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6.4  Conclusion

In the post-rituximab era, significant improve-
ments in all outcomes were seen for patients 
undergoing up-front induction therapy for 
DLBCL. For those with relapsed DLBCL in the 
post-rituximab era, marked improvements in long-
term survival have been more elusive. It is clear 
that chemosensitivity to salvage therapy as mea-
sured by FDG-PET remains the single most 
important prognostic factor in achieving cure and 
that consolidative HDT-ASCT remains the stan-
dard of care for many patients. While RIC 
increased access to allo-HCT for many older 
patients, there are many challenges that remain, 
including reducing NRM and GVHD.  Areas of 
active and ongoing research include the incorpora-
tion of novel agents such as monoclonal antibod-
ies, antibody-drug conjugates, and small molecule 
inhibitors [e.g., Bruton’s tyrosine kinase inhibi-
tors, PI3 kinase inhibitors, etc.] into both salvage 
platforms, conditioning regimens for ASCT and in 
post-ASCT maintenance. Moreover, it remains to 
be seen how these and other promising approaches 
such as cellular therapies, including bi-specific 
T-cell engagers (BITEs) and CAR-T, will impact 
the scope of practice [58–62].
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Burkitt Lymphoma

Kieron Dunleavy and Martine Chamuleau

7.1  Introduction

Burkitt lymphoma (BL) is a rare and highly 
aggressive B-cell lymphoma that was first 
described over 50 years ago by Denis Burkitt in 
African children [1]. His initial report identified 
Ugandan children with unusual jaw tumors in 
association with other specific anatomic sites. 
This first to be described “endemic” variant 
occurs in specific geographical areas and has a 
predilection for males between the ages of 4 and 
7  years (Table  7.1). Sporadic BL, in contrast, 
affects children and young adults in all regions of 
the world and has no specific geographical distri-
bution. Third, immunodeficiency-associated BL 
is associated with HIV infection. Over the recent 
years, with the advent of novel genomic technol-
ogies, we have made significant strides in eluci-
dating BL biology. Many novel mutations that 
cooperate with MYC and have key roles in BL 
pathogenesis have been identified. While tradi-
tional standard approaches for this disease are 
highly toxic, there has been recent therapeutic 

progress in developing less toxic strategies that 
maintain the high cure rates of intensive standard 
treatments.

7.2  Pathology and Molecular 
Biology

One of the key biological characteristics of BL is 
a very high proliferation index approaching 
100%, and this accounts for the “starry sky” 
appearance of the tumor (representing apoptotic 
tumor cells ingested by macrophages) that can be 
appreciated at low magnification under the 
microscope. BL is typically characterized by 
non-pleomorphic, intermediate size cells with 
basophilic cytoplasm that contains small vacu-
oles and round nuclei. The nuclear chromatin is 
granular with small nucleoli and frequent mito-
ses. BL is considered to be of germinal center 
B-cell origin, and cells typically express CD10, 
BCL6, CD20, CD79a, and CD45. The negative 
expression of terminal deoxynucleotidyl transfer-
ase (TdT) and BCL2 can help to distinguish BL 
from other diagnoses such as acute leukemia and 
diffuse large B-cell lymphoma. Epstein-Barr 
virus (EBV) expression varies according to the 
subtype of BL: it is detected in almost all cases of 
endemic BL and in 25–40% of other cases [2]. 
A  pattern of EBV latency type 1 is typically 
observed with restricted EBV nuclear antigen 1 
(EBNA1) expression. Many studies suggest 
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 evidence for an oncogenic role of EBV in the 
 disease [3–5]. EBV contributes to genomic insta-
bility in endemic BL where cases are also linked 
to malaria prevalence with the incidence highest 
in people with high titers of Plasmodium 
 falciparum [6–10].

BL cases harbor a MYC translocation, which 
is typically at 8q24 and results in deregulation of 
the MYC gene [11, 12]. In most (over 80%) cases, 
the translocation partner for MYC is the 
immunoglobulin heavy (IgH) chain locus on 
chromosome 14—in other cases, there is 
involvement of κ and λ light chain loci on 
chromosomes 2 and 22. The variation of MYC 
breakpoints that is appreciated when comparing 
sporadic and endemic BL suggests distinct 
oncogenic mechanisms of lymphomagenesis 
depending on the epidemiological variant of the 
disease [13, 14].

Over the past few years, RNA sequencing 
(RNA-seq) studies have identified novel 
mutations in addition to MYC in sporadic BL 
cases [15–18]. These studies have shown that 
70% of cases have mutations in TCF3 or its 
negative regulator ID3, which encodes a protein 
that blocks TCF3 action (see Fig.  7.1). 
Additionally, approximately 38% of sporadic 
cases harbor a mutation in CCND3—this is 

activated by TCF3 and encodes cyclin D3, which 
is responsible for cell cycle progression. TCF3 
and/or ID3 mutations also occur in the other BL 
variants (67% and 40% of HIV-associated and 
endemic cases, respectively)—the ongoing BL 
Genome Sequencing Project (BLGSP) is an 
international effort that aims to further interro-
gate and characterize the genomics of these dif-
ferent disease variants (https://ocg.cancer.gov/

Table 7.1 Comparison of endemic, sporadic, and HIV-associated Burkitt lymphoma

Endemic Sporadic HIV-associated
Epidemiology Equatorial Africa and 

Papua, New Guinea. 
Geographic association 
with malaria

Worldwide Worldwide

Incidence 5–10 cases per 100,000 2–3 cases per million 6 per 1000 AIDS cases
Age and 
gender

Malignancy of childhood
Peak incidence: 
4–7 years
Male: female of 2:1

Malignancy of childhood and young 
adults
Median age: 30 years
Male: female of 2–3:1

Malignancy of adults
Median age: 44 years. 
Associated with higher 
CD4 counts >100/mm3

EBV 
association

100% 25–40% 25–40%

Genomics MYC mutation 100%; 
ID3 and/or TCF3 
mutations 40%; CCND 
mutations 1.8%

MYC mutation 100%; ID3 and/or TCF3 
mutations 70%; CCND mutations 38%

MYC mutation 100%; 
ID3 and/or TCF3 
mutations 67%; CCND 
mutations 67%

Clinical 
presentation

Jaw and facial bones in 
≈ 50%. Also involves 
mesentery and gonads. 
Increased risk of CNS 
dissemination

Abdomen most common presentation 
often involving the ileocecal region. 
Other extranodal sites include bone 
marrow, ovaries, kidneys, and breasts. 
Increased risk of CNS dissemination

Nodal presentation most 
common with occasional 
bone marrow. Increased 
risk of CNS 
dissemination

TCF3

BCR

PI3K

CCND3

ID3

MYC

Cell
growth

ProliferationSurvivalGerminal
center
function

Fig. 7.1 Burkitt lymphoma frequently harbors muta-
tions in ID3, TCF3, and CCND3 that activate the TCF3 
pathway. The t(8:14) translocation present in BL dysreg-
ulates MYC. Cooperation of these two pathways plays a 
crucial role in BL, in which virtually all cells are prolifer-
ating, as evidenced by the expression of the cell cycle-
related antigen Ki67. Adapted from Schmitz, Nature 
Genetics 2012 [19]
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programs/cgci/projects/burkitt-lymphoma). 
Studies that have used gene expression profiling 
(GEP) demonstrated that BL has a distinct 
molecular signature compared to other aggressive 
B-cell lymphomas, and this has germinal center 
B-cell derivation [20, 21]. The signature has high 
expression of c-MYC target and germinal center 
associated B-cell genes and low expression of 
MHC class 1 molecules and NF-kappa B target 
genes. In fact, in early GEP studies in BL, a 
subset of cases diagnosed as diffuse large B-cell 
lymphoma (DLBCL) by histologic criteria fell 
into the BL category, when GEP was applied. 
This is an important molecular distinction given 
that CHOP-based treatments that are standard in 
DLBCL do not have a high response rate in BL—
therefore, GEP may be helpful in rare cases that 
would otherwise be diagnosed as DLBCL, if 
histologic criterial alone were used. GEP also 
identified cases that did not fit exactly into 
DLBCL or BL and had a molecular profile 
intermediate between both entities.

Recent studies have identified a subgroup of 
lymphomas that resemble BL by GEP, 
morphologically and clinically, but that lack the 
MYC translocation. These cases all display 11q 
alterations (gains and losses), leading to the 
provisional entity: Burkitt-like lymphoma with 
11q aberration [22–24]. Future studies shall 
reveal whether this is a real separate entity of BL.

7.3  Clinical Presentation 
and Work-Up

BL has a variable clinical presentation that is 
dependent on the epidemiological variant as well 
as other factors. In endemic BL, involvement of 
the jaw and other facial sites commonly occurs; 
other extranodal sites that may be involved include 
the ileum and cecum, gonads, kidneys, and 
breasts. Jaw involvement rarely occurs in sporadic 
BL, and the ileocecal area is the most common 
site of involvement. In immunodeficiency-associ-
ated BL, sites of involvement that are common 
include the ileum and cecum, lymph nodes, and 
bone marrow. CNS involvement may occur at pre-
sentation with all variants of BL, particularly 

when there is advanced stage disease. CNS 
involvement is almost always leptomeningeal, 
and parenchymal brain involvement in BL is 
exceedingly rare. In patients with advanced-stage 
and bulky disease, tumor lysis syndrome (TLS) 
commonly develops typically after the institution 
of therapy (it may indeed occur before any treat-
ment is started), and this needs to be anticipated 
and prophylaxis administered as appropriate.

The diagnosis of BL should be made by a 
hematopathologist, expert in the diagnosis of 
lymphoma as some cases are challenging 
diagnostically and difficult to distinguish from 
other aggressive B-cell lymphomas, especially 
diffuse large B-cell lymphomas that also can 
harbor a MYC translocation.

Routine hematology and biochemistry tests 
including lactate dehydrogenase (LDH) and uric 
acid should be performed as well as HIV and 
hepatitis B testing. Computed tomography (CT) 
imaging with or without positron-emission 
tomography (PET) should be done. A bone 
marrow biopsy is routine in all patients, and 
lumbar puncture with CSF analysis by cytology 
and flow cytometry should also be performed.

7.4  Staging and Prognostic 
Factors

No specific staging system and validated prog-
nostic score has been developed for 
BL. Regarding staging in adult patients, the Ann 
Arbor classification is widely used. Identification 
of prognostic factors at diagnosis mostly relies 
on population-based studies due to lack of large 
clinical trials. These studies have identified 
numerous factors like age, black race, advanced 
stage, performance status, and elevated LDH 
[25–28]. Consequently, a prognostic score has 
not yet been validated, but most studies identify 
a low-risk category of BL characterized by nor-
mal LDH plus WHO performance status 0 or 1 
plus Ann Arbor stage 1 or 2 plus no mass >7 cm 
(or 10  cm) [29] or no more than 2 extranodal 
localizations [30]. Some studies also take into 
account whether or not the tumor has been 
resected [31–33].
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7.5  History of Burkitt Lymphoma 
Therapeutics

Historically, in early BL therapeutics, the high 
tumor proliferation rate of the disease and the 
risk of “kinetic” failures in between treatment 
cycles were considered to be key to address 
and overcome for curative therapy. Early strat-
egies therefore were modeled on approaches 
that had been successful in children with 
ALL—these had used short-duration, dose-
intensive, multi-agent regimens. Today’s stan-
dard approaches therefore typically include 
multiple chemotherapy agents given in alter-
nating cycles. Given the aggressiveness of 
“standard” BL approaches, treatment-related 
toxicity is a huge challenge, and while children 
and young adults can tolerate this, tolerance is 
much more difficult for older or immunosup-
pressed adults [34]. This difficulty in tolerating 
therapy led to the testing of risk- adaptive ther-
apy, and while this has been somewhat helpful, 
there remains great room for improvement in 
BL therapeutics in the sense of developing less 
toxic approaches while maintaining traditional 
high cure rates [30]. The risk of developing 
tumor lysis syndrome (TLS) and CNS spread 
of disease are also important to consider. Many 
regimens, in an attempt to reduce the risk of 
TLS, employ a “pre-phase” where relatively 
low doses of chemotherapy drugs (typically 
cyclophosphamide) and prednisone are given. 
High-dose intravenous methotrexate and cyta-
rabine (as well as intrathecal administration of 
these agents), both of which have CNS pene-
tration, are frequently administered in an 
attempt to reduce CNS spread. Over the recent 
years, one important advance in BL therapeu-
tics has been to eliminate prophylactic whole-
brain radiation, and this of course has 
significantly reduced CNS toxicity. Some have 
questioned whether or not patients with low-
risk BL require intrathecal therapy, and one 
study in patients with low-risk disease demon-
strated a high cure rate and very low rate of 
CNS relapse without the use of this [33].

7.6  Current Treatment 
Approaches

Compared to DLBCL, BL is very rare in adults 
with a paucity of clinical trials performed. 
Therefore, the optimal approach to newly 
diagnosed patients is controversial, particularly 
in middle-aged and older adults where toxicity 
poses a significant challenge to successful 
therapeutic outcomes [35]. Many of the standard 
approaches that are used in adults today were 
initially developed in children, given that BL is 
much more common in pediatric populations 
(Table  7.2). An early risk-adapted strategy in 
children with BL and L3 ALL (LMB89) was 
developed by the Societe Francaise d’Oncologie 
Pediatrique (SOFP) group—in this approach, 
treatment was based on tumor burden and early 
response to chemotherapy [36]. Three risk 
groups (A, B, and C) were defined with group A 
receiving induction only; group B receiving pre-
phase, induction, consolidation, and limited 
maintenance; and group C receiving extended 
maintenance and cranial irradiation in cases with 
involvement of the CNS. In groups B and C, if a 
CR was not achieved after the third or fourth 
induction-consolidation course, autologous stem 
cell transplant was performed. This strategy was 
very successful with 5-year event-free and overall 
survivals of 92%, and this led to testing of the 
strategy in adults with minor modifications—in 
72 adult patients with a median age of 33 years, 
EFS and OS at 2  years were 65% and 70%, 
respectively [37]. The Berlin-Frankfurt-Munster 
(BFM) group developed approaches that reduced 
number of cycles based on risk stratification—
the BFM 90 protocol continued to further refine 
risk stratification and to improve the outcome of 
patients who had an incomplete initial response 
with further treatment intensification. In their 
study, among 266 pediatric patients with BL, the 
overall EFS was 89% at 6 years [38].

CODOX-M/IVAC, which is commonly used 
today, was developed at the National Cancer 
Institute (NCI), and in initial studies, patients 
were risk-stratified according to their clinical 
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 presentation and LDH [39]. All patients with 
either a single extra-abdominal mass <10 cm or 
completely resected abdominal disease with a 
normal LDH were considered to be low risk. All 
other patients were designated high risk. While 
low-risk patients received 3 cycles of CODOX-M 
(cyclophosphamide, doxorubicin, vincristine, 
methotrexate), high-risk patients received 4 cycles 
of alternating CODOX-M with IVAC (ifosfamide, 
cytarabine, and etoposide)—in 41 patients includ-
ing 20 adults with a median age of 25 years, the 
event-free survival (EFS) was 92% at 2  years. 

Hematological toxicities were significant with 
sepsis occurring in 22% of cycles. Other groups 
confirmed the efficacy of this regimen although 
lower survival rates were observed. Mead and col-
leagues studied this approach in 52 adult patients 
with a median age of 35 years [30]. The overall 
EFS was 65% at 2 years and 83% and 59% for the 
low-risk and high-risk arms, respectively. A modi-
fied Magrath regimen has been tested in older 
adults and was effective and well tolerated. 
Hyper-CVAD was based on a modification of a 
regimen developed by Murphy et al. for pediatric 

Table 7.2 Selected regimens for high-risk Burkitt lymphoma

Regimen Pt No. Histology
Median age 
years (range)

Stage 
(%)

CR 
(%) EFS (%) OS (%)

LMB 89 [36] 561 Burkitt
B-ALL

8 (0.17–18) III–IV 
79%

97% 92% @ 5 years 92% @ 5 years

Modified LMB 
[37]

72 Burkitt
B-ALL

33 (18–76) III–IV 
67%

72% 65% @ 2 years 70% @ 2 years

BFM 90 [38] 413 Burkitt
B-ALL

9 (1.2–17.9) III–IV 
60%

N/A 89% @ 6 years 14 deaths

CODOX-M/ 
IVAC [39]

21 peds
20 adult

Burkitt
B-ALL

12 (3–17)
25 (18–59)

III–IV 
78%

95% 85% (peds) and 
100% (adults) 
@ 2 years

2 deaths

CODOX-M/
IVAC [30]

52 Burkitt 35 (15–60) III–IV 
61%

77% 65% @ 2 years 73% @ 2 years

Hyper-CVAD 
[40]

26 Burkitt/B- ALL 58 (17–79) N/A 81% 61% @ 3 years 
for DFS

49% @ 3 years

R-Hyper-CVAD 
[41]

31 Burkitt/B- ALL 46 (17–77) N/A 86% 80% @ 3 years 89% @ 3 years

GMALL-B-ALL/
NHL
2002 [42]

363 Burkitt
B-ALL

42 (16–85) III–IV 
71%

88% PFS 75% @ 
5 years

80% @ 5 years

DA-EPOCH-R 
[32]

19 Burkitt 25 (15–88) III–IV 
58%

N/A FFP 95% @ 
7 years

100% @ 
7 years

SC-EPOCH-RR 
[32]

11 Burkitt HIV+ 44 (24–60) III–IV 
82%

N/A FFP 100% @ 
6 years

90% @ 6 years

LMB +/− R [43] 260 Burkitt N/A III–IV 
62%

N/A EFS 75% vs. 
62% (+R/−R) 
@ 3 years

83% vs. 70% 
(+R/−R) @ 
3 years

AMC 048 [44]
Modified 
R-CODOX-M/
IVAC

34 Burkitt HIV+ 42 (19–55) III–IV 
74%

N/A PFS 69% @ 
1 year

69% @ 2 years

Modified 
R-CODOX-M/
IVAC

128 Burkitt HIV− 47 (IQR 
31–59)

III–IV 
(62%)

N/A EFS 75% @ 
3 years

83% @ 3 years

RA-DA-
EPOCH-R 
[35, 45]

112 Burkitt
HIV− + HIV+

46 (19–86) III–IV 
69%

N/A PFS 85% @ 
3 years

85% @ 3 years
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L3 ALL [40, 41]. Hyper-fractionated cyclophos-
phamide, vincristine, doxorubicin, and dexameth-
asone were alternated with methotrexate and 
cytarabine for a total of 8 cycles—in a study of 26 
patients with BL and B-ALL (acute lymphoblas-
tic lymphoma), the 3-year OS was 49% [40]. A 
later study combined the regimen with rituximab, 
and in 31 similar population patients, OS was 
89% at 3 years [41]. While it has been explored in 
a number of studies, the role of consolidation 
autologous stem cell transplantation in BL is 
unclear with no convincing data that it is helpful.

Though “standard” strategies are highly effec-
tive in children and younger adults, in other pop-
ulations, toxicity is excessive with these 
approaches, and new strategies are needed. 
Rituximab improves the cure rate in diffuse large 
B-cell lymphoma, and this prompted its testing in 
BL. In a recently published randomized study of 
260 adults who received an LMB regimen with or 
without rituximab, at 38-month follow-up, the 
EFS was significantly higher in the group that 
received rituximab (75% vs. 62%; p = 0.02) [43]. 
In single-arm studies, when rituximab has been 
incorporated into “standard” intensive BL 
regimens, survival was superior compared to 
historical non-rituximab-containing arms [42].

The dose-adjusted EPOCH-R (etoposide, 
prednisone, vincristine, cyclophosphamide, doxo-
rubicin, and rituximab) regimen is an intermedi-
ate intensity strategy that was tested in BL, due to 
its high efficacy in DLBCL, and the hypothesis 
that the high sensitivity of BL cells to genotoxic 
stress makes prolonged exposure time an impor-
tant therapeutic strategy for optimizing tumor cell 
kill. An initial study testing the strategy in 30 
patients with sporadic and immunodeficiency-
associated BL demonstrated a freedom from pro-
gression exceeding 90%. To validate these results 
in a multicenter setting, a study is currently under-
way in which low-risk patients (all of stage I or II 
disease, normal LDH, ECOG performance status 
of 0–1, and mass size <7 cm) receive three cycles 
of therapy and high- risk (all other) patients receive 
six. A recent report of this study (which has fin-
ished accrual) in 112 patients demonstrated a PFS 
of 100% and 82% in low-risk and high-risk 
groups, respectively, at 34-month follow-up [45]. 

Older age or HIV status had an impact on out-
come, and toxicity was low with very few patients 
developing tumor lysis syndrome. A multigroup 
randomized trial comparing DA-EPOCH-R ver-
sus R-CODOX-M/R-IVAC is currently recruiting 
in Europe.

7.7  Approach to Relapsed 
Burkitt Lymphoma

Treatment of BL in the relapsed or refractory set-
ting is challenging and typically associated with 
very poor outcomes [46]. While some early- stage 
patients with relapse following limited treatment 
may still be curable, this is unlikely to be the case 
with advanced-stage patients who have received 
intensive treatment or are primary induction fail-
ures. The European Group for Blood and Marrow 
Transplantation (EBMT) in a retrospective 
review reported an OS of 37% at 3  years for 
patients with a chemosensitive relapse but only 
7% for those with resistant disease following 
autologous SCT [47]. The ASBMT reported data 
on transplantation in 241 BL patients. For 
relapsed patient in second or later complete 
remission, 5-year OS was 44% for patients who 
received autologous SCT and 27% for those who 
received allogeneic SCT. For refractory patients 
5-year OS was 22% for autologous and 12% for 
allogeneic stem cell transplantation recipients 
[48]. Although these data are retrospective and 
subject to selection bias, stem cell transplantation 
may be considered as a therapeutic strategy for a 
subgroup of patients.

7.8  HIV-Associated Burkitt 
Lymphoma

BL is not uncommon in the setting of HIV infec-
tion where it constitutes up to 20% of HIV- 
associated lymphomas and typically occurs with 
higher median CD4 counts than many other 
lymphomas that are encountered in the HIV 
setting. Offsetting historical reports, recent 
studies in HIV-associated BL report excellent 
outcomes for this population [44, 45, 49, 50]. 
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HIV-associated BL presents in a similar fashion 
to sporadic BL and has variable association with 
EBV.  As with middle-aged and older adults, 
standard full-dose BL regimens are generally 
considered too toxic for patients with HIV- 
associated BL, and as a result, less toxic 
modifications of approaches such as CODOX-M/
IVAC-R have been investigated. Recently, the 
AIDS Malignancy Consortium (AMC) evaluated 
the outcome of 27 patients following modified 
CODOX-M/IVAC-rituximab and demonstrated a 
1-year PFS of 69% [44]. DA-EPOCH-R is very 
well tolerated in this group of patients and 
associated with excellent outcomes—as 
mentioned previously, it is being investigated in a 
multicenter study, and an initial report 
demonstrated no inferiority in outcome in HIV- 
positive versus HIV-negative patients [35]. These 
recent experiences reinforce that HIV positivity 
should not be a negative prognostic factor in BL 
patients.

7.9  Future Directions 
and Conclusions

While pediatric patients and young adults with 
BL have an excellent outcome with “standard” 
BL regimens, high treatment toxicity is a 
significant issue, and future strategies should 
focus on reducing toxicity while maintaining 
very high cure rates. For most adults and 
immunosuppressed patients with the disease, 
some intermediate intensity approaches are much 
better tolerated, and as long as they do not 
compromise curability rates, they should be 
selected. While the role of MYC in BL has been 
recognized for some time, recent molecular 
insights have identified several novel genetic 
aberrations that have critical roles in 
lymphomagenesis and cooperate with MYC. 
TCF3 and ID3 which are rarely found in DLBCL 
are present in 70% of sporadic BL—additionally, 
the CCND3 gene, which is activated by TCF3 
and interacts with CDK6, is mutated in a high 
percentage of BL cases. These novel genomic 
findings are a good rationale for investigating 
novel agents such as PI3 kinase inhibitors and 

inhibitors of CDK6 as well as inhibitors of MYC. 
If novel agents can be incorporated into up-front 
BL regimens, they offer the possibility of optimal 
strategies with less reliance on very toxic agents. 
CAR T-cell anti-CD19 therapy, which is of 
course very effective in childhood ALL, is 
another very interesting approach and, given the 
biological similarity of BL and ALL, should be 
tested in relapsed/refractory BL [51].
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Human Immunodeficiency  
Virus- Related Lymphomas

Josep-Maria Ribera and Richard F. Little

8.1  Background

The acquired immunodeficiency syndrome 
(AIDS) was first described in 1981, in individu-
als with certain opportunistic infections (OI), 
Kaposi sarcoma, and central nervous system 
(CNS) lymphomas. Three years later the clinical 
spectrum of non-Hodgkin lymphomas (NHL) in 
the populations at risk of AIDS was first 
described [1, 2]. Since the introduction of com-
bined antiretroviral therapy (cART) in the mid-
1990s, the incidence of lymphomas, which 
formerly accounted for 2–3% of newly diag-
nosed AIDS patients, has decreased and out-
comes have improved [3]. Simultaneously, a 
shift toward histologies that occur at higher CD4 
lymphocyte counts, such as Burkitt lymphoma 
and classical Hodgkin lymphoma (cHL), was 
observed [4–7]. The increasing proportion of 
long-term survivors of lymphoma has raised the 

possibility of developing certain non-AIDS-
defining solid tumors, especially those related to 
the lifestyle and viral infections in HIV-infected 
patients.

8.2  Epidemiology

The risk of lymphoid tumors in HIV disease is 
highly linked to the CD4+ T-cell count [8, 9]. The 
incidence of NHL has decreased approximately 
80% in the cART era, with the greatest decrease 
occurring among those NHLs that develop in 
association with advanced immune depletion, 
such as AIDS-related primary CNS lymphoma 
[10]. The proposed explanation for this decline is 
the ability of cART to prevent depletion of CD4+ 
T-cells, thus decreasing the risk of such tumors. 
In contrast, those lymphomas that occur at higher 
CD4+ T-cell counts, such as Burkitt lymphoma, 
have not changed substantially in incidence since 
the introduction of cART [8]. The overall relative 
increase in risk for lymphoma still ranges 
between 10- and 20-fold higher than in the gen-
eral population. This risk is similar to that for 
lymphomas arising in individual with immuno-
suppression of other origins. cHL incidence has 
increased since the introduction of cART, further 
illustrating the complex interaction of immune 
status with lymphoid malignancy [11]. cHL has 
10- to 20-fold higher risk in comparison with the 
general  population, but this increased risk is not 
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consistently observed across cHL subtypes, and 
there has been a shift over the cART era in 
 subtype presentation. In the pre- cART era, mixed 
cellularity cHL accounted for the majority of 
cases. In the cART era, there has been a shift so 
that there is nearly equal presentation of mixed 
cellularity and nodular sclerosing cHL [12]. 
Lymphoma is currently the most frequent 
 malignancy among HIV-infected individuals and 
a frequent neoplastic cause of death in these 
patients [13].

The diagnosis of AIDS precedes the onset of 
NHL in less than 50% of the patients, and the 
simultaneous diagnosis of NHL and HIV 
positivity is currently relatively frequent. The 
geographic distribution of NHL lymphomas is 
similar to the geographic spread of HIV infection, 
and the incidence is similar for all risk groups for 
HIV infection.

8.3  Pathogenesis

Although AIDS-related lymphomas are usually 
of B-cell origin as demonstrated by immuno-
globulin heavy-chain gene rearrangement stud-
ies, they have also been shown to be oligoclonal, 
polyclonal, and monoclonal in origin. Although 
HIV is a risk factor for a variety of cancers, it 
does not appear to be directly implicated in lym-
phomagenesis. HIV indirectly creates an envi-
ronment in which chronic antigen stimulation, 
cytokine dysregulation, and coinfection with 
oncogenic viruses, such as the Epstein-Barr 
virus (EBV), are involved, within the setting of 
genetic abnormalities and impaired immune sur-
veillance. All these factors can lead to the emer-
gence of monoclonal B cells. Impaired T-cell 
immunity toward EBV is strongly implicated in 
lymphomagenesis, especially in some aggres-
sive lymphomas such as the immunoblastic and 
plasmablastic subtype [14, 15].

Infection by human herpesvirus 8 (HHV-8) or 
Kaposi sarcoma herpesvirus (KSHV) is 
frequently observed in HIV-infected patients 
with primary effusion lymphoma (PEL) [16], and 
the combined presence of EBV and HHV-8 
appears to be unique to PEL [17]. Other 
lymphoproliferative disorders in HIV-infected 

patients involving HHV-8 include multicentric 
Castleman disease (MCD) and HHV8-positive 
plasmablastic lymphoma (PBL) [18].

8.4  Pathology

Traditionally, human immunodeficiency virus 
(HIV)-associated lymphomas have been 
categorized as follows: (1) aggressive B-cell 
lymphomas (diffuse large B-cell lymphoma 
[DLBCL], Burkitt lymphoma [BL], aggressive 
B-cell lymphoma with MYC and BCL-2 and/or 
BCL-6 rearrangements, PBL, and PEL), (2) 
primary central nervous system lymphoma 
(PCNSL), (3) classical HL, and (4) DLBCL 
arising in HHV-8-associated MCD [19]. The 
revised WHO classification of tumors is agnostic 
to HIV status [20]. Importantly, the updated 
classification is informed to some extent by 
molecular features relevant to treatment. For 
example, advances in treatment may soon include 
specific therapies according to DLBCL subtype. 
Definitive phase III clinical trials of lenalidomide 
and ibrutinib in activated B-cell subtype DLBCL 
are ongoing and may inform a new standard of 
care for this disease. Studies sponsored by the US 
National Cancer Institute to determine feasibility 
of combining these agents with chemotherapy in 
patients with HIV on cART are ongoing, 
positioning patients with these diseases to be 
availed of new therapeutics as defined by phase 
III trials in the background population.

DLBCL is still the most frequent NHL sub-
type. Most cases are of the germinal center vari-
ant assessed by immunohistochemistry methods 
[21, 22], whereas the frequency using digital 
multiplexed gene expression remains to be vali-
dated [23, 24]. Burkitt lymphoma (BL) is the 
second subtype in frequency and is similar to 
sporadic BL with variable association with EBV 
[25]. The high-grade B-cell lymphomas with 
MYC and BCL-2 and/or BCL-6 rearrangements 
(also known as dual hit or triple hit according to 
the presence of two or the three rearrangements) 
account for 5–10% of cases with DLBCL and 
are highly aggressive with poor response to stan-
dard therapies [26]. Primary DLBCL of the 
 central nervous system (CNS) that are truly 
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AIDS- related occur at CD4+ T-cell levels of less 
than 50/mm3, and essentially 100% are EBV 
positive [20, 27]. In the cART era, primary 
DLBCL in CNS are rarely seen. Among patients 
with over 100 CD4+ T-cell cells/mm3, the occur-
rence of PCNSL in over 23,000 HIV-infected 
patients is not documented [6, 28].

PEL is a very aggressive malignancy, being 
first reported in the oral cavity of HIV-infected 
individuals. Subsequently, it has been shown to 
occur in other sites as well as in conjunction with 
other immunodeficient states. PEL comprises 
about 4% of all HIV-related NHL and usually 
involves patients with advanced immunosup-
pression, with a CD4 count less than 150 cells/
mm3 and a history of prior AIDS- defining ill-
nesses. The immunophenotype of these lympho-
mas resembles that of plasma cells. More than 
80% of cases are EBV positive, and approxi-
mately half have been shown to have the MYC 
translocation [29].

Lymphomas arising in HHV-8-associated 
MCD are very rare lymphomas and mainly occur 
in HIV-positive patients [30]. They are difficult to 
distinguish from PEL. Characteristically, they are 
HHV-8 positive but EBV negative, express IgMλ 
cytoplasmic immunoglobulin, and appear within 
the setting of MCD in the lymph nodes involved.

While not considered to be an AIDS-defining 
malignancy, cHL is increased in incidence in 
HIV-infected individuals and may surpass AIDS- 
NHL in frequency in some populations, especially 
in those with longer life expectancies and better 
immunological control with cART.  In the pre- 
cART era, in contrast to non-immunosuppressed 
patients, HIV-related cHL was accompanied by 
EBV infection in close to 90% of cases, and the 
mixed cellularity or lymphocyte-depleted forms 
comprised a larger number of cases [31]. In 
populations where cART is widely available, 
these differences are much less pronounced [12].

8.5  Clinical Presentation, 
Diagnosis, and Staging

In the pre-cART era, the clinical setting of 
patients with AIDS-related lymphoma was very 
different from that of non-HIV patients and was 

characterized by advanced-stage disease and 
frequently extranodal involvement, including 
unusual sites. Currently the clinical picture 
resembles that of non-HIV-infected patients, 
especially for the lymphoma subtypes associated 
with improved CD4+ lymphocyte counts, 
although a trend to more disseminated disease 
and extranodal involvement still persists [32].

An excisional lymph node or tissue biopsy is 
required for the diagnosis of HIV-related lym-
phomas. Morphologic, cytogenetic, and molecu-
lar studies should be performed to obtain a 
high-precision diagnosis, and the biologic mate-
rial should be stored for future studies. 
Assessment of EBV and HHV-8 virus in lym-
phoma cells is highly recommended. Diagnoses 
based exclusively on fine needle aspiration of 
tumor masses should be avoided. Certain con-
founding factors such as HIV-related reactive 
lymphadenopathy and an increased incidence of 
infections may make the interpretation of 18 
F-fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) scans more difficult than in 
the HIV-negative population, especially in 
patients with detectable HIV viral loads. 
Gadolinium-enhanced magnetic resonance 
imaging (MRI), 201thallium single- photon emis-
sion computed tomography (201Th-SPECT), or 
FDG-PET scan, combined with cytology, flow 
cytometry, and a polymerase chain reaction 
(PCR) method to detect EBV- DNA in cerebro-
spinal fluid (CSF), are helpful for the diagnosis 
of PCNSL and to differentiate between PCNSL 
and cerebral toxoplasmosis. Immediate defini-
tive diagnosis with stereotactic biopsy, as is the 
standard of care in the non-HIV setting, is essen-
tial to optimize therapeutic outcome. In the pre-
cART era, biopsy was delayed or even omitted in 
patients presenting with ring-enhancing brain 
lesions. A presumptive lymphoma diagnosis was 
made for those not responding to a short course 
of anti-toxoplasma treatment. This is no longer a 
justified practice.

The Ann Arbor/Cotswolds and the Lugano 
[33, 34] staging systems are commonly used 
for patients with NHL and HL. HIV viral load 
and CD4 lymphocyte count should be added to 
the usual procedures to assess the stage. 
Serologic studies for hepatitis B and C virus, 
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cytomegalovirus, EBV, Toxoplasma, and vari-
cella-zoster are also highly recommended. A 
detailed HIV history including assessment of 
prior opportunistic infections (OI), general 
immune function, antiretroviral treatment his-
tory, and HIV control should be obtained. 
Additionally, cardiac function should be 
assessed in selected cases with either a cardiac 
multigated acquisition (MUGA) scan or an 
echocardiogram before treatment planning.

8.6  Prognostic Factors

The prognosis of HIV-infected individuals with 
lymphoma is determined by patient-, lymphoma-, 
and HIV-specific factors [35]. The significance 
for each of these factors has varied over the last 
three decades due to changes in antiretroviral and 
lymphoma-directed therapy, improved supportive 
care, and a shift in the incidence and biology of 
lymphoma.

Since effective HIV control has become 
achievable, adequate lymphoma-directed therapy 
is possible in the contemporary cART era, and 
survival is now similar to that observed in immu-
nocompetent patients. Hence, the International 
Prognostic Index (IPI) [36] and age-adjusted IPI 
have been extensively validated and remain reli-
able predictors of outcomes in HIV-related 
aggressive NHL.  Similarly, the International 
Prognostic Score (IPS) [37] has shown prognostic 
relevance in HIV-associated cHL, although this 
prognostic significance was not observed in all 
studies. With regard to the impact of HIV-related 
factors on survival, low CD4 counts have been 
implicated as predictors of poor survival in sev-
eral studies, while other reports have not found 
this association, especially in the cART era [38].

Composite scores including patient-, lym-
phoma-, and HIV-related factors have been devel-
oped. Of these, the combined AIDS-related 
lymphoma IPI (ARL-IPI) score for patients with 
DLBCL, which consists of prior history of AIDS, 
baseline CD4 count, and viral load, and the age- 
adjusted IPI is a better predictor of survival than 
the age-adjusted IPI alone [39]. Of note, in this 
analysis, the 5-year overall survival (OS) was 

78% for the low-risk group, which is similar to 
outcomes described in HIV-negative patients 
with DLBCL.  The prognostic value of other 
biologic parameters (e.g., germinal center vs. 
activated B-cell phenotype, EBV, or Bcl-2 
expression) is less consistent and varies among 
the different studies.

Similarly, a composite score for HIV-related 
HL developed in six European countries includes 
two parameters independently associated with 
OS: CD4 counts <200 cells/mm3 and IPS >2. A 
retrospective multicenter study of 229 advanced 
HIV-HL patients who had received ABVD plus 
cART showed CD4 cell counts <200/mm3 to be 
an independent adverse prognostic factor for PFS 
and OS [40].

8.7  Treatment of HIV-Related 
Lymphomas

8.7.1  General Principles

In the cART era, the treatment of the specific sub-
types of HIV-related lymphomas is similar or 
identical to that used for lymphomas arising in 
non- immunosuppressed patients, but the 
treatment recommendations are mostly based on 
evidence from phase II trials, retrospective series, 
or expert opinion [3, 41]. In addition, several 
specific aspects should be considered, being the 
concomitant antiretroviral therapy and the 
prophylaxis and eventual treatment of 
opportunistic infections (OI) the most relevant.

8.7.2  Diffuse Large B-Cell 
Lymphomas

Several phase II studies conducted in Europe and 
the USA have shown promising results with the 
combination of the anti-CD20 monoclonal 
 antibody rituximab with chemotherapy schedules, 
such as CHOP (R-CHOP) [42] or infusional regi-
mens such as CDE (cyclophosphamide, doxoru-
bicin, and etoposide) (R-CDE) [43] or EPOCH 
(etoposide, prednisone, vincristine, cyclophos-
phamide, and doxorubicin) (R-EPOCH) [44]. 
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Although the only phase III trial comparing 
CHOP vs. R-CHOP showed negative results for 
overall and progression-free survivals, the 
response was superior for R-CHOP [45]. The lack 
of survival benefit was attributed to the high treat-
ment-related mortality of 36% for patients with a 
CD4 count <50 cells/mm3 in the R-CHOP group 
and the lower than expected response rate in the 
whole group compared with that observed in 
other trials using R-CHOP. Despite these results, 
most contemporary trials use rituximab as part of 
the treatment, but some restrict its use in patients 
with CD4 counts <50 cells/mm3. In the AMC034 
trial, rituximab was given either consecutively 
with EPOCH or sequentially (weekly with six 
doses after completion of chemotherapy). In this 
“pick-the-winner” phase II trial, only the concur-
rent arm reached the predefined endpoint, with a 
CR rate of 73% (71% for DLBCL) versus only 
55% in the sequential arm. With concurrent 
R-EPOCH, the 2-year OS reached 70%, similar to 
that achieved with R-CHOP or R-CDE regimens.

Based on the evidence from two-pooled clini-
cal trials of 150 patients and a meta-analysis of 
pooled individual patient data for 1546 patients 
from 19 prospective clinical trials showing 
improved overall survival with the infusional 
EPOCH regimen and with rituximab, many 
experts and cooperative groups, especially in 
North America, have adapted six cycles of che-
moimmunotherapy with R-EPOCH as their stan-
dard initial regimen for the treatment of 
HIV- positive patients with DLBCL [46]. 
However, there is no prospective randomized 
controlled trial comparing the R-EPOCH regi-
men to others, and in Europe the most used regi-
men is R-CHOP. Encouragingly, outcomes with 
initial therapy for HIV-DLBCL are close to those 
similarly treated for HIV-negative patients in the 
current era [47]. Of note, preliminary reports 
from the randomized CALGB phase III 
trial  comparing dose-adjusted EPOCH-R and 
R-CHOP in the HIV-unrelated setting reported 
no difference in event-free survival [48, 49]. 
However, the dose adjustment in the HIV setting 
is substantially different compared to the phase 
III approach, limiting the ability to apply those 
results to the HIV setting.

Several areas of uncertainty remain unsolved 
due to lack of solid information: first, the 
treatment of patients in  localized stages (I or II 
non-bulky), for which chemoimmunotherapy 
with six cycles of R-CHOP or R-EPOCH is 
generally preferred to three to four courses 
followed by radiotherapy; second, the use of 
rituximab in patients with a low CD4 count (<50/
mm3), in whom there are recent trends to use 
rituximab irrespective of the CD4 count, except 
in patients with history of prior or ongoing OI 
and a low likelihood of adequate HIV control 
with cART due to poor adherence; and third, the 
concurrent or sequential use of cART during 
chemotherapy. Possible benefits of concurrent 
cART include better HIV control leading to fewer 
infectious complications and AIDS-defining 
events [50], but these benefits could be 
counterbalanced by drug-drug interactions 
leading to either increased toxicities or possible 
underdosing, resulting in either the emergence of 
HIV or lymphoma resistance. Although there is 
no formal consensus, most groups tend to use the 
concurrent option, except if a short-term 
chemotherapy schedule is used. Given the 
availability of newer antiretroviral agents, such 
as the HIV integrase strand transfer inhibitors 
that have very little relevant drug-drug 
interactions, there is little reason to suspend 
cART while administering cancer chemotherapy, 
including with the DA-EPOCH-R regimen.

8.7.3  Burkitt Lymphoma

Prior to the advent of effective cART, all HIV 
NHL, including Burkitt lymphoma, were treated 
with CHOP-like therapy. Outcomes were dismal. 
The current therapy of BL in HIV-infected 
patients is similar or identical to that used in non- 
immunocompromised patients, based on specific 
short-term immunochemotherapy regimens. 
These regimens include rituximab combined 
with intensive chemotherapy schedules based on 
high-dose cyclophosphamide and methotrexate, 
among other cytotoxic drugs (e.g., hyper-CVAD, 
CODOX-M/IVAC, LMB86, B-ALL/NHL 2002, 
or BURKIMAB) [51–53]. Although the results 

8 Human Immunodeficiency Virus-Related Lymphomas



182

are similar to those observed in BL arising in the 
general population (overall survival of 70–80%), 
the toxicity (especially mucositis and infections) 
is higher in HIV-infected patients [54].

In a very different approach from the intensive 
regimens mentioned above, the US National 
Cancer Institute has developed effective risk- 
adapted Burkitt lymphoma therapy based on the 
EPOCH-R regimen. For low-risk patients (defined 
as normal LDH, ECOG performance 1–2, stage 
I–II, and mass <7  cm), the “short- course 
EPOCH-RR” regimen has shown favorable 
results. This involves a short course of EPOCH 
(without dose adjustment: all patients receive a 
fixed dose of 750 mg of cyclophosphamide) with 
a double dose of rituximab [55]. Dunleavy et al. 
reported on 11 patients with HIV infection and 
BL (none presented CNS involvement) having an 
excellent OS at 73 months of 92%, which remains 
unchanged in further updates. In a larger expanded 
effort, the preliminary report at a median follow-
up of 25 months of the first 77 patients of a US 
National Clinical Trials Network trial of risk-
adapted DA-EPOCH-R showed progression-free 
survival of 87% and overall survival of 88% for 
all patients. There was no evidence that the 20 
HIV+ patients outcome was different that the 
non-HIV patients [56]. The final results in over 
100 patients are expected to be reported soon.

8.7.4  Aggressive B-Cell Lymphoma 
with MYC and BCL-2 and/or 
BCL-6 Rearrangements

There is limited experience on treatment of this 
poor-prognosis subgroup of patients in the HIV 
setting. The most reasonable option is to mimic 
the experience of non-immunocompromised 
patients, in whom the DA-EPOCH-R schedule 
seems to be the most promising immunochemo-
therapeutic approach [57].

8.7.5  Plasmablastic Lymphoma

Currently there is no standard of care with respect 
to chemotherapy in PBL in patients with HIV due 

to the rarity of the condition and to the fact that 
most studies have been retrospective in nature. In 
some studies, the DA-EPOCH regimen offered 
better results than CHOP, while in others the 
CODOX-M/IVAC was also superior than 
CHOP. In any case, the median survival of these 
patients is short, ranging between 5 and 
17 months, making new therapeutic approaches 
necessary. New drugs such as vorinostat, bort-
ezomib, or ibrutinib in combination with chemo-
therapy targeting the non-germinal phenotype 
and oncogenic viruses seem promising, and pro-
longed survival has been observed in individual 
cases or short series [58, 59].

8.7.6  Primary Effusion Lymphoma

The optimal treatment for HIV-PEL is undefined. 
Many patients with HIV-related PEL receive stan-
dard combination chemotherapy regimens such as 
CHOP, but the response is poor (50% CR and 
median overall survival of 6 months). The use of 
infusional regimens (CDE or EPOCH) or inten-
sive regimens with high-dose methotrexate could 
provide better results. The benefit of autologous 
hematopoietic stem cell transplantation (HSCT) 
in patients in first CR is uncertain.

Antiviral medications targeting HHV-8 (e.g., 
valganciclovir, ganciclovir, or cidofovir) have 
been concomitantly used with chemotherapy in 
some cases, with long-term remissions having 
been reported. Other approaches are being pre-
clinically evaluated. They include brentuximab 
vedotin, proteasome inhibitors, anti-endothelial 
vascular growth factor (VEGF), and other inhibi-
tors of angiogenesis and HHV8 replication (val-
proate, HIV-protease inhibitors, nelfinavir, and 
ganciclovir).

8.7.7  Primary CNS Lymphoma

Profound immunosuppression (CD4 cells <50/
mm3), EBV detection in lymphoma cells from vir-
tually all patients, and high aggressive histology 
(frequently immunoblastic) are the hallmarks of 
this lymphoma and must be considered for 
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 treatment decision making [60]. The introduction 
of cART has not only led to a decline in the inci-
dence of PCNSL but also a modest improvement 
in OS.  However, outcomes remain dismal with 
few patients alive 2  years after diagnosis. 
Importantly, many patients who develop AIDS-
PCNSL in the current era are previously undiag-
nosed and/or untreated for their HIV and can be 
salvaged immunologically. Since essentially 
100% of AIDS-PCNSL are EBV+, immune 
recovery with cART and reconstitution of EBV-
specific immunity may confer a therapeutic ben-
efit in this setting. Therefore, rapid diagnosis of 
CNS lesions in HIV-infected patients is critical 
for optimal care. In the pre- cART era, there was 
an algorithm to begin anti- toxoplasmosis therapy 
and then to re-evaluate after 2 weeks of therapy. If 
the lesion worsened, it was presumed to be lym-
phoma. In the cART era, this approach should not 
be considered a reasonable medical practice.

The therapeutic approach recommended in 
immunocompetent patients with PCNSL includes 
upfront induction chemotherapy with high-dose 
methotrexate and cytarabine followed by consolida-
tion with whole-brain radiotherapy or further che-
motherapy with or without autologous HSCT. This 
treatment is not well defined in HIV- infected 
patients. A retrospective cohort of 13 patients 
treated with high-dose methotrexate- based therapy 
in whom HIV control was achieved with cART 
showed all patients free of lymphoma and high 
functional status with a median follow-up of 
50 months [60, 61]. A trial of high- dose methotrex-
ate with rituximab and cART is ongoing at the US 
NCI, with encouraging initial results [49]. Results 
reported using the combination of whole-brain 
radiotherapy and cART suggest poor long-term out-
comes and late neurotoxicity (leukoencephalopa-
thy) complicating around 20% of cases, suggesting 
chemotherapy approaches may be preferred. 
Importantly, HIV-related PCNSL can largely be 
prevented by early HIV diagnosis and treatment.

8.7.8  Classical Hodgkin Lymphoma

The ABVD (adriamycin, bleomycin, vinblastine, 
and dacarbazine) chemotherapy regimen with 

concurrent cART has been evaluated in 
retrospective studies in patients in advanced 
stages of HL, showing CR rates over 80% and 
EFS and OS probabilities of 75–85% [62, 63]. 
These results were similar to those achieved in 
HIV-negative patients [64]. The German HIV 
study group evaluated the incorporation of the 
BEACOPP regimen with concurrent cART to the 
treatment in patients with HIV-related 
HL.  Patients with early favorable HL received 
two to four cycles of ABVD followed by 
involved-field radiation; patients with early 
unfavorable disease were treated with four cycles 
of BEACOPP baseline or four cycles of ABVD; 
and patients with advanced HIV-cHL received 
six to eight cycles of BEACOPP baseline. In 
patients with advanced HIV infection, BEACOPP 
was replaced by ABVD. The CR rate for patients 
with early favorable, early unfavorable, and 
advanced-stage cHL was 96%, 100%, and 86%, 
respectively, and no significant differences were 
observed in overall survival among the three 
(95.7%, 100%, and 86.8%, respectively) [65].

Taken together, a stage-adapted treatment 
approach is feasible and effective in HIV-related 
cHL. Two cycles of ABVD followed by 20 Gy 
involved-field (IF) radiotherapy (RT) can be 
regarded as standard treatment for early favorable 
cHL, while four cycles of ABVD followed by 
30 Gy IF-RT may be considered the standard of 
care for patients with early-stage unfavorable 
cHL. For advanced stages, six cycles of ABVD or 
BEACOPP may be equally considered. However, 
ABVD is most commonly used for advanced 
HIV-cHL in many parts of the world.

There is limited data on interim PET scans in 
HIV-cHL, but recent data from a retrospective 
cohort study indicate a high negative predictive 
value of a PET scan performed after two to three 
cycles of ABVD [66]. In a prospective US 
intergroup trial of PET-2 response adapted 
therapy that included HIV-infected patients, the 
approach was feasible, and the outcomes did not 
appear to be different from that of the HIV- 
unrelated cases [67, 68]. Recent case studies 
indicate that brentuximab vedotin may also be 
useful in HIV-positive patients with relapsed HL, 
and a combination of brentuximab vedotin, 
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doxorubicin, vinblastine, and dacarbazine is 
currently being investigated in a study by the 
AIDS Malignancy Consortium (AMC) (NCT 
01771107). The AMC is also accruing patients 
with HIV-cHL to an NCI-sponsored trial using 
anti-programmed death 1 (PD1) agents (NCT 
02408861).

Essential to the management of HIV-cHL is 
the absolute contraindication to use ritonavir and 
most other protease inhibitors as part of the cART 
regimen when vinblastine or brentuximab vedotin 
is used because of cyp3A4 interactions leading to 
severe neutropenia and neurotoxicity that can 
create inability to administer curative intent 
therapy [69].

8.7.9  Diffuse Large B-Cell 
Lymphoma in Patients 
with HHV-8 Multicentric 
Castleman Disease

The prognosis of MCD has dramatically 
improved in recent years, mainly due to the 
widespread use of cART and targeted therapies 
such as rituximab. This approach has markedly 
reduced the rate of progression to NHL [70]. 
These lymphomas are EBV unrelated, and IgM, 
lambda restricted. The spleen and lymph nodes 
are typically involved. Treatment for HHV-8 
related DLBCL in these patients is poorly 
defined. Some cases may express CD30 providing 
a rationale for use of brentuximab vedotin 
therapeutically.

8.7.10  Treatment of Relapsed or 
Refractory HIV-Related 
Lymphomas

As most HIV-positive patients in the cART era 
can tolerate dose-intense multiagent regimens in 
first-line therapy, it seems recommendable to 
approach HIV-positive patients with relapsed or 
refractory DLBCL in a manner similar to 
immunocompetent patients. High-dose salvage 
regimens such as ICE (ifosfamide, carboplatin, 
etoposide), DHAP (dexamethasone, cytarabine, 

cisplatin), ESHAP (etoposide, dexamethasone, 
cytarabine, cisplatin), or GDP (gemcitabine, 
dexamethasone, cisplatin) in combination with 
rituximab appear to have similar efficacy and 
should be used for appropriate patients. Patients 
with chemosensitive disease who are trans-
plant  eligible should proceed to autologous 
hematopoietic stem cell transplantation (HSCT) 
[71–74]. In HIV-negative DLBCL, many new 
agents are under development, particularly 
inhibitors of the NF-kappa B pathway and B-cell 
receptor signaling, but experience in HIV-positive 
patients is lacking. The AMC in collaboration 
with the Cancer Therapy Evaluation Program at 
the US NCI is currently developing a study of 
ibrutinib in HIV-DLBCL.

Effective therapeutic options for patients with 
relapsed or refractory BL are limited, and the 
only reasonable option is to administer rescue 
immunochemotherapy followed immediately by 
autologous HSCT.  The new approaches under 
development in HIV-negative individuals seem 
promising and will hopefully be translated to 
HIV-infected patients in the near future.

Patients with relapsed or refractory HIV- 
related cHL should be considered early for 
 high- dose chemotherapy and autologous HSCT 
if chemosensitive relapse is achieved [71–74]. 
Peripheral blood stem cells can be effectively 
mobilized [75], and the results are similar to 
those shown in immunocompetent patients [71–
76]. As mentioned previously immunotherapy 
approaches with brentuximab vedotin and 
anti-PD1 agents are being or will soon be 
incorporated in clinical trials in relapsed or 
refractory HIV-related cHL.

In HIV-infected patients with NHL and cHL 
submitted to high-dose therapy and autologous 
HSCT, adequate CD34+ cells are usually 
collected at the first mobilization attempt [75]. 
Tolerance to myeloablative chemotherapy is 
good, and engraftment kinetics is comparable to 
that of HIV-negative patients, also with similar 
regimen-related and infectious complications 
during the period of aplasia. The use of G-CSF as 
well as anti-infective prophylaxis is strongly 
recommended after transplant, with antibacterial, 
antifungal, and antiviral prophylaxis being 
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advisable. Trimethoprim-sulfamethoxazole is 
used to prevent Pneumocystis jirovecii pneumonia 
but has to be withheld from the day of stem cell 
infusion until engraftment due to its known 
hematologic toxicity. Aerosolized pentamidine is 
a good option for this prophylaxis. Antiretroviral 
therapy is usually given along the HSCT program. 
The CD4+ cell count decreases after high-dose 
chemotherapy with the nadir at approximately 
3–6 months after transplantation and subsequently 
recovers to pretransplant levels within the first 
year. The thymus-dependent pathway of T-cell 
reconstitution after autologous HSCT has been 
demonstrated to be as efficient as in HIV- 
uninfected individuals [74, 76].

Recent reports support allogeneic HSCT in 
HIV-infected persons as a standard of care 
when the underlying hematologic malignancy 
can benefit from this procedure [77, 78]. In one 
reported case, not only was leukemia cured, but 
there has been an inability to detect residual 
HIV infection, suggesting that the patient may 
even be cured by transplantation owing to a 
donor graft homozygous for a deletion 32 muta-
tion in the CCR5 HIV co-receptor [77]. There 
are some special considerations in manage-
ment. It is essential to have a multidisciplinary 
patient care team with expertise in antiretrovi-
ral therapy as well as in allogeneic 
HSCT. Patients will benefit from maintenance 
of cART throughout the transplant process, but 
special precaution must be taken with potential 
interactions with immunosuppressive and anti-
infectious agents [78].

8.7.11  Antiretroviral and Supportive 
Therapy

Current literature is lacking for definitive clini-
cal guidance on how best to combine cART and 
anticancer agents in patients with HIV and 
hematological malignancies [79, 80], and there-
fore until this information is available, commu-
nication among oncohematologists, infectious 
disease physicians, and pharmacologists is cru-
cial to guide treatment decisions. Given that 
there is general consensus on the concurrent 

administration of cART and chemotherapy, the 
selection of the cART schedule is of paramount 
importance. The prior cART schedule, the sensi-
tivity of the HIV strand, the possible coexistence 
of hepatitis B or C, and the type of chemothera-
peutic and anti-infectious agents should be con-
sidered for choosing the most appropriate cART 
regimen. Although individualized cART is 
sometimes necessary, the most recommended 
schedule should include integrase inhibitors 
(raltegravir or dolutegravir) combined with 
nucleoside/nucleotide reverse transcriptase 
inhibitors such as lamivudine (3TC)/abacavir or 
emtricitabine (FTC)/tenofovir alafenamide 
(TAF). Most once-daily single- tablet formula-
tions and the use of protease inhibitors and cobi-
cistat should be avoided due to their frequent 
pharmacologic interactions, as well as disoproxil 
fumarate (TDF) if renal toxicity is expected. If 
there is coinfection with hepatitis B virus, the 
cART should preferentially include FTC/TAF or 
FTC/TDF as an alternative.

The general supportive measures used in non- 
immunocompromised patients with lymphomas 
such as prophylaxis and treatment of tumor lysis 
syndrome or infections during neutropenia and 
the use of colony-stimulating factors and 
transfusion, among others, are fully applicable to 
HIV-infected patients.

Primary and secondary anti-infectious pro-
phylaxis should be administered according to the 
CD4+ counts and the previous history of OI. 
Pneumocystis jirovecii prophylaxis is recom-
mended for all patients. Systematic prophylaxis 
against CMV is not recommended, but careful 
PCR monitoring of CMV blood levels should be 
performed in all patients with CD4+ counts 
lower than 100/mm3, and preemptive therapy 
should be administered accordingly.

In the current era of HIV medicine, planning 
optimal cancer therapy requires that the HIV 
infection be evaluated as a comorbid condition 
and not as the primary disease. If the prospects 
for long-term successful management of the HIV 
infection are favorable, then cancer management 
can often proceed as it would for any patient with 
similar performance and malignant disease 
characteristics.
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Primary CNS Lymphoma

Agnieszka Korfel

9.1  Epidemiology

PCNSL accounts for 2–4% of intracranial 
 neoplasms and 4–6% of extranodal lymphomas 
[1]. Median age at diagnosis is 65 years, and 
immunosuppression is the only risk factor identi-
fied thus far. While an increasing incidence had 
been found in the 1980s and 1990s, the incidence 
of PCNSL in young patients has decreased there-
after, but it is still growing in elderly patients 
without other clear risk factors [2].

9.2  Clinical Presentation

Symptoms are usually rapidly evolving, reflecting 
the aggressive behavior of the tumor. Patients most 
frequently present with cognitive dysfunction, psy-
chomotor slowing, disorientation, and neurologi-
cal focal symptoms. Headache, seizures, cranial 
nerves palsies, and symptoms of increased intra-
cranial pressure are less frequent. Radicular symp-
toms and back pain are indicative of spinal cord 
localization, which however is very rare. Blurred 
vision and floaters are typical for patients with ocu-
lar involvement (=vitreoretinal lymphoma) [3].

9.3  Diagnostic Work-Up

9.3.1  Initial Imaging

Contrast-enhanced MRI of the brain is the 
 diagnostic method of choice when PCNSL is 
suspected. PCNSL lesions in the immunocom-
petent typically present as solitary rather than 
multiple brain masses, hypo- or isointense on 
T1-weighted MR imaging, with an intense and 
relatively homogenous contrast enhancement 
and only moderate edema. The location is usu-
ally in the cerebral hemispheres, followed by the 
basal ganglia, thalamus, and corpus callosum. 
Nearly all lesions abut either the ependyma or 
the pia. Necrosis and peripheral ringlike 
enhancement are uncommon in the immuno-
competent and typically seen in immunosup-
pressed patients (Fig. 9.1) [4–6].

The highly cellular nature of PCNSL con-
tributes to the restricted diffusion of water on 
diffusion-weighted imaging (DWI) in approxi-
mately 90% of cases [7–9]. On MR spectros-
copy, elevation of lipid and choline levels is 
typical [9, 10]. PCNSL has only mildly 
increased blood volume (rCBV) on perfusion 
imaging and a characteristic perfusion time- 
intensity curve, which may overshoot the base-
line because of gadolinium leakage with T1 
effects [7, 10]. 18F-FDG PET readily shows the 
expected hypermetabolism of PCNSL before 
and after therapy [11, 12].
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9.3.2  Diagnosis Making/Pathologic 
Findings

Diagnosis of PCNSL requires histopathological 
confirmation before treatment. The biopsy should 
be performed using stereotactic or navigation- 
guided needle biopsy [13]. Patients with 
immunocompromising conditions including HIV 
infection with suggestive radiographic findings 
represent an exception where the proof of 
Epstein-Barr virus (EBV) in the CSF is being 
considered sufficient to make diagnosis of 
PCNSL without tissue biopsy [14]. If clinically 
possible, steroids should be avoided before 
biopsy due to their lymphocytotoxic effect. For 
patients pretreated with steroids showing tumor 
regression, re-biopsy is recommended as soon as 
serial MRI indicates tumor regrowth [13].

PCNSL morphologically and phenotypically 
usually corresponds to diffuse large B-cell 
lymphoma (DLBCL), whereas low-grade B-cell 
lymphoma, Burkitt lymphoma, high-grade T-cell 
lymphoma, and NK/T-cell lymphoma are much 
less frequent [15]. Microscopically, PCNSL is a 
highly cellular neoplasm composed of large 
lymphoid cells with a characteristic angiocentric 
arrangement. Isolated tumor cells diffusely 
infiltrate brain parenchyma and are associated 
with reactive astrogliosis and microglial 
infiltration. Mitotic figures and apoptotic bodies 
are frequently seen. Immunohistochemically, 

tumor cells express B-cell markers, such as 
CD20, CD79a, CD19, CD22, and PXA5, as well 
as BCL6 (60–80%), MUM1/IRF4 (90%), BCL2, 
and cell surface immunoglobulins IgM and IgD 
with light chain restriction.

9.3.3  CSF Diagnostics

The diagnostic yield of routine CSF analysis 
such as conventional cytomorphology, flow 
cytometry, and monoclonality assessment by 
polymerase chain reaction (PCR) is low due to 
low frequency of CSF involvement in PCNSL of 
approx. 10% [16, 17]. Several additional potential 
diagnostic markers for PCNSL in the CSF have 
been described, including particular microRNA 
(miRNA), CXC chemokine ligand 13 (CXCL- 
13), interleukin 10, neopterin, osteopontin, and 
others [18–22]. A validation in independent 
patient populations is required before their use in 
routine practice can be recommended.

9.3.4  Ophthalmologic Evaluation

Ocular involvement (vitreoretinal lymphoma) can 
occur prior to brain manifestations, simultane-
ously with brain lesions (approx. 10% of patients) 
or at relapse. Many patients remain asymptom-
atic. In patients with ocular involvement, slit lamp 

a b c

Fig. 9.1 Primary CNS lymphoma on contrast-enhanced MRI: (a) typical appearance in an immunocompetent patient, 
(b) patient with meningeal involvement, (c) patient with renal transplant and chronic immunosuppression
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examination typically reveals vitreous cellular 
infiltration (lymphoma and inflammatory cells) 
and/or subretinal tumor cell infiltrates on fundos-
copy. A vitrectomy or even chorioretinal biopsy is 
often needed for definitive diagnosis, whereas an 
anterior chamber puncture carries a lower diag-
nostic yield. Pathologic diagnosis is often difficult 
due to predominance of inflammatory cells and 
relative paucity of lymphoma cells. A high inter-
leukin 10/interleukin 6 ratio (>1) in the vitreous is 
regarded indicative of lymphoma [23, 24].

9.3.5  Additional Diagnostic 
Work-Up

A thorough patient history should be obtained 
with specific emphasis on immunocompromising 
conditions including therapy with immunosup-
pressive drugs. Blood testing should include an 
HIV test, serum LDH as a prognostic factor [25], 
and testing for hepatitis, since this may be reacti-
vated under chemotherapy or immunotherapy. 
Physical examination of all peripheral lymph 
node regions and the testes; a CT of the neck, 
chest, abdomen, and pelvis; and bone marrow 
biopsy are recommended to differentiate PCNSL 
from systemic lymphoma with CNS involvement 
(secondary CNS lymphoma).

9.4  Standard of Care in First Line

9.4.1  Local Therapies

PCNSL is considered a whole-brain disease. 
Thus, surgical resection has generally not been 
regarded part of therapy or even deemed harmful 
given the risk of irreversible neurological deficits 
after surgery. However, in a secondary analysis of 
a randomized phase III trial [26] in the subset of 
patients with a single lesion, a significant benefit 
for both progression-free survival (PFS) and 
overall survival (OS) was found for patients with 
(sub)total resection of visible lesions as compared 
to those with biopsy only [27]. Based on these 
findings, tumor resection before chemotherapy 
can be considered in the treatment of single 

lesions amenable to resection, though this 
approach remains controversial and is not yet 
part of the generally accepted standard of care.

With whole-brain radiotherapy (WBRT) alone, 
a high response rate but very rarely long- term 
control can be obtained. The median with WBRT 
alone is 12–16 months [28]. WBRT as the only 
therapy should thus be offered only to patients 
who cannot tolerate systemic chemotherapy.

9.4.2  Choice of Initial 
Chemotherapy

Systemic blood-brain barrier-crossing chemo-
therapy is a treatment of choice in PCNSL. While 
there is no standard treatment universally 
accepted, a consensus exists on the status of high-
dose methotrexate (HDMTX) as the most impor-
tant drug in the treatment of PCNSL. However, 
there is a great deal of variability in HDMTX 
dose and schedule used. It is generally accepted 
that doses >3 g/m2 and infusion times of a few 
hours (rather than 24 h) should be used to reliably 
achieve cytotoxic levels in the CSF [29].

With HDMTX monochemotherapy, complete 
response (CR) rates of 15% and 18% were 
achieved in two studies [30, 31], whereas a higher 
CR rate of 52% was reported in a third study 
using much more HDMTX courses [32].

HDMTX-based polychemotherapy is gener-
ally regarded more effective than HDMTX alone. 
In the only randomized phase II study with 79 
patients comparing HDMTX alone to HDMTX 
combined with high-dose cytarabine (HDAraC), 
in both arms followed by WBRT, a significantly 
higher CR rate (primary end point) was found for 
the combination: 46% versus 18% (p = 0.006); 
3-year overall survival (OS) was 46% versus 
32% (p = 0.07), respectively [30].

In a more recent randomized trial, 219 patients 
<70 years were randomized to the combination 
of HDMTX and HDAraC (group A), HDMTX 
and HDAraC plus rituximab (group B), and 
HDMTX and HDAraC plus both thiotepa and 
rituximab (group C, MATRix) [33]. A  signifi-
cantly higher CR rate was found with MATRix of 
49% as compared to 23% in arm A and 30% in 
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arm B (the trial was not prospectively designed to 
test the benefit of addition of rituximab or thio-
tepa to HDMTX and HDAraC).

Besides these two randomized trials, only 
non-comparative trials using different HDMTX- 
based combinations have been published with 
CR rates between 27 and 69% (Table 9.1).

Summarizing the results, 4–6 courses of 
HDMTX (>3  g/m2)-based chemotherapy (with 
HDAraC, thiotepa, ifosfamide, or temozolo-
mide) can be recommended for initial treatment 
of PCNSL patients able to tolerate it. Although 
rituximab is added to chemotherapy at most cen-
ters, its contribution in this setting is not clear.

9.4.3  Choice of Consolidating 
Therapy

Consolidating of HDMTX-based primary che-
motherapy by WBRT was a standard therapy for 
PCNSL until 1990s. This, although quite effec-
tive with a 2-year OS of approx. 65%, was asso-
ciated with a high risk of delayed neurotoxicity, 
particularly in elderly patients [34].

The role of WBRT for consolidation after 
HDMTX-based primary chemotherapy was 
evaluated in a randomized phase III trial 
(G-PCNSL-SG1). Patients randomized to radia-
tion received HDMTX-based chemotherapy 
followed by immediate WBRT (30 fractions of 
1.5 Gy each). Patients randomized to chemother-
apy alone received no further therapy if they had 
achieved CR and second-line chemotherapy with 
HDAraC if they had not. Patients treated with 
WBRT had a benefit in terms of PFS, 15.5 vs. 9.9 
months (p = 0.04), but no significant difference in 
OS, with a median OS of 32.1 months with WBRT 
and 34.4 months without WBRT (p = 0.94) [26]. 
These results were confirmed in a long-term anal-
ysis of this study with a median follow-up of 82 
months [40]. Moreover, quality of life (QoL) and 
cognition were better conserved in the arm with-
out early WBRT [41]. This is in accordance with 
other analyses of delayed CNS toxicity in long-
term PCNSL survivors, showing that patients 
who received WBRT had significant impairments 
across most cognitive domains, interfering with 

QoL, while those treated with chemotherapy 
alone had significantly higher scores in neuropsy-
chometric testing [42, 43].

The comparison of WBRT versus high-dose 
chemotherapy followed by autologous stem cell 
transplantation (HD-ASCT) for consolidation 
was the object of a second randomization in the 
randomized phase II trial mentioned above [39] 
with the combination of BCNU + carmustine as 
high-dose regimen. No significant difference in 
2-year PFS was found with 80% versus 70%, 
respectively.

Consolidation with non-cross-resistant con-
ventional chemotherapy (HDAraC  +  etopo-
side) was tested in a non- comparative trial with 
44 patients up to 76 years with a promising 2-year 
PFS of 57% and 4-year OS of 65% [37].

In summary, consolidation of HDMTX-based 
initial chemotherapy with HD-ASCT (e.g., 
BCNU  +  thiotepa) or non-cross-resistant con-
ventional chemotherapy (HDAraC  +  etoposide) 
is currently being considered optimal first-line 
treatment for PCNSL.  Standard-dose WBRT 
for consolidation is associated with higher risk 
of delayed CNS toxicity and should be avoided 
(Fig. 9.2).

9.4.4  Role of Intrathecal Therapy

In retrospective analyses, no advantage of  adding 
intrathecal chemotherapy to HDMTX-based sys-
temic chemotherapy was found. However, in a 
non-comparative study combining an intensive 
systemic chemotherapy with HDMTX, HDAraC, 
vincristine, alkylating agents, and dexametha-
sone and intensive intraventricular chemotherapy 
via Ommaya reservoir, very promising results 
with a median event-free survival (EFS) of 21 
months and a median OS of 50 months were 
reached [44, 45]. Moreover, in none of the long-
term survivors, cognitive impairment was found 
on neuropsychological testing [44].

In a head-to-head comparison of induction with 
HDMTX, ifosfamide, and rituximab followed by 
either HDAraC/thiotepa and HD-ASCT (BCNU/
thiotepa) or continuation with  conventional 
HDMTX- and HDAraC-based chemotherapy 
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combined with intensive intraventricular che-
motherapy, no significant outcome difference 
between the two groups was found [46].

Based on these results, HDMTX- and 
HDAraC-based chemotherapy combined with 
intensive intraventricular chemotherapy can be 
considered an alternative to the induction- 
consolidation concept described above (Fig. 9.2). 
However, the reservoir should be used with 
caution to prevent its infection.

9.4.5  Elderly Patients

Older age is the major negative prognostic factor 
in PCNSL, being associated both with reduced 
survival and increased risk of neurotoxicity.

In trials designed for elderly patients with 
PCNSL using HDMTX-based polychemother-
apy alone, response rates of approximately 50% 
to >90% and 1-year PFS of 40–50% were 
reported with substantial acute toxicity and 
high rate of treatment discontinuation in some 
of them (Table  9.2). In the only randomized 
phase II study for elderly patients, 98 patients 

>60 years were treated with MPV-A (HDMTX, 
procarbazine, vincristine, HDAraC) or MT 
(HDMTX with temozolomide). Response rates 
and toxicity were comparable, but median OS 
was 31 versus 14 months [51]; however, the 
trial was not powered for a direct comparison, 
and the differences did not reach statistical 
significance.

Elderly patients may benefit from mainte-
nance therapy. This is suggested by a phase II 
study, in which 66 patients were treated with a 
dose- adjusted HDMTX- and HDAraC-based 
protocol combined with liposomal AraC intrathe-
cally; those between 66 and 75 years (n  =  27) 
additionally received a maintenance therapy with 
temozolomide for 1 year or until progression 
[53]. The outcome of elderly patients was 
comparable with that of the younger patients, 
probably reflecting the benefit of maintenance 
therapy.

In summary, HDMTX is feasible in elderly 
PCNSL patients without serious comorbidities 
and most likely produces a better outcome than 
WBRT alone, which should be reserved for 
patients not able to receive chemotherapy. To 

<=70 years
>70 years Unable to receive

chemotherapy 

HDMTX-based
polychemotherapy: 

R-MTX/Ifo (58), R-MPV (43),
HDMTX-T(59), MATRix(21,22)

HD-ASCT

CR,PR

WBRT or study

SD, PD SD, PD

Salvage CHT:
HDAraC/TT
(35) or ICE 

WBRTHDMTX-based  mono-or 
polychemotherapy: R-MTX/Ifo (66),

(R-)MP(L) (23,32), MPV-A (49)

SD, PD

Consider salvage chemotherapy:
HDAraC/TT (35) or ICE

HDMTX-based
systemic and icv

polychemotherapy (52)

SD, PD

Consolidation with
HD-ASCT(21,22)

or
HDAraC/VP16 (59)

SD, PDSD,PDSD, PD

CR,PR

Fig. 9.2 Therapy recommendations. CR complete remis-
sion, HDMTX high-dose methotrexate, HD-ASCT high-
dose chemotherapy followed by stem cell transplantation, 

ICE ifosfamide, carboplatin, etoposide, ivc intraventricu-
larly, PR partial remission, SD stable disease, PD progres-
sive disease, WBRT whole-brain radiotherapy
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minimize the risk of late neurotoxicity, WBRT 
should be avoided (Fig. 9.2).

9.4.6  Treatment 
of Immunosuppressed 
Patients

Patients with chronic drug-induced immunosup-
pression (for treatment of autoimmune disorders 
or following organ transplantation) currently 
represent the major at-risk population for the 
development of PCNSL.  The so-called post-
transplantation lymphoproliferative disorders 
(PTLD) are B-cell lymphomas developed on the 
basis of B-cell proliferation stimulated by EBV 
infection. In patients on long-term immunosup-
pressive drugs diagnosed with PCNSL, reduc-
tion of immunosuppression is usually performed 
to allow the immune system to reconstitute. In 
HIV- positive patients with PCNSL, reconstitu-
tion of the immune system can be achieved with 
highly active antiretroviral therapy which has 
been shown to prolong survival [54]. In the larg-
est retrospective analysis of 84 patients with 
PTLD- PCNSL, immunosuppressive medica-
tions were reduced in 93% of patients. Additional 
primary therapies in this patient group included 
HDMTX in 48%, HDAraC in 33%, WBRT in 

24%, and/or rituximab in 44%. The ORR was 
60%, however, with a treatment-related mortal-
ity of 13%; 3-year PFS was 32% and 3-year OS 
43% [55]. These findings suggest that patients 
with immunosuppression-caused PCNSL can be 
treated similarly to immunocompetent patients, 
however, with higher risk of serious infectious 
complications.

9.5  Salvage Treatment

Relapse is frequent in PCNSL even after inten-
sive initial therapy and is almost always localized 
in the CNS. Moreover, PCNSL shows a continu-
ing tendency to recur with longer follow-up. 
Patients generally benefit from salvage therapy 
after failure to primary treatment if not in a 
severely compromised condition. Choice of sal-
vage treatment should be driven by a patient’s 
age, performance status, prior therapy, and dura-
tion of previous response. Salvage chemotherapy 
is generally preferred over WBRT, particularly in 
patients with good performance status and 
response to previous chemotherapy. Rechallenge 
with HDMTX is a reasonable option for patients 
who experienced a long-term remission after pri-
mary HDMTX therapy [56, 57].

Table 9.2 Studies in elderly patients

Reference n
Age: median 
(range), y Protocol

RR (CR/
PR), % 1-y PFS, % 1-y OS, %

Death on 
therapy, %

 [47]a 50 72 (60–81) MPLb + MTX + AraC i.th. 48 (42/6) 40 52 2
 [48]a 30 70 (57–79) MPLb 70 (44/26) Median 5.9 Median 15.4 7
[49] 31 74 (70–85) HDMTX 97 (60/37) Median 7.1 Median 37.1 –
 [50]a 35 65 (60–70) HDMTX, vindesine, 

idarubicin
51 (17/34) Median 13 Median 19 11

 [51]a,c 98 73 (60–85) MT versus
MPV-A

71 (45/26)
82  (62/20)

36
36

2y OS: 14
2y OS: 31

10
6

 [52]a 112 73 (66–85) R-MPLb or R-MP, 
maintenance with P

50 (36/14) 46 57 9

AraC cytarabine, CR complete remission, HDMTX high-dose methotrexate, i.th. intrathecally, MP high-dose metho-
trexate, procarbazine, MPL high-dose methotrexate, lomustine, procarbazine, MPV-A high-dose methotrexate, procar-
bazine, vincristine, HDAraC high-dose cytarabine, MT high-dose methotrexate, temozolomide, MTX high-dose 
methotrexate, OS overall survival, P procarbazine, PFS progression-free survival, PR partial remission, R rituximab, RR 
overall response rate, y years
aProspective study
bProtocol used in [47] differed from that used in [48, 52]
cRandomized study

9 Primary CNS Lymphoma



196

Numerous chemotherapy/immunotherapy 
approaches to recurrent PNCSL have been 
evaluated, utilizing agents such as topotecan, 
rituximab, temozolomide with or without 
concurrent rituximab, bendamustine, HDAraC, 
ifosfamide- and/or etoposide-based 
polychemotherapy, and yttrium 90-labeled 
ibritumomab tiuxetan [58–65]. The median PFS 
figures were uniformly short at 2–5 months.

A phase II study with the mTOR inhibitor 
temsirolimus is the first completed prospective 
trial of a targeted agent in PCNSL [66]. A 
relatively high overall response rate (primary end 
point) of 54% was seen; however, median PFS 
was only 2.6 months.

For younger patients who are able to tolerate 
intensive therapy, HD-ASCT can be considered. 
In the two prospective trials published thus far 
[67, 68], median patients’ age 52 and 57 years, 
HDAraC-based induction followed by thiotepa- 
based high-dose regimen was used. The 2-year 
PFS was 43% and 46% and the 2-year OS 45% 
and 46%, respectively; however, there were 10% 
treatment-related deaths.

WBRT is a very effective salvage treatment 
with response rates of 60–79% in refractory and 
relapsed patients and median OS of 10.9–16 
months after progression/relapse [69, 70]. Due to 
higher risk of late neurotoxicity as compared to 
second-line chemotherapy, WBRT should be 
offered to patients who will unlikely tolerate 
chemotherapy and those in whom salvage 
chemotherapies have failed.
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10.1  Introduction

Aggressive lymphomas with primary extranodal 
origin can be found in virtually all extranodal 
sites [1–6]. In fact, no less than 25% of diffuse 
large B-cell lymphomas (DLBCLs) primarily 
arise in a site other than a lymph node or lym-
phoid organ [7]. There are some discrepancies in 
the definition of primary extranodal lymphoma 
that may contribute to the wide range in the inci-
dence described for these cases [6, 8–11]. 
Whereas the situation is clear for localized lym-
phomas isolated to a single extranodal location, 
secondary extranodal involvement by a systemic 
lymphoma cannot always be ruled out in 
advanced stage disease. Although definitions 
have varied, for practical terms lymphomas with 
a dominant extranodal component and only mini-
mal nodal disease can be considered primary 
extranodal [6, 8]. Secondary lymphoid organs 
such as the spleen and Waldeyer’s ring, including 
the tonsils, are typically not considered extrano-
dal sites.

In addition to primary extranodal cases, extra-
nodal involvement is common in typical nodal 

lymphomas, with around one half of diffuse large 
B-cell lymphoma (DLBCL) patients showing 
one extranodal site and 20% two or more. The 
latter is considered a poor risk parameter in the 
majority of prognostic scores for aggressive lym-
phomas, including the International Prognostic 
Index (IPI) [12–15]. Additionally, DLBCL aris-
ing in immunocompromised patients, including 
HIV+ and posttransplant [16, 17], constitutes dis-
tinct biologic subsets with frequently extranodal 
localization, including the central nervous sys-
tem (CNS); these lymphomas are reviewed in 
detail in Chaps. 8 and 9.

The distribution of extranodal sites in aggres-
sive lymphoma is very heterogeneous. The gas-
trointestinal (GI) tract is the most frequent 
extranodal site, particularly the stomach, fol-
lowed by the skin, bone, and CNS. Other sites are 
rare but include the liver, lungs, and genitouri-
nary organs [4–8, 11]. Within aggressive lym-
phomas, certain cytogenetic abnormalities 
increase the likelihood of extranodal involve-
ment. Cases with a MYC translocation, espe-
cially in concert with a BCL2 and/or BCL6 
rearrangement (so-called double- or triple-hit 
lymphoma), often involves extranodal locations, 
including the CNS [18–20].

Staging of primary extranodal DLBCL is sim-
ilar to nodal DLBCL [21–23], including a PET/
CT scan as per the Lugano criteria [23]. 
Nevertheless, some sites require specific tech-
niques, such as MRI for CNS lymphomas or 
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endoscopies with or without endoscopic ultra-
sound for GI cases. Primary extranodal DLBCL 
limited to a single extranodal location is consid-
ered stage IE or IIE in the setting of local nodal 
extension only. If extranodal involvement occurs 
in the setting of either diffuse nodal or additional 
extranodal sites, then the stage is IV [4, 5, 23].

The aim of this chapter is to review the unique 
characteristics and treatment approach for 
patients with the most common primary extrano-
dal aggressive lymphomas. Most correspond to 
DLBCL, but other histologies, including mantle- 
cell lymphomas (MCL), Burkitt lymphomas 
(BL), and peripheral T-cell lymphomas (PTCL), 
will be also covered. Overall, treatment depends 
primarily on the histology and, therefore, immu-
nochemotherapy; usually the standard regimen 
R-CHOP (rituximab, cyclophosphamide, adria-
mycin, vincristine, and prednisone) is the gold 
standard in most DLBCL cases, irrespective of 
the nodal or extranodal origin [24]. Nevertheless, 
some specific consideration should be mentioned 
for each subtype for the most frequent extrano-
dal sites, including the GI tract, bone, breast, tes-
tis and ovary, skin, and primary mediastinal. 
CNS lymphomas are addressed separately in 
Chap. 10.

10.2  Gastrointestinal (GI) 
Lymphomas

GI lymphomas represent 30–40% of all extrano-
dal cases and 5–20% of all non-Hodgkin lym-
phomas [1, 25, 26]. The stomach is the most 
frequently involved organ, followed by the small 
intestine and colon [1, 6, 25, 26]. DLBCL is the 
predominant histology, representing 60% of gas-
tric and 70% of intestinal lymphomas [27]. Other 
aggressive histologies include BL (5% of cases) 
and MCL (5% of cases, in most cases showing 
the characteristic multiple lymphomatous 
 polyposis) [26].

Patients with aggressive GI lymphomas may 
present with abdominal pain, dyspepsia, nausea 
and vomiting, obstruction, or GI hemorrhage. 
The diagnosis is determined by tissue biopsy, 

usually obtained in the course of an endoscopic 
evaluation [7]. Routine staging includes a full 
body PET/CT scan, as in other aggressive lym-
phomas; as well as endoscopy (esophagogastro-
duodenoscopy  or colonoscopy), sometimes 
combined with endoscopic  ultrasound  which 
may provide additonal information on depth of 
invasion and local nodal extension. Notably, 
aggressive gastric lymphomas, even with bulky 
presentation, frequently are localized, with no 
infiltration of any other organ outside GI and 
regional lymph nodes [6].

10.2.1  Gastric Lymphomas

As already indicated, the stomach is the most 
frequently involved GI site. DLBCL represents 
the vast majority of cases, but concomitant 
MALT lymphoma can also be seen in approxi-
mately half of the cases [29]. These cases are 
often seen in association with H. pylori infec-
tion, which should be checked in all patients at 
diagnosis, and may present with symptoms of 
gastric ulceration including pain or bleeding.

R-CHOP remains the gold-standard treatment 
for gastric DLBCL [1, 24–30]. Nevertheless, 
some aspects, including the role of surgery or 
radiotherapy, and the eradication of Helicobacter 
pylori (HP) deserve further discussion. Prior to 
the development of effective chemotherapy, sur-
gery with total or partial gastrectomy was con-
sidered the standard treatment. Currently, 
however, the role of surgery is marginal, except 
in the setting of severe but unusual complica-
tions including perforation or refractory hemor-
rhage [31, 32]. Local therapy with involved field 
radiotherapy (IF-RT) has also been used but is 
not considered appropriate monotherapy in gas-
tric lymphomas, even for localized disease, since 
the risk of relapse is much higher without sys-
temic therapy. Radiation can be considered as 
local consolidation after chemotherapy, where 
combined modality does appear to reduce the 
rate of local relapse but without improvement in 
overall survival [33]. Notably, this trial was in 
the pre- rituximab era and no experience has been 
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published in patients receiving chemoimmuno-
therapy. H. pylori eradication must also be con-
sidered in H. pylori-positive aggressive gastric 
lymphomas, as is the gold standard for gastric 
MALT lymphomas, usually as the only treat-
ment modality. In H. pylori-positive DLBCL, 
however, H. pylori eradication is usually consid-
ered an adjunct to standard immunochemother-
apy. Interestingly, H. pylori eradication alone 
has been preliminarily investigated in gastric 
DLBCL [34–37]. Two clinical trials have shown 
high CR rates (63–69%) in de novo limited-stage 
gastric H. pylori- positive DLBCL, as well as in 
patients with DLBCL arising from  
H. pylori-positive MALT lymphoma (CR  
rate 56%) [35, 36, 38]. These intriguing data 
warrant further evaluation but do not presently 
support antibiotic therapy alone in H. pylori-
positive DLBCL patients who can tolerate 
chemoimmunotherapy.

10.2.2  Intestinal Lymphomas

Intestinal lymphomas are the second in frequency 
within the  GI tract. Most cases are DLBCL, 
although BL, MCL, and PTCL (especially 
enteropathy- associated T-cell lymphoma) are 
also seen. MCL is associated with a characteristic 
syndrome of multiple lymphomatous polyposis, 
which may be asymptomatic or be associated 
with discomfort or bleeding.  

Diagnosis of intestyinal lymphomas may be 
made endoscopically, but  surgery may 
also  have a  role in the diagnosis of intesti-
nal  lymphoma (laparoscopy or open surgery 
with bowel resection) as well as in dealing 
with complications of the lymphoma itself or 
sequelae of  treatment, including perforation, 
hemorrhage, or obstruction [39, 40]. R-CHOP 
is the standard for intestinal DLBCL. The risk 
of complications is higher than for gastric 
cases, about 20–30% of cases, and so patients 
must be followed closely and counseled 
accordingly.

MCL involvement is usually secondary in 
the setting of extensive systemic disease and 

should be treated with the standard approach of 
this type (chemoimmunotherapy including 
cytarabine followed by intensification with 
autologous stem cell transplantation for young 
fit patients) [41]. At present, the systematic 
investigation of gastric and colonic involve-
ment by means of endoscopies is not formally 
recommended for all patients with MCL, since 
the finding of infiltration does not substantially 
change prognosis or treatment in this disease 
which is virtually always advanced stage at the 
time of diagnosis [42]. 

Sporadic BL, the predominant subtype seen 
in Western countries, often presents as a bulky 
abdominal mass, with the ileocecal area being 
the most frequently involved location [43]. 
HIV- associated Burkitt lymphoma will usually 
present at advanced stage with extensive 
involvement of virtually any extranodal loca-
tion [44]. Curative treatment of BL is typically 
with intensive multi- agent chemotherapy and 
rituximab. Dose- adjusted EPOCH-R is emerg-
ing as a less intensive and highly effective 
alternative, particularly in older or less fit 
patients [45].

Finally, primary intestinal T-cell lymphoma is 
usually diagnosed as enteropathy-associated 
T-cell lymphoma and occurs in patients with 
underlying celiac disease [46]. The small intes-
tine is the most commonly involved location, and 
patients typically present with abdominal pain 
and diarrhea and may have malabsorption with 
anorexia, fatigue, and malnutrition. The diagno-
sis is usually made via endoscopic biopsy. Less 
commonly, a primary intestinal T-cell lymphoma 
can occur in the absence of underlying celiac dis-
ease, known as intestinal T-cell lymphoma NOS, 
and also follows an aggressive clinical course. 
Although localized in the bowel, the prognosis of 
patients with primary intestinal T-cell lympho-
mas is generally unfavorable, with a median OS 
of less than 1 year in multiple series [47]. CHOP- 
like therapy remains the most popular approach, 
followed by consolidation with autologous or 
allogeneic stem cell transplantation in younger 
patients with a favorable performance status 
[47–49].
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10.3  Primary Bone Lymphoma

Lymphomas primarily arising in bone represent 
about 5% of extranodal lymphomas and 5% of 
bone cancers. Histologically, 70–80% are 
DLBCL, although other histologies are possible, 
including BL and anaplastic large-cell 
 lymphomas (ALCL), among others [50–53]. 
Symptoms are usually local, including pain (80–
90% of the cases), presence of tumor mass, or 
pathologic fractures. Osteolysis, hypercalcemia, 
or spinal cord compression is possible but infre-
quent. Three forms of presentation are described: 
a single bone lesion, a polyostotic location with 
multiple bone lesions, and disseminated lesions 
in the setting of secondary bone infiltration of a 
systemic lymphoma [50, 51].

The diagnosis is by means of a bone biopsy. 
Fine needle aspiration is not sufficient to reach 
the correct diagnosis and characterization of the 
lymphoma, so diagnosis usually needs a core 
needle or surgical biopsy. Plain  radiographs are 
nonspecific, so CT scans or magnetic resonance 
imaging (MRI) is often employed  to define the 
local extension as well as the cortical inva-
sion  and destruction. PET/CT is the standard 
modality for staging, as for any other DLBCL, 
with the PET component being particularly 
important as bone involvement by DLBCL may 
not sufficiently distort cortical anatomy suffi-
ciently to be obvious on CT alone. PET is also 
critical in the restaging setting where FDG- 
avidity is necessary to distinguish active lym-
phoma from posttreatment sclerotic change [54]. 
Notably, low-level FDG-avidity posttreatment is 
common in primary DLBCL of bone due to low- 
level avidity within sites of bone remodeling fol-
lowing therapy and may need to be followed with 
serial imaging to insure resolution. Staging is 
performed with the Lugano criteria where a sin-
gle bony location is classified as stage IE and 
mutifocal bone disease classified as stage IV 
[11]. Patients with localized primary bone 
DLBCL (stage IE) typically have an excellent 
outcome, and the usefulness of the IPI may be 
lower in this subset relative to other DLBCLs 
[50]. The International Extranodal Lymphoma 
Study Group (IELSG) found that younger age, 

normal LDH, good performance status, com-
bined modality therapy, and higher radiation dose 
predicted particularly favorable outcome [50, 51, 
55]. R-CHOP followed by consolidative radia-
tion therapy should therefore be considered the 
preferred therapy in limited-stage DLBCL of 
bone if the site is amenable to radiation therapy 
with an acceptable toxicity profile. For advanced 
stage disease, R-CHOP remains the cornerstone 
of therapy for six complete cycles [24, 30]. Data 
from the German High Grade Lymphoma Study 
Group has suggested that radiation consolidation 
to bony sites adds value even in advanced stage 
disease with an improvement in event-free sur-
vival, though without a statistical improvement in 
OS [56]. Further analysis is required to under-
stand if patients in a complete metabolic remis-
sion by PET scan garner benefit from 
consolidation following chemoimmunotherapy 
or whether the value of radiation may be limited 
to PR patients.

10.4  Primary Mediastinal B-Cell 
Lymphoma

Primary mediastinal B-cell lymphoma (PMBCL) 
is a distinct clinical and biological variant of 
DLBCL derived from thymic B cells. 
Transcriptional profiling has shown that PMBCL 
shares overlapping molecular features with the 
nodular sclerosis variant of classical Hodgkin 
lymphoma (NSHL), including activation of the 
nuclear factor-kappa B (NF-kB) pathway and 
Janus kinase/signal transduction and activator of 
transcription (JAK/STAT) signaling [57–59]. 
Amplification of the 9p24.1 locus containing 
JAK2 as well as PD-1 ligands further promotes 
JAK/STAT activation and immune escape, 
respectively.

Biologic similarities with NSHL may be 
reflected histologically as well with the diffuse 
proliferation of malignant lymphocytes separated 
by compartmentalizing fibrosis [60]. The malig-
nant cells are often pleomorphic, and Reed- 
Sternberg- like variants may be observed. Unlike 
the classical Hodgkin lymphoma, the pan B-cell 
markers CD19, CD20, CD22, and CD79a are 
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expressed in PMBCL, though surface immuno-
globulin is typically absent. Most cases will also 
express CD23 and CD30, though the latter is usu-
ally dim and heterogeneous in contrast to NSHL 
where it is bright and uniform. Most cases will 
express PD-L1 and PD-L2, reflecting the under-
lying amplification of the 9p24.1 genetic locus.

Clinically, PMBCL occurs in younger patients 
than typical DLBCL NOS with a median age of 
approximately 35 years. There is a slight female 
predominance, and three quarters of patients will 
present with bulky mediastinal disease. 
Mediastinal tumors may be locally invasive of 
midline mediastinal structures, the lungs, pericar-
dium, and chest wall, and can result in superior 
vena cava syndrome as well as pleural or pericar-
dial effusions. Despite the locally invasive nature, 
advanced stage disease is uncommon, occurring 
in only approximately 20% of cases at diagnosis. 
When disease does occur outside of the mediasti-
num, disseminated nodal or bone marrow 
involvement is markedly less common than vis-
ceral metastatic disease.

Prior to the introduction of rituximab, the tra-
ditional CHOP regimen had been associated with 
a higher failure rate than would be expected in a 
large-cell lymphoma occurring predominantly in 
young people with limited-stage disease. 
Retrospective analyses of more intensive regi-
mens such as MACOP-B (methotrexate, doxoru-
bicin, cyclophosphamide, vincristine, prednisone, 
and bleomycin) and VACOP-B (etoposide, doxo-
rubicin, cyclophosphamide, vincristine, predni-
sone, and bleomycin) appeared superior to CHOP 
[61–63]. The majority of patients in historic 
series also received consolidative mediastinal 
radiation, which was associated with an improved 
progression-free survival compared to patients 
treated with radiation alone [61, 62]. In the mod-
ern era, rituximab added to CHOP may not obvi-
ate the deficits of CHOP alone. A retrospective 
analysis of 63 PMBCL patients treated with 
R-CHOP reported a 21% incidence of primary 
induction failure and a 5-year PFS of 68% [64]. 
Adverse prognostic factors in this analysis 
included advanced stage disease, older age, and 
increased age-adjusted IPI score. As in the pre- 
rituximab era, the majority (77%) of R-CHOP- 

treated patients received consolidative 
mediastinal radiation. A subset analysis of 87 
patients with PMBCL treated in the prospective 
Mabthera International Trial (MInT) of CHOP- 
like chemotherapy with or without rituximab 
found a benefit for rituximab plus chemotherapy 
compared to chemotherapy alone [65]. The 
3-year event-free survival for patients treated 
with R-CHOP was excellent at 78%, though 
notably the trial was limited to patients under the 
age of 60 with no more than one IPI risk factor, 
so 92% of subjects had limited-stage disease and 
the vast majority of high-risk patients who may 
have fared poorly were excluded. As with prior 
series, over 70% of subjects also required con-
solidative radiation therapy. The failure rate with 
R-CHOP, particularly in high-risk patients, as 
well as the long-term potential side effects of 
radiation therapy including secondary malignan-
cies, heart disease, lung disease, and thyroid dys-
function or cancer, prompted further investigation 
of more intensive regimens combined with ritux-
imab. Dose-adjusted EPOCH-R was evaluated in 
a phase II study from the National Cancer 
Institute which included 51 patients with PMBCL 
treated with 6  cycles of DA-EPOCH-R and no 
planned radiation therapy. The 5-year event-free 
survival was 97%; only two patients required 
radiation treatment, and no patient experienced 
relapse [66]. These data suggest that 
DA-EPOCH-R carries a low rate of primary 
induction failure, appears to obviate the need for 
irradiation in most patients, and has resulted in a 
widespread adoption of this treatment as initial 
therapy in PMBCL.

Though most patients with PMBCL will be 
cured with frontline chemo-immunotherapy, a 
significant minority will have primary refractory 
disease or relapse after achieving initial remis-
sion. Most treatment failures occur early—either 
during initial treatment or within 1 year of com-
pleting therapy—and relapses greater than 
18 months from completing frontline therapy in 
this disease are rare. Relapsed and refractory 
PMBCL is a challenging disease as patients are 
often resistant to second-line therapy as well. The 
current approach to relapsed or refractory PMBCL 
is identical to DLBCL whereby second- line  
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chemoimmunotherapy is administered, and 
patients with chemosensitive disease then proceed 
to high-dose chemotherapy with autologous stem 
cell transplantation. Unfortunately, PMBCL 
patients do not fare as well with this traditional 
salvage approach as other patients with DLBCL 
[67, 68]. A retrospective analysis of patients with 
relapsed PMBCL compared to DLBCL NOS 
found lower rates of overall response to second- 
line therapy (25% versus 48%) and worse overall 
survival at 2 years (15% versus 34%) [68]. Novel 
therapies are therefore needed for these high-risk 
patients at relapse. Expression of CD30  in the 
majority of tumors prompted investigation of 
brentuximab vedotin, a CD30-directed antibody 
drug conjugate, which is highly effective and 
FDA approved for treatment of relapsed classical 
Hodgkin lymphoma, a biologic cousin of PMBCL. 
Unfortunately, the results of a phase II study in 
relapsed PMBCL were disappointing with objec-
tive responses observed in only 2 of 15 treated 
patients in a phase II study, both partial responses, 
prompting early closure of the trial [69]. More 
appealing has been targeting the amplified PD-L1 
and PD-L2 with immune checkpoint inhibitors, as 
has also proven effective in relapsed classi-
cal  Hodgkin lymphoma. A prospective phase II 
study of the PD-1 inhibitor pembrolizumab 
included 17 evaluable patients with PMBCL and 
showed responses in 7 of 17 patients (41%) [70]. 
The median duration of remission had not been 
reached at a median follow- up of 11 months, sug-
gesting that many of these responses may prove 
durable. Finally, anti- CD19 CAR T-cells have 
shown the ability to induce complete and durable 
remissions in a significant proportion of patients 
with chemorefractory PMBCL and are now con-
sidered the standard therapy in this extremely 
high-risk indication after failure of 2 or more prior 
lines of therapy [71, 72].

10.5  Testicular Lymphomas

Primary testicular lymphoma (PTL) accounts for 
less than 5% of all testicular tumors and only 
1–2% of all non-Hodgkin lymphomas. The vast 

majority of cases (approximately 90%) are 
DLBCL, though rarely other histologies can 
involve the testis, including extranodal marginal 
zone lymphoma, BL, MCL, extranodal NK/T- -
cell lymphoma, peripheral T-cell lymphoma, and 
ALCL.  This chapter will focus on primary 
DLBCL of the testis. PTL occurs at a median age 
in the late 60s and is the most common testicular 
malignancy in men over the age of 60 [73, 74]. 
The most common clinical presentation is with a 
painless unilateral testicular mass, and systemic 
“B” symptoms are uncommon. Three quarters of 
patients present with limited (Ann Arbor stages 
I–II) disease, with the remaining quarter present-
ing at advanced stage. Stage I patients have iso-
lated testicular involvement, while stage II 
patients will also have involvement of the retro-
peritoneal nodes. Similar to PMBCL, when PTL 
presents at advanced stage, it has a predilection 
for extranodal locations, particularly the CNS 
and the contralateral testis. These sites are also 
common locations of relapse after initial therapy, 
with nearly a third of relapses involving the CNS 
[74, 75], most commonly the brain parenchyma. 
Interestingly, relapses in the CNS may occur as 
late as 10 years after initial treatment.

Diagnosis of PTL is typically made via orchi-
ectomy. The tumor cells express pan B-cell mark-
ers CD19, CD20, and CD79A and are usually 
positive for BCL-2. Cell of origin, as determined 
either by gene expression profiling or immuno-
histochemistry, is the activated B-cell (ABC) 
subtype in the vast majority of cases. Activating 
MYD88 mutations are found in 70–86% of cases, 
often in association with a concomitant activating 
CD79B mutation [76, 77]. Deletions of the HLA 
loci are common, as are gains of chromosome 
19q13 [78]. Copy number gains of 9p24.1, result-
ing in increased expression of PD-L1 and PD-L2, 
are also observed in the majority of cases and 
may have therapeutic relevance [77].

All patients with PTL require systemic therapy 
as the relapse rate after orchiectomy alone is 
approximately 80% with a median overall survival 
of 1 year [74, 75]. In a multicenter retrospective 
analysis of PTL by the International Extranodal 
Lymphoma Study Group (IELSG), the 5-year 
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overall survival for the entire population was 48%, 
but patients treated with combination chemother-
apy (prior to rituximab), intrathecal chemotherapy, 
and prophylactic scrotal radiation had the best out-
come with a 3-year overall survival of 88%. This 
led to a phase II clinical trial by the IELSG-
evaluating R-CHOP, intrathecal methotrexate, and 
prophylactic  scrotal radiation in 53 patients with 
limited-stage PTL and resulted in a 5-year PFS 
and OS of 74% and 85%, respectively [79]. This 
study did have three CNS relapses, one of which 
was in the brain parenchyma. Whether intrathecal 
methotrexate represents the optimal method of 
CNS prophylaxis, however, remains unknown. 
The majority of CNS recurrences of PTL occur 
within the brain parenchyma, which is unlikely to 
be successfully reached by intrathecal therapy 
alone. Further, intrathecal injections via lumbar 
puncture yield highly variable concentrations 
within the cerebral ventricles, with many patients 
not achieving therapeutic concentrations [80]. 
This has led some to employ systemic methotrex-
ate for CNS prophylaxis in patients at high risk for 
CNS relapse of DLBCL, as it can be safely and 
effectively combined with R-CHOP, usually 
administered at a dose of 3–3.5 g/m2 on day 15 of 
the 21-day R-CHOP cycle [81]. Whether systemic 
or intrathecal prophylaxis is preferable remains 
uncertain at this time, and so either modality can 
be considered appropriate. Certainly, optimal ini-
tial therapy of PTL should include orchiectomy, 
R-CHOP with incorporation of CNS prophylaxis 
(either intrathecal or systemic), and prophylactic 
scrotal radiotherapy.

Relapsed PTL is treated similar to other cases 
of relapsed DLBCL where second-line chemo-
therapy followed by high-dose chemotherapy 
with autologous stem cell transplant remains the 
treatment of choice for transplant-eligible patients 
with chemosensitive relapsed disease. Several 
biologically targeted therapies are also commer-
cially available with biologic and clinical ratio-
nale in relapsed PTL.  Both lenalidomide and 
ibrutinib have shown activity in relapsed DLBCL, 
particularly the ABC subtype which comprises 
most cases of PTL [82, 83]. Ibrutinib appears to 
have particularly encouraging activity within 

ABC DLBCLs which harbor mutations of both 
MYD88 and CD79B, a mutational pattern 
enriched within PTL, making this a potentially 
appealing therapy for chemorefractory disease. 
Amplification and expression of PD-1 ligands in 
the majority of PTLs also raise the prospect of 
PD-1/PD-L1 inhibitors in this disease, and pre-
liminary evidence of efficacy has been demon-
strated in a small number of patients [84]. 
Encouragingly, lenalidomide, ibrutinib, and PD-1 
inhibitors have all shown activity in CNS lympho-
mas, which is of great relevance in this DLBCL 
subtype. Further data regarding the proper use and 
sequencing of these novel agents is needed.

10.6  Breast Lymphoma

Lymphomas localized to the breast represent 
about 2% of extranodal lymphomas and less than 
1% of breast malignancies [85, 86]. DLBCL is 
the most frequent aggressive histology, although 
other types, including BL, may be seen. Of note, 
indolent lymphomas, particularly MALT, often 
appear in the breast and are managed akin to 
other localized indolent lymphomas. Primary 
breast DLBCL is biologically different from 
other sites. The mutational profile mostly involves 
the NF-kB signaling pathway, with a high fre-
quency of PIM1 mutations [87].

Primary breast lymphoma typically presents 
with a mass that is clinically suspicious of a 
breast carcinoma [88–90]. Local symptoms are 
frequent, whereas general manifestations are rare 
in localized cases. Surgical or core needle biopsy 
is mandatory for diagnosis as fine needle aspira-
tion is insufficiently diagnostic. According to the 
largest retrospective study by the IELSG [90], 
primary DLBCL of the breast has some substan-
tial differences with respect to standard nodal 
DLBCLs including (1) high risk of contralateral 
breast involvement, (2) relapse tendency in other 
extranodal sites, and (3) risk of CNS involvement 
or relapse (although this latter point remains con-
troversial in the modern era). Based on the IELSG 
data, treatment with CHOP and radiation pro-
duced a median PFS and OS of 5.5 and 8 years, 
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respectively, in the pre-rituximab era. More 
recent data suggest that IF-RT still adds signifi-
cant therapeutic benefits receiving chemoimmu-
notherapy [91]. Although not demonstrated in a 
specific trial, the addition of rituximab is likely to 
be beneficial, so R-CHOP is the current standard 
of care [9]. Whether increased CNS risk persists 
in the rituximab era is unclear as it has not 
emerged as a discrete risk factor on multivariable 
analyses in DLBCL. Attention should be paid to 
other risk factors, and CNS prophylaxis consid-
ered in patients with high-risk IPI scores, but 
insufficient data exists to recommend routine 
inclusion in low-risk patients with stage IE dis-
ease treated with combined modality therapy. 
Breast involvement in Burkitt lymphoma is com-
mon and should be managed similar to other 
Burkitt lymphomas with intensive regimens that 
include CNS prophylaxis.

10.7  Primary Cutaneous 
Lymphoma

The skin is a common site of lymphoma involve-
ment, most frequently of T-cell origin (about 
80%), including mycosis fungoides and primary 
cutaneous anaplastic large-cell lymphoma, usu-
ally presenting at early stage and managed by 
dermatologists. Among cutaneous  B-cell lym-
phomas, most are indolent histologies such 
as MALT and primary cutaneous follicle center 
lymphomas, but a small percentage are 
DLBCL.  Among the latter, primary cutaneous 
DLBCL leg-type is an aggressive lymphoma fre-
quently seen in elderly women and appearing on 
the legs as the name implies. These lymphomas 
are of ABC origin and are characterized by an 
aggressive clinical course with subsequent 
relapse in extra-cutaneous sites in more than 50% 
of cases [92]. The outcome is generally unfavor-
able, with 5-year OS of about 50%. Treatment is 
with standard R-CHOP [93, 94], but novel 
approaches targeting the ABC subtype, such as 
with the inclusion of lenalidomide or ibrutinib, 
warrant investigation. The role of IF-RT is not 
well established, but given the relatively poor 
outcome with immunochemotherapy alone, 

 radiation  consolidation should be strongly con-
sidered for limited-stage disease.

10.8  Extranodal Aggressive 
Lymphoma in Other 
Locations

Aggressive extranodal lymphomas can arise in 
virtually any other extranodal site, but there is no 
sufficient data to classify them presently as dis-
crete diseases with unique management recom-
mendations. So DLBCLs occurring primarily 
within the lung, liver, kidney, adrenal gland, 
ovary, uterus, or other extranodal locations 
are typically treated with R-CHOP as with typi-
cal  cases of DLBCL [24, 30]. Consolidative 
radiation therapy is not routinely employed in 
most visceral DLBCLs given the concern for 
organ toxicity, and the encouraging efficacy of 
R-CHOP alone, but should be considered on a 
case-by- case basis dependent on location, field 
size, and response to chemoimmunotherapy. 
Whether these discrete locations are indepen-
dently associated with risk of CNS relapse 
remains controversial without consistent results 
observed in multivariable analyses in the modern 
era. Involvement of the kidney or adrenal gland 
has been fairly consistent and should warrant 
CNS prophylaxis in eligible patients [95]. Other 
extranodal locations should be assessed in the 
context of their overall disease burden and addi-
tional risk factors for CNS dissemination such as 
IPI score and translocation status of MYC and 
BCL2 [96].
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CD20-Negative Aggressive 
Lymphomas

Jorge J. Castillo

11.1  Introduction

Diffuse large B-cell lymphoma (DLBCL) is the 
most common non-Hodgkin lymphoma, account-
ing for approximately 30% of the cases. The 
addition of the anti-CD20 monoclonal antibody 
rituximab to combination chemotherapy has 
increased response and survival rates in patients 
with DLBCL in randomized studies [1, 2]. A 
small proportion of DLBCL show marked plasma 
cell differentiation with loss of CD20 
expression.

In general, patients diagnosed with CD20- 
negative DLBCL tend to have extranodal involve-
ment, a more aggressive clinical course, 
resistance to chemotherapy, and a poor progno-
sis. The use of rituximab has not been of benefit 
in these cases. Given its rarity, most of the avail-
able evidence in CD20-negative DLBCL consists 
of case reports and small case series. Due to lack 
of prospective data, there are no standards of care 
for these patients.

In this chapter, we review the most common 
variants of CD20-negative DLBCL including 
plasmablastic lymphoma (PBL), primary effu-
sion lymphoma (PEL), large B-cell lymphoma 
arising in HHV-8-associated multicentric 

Castleman disease (MCD), and anaplastic lym-
phoma kinase (ALK)-positive DLBCL.  This is 
an evolving field, and patients with CD20-
negative DLBCL not meeting criteria for the ones 
mentioned above have been described [3–5]. 
These cases of CD20- negative DLBCL are 
beyond the scope of this review.

11.2  Plasmablastic Lymphoma

Delecluse et al. first described PBL as a separate 
entity in 1997 [6]. This report included 16 
patients, 15 were HIV-positive, who presented 
with aggressive lesions located primarily in the 
oral cavity. These patients had a high rate of 
relapse resulting in poor survival. PBL was then 
included within the group of B-cell malignancies 
more commonly seen in HIV-infected individuals 
[7].

Morphologically, the malignant cells have 
round to oval shape with abundant cytoplasm, 
eccentric nucleus, prominent nucleolus, and a 
perinuclear hof [7]. The background is usually 
composed by small lymphocytes, mitotic figures, 
and tingible body macrophages that can impart a 
starry-sky pattern. Immunophenotypically, the 
malignant PBL cells express plasma cell markers 
such as CD38, CD138, or multiple myeloma 1/
interferon regulatory factor 4 protein (MUM1/
IRF4) but do not express CD20. The proliferation 
index is usually high with Ki67 > 80%. Recently, 
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novel markers such as BLIMP1 and XBP1 have 
been identified [8]. A representative profile of 
PBL is shown in Fig. 11.1. The cell of origin in 
PBL is thought to be the plasmablast, an acti-
vated B-cell that has already undergone the ger-
minal center reaction but has not yet fully matured 
into a plasma cell. PBL is sometimes difficult to 
distinguish from plasmablastic myeloma [9], 

especially in the setting of immunodeficiency. 
However, the presence of monoclonal parapro-
teinemia and/or skeletal lytic lesions favors a 
diagnosis of myeloma.

MYC gene rearrangements and Epstein-Barr 
virus (EBV)-encoded RNA (EBER) expression 
are common molecular markers present in 
PBL. EBER has been reported in approximately 

H&E EBV-EBER

CD20

MUM1/IRF4

ki67

CD38

Fig. 11.1 Representative case of plasmablastic lymphoma
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80% of cases with HIV-positive PBL and sug-
gests a role of EBV in the pathogenesis of PBL 
[10]. MYC gene rearrangements can be seen in 
approximately 40% of cases of HIV-positive PBL 
and have been associated with a worse prognosis 
[11]. A study has suggested that EBV-positive 
PBL cases are more likely to carry MYC gene 
rearrangements than EBV-negative cases [12].

A systematic review of the literature that 
included 112 HIV-positive patients with PBL 
showed a median age at presentation of 38 years 
with a male predominance, with a median time 
from HIV infection to PBL diagnosis of 5 years 
[13]. Approximately 50% of the patients pre-
sented with stage III or IV disease and 50% with 
primary site of involvement in the oral cavity. 
Approximately 75% of the patients received 
some type of combination chemotherapy, most 
commonly cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP) with an overall 
response rate (ORR) of 72%. These findings have 
been confirmed by a more recent meta-analysis 
on approximately 300 patients with PBL [14].

A later systematic review identified 76 HIV- 
negative patients with a pathological diagnosis 
of PBL [15]. The median age at diagnosis was 
57  years with a male-to-female ratio of 1.7:1. 
Advanced-stage disease was seen in 60% of the 
cases with 90% presenting with extranodal 
involvement. The most common sites of involve-
ment were the oral cavity and the gastrointestinal 
tract. Approximately 50% of the patients 
received treatment with CHOP.  The ORR was 
66%. Another study showed that approximately 
30% of HIV-negative PBL patients had some 
form of immunosuppression such as posttrans-
plantation, concurrent malignancy, or autoim-
mune disorders [16].

A study comparing 157 HIV-positive and 71 
HIV-negative PBL patients showed that HIV- 
positive PBL patients were younger with more 
pronounced male predominance and higher pro-
portion of oral cavity involvement [10]. There 
were no differences in stage distribution, bone 
marrow involvement, or presence of B symp-
toms. Of note, HIV-positive patients experienced 
higher rates of ORR to chemotherapy (81% vs. 
56%). CR rates were 52% and 41% for 

HIV-positive and HIV-negative PBL patients, 
respectively.

The prognosis of patients with PBL remains 
poor. Systematic reviews have reported median 
OS times that have ranged between 9 and 
15 months [14, 15]. More recently, a multicenter 
study on 50 HIV-positive PBL patients treated in 
the highly active antiretroviral therapy (HAART) 
era reported a median OS of 12  months [11]. 
Other smaller case series in PBL patients treated 
in the ART era have shown median OS ranging 
between 5 and 12  months [17, 18]. An Italian 
study has shown better outcomes in PBL patients 
with 3-year OS of 67% [19]. The reasons for this 
difference are unclear although the patients in the 
Italian study had shorter HIV diagnosis to PBL 
diagnosis time and presented with median CD4+ 
count >200 cells/mm3.

Comparative studies between HIV-negative 
and HIV-positive PBL patients showed that HIV- 
negative status might be associated with worse 
survival, but results are inconsistent [10, 14]. 
Advanced-stage and poor performance status 
have shown to be indicators of worse prognosis 
in PBL [11, 18]. Hence, the use of the International 
Prognostic Index (IPI) score should be appropri-
ate in PBL [11, 18, 19]. The association of EBV 
expression and outcomes in PBL is unclear [14, 
18]. CD4+ counts <200 cells/mm3 might be asso-
ciated with shorter progression-free survival 
(PFS) time [11, 18]. More recently, the presence 
of MYC gene rearrangements has shown to be 
associated with worse OS [11, 14]. In patients 
with HIV-positive PBL who are treated with che-
motherapy, the attainment of CR has been associ-
ated with longer survival [11, 20]. In the 
HIV-negative setting, concurrent immunosup-
pression has been associated with a worse out-
come [16].

Current guidelines recommend against the use 
of CHOP, as it is considered inadequate therapy 
[21]. This recommendation is reasonable given 
the poor outcomes seen in patients with 
PBL. However, studies evaluating survival bene-
fits in HIV-positive PBL patients treated with 
regimens more intensive than CHOP have failed 
to show survival benefits [11, 20]. Based on con-
sensus opinion, regimens such as  dose- adjusted 
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infusional etoposide, vincristine, and doxorubi-
cin along with bolus cyclophosphamide and 
prednisone (EPOCH), cyclophosphamide, vin-
cristine, doxorubicin, methotrexate alternating 
with ifosfamide, etoposide, cytarabine 
(CODOX-M/IVAC), or hyperfractionated cyclo-
phosphamide, vincristine, doxorubicin, and 
dexamethasone alternating with methotrexate 
and cytarabine (hyperCVAD) are appropriate for 
PBL therapy. These regimens could include the 
administration of intrathecal agents to minimize 
the risk of central nervous system (CNS) involve-
ment by PBL. In HIV-infected patients, initiation 
or optimization of HAART is highly recom-
mended and should be directed by an infectious 
disease specialist. Finally, for the small portion of 
PBL cases that express CD20, rituximab should 
be considered in addition to chemotherapy. The 
EPOCH regimen is being evaluated prospectively 
in high-risk DLBCL patients, which could 
include PBL patients (NCT01092182).

High-dose chemotherapy followed by autolo-
gous stem cell support (ASCT) can be an option 
in patients with PBL. This topic has been recently 
reviewed [22]. Based on case reports and small 
case series, ASCT does have limited value in the 
relapsed setting. However, the use of ASCT as 
consolidation after achieving CR to frontline 
treatment (CR1) might be associated with longer 
OS times [19, 22]. A case series on nine HIV- 
negative PBL patients suggested longer OS time 
in patients who received ASCT in first remission 
[16]. There are no reports on the use of allogeneic 
SCT in PBL patients.

The poor results observed with current avail-
able treatments warrant the identification of novel 
agents for PBL patients. Given the plasmacytic 
nature of PBL, the use of anti- myeloma agents 
appears reasonable. The proteasome inhibitor 
bortezomib alone and in combination with che-
motherapy has been used with limited efficacy in 
patients with relapsed PBL [23–25]. Recently, 
the combination of bortezomib and chemother-
apy has been tried with success in the frontline 
treatment of patients with HIV-positive and HIV-
negative PBL [26–28]. In a few case reports, the 
immunomodulatory drug lenalidomide induced a 
temporary response in relapsed PBL [23, 29, 30]. 
CD30 expression has been reported in 

approximately 30% of PBL cases [12, 31]. 
Recently, a case report described the antitumor 
activity of brentuximab vedotin in a patient with 
CD30-expressing relapsed PBL [32].

There is an almost universal expression of 
CD38 by PBL cells, and about 50% of PBL 
patients carry MYC gene rearrangements, provid-
ing potential treatment options. Daratumumab is a 
monoclonal antibody that targets CD38, which is 
a membrane glycoprotein expressed by B-cells, 
T-cell, NK-cell, and plasma cells. The FDA has 
approved daratumumab for the treatment of mul-
tiple myeloma. However, no reports on the use of 
daratumumab in PBL have been published. The 
MYC gene regulates multiple cellular functions 
influencing cell division, metabolic adaptation, 
and survival [33]. The MYC gene itself is not eas-
ily targetable, as it lacks a ligand-binding domain. 
MYC transcription depends on the assembly of 
complexes called bromodomains. BRD4 is a 
member of the bromodomain and extraterminal 
(BET) subfamily of human bromodomain pro-
teins and seems to be an important factor for 
MYC-dependent transcription [34]. BET inhibi-
tion has shown to downregulate MYC transcrip-
tion and to induce a genome-wide downregulation 
of MYC-dependent target genes [35]. Furthermore, 
BET inhibition has induced cell cycle arrest and 
cell senescence in cellular and animal myeloma 
models. Finally, recent studies have shown that 
EBV-positive lymphoma cells express PD-L1 and 
that PD-1 blockade inhibits their growth and sur-
vival [36, 37], providing the rationale on trying 
the monoclonal antibodies nivolumab or pembro-
lizumab in PBL. Nivolumab is FDA approved for 
the treatment of melanoma, non-small cell lung 
cancer, head and neck cancer, renal cell carci-
noma, and Hodgkin lymphoma. Pembrolizumab 
is FDA approved for melanoma, non-small cell 
lung cancer, head and neck cancer, and Hodgkin 
lymphoma.

11.3  Primary Effusion Lymphoma

PEL is an aggressive lymphoma that affects body 
cavities without detectable tumor masses in the 
setting of HIV infection. It was recognized as a 
new entity in 2001 [38]. The Kaposi 
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sarcoma- associated herpesvirus, also known as 
human herpesvirus 8 (HHV-8), is universally 
present in PEL tumor cells [38].

Knowles and colleagues reported the first case 
of PEL in an HIV-infected patient in 1989 [39]. 
Later, in 1995, Cesarman and colleagues reported 
on a case series, in which seven out of eight HIV- 
positive patients presented with malignant pleu-
ral effusions. B-cell lineage was demonstrated by 
clonal rearrangement, as flow cytometry was 
unable to show typical CD20 expression. DNA 
analysis found sequences of HHV-8 and EBV 
genome in the neoplastic cells. The survival was 
short with poor tolerance to chemotherapy [40].

The diagnosis of PEL is based on morpho-
logic, immunophenotypic, and molecular analy-
sis of the affected tissue along with demonstration 
of viral infection by HHV-8. As effusion fluid is 
universally present, the diagnosis is made on cell 
blocks or cytospin samples. Morphologically, 
PEL cells are large with variable nuclear size and 

form, with prominent nucleoli. Sometimes PEL 
cells can resemble plasmablasts, or large immu-
noblasts with eccentric nuclei containing nuclear 
hof, or anaplastic cells with large polygonal cells 
with pleomorphic nuclei [38].

Immunophenotypic studies in PEL malignant 
cells reveal a “null” lymphocyte phenotype with 
expression of CD45 but no expression of CD19 
or CD20. PEL cells can express markers of lym-
phocyte activation such as CD30, CD38, CD71, 
and HLA-DR and the plasma cell-related anti-
gens CD138 and MUM-1/IRF4 [41]. In addition, 
PEL cells are negative for Bcl-6 and for anaplas-
tic lymphoma kinase 1 (ALK-1), and the Ki-67 
index is usually high. A representative case of 
PEL is shown in Fig. 11.2.

Recurrent chromosome translocations of 
BCL2, BCL6, and MYC, typically present in other 
B-cell lymphomas, are absent in PEL [42, 43]. 
Gene expression profile demonstrated that PEL 
cells have features of immunoblasts and plasma 

H&E CT scan

HHV-8 LANA

Fig. 11.2 Representative case of primary effusion lymphoma
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cells. In addition, immunoglobulin gene rear-
rangements and somatic hypermutation are pres-
ent in PEL. These findings suggest that the cell of 
origin in PEL is a post-germinal B-cell that has 
undergone plasma cell differentiation [44]. 
Array-based comparative genomic hybridization 
(CGH) studies showed gain and losses of several 
chromosomes including chromosomes 1, 5, 11, 
12, and 17q, among other abnormalities [45].

HHV-8 plays an important role on promoting 
PEL. It is also useful to differentiate from other 
lymphomas complicated by effusions, which are 
consistently negative for HHV-8 infection [41]. 
The immunohistochemical staining for HHV-8 
latent nuclear antigen 1 (LANA-1) is the standard 
assay performed. Although not standardized, 
detection of HHV-8 viral load by quantitative 
PCR could be useful, and its prognostic signifi-
cance is still under investigation [44, 46]. 
Detection of EBV occurs in approximately 70% 
of cases using EBER in situ hybridization [41].

Cases of PEL have also been observed in the 
setting of post solid organ transplant and in debil-
itated elderly patients with chronic comorbidities 
[47]. Commonly, these patients present with 
other AIDS-associated diseases such as KS and 
MCD due to the association with HHV-8 infec-
tion in addition with severe immunosuppression 
caused by HIV [40, 48]. In general, PEL is char-
acterized by the presence of malignant pleural, 
pericardial, or peritoneal effusions without evi-
dent mass or tumor. Due to the effects of malig-
nant fluid accumulation, patients can experience 
chest pain, progressive dyspnea, abdominal dis-
tension, or constitutional symptoms. The pleural 
space is the most commonly affected (70% of 
cases). By definition, all PEL patients have stage 
IV disease [49]. Cases of extracavitary (solid) 
PEL with no evidence of malignant effusions 
have been described. Extracavitary PEL is mor-
phologically and genetically identical to classic 
PEL [50]. The gastrointestinal tract is commonly 
affected, but there are also reports of involvement 
of the skin, lungs, lymph nodes, and 
CNS.  Extracavitary PEL cases are also univer-
sally associated with HHV-8 infection [51, 52].

The prognosis of PEL is generally poor with 
few patients being cured from the disease. The 

1-year survival rate is less than 40% [53, 54]. The 
multivariate analysis showed that poor perfor-
mance status and no HAART at diagnosis were 
independent predictors of poor OS. The impact 
of HAART on PEL prognosis is similar to other 
AIDS-associated lymphomas [54, 55]. The num-
ber of body cavities involved in PEL seems to be 
prognostic, with more than one cavity associated 
with poorer prognosis. Isolated pericardial 
involvement appears to correlate with longer sur-
vival [56]. Integrating the number and type of 
body cavities into a prognostic score specific for 
PEL might warrant further investigation. The IPI 
score has not been validated in PEL to date. CD4 
count and HHV-8 viral load at diagnosis were not 
prognostic of worse outcomes, although some 
studies suggest that the HHV-8 viral load might 
correlate with survival in HHV-8-associated lym-
phoproliferative disorders, including MCD [57].

There is no standard treatment for 
PEL.  Response rates with CHOP are approxi-
mately 40% with a median OS of 6 months [53]. 
Other regimens such as doxorubicin, cyclophos-
phamide, vindesine, bleomycin, and prednisone 
(ACVBP) and CHOP plus methotrexate have 
been administered to PEL patients with variable 
response rates [54, 58]. Methotrexate should be 
used with caution as it could accumulate in effu-
sions and lead to increased toxicity [54]. Dose-
adjusted EPOCH has been reported in individual 
cases as well [59]. Recently, EPOCH has been 
associated with better outcomes than CHOP in 
patients with HIV- associated lymphomas [60]. 
Initiation of HAART is essential at HIV-infected 
PEL patients. In some cases, prolonged remis-
sions and lymphoma regression have been 
reported with HAART alone [54, 61]. The expe-
rience of autologous or allogeneic SCT in PEL is 
limited to case reports, and consideration for the 
procedure should be based on individual cases 
[62, 63]. Provided the poor prognosis associated 
with PEL, SCT constitutes an attractive option, 
but larger studies are needed to assess efficacy 
and toxicity.

The constitutive activation of the NF-kB path-
way appears critical for survival of PEL cells 
[64], and inhibition of the NF-kB pathway by 
bortezomib induced apoptosis in PEL cell lines 
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[65]. Despite these promising findings, the activ-
ity of bortezomib has been modest [66]. However, 
it appears that combination therapy could be 
promising [67]. There is limited preclinical and 
clinical data supporting the use of lenalidomide 
in PEL [68, 69]. CD30 is frequently expressed in 
PEL cells, and targeting with the conjugated 
monoclonal antibody anti-CD30 brentuximab 
vedotin improved the survival of a xenograft 
mouse PEL model by inhibiting proliferation and 
causing arrest in G2/M cell cycle phase [70]. PEL 
cells express CD38, making daratumumab an 
interesting, commercially available treatment 
options. Immunotherapy has emerged as a poten-
tial target for B-cell malignancies. Programed 
cell death ligand-1 (PD-L1) is an attractive target 
in PEL, as approximately 50% of HHV-8-
associated PEL cases express PD-L1 [71]. 
Another interesting therapeutic option is 
NOTCH1 inhibitors. NOTCH1 expression has 
been demonstrated in almost 80% of PEL cells 
[72]. Other agents of interest in PEL are the 
PI3K/AKT/mTOR inhibitors and histone deacet-
ylase inhibitors, which have shown preclinical 
activity [67, 73].

11.4  Large B-Cell Lymphoma 
Arising in HHV-8-Associated 
Multicentric Castleman 
Disease

Dupin and colleagues reported the first cases of 
this rare condition [74]. The authors described 
patients with HHV-8-associated MCD that later 
developed “plasmablastic” lymphoma. Most of 
these patients died within months of MCD diag-
nosis and some within weeks of overt lymphoma 
diagnosis.

Patients with HIV and MCD have a 15-fold 
greater risk of developing lymphoma than the 
general HIV-positive population [75]. Specific 
lymphoma types associated with HHV-8 infec-
tion are cavitary and extracavitary PEL and large 
B-cell lymphomas with plasmablastic differenti-
ation arising in HHV-8-associated MCD [74–76]. 
While PEL shows typically hypermutated Ig and 
dim expression of surface and cytoplasmic 

immunoglobulin, large B-cell lymphomas in 
MCD show unmutated Ig and expression of IgM 
and λ chain restriction suggesting HHV-8-
positive plasmablasts as the cell of origin [76]. 
However, the molecular events leading from 
polyclonal HHV-8-positive plasmablastic expan-
sions in MCD to monoclonal HHV-8-positive 
large cell lymphoma are unknown.

Large B-cell lymphoma arising in HHV-8- 
associated MCD is histopathologically defined 
by large confluent sheets of plasmablasts with 
HHV-8 expression [77]. These blasts are not 
coinfected with EBV, show cytoplasmic IgM 
with λ chain restriction, and have a phenotypic 
profile characterized by loss of B-cell markers 
such as CD20 and PAX-5, and acquisition of phe-
notypic profile of plasma cells such as upregula-
tion of MUM-1/IRF-4, PRDM-1/BLIMP-1, and 
surface markers such as CD38 [8, 75, 78]. A rep-
resentative case of large B-cell lymphoma arising 
from HHV-8-associated MCD is shown in 
Fig. 11.3.

The histopathological differences between 
overt lymphoma and the so-called plasmablastic 
microlymphoma are not well defined, and the lat-
ter might represent an intermediate step in the 
progression from MCD to large B-cell lym-
phoma. While MCD is polyclonal in nature and 
overt lymphoma is monoclonal, plasmablastic 
microlymphomas in the lymph node have been 
found monoclonal in only two of eight cases with 
subsequent development of lymphoma in one. 
However, another case with associated poly-
clonal microlymphoma also developed overt 
lymphoma [76]. A similar picture is found in 
three cases reported as severe MCD with poly-
clonal IgMλ plasmablastic lymphocytosis suc-
cessfully treated with combined chemotherapy 
[79].

MCD is a distinct type of lymphoproliferative 
disorder associated with IL-6 dysregulation [75]. 
Clinically, patients may have systemic symptoms 
such as fever, night sweats, polyclonal hyper-
gammaglobulinemia, and cytopenias. HHV-8 
infection is commonly associated with MCD in 
patients infected with HIV and also in some HIV-
negative patients [80]. HHV-8 replicates in 
immunoblasts and plasmablasts and signals the 
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release of viral-derived and human- derived IL-6 
and other inflammatory cytokines [81], which 
induce B-cell and plasma cell proliferation and 
angiogenesis, and an acute phase reaction [82]. 
B-cell proliferation leads to the accumulation in 
the lymph nodes of clusters of HHV-8+, IgM+, λ 
chain restricted but polyclonal plasmablasts [74, 
83]. These plasmablasts were found to be poly-
clonal/multiclonal in nature when Ig clonality 
analyses were performed and do not fulfill the 
current histopathological criteria to be consid-
ered DLBCL.

The outcome of patients with HHV-8- 
associated MCD is poor and is measured within 
few to several months from the development of 
MCD [74, 75]. The median OS is shorter (several 
weeks) in patients who develop overt lymphoma 
and extremely poor (few weeks) in cases of leu-
kemic phase. Patients with so-called plasmablas-
tic microscopic lymphomas should be treated as 

high-risk MCD [76, 79, 84]. Given the definite 
risk of developing overt lymphoma in patients 
with HHV-8-positive MCD, control of HHV8-
positive MCD is the primary step for lymphoma 
prevention.

Rituximab, alone or in combination with che-
motherapy, has significant activity in both HIV-
negative and HIV-positive MCD. In  HIV- positive 
patients, it has been evaluated in observational 
and retrospective analysis showing higher 
response rates and longer response duration than 
chemotherapy [60]. In one prospective study, the 
incidence of lymphoma was significantly reduced 
(>90% reduction) in patients receiving rituximab 
[85]. For most HIV- positive, HHV-8-positive 
patients with MCD, a combination of ganciclovir 
plus rituximab with etoposide added for aggres-
sive/high-risk disease is suggested. In patients 
with uncontrolled HIV infection defined by low 
CD4 counts and/or high HIV viral load and/or 
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Fig. 11.3 Representative case of a large B-cell lymphoma arising from HHV-8-associated multicentric Castleman 
disease
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active KS, HAART should be included. Treatment 
with rituximab alone or rituximab plus combina-
tion chemotherapy such as CHOP or EPOCH can 
be given at time of relapse or if the patient is 
refractory to initial therapy.

Agents to consider in the relapsed setting are 
bortezomib, lenalidomide, and the anti-IL-6 
monoclonal antibody siltuximab. In xenograft 
mouse model of HHV-8-positive PEL, bortezo-
mib induced apoptosis and lytic reactivation of 
HHV-8  in lymphoma cells [86]. Siltuximab has 
shown to be safe and efficacious in a randomized 
study in patients with HIV-negative, HHV-8- 
negative MCD [87, 88]. Finally, there are case 
reports supporting the use of lenalidomide in 
MCD [89, 90].

11.5  ALK+ Diffuse Large B-Cell 
Lymphoma

ALK is a receptor tyrosine kinase originally 
described at the breakpoint of the t(2;5) translo-
cation observed in patients with anaplastic large 
cell lymphoma (ALCL) [91]. ALK+ DLBCL is a 
rare subtype of DLBCL. In contrast with ALCL, 
ALK+ DLBCL is commonly associated with 
t(2;17) in which the ALK gene is juxtaposed to 
the clathrin (CLTC) gene. Delsol and colleagues 
originally described seven patients with ALK+ 
DLBCL [92]. Since then, no more than 100 cases 
of ALK+ DLBCL have been reported in the lit-
erature [93–95].

Pathologically, ALK+ DLBCL is comprised 
of monomorphic large immunoblastic or plasma-
blastic cells, containing large central nucleoli that 
tend to invade the lymphatic sinuses. The cells 
exhibit a high proliferative index, perhaps related 
to MYC overexpression. In contrast to ALCL, 
ALK+ DLBCL does not express CD30 [92]. The 
immunophenotype of ALK+ DLBCL is charac-
terized by the expression of CD138, CD38, 
EMA, and cytoplasmic immunoglobulin and the 
absence of CD20 expression [92]. In addition, 
ALK+ DLBCL expresses other plasma cell dif-
ferentiation antigens such as BLIMP1 and XBP1 
[93]. The t(2;17) is the most common cytogenetic 
abnormality observed in ALK+ DLBCL and 

leads to the expression of the CLTC-ALK fusion 
gene. However, other chromosomal rearrange-
ments involving the ALK gene had been described 
such as the t(2;5) (NMP-ALK) [96]. Of interest, 
ALK+ DLBCL does not seem to carry MYC 
translocations [97, 98]. A representative case of 
ALK+ DLBCL is shown in Fig. 11.4.

The precise mechanism(s) by which ALK 
fusion genes induce the oncological transforma-
tion of lymphoid cells are unclear. However, lab-
oratory studies suggest that NPM- ALK and to a 
lesser degree CLTC-ALK activate the signal 
transducer and activator of transcription (STAT) 
family proteins, specifically STAT3 and STAT5 
[99–101]. Studies have shown that STAT3 activa-
tion was induced by the NPM-ALK fusion gene 
and was necessary for NPM-ALK lymphoma-
genesis. STAT3 and STAT5 activation is associ-
ated with the upregulation of anti- apoptotic 
proteins [102]. In addition, STAT3 activation 
observed in ALK+ DLBCL results in the upregu-
lation of BLIMP1 and c-MYC accounting for the 
plasmacytic differentiation and increase in cell 
proliferation observed, respectively [98].

Clinically, there is a male predominance, pedi-
atric and adult patients can be affected, and it 
appears there is no relation with viral infections 
[103]. Patients present with advanced-stage dis-
ease in 60% of the cases and with bone marrow 
involvement in 25%. In a retrospective study on 
38 patients, the survival rates were poor with a 
5-year OS of 25%. Half of the patients died 
within the first year following diagnosis. It seems 
that patients with early-stage disease may have a 
better prognosis with an estimated 5-year OS of 
50%.

ALK+ DLBCL has poor clinical outcomes 
despite current available therapy that includes 
systemic multi-agent chemotherapy. Targeted 
agents against CD20 or CD30 are unlikely to pro-
duce clinical benefit in ALK+ DLBCL given the 
lack of expression of these surface receptors. The 
current management of patients with ALK+ 
DLBCL consists on the administration of sys-
temic chemotherapy using regimens commonly 
used for other subtypes of DLBCL in the first-
line or second-line setting. However, given the 
poor clinical results observed with this approach 
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with median OS ranging from 10 to 20 months, 
there is a need to develop novel therapeutic 
approaches.

Crizotinib is the only ALK inhibitor approved 
by the FDA for the treatment of ALK+ non-small 
cell lung cancer and relapsed ALK+ 
ALCL. Anecdotal case reports had described the 
clinical use of crizotinib in ALK+ relapsed/
refractory DLBCL. Wass et al. reported signifi-
cant antitumor activity in a refractory ALK+ 
DLBCL patient treated with crizotinib single 
agent. However, the patient experienced a very 
short duration of response [104]. Preclinical stud-
ies have suggested that pharmacological inhibi-
tion of STAT3 or CLTC-ALK fusion protein 
results in antitumor activity against lymphoma 
cell lines or lymphoma xenograft murine models 
[105, 106]. Given CD38 expression by ALK+ 
DLBCL cells, daratumumab could also be an 
attractive therapeutic option.

11.6  Conclusion

CD20-negative lymphomas are rare, and they 
pose a significant diagnostic challenge given 
their atypical morphology. Additionally, CD20- 
negative lymphomas are associated with clinical 
courses characterized by primary chemoresis-
tance, early relapse, and the obvious lack of ben-
efit from anti-CD20 therapy. Furthermore, the 
survival of patients with CD20- negative lympho-
mas is measured in several months to a few years. 
Despite recent advances in the biology of CD20-
negative DLBCL, several questions remain unan-
swered. It is interesting to see that these 
conditions, with exception of ALK+ DLBCL, 
occur mainly in immunosuppressed patients with 
chronic viral infections. Given the rarity associ-
ated with these conditions, therapeutic standards 
of care have not been established. It is encourag-
ing to see clinical data showing that novel agents 
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Fig. 11.4 Representative case of ALK+ diffuse large B-cell lymphoma
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such as bortezomib, lenalidomide, and brentux-
imab vedotin have activity in some of these 
patients. Given overexpression of CD38, PD-L1, 
and PD-1  in CD20-negative DLBCL, novel 
agents such as daratumumab, nivolumab, and 
pembrolizumab can prove to be helpful in treat-
ing these patients. Similarly, the use of BET 
inhibitors could be of value in MYC-positive lym-
phomas. Finally, crizotinib should be evaluated 
in patients with ALK+ DLBCL. However, given 
the aggressive nature of CD20-negative DLBCL, 
it is unlikely that molecular or targeted agents 
used alone would induce durable responses or be 
curative. In that sense, the combination of novel 
agents with chemotherapy such as CHOP or 
dose-adjusted EPOCH might be reasonable. The 
answers to these questions should come from 
well-designed multicenter prospective studies.
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12.1  Introduction

Peripheral T-cell non-Hodgkin lymphoma 
(PTCL) is a heterogeneous group of mature T-cell 
neoplasms generally associated with a poor prog-
nosis and displaying a wide geographical hetero-
geneity. They account for 5–10% of all aggressive 
lymphoma in Europe and in the United States, 
whereas they tend to be much more represented 
(up to roughly 20%) in Asia, where some pecu-
liar forms of disease (like neoplasms of the NK-/
T-cell origin) are prevalent [1–5].

PTCL have a nodal origin in most of cases, 
although extranodal non-cutaneous entities do 
exist, described by their tissue tropism. The 2016 
revision of the World Health Organization clas-
sification of lymphoid neoplasms underscores 
several new insights into the complexity of 
PTCL, which emerge from molecular and genetic 

studies that point out many specific molecular 
signatures helpful in distinguishing among dif-
ferent entities, albeit displaying similarities in 
terms of morphology and immunophenotype [4, 
6]. Aggressive PTCLs with nodal presentations 
include three main categories: nodal T-cell lym-
phoma with T-follicular helper (TFH) phenotype, 
which is a broad category which comprises the 
entire spectrum of nodal lymphoma displaying a 
TFH phenotype and includes angioimmunoblas-
tic T-cell lymphoma (AITL), follicular T-cell 
lymphoma, and other nodal PTCL with a TFH 
phenotype; anaplastic large cell lymphoma 
(ALCL), either with or without the expression of 
the anaplastic lymphoma kinase (ALK), which 
clearly distinguishes two separated entities in 
terms of prognostic implications (ALK− ALCL is 
no longer regarded as a provisional entity in the 
2016 classification); and peripheral T-cell lym-
phoma, not otherwise specified (PTCL-NOS), a 
category that still shows extreme cytological and 
phenotypic heterogeneity, in which fall all the 
T-cell lymphoma that cannot be further classified 
into any other of the existing classifiers [7]. A 
unique form of ALK− ALCL, which arises in 
association with saline and silicone-filled breast 
implants and clinically presents with the accumu-
lation of seroma fluid at the interface between the 
implant itself and the surrounding fibrous cap-
sule, is now a provisional entity termed breast 
implant- associated ALCL [8]. Among the entities 
with a prevalent non-cutaneous extranodal 
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involvement and an aggressive behavior are 
enteropathy- associated T-cell lymphoma (EATL), 
formerly defined as EATL type I, typically asso-
ciated with celiac disease and of αβ origin, clearly 
distinguished by monomorphic epitheliotropic 
intestinal T-cell lymphoma (formerly known as 
EATL type II, now a separated provisional 
entity); hepatosplenic T-cell lymphoma of γδ ori-
gin (HSTCL); subcutaneous panniculitis-like 
T-cell lymphoma (SPTCL); and extranodal NK-/
T-cell lymphoma (ENKL), nasal type [4].

Despite clinical, morphological, phenotypic, 
and molecular differences, the management of 
these aggressive diseases is substantially the 
same for all the nodal entities: an initial systemic 
chemotherapy and a prompt evaluation of which 
patient is suitable for an up-front consolidation 
by means of an autologous stem cell transplanta-
tion are nowadays a widely accepted standard of 
treatment. Peculiar entities—like low 
International Prognostic Index (IPI, see below) 
ALK+ ALCL, ALK− breast implant-associated 
ALCL, EATL, SPTCL, or ENKL—may take 
advantage of specifically designed strategies, 
based on their clinical course and their reduced 
tendency to spread to distant organs or nodes and 
which take into account the specific tropism to an 
organ or tissue and their sensitivity to some spe-
cific cytostatic drugs [9].

The aim of this chapter is to review the current 
clinical management of aggressive T-cell lym-
phoma, moving from disease diagnosis, initial 
staging, and available prognostic tools up to the 
discussion of the first-line therapy and the 
adopted strategies for relapsed and refractory dis-
ease, with a focus on newly available single 
agents and innovative combinations.

12.2  Clinical Presentation 
of Aggressive T-Cell 
Lymphoma

Subtypes with a prevalent nodal expression—
PTCL-NOS, ALCL (either in the ALK+ or ALK− 
forms), and nodal T-cell lymphoma with 
T-follicular helper (TFH) phenotype (including 
AITL)—involve adult patients (median age at 

presentation variable between 60 and 65  years) 
with male predominance. The key feature of 
these diseases is generalized lymphadenopathy, 
with the involvement of both superficial and 
abdominal nodal stations, although any extrano-
dal organ or tissue may be concomitantly 
affected: the skin (particularly in AITL), the liver, 
the spleen, and the gastrointestinal tract are 
among the most involved sites of disease. Hepatic 
and splenic enlargements are clinical hallmarks 
of HSTCL, which is characterized by parenchy-
mal infiltration (including bone marrow involve-
ment in more than 70% of cases) without forming 
growing and coalescent nodal masses.

Advanced stage (Ann Arbor stage III/IV) at 
presentation is a constant for these disease enti-
ties; B symptoms are reported in 50–70% of 
cases, and bone marrow infiltration is docu-
mented in 10–30% of patients. A significant pro-
portion of patients display poor performance 
status at disease onset, and many of them have 
their clinical conditions worsening during treat-
ment, thus being unable to undergo intensive che-
motherapy or myeloablative conditioning: this is 
one of the major determinants of the dismal prog-
nosis of this category of lymphoma.

Autoimmune phenomena may be associated 
with certain disease entities. Autoimmune mark-
ers, such as rheumatoid factor, circulating immu-
nocomplexes, and anti-smooth muscle antibodies, 
may be detected in 30–50% of AITL patients, 
and Coombs-positive hemolytic anemia may 
complicate up to one-third of cases [10]. 
Autoimmune or immune-mediated disease, such 
as Crohn’s disease, is concomitantly observed 
with HSTCL, which also correlates with the 
immunosuppressive regimens chronically admin-
istered after solid organ transplantation.

Signs and symptoms of PTCL with extranodal 
manifestations strictly depend on the involved 
organ or tissue. EATL may be associated with 
abdominal discomfort and pain at onset, along 
with fatigue and anorexia. Reappearance of mal-
absorption in a patient with a history of celiac 
disease favorably responding to a gluten-free diet 
or, alternatively, the sudden onset of gluten- 
insensitive severe malabsorption in an otherwise 
healthy individual can be key symptoms of 
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disease at its onset. Acute abdominal symptoms, 
like perforation, obstruction, and hemorrhage, 
require an urgent treatment and surgical interven-
tion with bowel resection in most of cases, as a 
result of disease penetration into the intestinal 
wall. The jejunum is the mostly affected site, 
although any segment can be involved. When 
multiple segments of the small intestine have 
been involved, it is likely that the disease has dis-
seminated to nearby and distant organs (mesen-
teric nodes, liver, spleen, lungs, and bone 
marrow).

SPTCL presents with solitary or multiple nod-
ules or plaques on the lower extremities, more 
rarely involving the trunk and the upper limbs. 
Lesions may mimic an abscess but do not resolve 
after surgical incision. Systemic symptoms, 
including fever, fatigue, and weight loss, can be 
present at onset. Hemophagocytic syndrome may 
complicate the clinical picture in some rare cases, 
and it is associated with a highly aggressive clini-
cal course.

ENKL, in its nasal form, arises in the nasal 
cavity and invades the nasopharynx, paranasal 
sinus, orbits, oral cavity, and palate, usually with 
bone erosions, ulceration, and destructive behav-
ior, although remaining confined to the facial dis-
trict in most of cases (stages I and II). On the 
contrary, extranasal ENKL is an aggressive sys-
temic disease, with the involvement of multiple 
anatomical sites (stages III and IV) such as skin, 
gastrointestinal tract, testis, lung, eye, and soft 
tissues (the same to which the nasal type of the 
disease tends to disseminate), along with sys-
temic symptoms, lactate dehydrogenase (LDH) 
elevation, and poor performance status.

12.3  Diagnosis and Staging

12.3.1  Establishing the Diagnosis

The diagnosis of PTCL is always established on 
the biopsy of the involved tissue, which is mainly 
represented by a lymph node. However, virtually 
any extranodal site may be the target for biopsy tar-
get for biopsy: the liver, small intestine, and skin 
are among the mostly involved extralymphatic 

tissues [11, 12]. Fine needle aspiration is not suffi-
cient to correctly establish the diagnosis. The 
review of all slides and of formalin-fixed paraffin- 
embedded tissue by a pathologist with expertise 
in T-cell lymphoma is always encouraged: hema-
topathologists are able to apply the WHO classi-
fication to diagnose a PTCL, although with 
heterogeneous agreement on diagnosis depend-
ing on the specific disease entity they are looking 
at [5]. Diagnostic accuracy is very good for 
ALCL, ALK-positive, but agreement is lost in 
case of other lymphoma subtypes, with a rate of 
concordance inferior to 75% for the most com-
mon subtype, PTCL-NOS.

Molecular studies may be helpful under cer-
tain circumstances to clarify or refine the diagno-
sis: at present, however, no molecular markers 
specifically dictate treatment decisions. The sole 
demonstration of T-cell clonality through the 
assessment of T-cell receptor rearrangement alone 
is not sufficient for diagnosis, as this may be seen 
also with reactive and inflammatory processes.

Physical examination, including the evaluation 
of the Waldeyer’s ring, nasopharynx, node- 
bearing areas, liver, and spleen, along with tho-
racic auscultation and a full skin inspection, is 
mandatory at disease onset. Patient’s evaluation is 
completed by full history taking, mainly focusing 
on lymphoma-related symptoms (recent weight 
loss, fever, night sweats), and by the assessment 
of performance status. A complete blood count 
with differential counts and a comprehensive met-
abolic panel, including LDH measurement, is also 
required at baseline, even for prognostic assess-
ment. Reticulocytes and bilirubin (complete and 
fractionated) are useful markers in case of suspect 
hemolysis, which may be associated with some 
PTCL cases (mainly AITL). Direct Coombs test is 
also necessary to rule out the diagnosis of autoim-
mune hemolytic anemia [10].

12.3.2  Staging Procedures

Like nodal B-cell lymphoma, PTCL are staged 
according to the Ann Arbor staging system. 
Computed tomography (CT) scan of the neck, 
chest, abdomen, and pelvis with contrast and a 
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bone marrow trephine biopsy are requested to 
accomplish a thorough disease staging [12].

12.3.3  Role of PET Scan

18F-fluorodeoxyglucose (FDG) PET scan is not 
mandatory for disease staging, although it has 
proven to be helpful in detecting FDG-avid nodal 
or extranodal lesions that can be missed by a CT 
scan evaluation. Nevertheless, PET is able to 
change the disease stage in no more than 5% of 
patients at diagnosis as compared to CT [13], and 
this change does not translate into any treatment 
modification: systemic chemotherapy in nodal 
PTCL, in fact, is generally used regardless of 
tumor extent and disease stage at presentation. It 
should be noted, however, that PET positivity 
found at the end of induction treatment and in 
patients who have received autologous stem cell 
transplantation (autoSCT) is a strong predictor of 
reduced survival [14]. Maximum standard uptake 
values in patients with PTCL are lower than in 
aggressive B-cell counterparts and usually less 
pronounced for extranodal lesions than for lymph 
node localizations of the disease.

12.4  Prognosis

The International Prognostic Index (IPI), 
although specifically designed for aggressive 
B-cell lymphoma, is also the mainstay of the 

prognostic stratification of patients with PTCL 
and can be determined using clinically derived 
variables. Similarly to B-cell counterparts, it 
inversely correlates with survival rates, although 
overall survival (OS) for each category is lower if 
compared to diffuse large B-cell lymphoma. 
Lower IPI scores (0/1 prognostic factors) corre-
late with a 5-year OS ranging from 90% for 
ALK-positive ALCL to less than 30% for EATL 
and extranasal NK-/T-cell lymphoma; on the 
contrary, patients with four/five risk factors dis-
play significantly dismal figures, with a 5-year 
OS of 25–33% for ALK-positive ALCL and 
AITL and less than 10% for all the other nodal 
and extranodal subtypes [5]. Newer scores have 
been developed to better describe the outcome of 
specific subtypes of T-cell lymphoma 
(Table  12.1): the Prognostic Index for PTCL- 
NOS (PIT, [15]), the modified PIT (m-PIT, [16]), 
and a prognostic index derived from the 
International T-cell Lymphoma Project (ITCLP, 
[17]) are descriptive of populations of PTCL- 
NOS patients treated with a cyclophosphamide, 
doxorubicin, vincristine, and prednisone (CHOP) 
approach, whereas the prognostic index for AITL 
(PIA) has predicted OS more reliably than IPI in 
patients with AITL [18]. The stratification of 
patients into lower- and higher-risk categories, 
however, does not necessarily translate into a dif-
ferent management: at least 60–70% of lower- 
risk patients, in fact, are likely to relapse within 
the first 5  years; thus a less aggressive initial 
approach seems not to be justified (Table 12.2).

Table 12.1 Variables used in the calculation of relevant prognostic scores

IPI PIT m-PIT ITCLP PIA
Age (>60 years) • • • • •
ECOG (>1) • • • •
ECOG (>2) •
LDH (elevated values) • • •
Ann Arbor stage (III–IV) •

Extranodal involvement (≥2 sites) • •

Bone marrow involvement •
Platelet count (<150,000/mm3) • •

Ki-67 (≥80%) •

B symptoms •
Context All T-cell lymphoma PTCL-NOS AITL

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase
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12.5  First-Line Treatment 
Approach

12.5.1  Induction Regimens

The main goal of first-line treatment should be 
the achievement of a deep remission, which 
allows a timely application of a consolidative 
autologous stem cell transplantation (autoSCT), 
where appropriate, and enhances the opportunity 
to gain a good control of the disease in the long 
term.

The treatment strategies most widely 
adopted in aggressive PTCL are derived from 
the experience acquired in B-cell aggressive 
lymphoma: this is generally true for PTCL with 
a predominantly nodal presentation, whereas 
disease entities with an exquisitely extranodal 
involvement or a particular aggressiveness may 
be managed differently (this will be discussed 
separately below). It should be noted, however, 
that PTCL are biologically and clinically differ-
ent from B-cell counterparts and this may 
explain the significant prognostic gap existing 
between lymphoma of B- and T-cell origin 
when the same (or at least very similar) 
approaches are applied.

Anthracycline-based regimens are considered 
the current standard of care in induction treat-
ment of PTCL patients, as demonstrated in sev-
eral reported experiences in which the 
cyclophosphamide, doxorubicin, vincristine, 
and prednisone (CHOP) combination was 
adopted in a proportion of patients variable from 
60 to 85% [5, 23, 24] (Table 12.2). Patients with 
ALCL respond better to CHOP in comparison to 
other PTCL subtypes. The overall response rates 
(ORR) range from 70 to 80% for ALK− ALCL 
patients, with complete response (CR) rates up 
to 50% of the cases. On the contrary, ALK+ 
ALCL patients respond to first-line CHOP in up 
to 90% of cases. Nevertheless, nearly 40% of 
patients with ALK+ disease and roughly 60% of 
those with ALK− disease fail to maintain their 
response over time with only first-line induction 
[20, 25]. The role of anthracycline-containing 
regimens is however much more debated in 
patients affected by AITL and PTCL-NOS [7, 
10]. On the one hand, it should be noted that 
according to the International Peripheral T-cell 
and Natural Killer/T-cell Lymphoma Study, the 
CR rate observed in patients receiving an anthra-
cycline-based induction was 61% for AITL 
patients [18] and 56% for PTCL-NOS patients 

Table 12.2 Prognosis of aggressive PTCL according to the most widely used prognostic scores

Disease Score
5-year OS (%) 5-year FFS (%)

ReferenceLow score High score Low score High score
PTCL-NOS IPI 50 11 36 9 Weisenburger et al. [19]

PIT 50 11 34 8
AITL IPI 56 25 34 16 Federico et al. [18]

PIA 44 24 28 15
ALK+ ALCL IPI 90 33 80 25 Savage et al. [20]

ALK− ALCL 74 13 62 13

ENKL, nasal IPI 57 0 53 0 Au et al. [21]
ENKL, extranasal 17 20 21 20
EATL a 20 4–17 Delabie et al. [22], Ellin et al. [3]b

HSTCL a 0–43 0–20 Vose et al. [5], Ellin et al. [3]b

SPTCL a 60 30–40 Vose et al. [5], Ellin et al. [3]b

OS overall survival, FFS, failure-free survival. See text for disease and prognostic score abbreviations. “Low score” 
means score 0/1 for IPI, score 0 (group 1) for PIT, and score 0/1 for PIA. “High score” means score 4/5 for IPI, score 
3/4 (group 4) for PIT, and score ≥ 2 for PIA. Data are from the International Peripheral T-cell and Natural Killer/T-cell 
Lymphoma Study ([5] and related articles for specific subtypes) and mostly rely on anthracycline-treated patients dur-
ing induction. Data from the Swedish Lymphoma Registry [3] integrate prognostic figures for rarer entities
aIPI (or any other prognostic score) not relevant for prognostic stratification of patients
bData in this publication refer to progression-free rather than failure-free survival
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[19], however without any significant survival 
advantage for those receiving anthracyclines if 
compared to patients treated with anthracycline-
free schedules [5]. On the other, different data 
sets provide the evidence that anthracycline-con-
taining regimens are associated with improved 
OS and PFS in all patients affected by PTCL, 
particularly in those with both AITL and PTCL-
NOS subtypes, and that the benefit is reinforced 
by first-line consolidation with autoSCT, as dis-
cussed below [26]. A 30-month improvement in 
median OS was observed in PTCL patients 
treated with anthracyclines over those who were 
not, which was the consequence of a 13% 
increase in 2-year PFS documented in anthracy-
cline-treated patients.

Much more disappointing results have been 
achieved in patients affected by extranodal dis-
ease subtypes, like EATL [22], HSTCL, SPTCL, 
and ENKL [21], which nowadays still represent a 
clearly unmet medical need [9]: alternative treat-
ment strategies are urgently required.

More intensive chemotherapy regimens have 
not proven to be more effective than CHOP: the 
only phase III randomized study in which an 
induction schedule including etoposide, ifos-
famide, cisplatin, alternating with doxorubicin, 
bleomycin, vinblastine, and dacarbazine (VIP-
rABVD) was tested against CHOP (given every 
21 days) did not show any superiority of the for-
mer regimen in terms of event-free survival 
(EFS), thus confirming CHOP as the reference 
standard for PTCL patients [27]. There is some 
evidence that the addition of etoposide to CHOP 
can be more effective than CHOP alone, at least 
in PTCL-NOS and ALCL patients: the CHOEP 
regimen, given either every 14 or 21  days, 
improved response and EFS rates in young 
patients with normal LDH levels (3-year EFS 
was 70.5% after CHOEP and 51.0% after CHOP, 
P = 0.004), although 3-year OS did not signifi-
cantly differ between the two groups [28]. 
Attempts to improve outcomes in younger 
patients by escalating doses of any of the drugs 
included in CHOEP have failed. In addition, 
CHOEP failed to enhance clinical outcomes in 
patients older than 60  years, for whom CHOP 
should remain the standard first-line approach.

12.5.2  Frontline Consolidation 
with Autologous 
Transplantation

Patients responding to first-line treatment gener-
ally display a short duration of remission and a 
high risk of relapse: for this reason, a frontline 
consolidation with autoSCT has been considered 
a valid therapeutic opportunity for patients 
achieving at least a partial response (PR) to 
induction, in particular for those with intermedi-
ate to high IPI score and with histologies other 
than ALK+ ALCL. However, no randomized tri-
als have specifically clarified whether up-front 
autoSCT should be regarded superior to conven-
tional chemotherapy [23].

Two prospective Italian phase II studies, 
involving 62 patients with advanced stage PTCL, 
demonstrated a high CR rate (89%) after front-
line autoSCT, with a 12-year OS and disease-free 
survival (DFS) of 34% and 55%, respectively 
[29]. A Spanish study enrolling 41 PTCL treated 
up-front with intensified CHOP alternated with 
an etoposide, cisplatin, cytarabine, and predni-
sone (ESHAP) regimen documented that 51% of 
the 24 transplanted patients were in CR after 
autoSCT, with 4-year OS and PFS of 39% and 
30%, respectively, for the intention-to-treat popu-
lation [30]. These more disappointing results 
may be due to the fact that this study excluded 
ALK+ ALCL patients, whereas the former Italian 
studies did not.

Reimer et al. reported the results of a prospec-
tive multicenter trial in which 83 patients were 
treated with 6–8 CHOP cycles followed by mobi-
lizing chemotherapy and total body irradiation + 
cyclophosphamide myeloablative conditioning, 
with the rescue of autologous stem cells: 55 
patients were transplanted, with an intention-to-
treat CR rate of 58% and an estimated 3-year OS 
of 48%, which increased to 71% if the only 
cohort of transplanted patient was considered 
[31]. ALK+ ALCL patients were again excluded 
from the study. Recently published results regard-
ing an extension and update of this trial (involv-
ing 111 patients, 68% of whom received 
autoSCT) confirmed a 59% of CR after myeloab-
lative conditioning, with 5-year OS, DFS, and 
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PFS rates of 44%, 54%, and 39%, respectively, 
for the entire patient population [32].

The Nordic Lymphoma Group applied a 
CHOEP induction strategy (given every 
14 days), although omitting etoposide in patients 
over 60  years, in 160 PTCL patients (again 
excluding ALK+ ALCL). The fifth or sixth cycle 
was used as a mobilizing therapy, while the up-
front autoSCT was conditioned by carmustine, 
etoposide, cytarabine, and melphalan (or high- 
dose cyclophosphamide). The reported CR rate 
was 51%; the 5-year OS and PFS were 51% and 
44% for the entire patient population, respec-
tively [33].

These trials indicate that autoSCT consolida-
tion is able to offer a chance of long- term survival 
in PTCL patients: nevertheless, it should be noted 
that a substantial proportion of patients (16–41%) 
had evidence of disease progression during 
induction or immediately before transplantation, 
thus precluding an effective consolidation in a 
relevant proportion of cases.

12.5.3  Management of Peculiar 
Disease Subtypes

If on the one hand the management of the most 
frequent nodal entities relies on a multiagent- 
based induction followed by autologous stem cell 
transplantation, if possible and indicated, some 
specific entities may be managed differently, 
based on their overall prognosis and on their ten-
dency to disseminate. The management of some 
peculiar disease subtypes is briefly discussed.

Low-risk ALK+ ALCL (IPI 0/1). Given the 
overall better prognosis of this disease entity, 
stem cell transplant is not often considered as 
part of initial therapy in this category of patients 
[25]. In particular, those with low IPI score (and 
more in general those whose IPI score is lower 
than 3, according to some authors, [11]) may take 
advantage of an anthracycline-containing induc-
tion (either CHOP or CHOEP, as discussed 
above), without the need of consolidation with 
autoSCT.  Of note, the most relevant trials of 
autoSCT in PTCL have excluded ALK+ ALCL 
patients; therefore no definitive conclusions may 

be drawn for this category of patients regarding 
the role of autoSCT.

ALK− breast implant-associated ALCL. 
Complete surgical excision, which consists of 
removal of the implant, total capsulectomy, and 
complete removal of any associated mass with 
negative margins upon pathological evaluation, is 
recommended in any patients presenting both 
with effusion and with tumor masses [34]. 
Systemic chemotherapy alone is regarded as an 
insufficient treatment strategy, unless applied 
after surgical resection: at least 30% of patients 
undergoing chemotherapy showed unsatisfactory 
responses or progressed in a recently published 
series of 87 patients with breast implant- 
associated ALCL, whereas only 4% of patients 
had recurrence or progression when treated by 
complete resection of the implant, tumor tissue, 
and fibrous capsule [34]. Better OS and PFS rates 
were described for patients undergoing complete 
surgical excision if compared to those who 
received chemotherapy, radiotherapy, or just a 
limited surgical approach (partial capsulectomy, 
implant removal or replacement, excisional 
biopsy of capsule or tumor mass). Multiagent 
chemotherapy is justified in patients with a tumor 
mass presentation at onset rather than with effu-
sion only, as they are thought to display a more 
aggressive clinical behavior, as well as in those 
whose disease disseminates to nearby and distant 
nodes; however, any systemic approach should 
be necessarily preceded by a radical surgical 
resection [35].

EATL. Patients with EATL display one of the 
poorest prognoses among all patients with PTCL, 
with a 5-year OS and progression-free survival 
(PFS) of only 20% and 4%, respectively, even in 
case of favorable IPI score. An initial surgical 
approach is rather common in EATL patients, as 
many of them show acute abdominal symptoms 
(bowel perforation, hemorrhage, obstruction) 
requiring prompt intervention. An intensified 
induction with ifosfamide, vincristine, etoposide, 
and methotrexate (IVE/MTX), followed by 
autologous stem cell transplantation, has demon-
strated better outcomes in terms of OS and PFS 
(60% and 52% at 5 years, respectively) if com-
pared with historical controls receiving standard 
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anthracycline-containing inductions [36]. 
Nevertheless, overall toxicity is not negligible, 
and most of patients are unable to tolerate this 
aggressive approach or fail to proceed to autoSCT 
consolidation because of poor performance status 
after surgery, rapid disease progression, or clini-
cal decay.

SPTCL. Radiation therapy (20–30 Gy), possi-
bly preceded by reductive surgery, should be rec-
ommended in patients with localized lesions. 
Multiple, noncontiguous lesions may be treated 
with pulse steroids (prednisone or equivalents), 
at the dose of 0.6–0.7  mg/kg/day  ×  10  days/
month [37]. Systemic chemotherapy with gem-
citabine or multiagent chemotherapy (CHOP, 
CHOP-like) is advisable in case of systemic dis-
semination or progressive disease [38].

ENKL, nasal type. Management strictly 
depends on stage at presentation and local versus 
distant disease spread. Patients with localized 
ENKL, which indicates a lymphoma that involves 
the nose and nasal sinuses, may benefit of exter-
nal radiation therapy (at a dose of at least 50 Gy), 
which is sometimes the only required treatment. 
In a recently published cooperative study from 
Japan [39], concurrent systemic chemotherapy 
has also been administered in nearly three- 
quarters of patients, with the dexamethasone, 
etoposide, ifosfamide, and carboplatin (DeVIC) 
regimen being the most widely used. Patients 
with primary disease localization other than nose 
and nasal sinuses rarely show localized disease 
and require systemic multiagent approaches. 
ENKL has proved to be particularly sensitive to 
L-asparaginase, which has been incorporated in 
several induction schemes, like SMILE (dexa-
methasone, methotrexate, ifosfamide, 
L-asparaginase, etoposide), which produced 
higher response rates (79% of ORR, with 45% of 
CR) if compared to standard anthracycline- 
containing inductions [40]. Toxicity is however 
severe, and this regimen should be applied with a 
careful supportive treatment. An asparaginase- 
containing regimen, the GELOX (gemcitabine, 
L-asparaginase, oxaliplatin), has also been 
applied with concomitant radiotherapy in  local-
ized stage ENKL, yielding an ORR of 96%, with 
at least 74% of patients achieving a CR [41].

12.6  Relapsed and Refractory 
PTCL

The survival outcome of patients with PTCL who 
experience relapse or progression following first- 
line treatment is generally very poor. British 
Columbia Cancer Agency (BCCA) analyzed 153 
patients with relapsed/refractory PTCL diag-
nosed between 1976 and 2010 and showed that 
the median PFS and OS after the first recurrence 
or disease progression were only 3.1 and 
5.5 months, respectively, without stem cell trans-
plant [42]. Among patients who relapsed, 91 
patients (59%) received systemic chemotherapy, 
and patients who received chemotherapy after 
progression/relapse did not have significantly 
improved survival compared to whom did not 
with a median PFS and OS of only 3.7 and 
6.5  months, respectively. Although the survival 
outcome was generally very poor, small amounts 
of patients survived relatively long period with-
out transplant with 3-year OS of 18%. In patients 
who responded to first-line therapy, normal LDH, 
good performance status, and one or less extrano-
dal involvement upon relapse were good prog-
nostic factors [42]. There was no significant 
difference in PFS and OS after first recurrence or 
disease progression by PTCL subtypes.

The MD Anderson Cancer Center has also 
assessed the survival outcome of patients with 
PTCL-NOS and AITL diagnosed between 1999 
and 2015 who experienced disease progression 
or relapse after first-line and subsequent therapy 
[43]. Within 321 patients who were newly diag-
nosed with PTCL-NOS (n  =  180) or AITL 
(n  =  141), 240 patients (135 PTCL-NOS, 105 
AITL) experienced progression/relapse with a 
median follow-up duration of 52  months. The 
median PFS and OS after first progression/
relapse for patients who did not proceed to stem 
cell transplantation were 4.0  months (95%CI, 
3.1–4.7  months) and 9.2  months (95%CI, 6.9–
11.8 months), respectively. With the subsequent 
relapses, PFS and OS became shorter and shorter, 
and PFS after second relapse were only 
2.5  months and 2.9  months in PTCL-NOS and 
AITL, respectively. Although with approvals of 
new drugs for relapsed/refractory PTCL such as 
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pralatrexate and romidepsin, there was no 
improvement in PFS and OS by the time of recur-
rence during this period (1999–2004, 2005–2009, 
and 2010–2015). Patients who underwent either 
autologous or allogeneic transplant had longer 
survival with 5-year OS rates after salvage autol-
ogous and allogeneic transplant of 32% and 52%, 
respectively; the 5-year OS rate for patients who 
did not undergo transplant was 10%.

The patients with ALCL who experienced dis-
ease progression or relapse after first-line were 
analyzed separately [44]. A total of 176 patients 
(74 ALK+ ALCL, 102 ALK− ALCL) diagnosed 
between 1999 and 2014 were retrospectively ana-
lyzed. With a median follow-up of 64  months, 
111 patients (38 ALK+ ALCL, 73 ALK− ALCL) 
experienced progression/relapse after the first-
line therapy. The median PFS following first pro-
gression/relapse in patients with ALK+ ALCL 
and ALK− ALCL were 5.2 and 3.0  months, 
respectively. The median OS following second-
line therapy in patients with ALK+ ALCL and 
ALK− ALCL were 47.3 and 10.8 months, respec-
tively. Interestingly, there were no significant dif-
ferences in PFS following second-line treatment 
between ALK+ ALCL and ALK− ALCL. Patients 
who experienced recurrent or refractory disease 
had a poor outcome, with less than 20% long-
term disease control rate; however, there seems to 
be an improvement by newer treatment strategies 
for relapsed/refractory disease.

12.7  Management of Relapsed 
and Refractory PTCL

12.7.1  Conventional Chemotherapy

Commonly used traditional salvage chemother-
apy regimens for relapsed/refractory PTCL are 
platinum-containing regimens, such as ifos-
famide, carboplatin, and etoposide (ICE); dexa-
methasone, high-dose Ara-C, and cisplatin 
(DHAP); and etoposide, methylprednisolone, 
high-dose Ara-C, and cisplatin (ESHAP), or 
gemcitabine-based regimens such as gem-
citabine, dexamethasone, and cisplatin (GDP) 
and gemcitabine, dexamethasone, and oxaliplatin 

(GemOx). There is no big randomized trial com-
paring conventional salvage chemotherapy at this 
point, and all abovementioned regimens are con-
sidered reasonable options (https://www.nccn.
org/professionals/physician_gls/pdf/t-cell.pdf).

The ORR with ICE ranges from 20 to 70% 
with 5-year PFS rate of 29% in PTCL from the 
largest study [45–47]. Hematologic toxicities are 
the main side effects with about 30% of patients 
who develop grade 3/4 thrombocytopenia. The 
ORR with DHAP and ESHAP were 55% and 
64%, respectively, in patients with different his-
tologies [48, 49]. DHAP in combination with 
alemtuzumab was evaluated in relapsed/refrac-
tory PTCL and showed remarkable response in 
PTCL-NOS, with an ORR of 86% and 43% CR, 
although with very small number of patients [50]. 
Modified ESHAP regimen, which includes car-
boplatin instead of cisplatin, showed an ORR of 
32% with 18% of CR in patients with relapsed/
refractory PTCL [51]. Hematologic toxicities 
and renal toxicities were the main side effects for 
both DHAP and ESHAP which were observed in 
30–50% and about 20% of cases, respectively.

GDP in relapsed/refractory lymphoma was 
first evaluated in a phase I study with 22 patients 
including 5 patients with PTCL [52]. Among five 
PTCL patients, one achieved a CR and one 
achieved a PR.  Recently, two studies evaluated 
GDP in patients with relapsed/refractory 
PTCL. In one study, 25 patients were evaluated 
for response, and the ORR was 72% with 48% of 
CR [53]. The median PFS was 9.3 months. GDP 
was generally well tolerated, with grade 3/4 neu-
tropenia and thrombocytopenia observed in 16% 
and 13% of cycles, respectively. The other study 
included 25 patients with relapsed/refractory 
PTCL-NOS, and the ORR was 64% with 20% of 
CR [54]. The median PFS was 5.4 months, but 
patients who responded to GDP had median 
duration of response of 10.3 months. GemOx was 
evaluated in 24 elderly (age ≥ 60) patients with 
relapsed/refractory PTCL [55]. The ORR was 
38% with 8% of CR after three cycles of GemOx. 
The median PFS was 10 months. Grade 3/4 neu-
tropenia and thrombocytopenia were observed in 
51% and 33% of all delivered courses, 
respectively.
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As described, survival outcome of patients 
with relapsed/refractory PTCL is usually dismal 
if stem cell transplant is not an option. Thus, 
these combination salvage chemotherapies are 
commonly offered for patients who are to 
undergo stem cell transplant after such salvage 
therapy considering higher toxicities. For those 
who are not transplant candidates, single-agent 
chemotherapy such as gemcitabine or other novel 
therapeutic options can be good options.

Phase II studies have evaluated single-agent 
gemcitabine in T-cell lymphoma, including 
mycosis fungoides [56–58]. Gemcitabine, given 
at the dose of 1200 mg/m2, was administered on 
days 1, 8, and 15 of a 28-day schedule for 
3–6  cycles. In the largest trial evaluating 20 
patients with relapsed/refractory PTCL-NOS, 
ORR was 55% with 30% of CR [58]. Treatment 
was fairly well tolerated with no grade 3/4 hema-
tologic toxicities observed.

12.7.2  New Approaches

Since 2009, the US Food and Drug Administration 
(FDA) approved four drugs with novel mecha-
nisms of action for the treatment of patients with 
recurrent PTCL, including pralatrexate in 2009, 
brentuximab vedotin (BV) for anaplastic large 
cell lymphoma in 2011, romidepsin in 2011, and 
belinostat in 2014.

Pralatrexate, the first drug approved for 
patients with relapsed/refractory PTCL, is an 
inhibitor of dihydrofolate reductase, showing 
more than tenfold higher cytotoxic effect than 
methotrexate. A pivotal phase II study (PROPEL 
trial) enrolled 115 patients with relapsed/refrac-
tory PTCL. Pralatrexate was given intravenously 
at 30  mg/m2/week for 6  weeks followed by 
1 week rest (7-week cycles). The ORR was 29% 
with CR rate of 11%, and 63% of response were 
observed during first cycle [59]. Of note, 25% of 
patients who were refractory to prior treatment 
responded to pralatrexate. When response rates 
were analyzed based on histology, the ORR of 
patients with PTCL-NOS (n = 59), AITL (n = 13), 
and ALCL (n  =  17) were 31%, 8%, and 29%, 

respectively, showing a very low response rate to 
AITL.  The median PFS was 3.5  months in all 
patients and 10.1 months in responding patients. 
Severe mucositis (grade 3/4 in 22%) often led to 
dose delays or interruption. Grade 3/4 thrombo-
cytopenia was observed in 33% of patients.

Histone deacetylase (HDAC) inhibitors are 
epigenetic modulating agents that keep histones 
acetylated, leading to differentiation and/or apop-
tosis in transformed cells. Studies have shown 
that epigenetic regulation plays an important role 
in the pathogenesis of PTCL [60], and epigenetic 
therapies using HDAC inhibitors have shown 
activity in PTCL. There are two FDA-approved 
HDAC inhibitors for relapsed/refractory PTCL 
which are romidepsin and belinostat.

Romidepsin was approved for the treatment of 
cutaneous T-cell lymphoma in 2009 and for the 
treatment of relapsed/refractory PTCL in 2011, 
supported by two phase II trials. The first trial 
enrolled 47 patients with relapsed/refractory 
PTCL, and romidepsin was administered intrave-
nously on days 1, 8, and 15 of a 28-day cycle 
with a starting dose of 14  mg/m2 [61]. Median 
number of cycles given was 3 (range, 1–57). The 
ORR was 38% with CR rate of 18%. Responses 
were seen even after prior stem cell transplant, 
and the median duration of response was 
8.9 month. Next larger phase II study (n = 130) in 
relapsed/refractory PTCL showed ORR of 25% 
with CR rate of 15% [62]. Even in patients who 
were refractory to prior treatment, CR was seen 
in 18% of patients. There was no significant dif-
ference in response by histologic subtypes. The 
median PFS was 4 months; however, it should be 
noted that responses were frequently durable and 
the median duration of response was 28 months 
[63]. Hematologic toxicities were the most com-
mon adverse events, with grade 3/4 thrombocyto-
penia and neutropenia observed in 24 and 20%, 
respectively. Several clinical trials are ongoing to 
evaluate romidepsin combination regimens with 
chemotherapy or new drugs. A phase I study of 
romidepsin in combination with ICE was started 
at the MD Anderson Cancer Center, and prelimi-
nary results were reported [64]. Within the 14 
patients available for the response evaluation at 
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the time of analysis, the ORR was 78% with a CR 
rate of 64%. However, this treatment was also 
associated with higher rate of hematologic toxici-
ties, and grade 3/4 thrombocytopenia, grade 3/4 
neutropenia, and grade 3 anemia occurred in 
95%, 84%, and 73% of the cycles, respectively.

Belinostat was the second FDA-approved 
HDAC inhibitor for treatment of relapsed/refrac-
tory PTCL, based on the result of a phase II study 
(BELIEF trial) [65]. Belinostat 1000 mg/m2 was 
administered intravenously on days 1–5 every 
21 days. The study enrolled patients with PTCL 
after a failure of one or more prior systemic ther-
apies. Among the 129 patients enrolled, the ORR 
was 26% with a CR rate of 10%. The median PFS 
was only 1.6 months; however the median dura-
tion of response was 13.6 months, and the median 
duration of response was not reached in patients 
who achieved a CR.  Compared to romidepsin, 
belinostat had less hematologic toxicities, with 
grade 3/4 thrombocytopenia and neutropenia 
observed in 7% and 6% of cases, respectively.

BV is an intravenously administered 
antibody- drug conjugate that consists of the 
CD30-specific monoclonal antibody conjugated 
with monomethyl auristatin E by a linker pep-
tide. Binding of the antibody-drug conjugate to 
CD30 on the cell surface causes internalization 
of the drug by endocytosis. The drug subse-
quently travels to the lysosome, causing cell 
cycle arrest and apoptotic death. BV was studied 
for the treatment of relapsed/refractory systemic 
ALCL.  In a pivotal phase II study in patients 
with relapsed/refractory systemic ALCL, BV 
1.8 mg/kg was administered intravenously every 
3 weeks [66]. The ORR was 86% with a CR rate 
of 57%, and median time to response was 
5.9  weeks. Grade ≥  3 adverse events included 
neutropenia (21%), thrombocytopenia (14%), 
peripheral sensory neuropathy (12%), and ane-
mia (7%). Long-term follow-up data were pre-
sented in December 2016 and showed durable 
remission in majority of patients [67]. With a 
median follow-up of 71.4 months, the 5-year OS 
and PFS for all the enrolled patients were 60% 
and 39%, respectively. Median duration of 
response in patients who achieved a CR was not 

reached, and 16 patients (8 of them received con-
solidation transplant) remained in remission 
without starting any new therapy. In a retrospec-
tive study from the MD Anderson Cancer Center 
[44], patients who received BV at some point 
during treatment after first-line therapy had sig-
nificantly longer OS than those who did not 
(median OS after first progression or relapse: 
49.9 vs. 9.6 months). In patients with ALCL who 
had previously responded to BV and experienced 
a recurrence after discontinuation of this therapy, 
retreatment with BV was very frequently effec-
tive [68]. In the reported study, response was 
observed in seven of eight patients (88%) with a 
CR in five patients (63%) by retreatment. Median 
duration of response was 12.3  months (range, 
6.6–28.0+ months). BV has also been evaluated 
as a bridging agent to allogeneic transplantation 
in 24 patients with CD30+ lymphoma refractory 
to at least two lines of chemotherapy or to 
autoSCT [69]. In this study, among the five 
enrolled patients with ALCL, three achieved a 
CR after four doses of BV and two of them had 
undergone allogeneic stem cell transplantation 
(alloSCT). BV is a very effective treatment for 
relapsed/refractory ALCL; however, once dis-
ease progresses on BV, the reported median OS 
after BV failure was only 3 months with a 2-year 
OS of 30% [70], indicating a high unmet need 
for new treatment strategies for patients with BV 
refractory ALCL disease.

Based on this high efficacy, BV was evaluated 
in first-line treatment in patients with CD30- 
positive PTCL [71]. The phase I study of BV 
(sequential or in combination) in combination of 
CHOP or CHP (CHOP without vincristine) 
showed very promising results with manageable 
toxicities. Of note, the ORR was 100% with CR 
rate of 84% in 19 patients with ALCL who 
received BV plus CHP as combination therapy. 
Long-term follow-up data with a median follow-
up of 52 months showed high durable remission, 
with 4-year PFS and OS rates of 52% and 80%, 
respectively [72]. Given these very promising 
results, a phase III study comparing BV plus 
CHP vs. CHOP for first-line treatment in patients 
with CD30-positive PTCL (ECHELON-2) is 
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ongoing and has completed enrolment, awaiting 
for final results (NCT 01777152, [73]).

BV was also investigated in a rather small 
number of patients with other PTCL expressing 
CD30 [74]. In PTCL-NOS, the ORR was 33% 
with a CR rate of 14%, and median PFS was 
7.6 months. The ORR in AITL patients was 54% 
with a CR rate of 38%, and median PFS was 
5.5 months. Interestingly, there was no correla-
tion between immunohistochemical CD30 
expression and clinical response.

Several other agents are also evaluated in 
patients with relapsed refractory PTCL. Benda-
mustine is nitrogen mustard, consisting of chlo-
roethylamine, an alkylating group, attached to a 
benzimidazole ring, a purine analog. In a phase II 
study (BENTLY trial) of 60 patients with relapsed 
PTCL or cutaneous T-cell lymphoma, bendamus-
tine at the dose of 120 mg/m2 was administered 
on days 1 through 2 every 3 weeks for six cycles. 
Although 33% of patients could not receive more 
than 3 cycles mainly due to disease progression, 
the ORR was 50% with a CR rate of 28% [75]. 
Median PFS was 3.6 months. The median dura-
tion of response was 3.5  months, with 30% of 
responses lasting greater than 6  months. Grade 
3/4 neutropenia and thrombocytopenia were seen 
in 30% and 24% of patients, respectively.

Lenalidomide is an immunomodulatory drug 
and showed activity to relapsed/refractory PTCL 
[76–78]. Lenalidomide, at the dose of 25 mg, was 
given on days 1–21 of each 28-days  cycle. A 
phase II study evaluating lenalidomide mono-
therapy to PTCL enrolled 29 patients with 
relapsed/refractory disease: the ORR was 29% 
with median duration of response of 5  months 
[77]. Another phase II study focusing on patients 
with PTCL-NOS showed an ORR of 30% [78]. 
In a multicenter phase II trial with 54 patients 
conducted in France, the ORR was 22% with CR 
rate of 11% [76]. Nonsignificant slightly higher 
response was seen in patients with AITL with the 
ORR of 31%. The median PFS and the median 
duration of response were 2.5 and 3.6  months, 
respectively. The most common side effects were 
hematologic toxicities, with grade 3/4 thrombo-
cytopenia and neutropenia observed in 20% and 
15% of patients, respectively.

Mogamulizumab is a defucosylated anti-CC 
chemokine receptor 4 (CCR4) antibody which 
was initially developed for the treatment of adult 
T-cell leukemia/lymphoma (ATLL). In a phase II 
study of 28 patients with relapsed CCR4+ ATLL, 
single-agent mogamulizumab showed an ORR of 
50% with a CR rate of 31%. Median PFS was 
5.2 months [79]. Since CCR4 is also expressed in 
various proportions of PTCL, mogamulizumab 
was evaluated in patient with CCR4+ relapsed 
PTCL or cutaneous T-cell lymphoma: among the 
38 patient treated, the ORR was 35% with a CR 
rate of 14%. Median PFS in responders was 
5.5 months [80].

Alisertib is an Aurora A kinase inhibitor, 
which functions as a serine/threonine kinase 
regulating G2-M transition and centrosome sep-
aration during mitosis. Alisertib showed prom-
ising response in PTCL in a phase II study 
including aggressive lymphoma. In this trial, 
patients received alisertib 50 mg twice daily for 
7  days every 21  days. Within 48 patients with 
relapsed/refractory non-Hodgkin lymphoma 
treated with alisertib in this trial, 8 had PTCL, 
and the ORR was 50% [81]. The treatment was 
associated with substantial hematologic toxici-
ties with grade 3/4 neutropenia and thrombocy-
topenia seen in 63% and 33% of patients, 
respectively. In another phase II trial focused on 
PTCL and mycosis fungoides which enrolled 37 
patients, alisertib showed an ORR of 33% in 
PTCL [82]. Based on these promising results, a 
phase III multicentre trial (LUMIERE trial) was 
conducted comparing alisertib to investigator’s 
choice single-agent drug (pralatrexate, gem-
citabine, or romidepsin) in relapsed/refractory 
PTCL. Overall, 238 pts were randomized across 
27 countries (120 received alisertib, 118 com-
parator). ORR with alisertib versus comparator 
was 33% versus 43%, including 16% versus 
25% CR, with no significant differences between 
the two arms. With a median follow-up of 
around 9 months, median PFS was 3.7 months 
and 3.4  months in alisertib and comparator, 
respectively, and again without significant dif-
ference [83]. Based on these results, the trial 
was discontinued, however, still waiting for 
final results.
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12.7.3  New Combinations

The response rate in relapsed/refractory setting is 
not satisfactory except for BV for ALCL, and 
thus currently many clinical trials are evaluating 
novel combinations to improve outcomes. 
Romidepsin in combination with alisertib was 
evaluated in phase I trial, and one in three patients 
with PTCL enrolled in the study achieved a CR 
(NCT01897012) [84]. Romidepsin in combina-
tion with pralatrexate showed remarkable 
response rates in relapsed/refractory PTCL in 
phase I study (NCT01947140) [85]. The ORR 
was 77% (10/13 patients) with a CR rate of 31%, 
and the median duration of response was 
6.6 months. Romidepsin with lenalidomide was 
also evaluated in phase I/II trial, and it showed 
50% response (5/10 patients) in PTCL 
(NCT01755975) [86]. These are early phase 
studies with premature data and further investiga-
tions are warranted.

12.8  Hematopoietic Stem Cell 
Transplant for Relapsed 
and Refractory Disease

The benefit of autoSCT in patients with relapsed/
refractory disease was initially reported rather 
disappointing, with 5-year PFS after autoSCT 
being 10–30% [87–90]: therefore, it has been 
relatively discouraged to consider autoSCT in 
relapsed/refractory patients. However, more 
recent data suggest that there is no significant dif-
ference in survival outcome (at least in short 
term) by autoSCT and alloSCT [43]. In a retro-
spective analysis from the MD Anderson Cancer 
Center, 76 patients with PTCL underwent 
autoSCT (n = 41) or alloSCT (n = 35) in relapsed/
refractory disease [87]. The 4-year OS rates were 
50% and 36% for autoSCT and alloSCT patients 
with chemosensitive disease, respectively, and 
there was no statistical difference. Response prior 
to SCT is a significant factor to predict survival 
outcome [87, 91], and thus patients who achieve 
a CR to salvage chemotherapy would be good 
candidate for autoSCT consolidation, particu-
larly if there is no option for alloSCT. While the 

most commonly used high-dose regimen is the 
combination of carmustine, etoposide, cytara-
bine, and melphalan (BEAM), alternative condi-
tioning regimens may improve outcomes. 
Currently, a phase II trial to evaluate romidepsin 
maintenance therapy after autoSCT is ongoing 
(NCT01908777).

AlloSCT has shown significant graft-versus- 
lymphoma effect including response to donor 
lymphocyte infusion, and thus it may provide 
effective disease control in relapsed/refractory 
PTCL [92–97]. The French group has reported 
the outcome of 77 patients who received alloSCT: 
the 5-year transplant-related mortality (TRM) 
was 33%, and the 5-year OS and PFS were 57% 
and 53%, respectively [96]. In this study, the 
majority of patients received myeloablative con-
ditioning regimen, and relatively high TRM was 
a concern. Recently, reduced-intensity condition-
ing regimen (RIC) is becoming a more standard 
approach. A phase II study of RIC with alloSCT 
in 17 patients with relapsed/refractory PTCL 
showed 3-year OS and PFS rates of 81% and 
64%, respectively, with low TRM (6% in 2 years) 
[92]. The Fred Hutchinson Cancer Center has 
reported on 17 patients with relapsed/refractory 
PTCL who underwent RIC alloSCT [97]. The 
3-year OS and PFS were 59% and 53%, respec-
tively, with a 3-year TRM of 19%. In a Japanese 
study, 354 patients (PTCL-NOS, n = 200; AITL, 
n  =  77; ALCL, n  =  77) who received alloSCT 
were retrospectively analyzed [98]. The 3-year 
TRM rates and the 3-year OS rates in younger 
patients (16–49 years of age) who received mye-
loablative regimen were 22% and 43%, and those 
who received reduced- intensity conditioning reg-
imen (RIC) were 14% and 56%, respectively, 
suggesting that RIC is a good option even for 
younger patients.

12.9  Conclusion

PTCL are a group of biologically and clinically 
heterogeneous disease, and their classification is 
still evolving. First-line anthracycline-containing 
regimens, mainly CHOP or CHOEP, are at pres-
ent the accepted and most widely applied 
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standard of care, although the best first-line 
approach is yet to be defined. AutoSCT is 
regarded as part of the first-line approach, to be 
performed after induction in transplant-eligible 
patients. Nevertheless, only a minority of patients 
could receive transplantation at the right time, 
mainly because of disease progression during 
treatment or refractoriness to induction.

Several new drugs are active in relapsed and 
refractory patients: these drugs are able to induce 
high OR rates and CR rates, although response 
durations are limited over time, thus without a 
significant impact on survival rates. Whether 
these drugs can be safely and efficiently com-
bined with CHOP or CHOEP in newer first-line 
regimens to improve the efficacy of standard 
induction regimens is under investigation.

Allogeneic transplantation in patients achiev-
ing a remission after salvage treatment may at 
present offer the possibility of long-term disease 
control or even a cure, due to a well- acknowledged 
graft-versus-lymphoma effect.

References

 1. Adams SV, Newcomb PA, Shustov AR. Racial patterns 
of peripheral T-cell lymphoma incidence and survival 
in the United States. J Clin Oncol. 2016;34:963–71.

 2. Chihara D, Ito H, Matsuda T, Shibata A, Katsumi 
A, Nakamura S, et  al. Differences in incidence and 
trends of haematological malignancies in Japan and 
the United States. Br J Haematol. 2014a;164:536–45.

 3. Ellin F, Landström J, Jerkeman M, Relander T. Real- 
world data on prognostic factors and treatment in 
peripheral T-cell lymphomas: a study from the Swedish 
Lymphoma Registry. Blood. 2014;124:1570–7.

 4. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein 
H, Siebert R, et  al. The 2016 revision of the World 
Health Organization classification of lymphoid neo-
plasms. Blood. 2016;127:2375–90.

 5. Vose J, Armitage J, Weisenburger D.  International 
T-Cell Lymphoma Project. International peripheral 
T-cell and natural killer/T-cell lymphoma study: 
pathology findings and clinical outcomes. J Clin 
Oncol. 2008;26:4124–30.

 6. Iqbal J, Wright G, Wang C, Rosenwald A, Gascoyne 
RD, Weisenburger DD, et  al. Gene expression sig-
natures delineate biological and prognostic sub-
groups in peripheral T-cell lymphoma. Blood. 
2014;123:2915–23.

 7. Broccoli A, Zinzani PL. Peripheral T-cell lymphoma, 
not otherwise specified. Blood. 2017a;129:1103–12.

 8. Thompson PA, Lade S, Webster H, Ryan G, Prince 
HM.  Effusion-associated anaplastic large cell lym-
phoma of the breast: time for it to be defined as a 
distinct clinico-pathological entity. Haematologica. 
2010;95:1977–9.

 9. Ansell S.  How to select the frontline treatment for 
a patient with peripheral T-cell lymphoma. Leuk 
Lymphoma. 2016;57:783–8.

 10. Broccoli A, Zinzani PL.  Angioimmunoblastic 
T-cell lymphoma. Hematol Oncol Clin North Am. 
2017b;31:223–38.

 11. Corradini P, Marchetti M, Barosi G, Billio A, 
Gallamini A, Pileri S, et al. SIE-SIES-GITMO guide-
lines for the management of adult peripheral T- and 
NK-cell lymphomas, excluding mature T-cell leukae-
mias. Ann Oncol. 2014;25:2339–50.

 12. d’Amore F, Gaulard P, Trümper L, Corradini P, Kim 
WS, Specht L, et  al. Peripheral T-cell lymphomas: 
ESMO clinical practice guidelines for diagnosis, 
treatment and follow-up. Ann Oncol. 2015;26(Suppl. 
5):v108–15.

 13. Casulo C, Schöder H, Feeney J, Lim R, Maragulia 
J, Zelenetz AD, et  al. 18F-fluorodeoxyglucose 
positron emission tomography in the staging and 
prognosis of T cell lymphoma. Leuk Lymphoma. 
2013;54:2163–7.

 14. Tomita N, Hattori Y, Fujisawa S, Hashimoto 
C, Taguchi J, Takasaki H, et  al. Post-therapy 
18F-fluorodeoxyglucose positron emission tomogra-
phy for predicting outcome in patients with peripheral 
T cell lymphoma. Ann Hematol. 2015;94:431–6.

 15. Gallamini A, Stelitano C, Calvi R, Bellei M, Mattei 
D, Vitolo U, et  al. Peripheral T-cell lymphoma 
unspecified (PTCL-U): a new prognostic model from 
a retrospective multicentric clinical study. Blood. 
2004;103:2474–9.

 16. Went P, Agostinelli C, Gallamini A, Piccaluga 
PP, Ascani S, Sabattini E, et  al. Marker expres-
sion in peripheral T-cell lymphoma: a proposed 
clinical- pathologic prognostic score. J Clin Oncol. 
2006;24:2472–9.

 17. Vose JM.  International peripheral T-cell lymphoma 
(PTCL) clinical and pathologic review project: poor 
outcome by prognostic indices and lack of efficacy 
with anthracyclines. Blood. 2005;106:811.

 18. Federico M, Rudiger T, Bellei M, Nathwani BN, 
Luminari S, Coiffier B, et al. Clinicopathologic char-
acteristics of angioimmunoblastic T-cell lymphoma: 
analysis of the International Peripheral T-cell lym-
phoma project. J Clin Oncol. 2012;31:240–6.

 19. Weisenburger DD, Savage KJ, Harris NL, Gascoyne 
RD, Jaffe ES, MacLennan KA, et  al. Peripheral 
T-cell lymphoma, not otherwise specified: a report 
of 340 cases from the International Peripheral T-cell 
Lymphoma Project. Blood. 2011;117:3402–8.

 20. Savage KJ, Harris NL, Vose JM, Ullrich F, Jaffe ES, 
Connors JM, et  al. ALK- anaplastic large-cell lym-
phoma is clinically and immunophenotypically dif-
ferent from both ALK+ ALCL and peripheral T-cell 
lymphoma, not otherwise specified: report from the 

A. Broccoli et al.



241

International Peripheral T-Cell Lymphoma Project. 
Blood. 2008;111:5496–504.

 21. Au WY, Weisenburger DD, Intraqumtornchai T, 
Nakamura S, Kim WS, Sng I, et  al. Clinical differ-
ences between nasal and extranasal natural killer/T-
cell lymphoma: a study of 136 cases from the 
International Peripheral T-Cell Lymphoma Project. 
Blood. 2009;113:3931–7.

 22. Delabie J, Holte H, Vose JM, Ullrich F, Jaffe ES, 
Savage KJ, et al. Enteropathy-associated T-cell lym-
phoma: clinical and histological findings from the 
international peripheral T-cell lymphoma project. 
Blood. 2011;118:148–55.

 23. Abramson JS, Feldman T, Kroll-Desrosiers AR, 
Muffly LS, Winer E, Flowers CR, et  al. Peripheral 
T-cell lymphomas in a large US multicentre cohort: 
prognostication in the modern era including impact of 
frontline therapy. Ann Oncol. 2014;25:2211–7.

 24. Savage KJ, Chhanabhai M, Gascoyne RD, Connors 
JM. Characterization of peripheral T-cell lymphomas 
in a single North American institution by the WHO 
classification. Ann Oncol. 2004;15:1467–75.

 25. Chihara D, Fanale MA.  Management of anaplastic 
large cell lymphoma. Hematol Oncol Clin North Am. 
2017;31:209–22.

 26. Briski R, Feldman AL, Bailey NG, Lim MS, Ristow 
K, Habermann TM, et  al. The role of front-line 
anthracycline-containing chemotherapy regimens 
in peripheral T-cell lymphomas. Blood Cancer J. 
2014;4:e214.

 27. Simon A, Peoch M, Casassus P, Deconinck E, Colombat 
P, Desablens B, et al. Upfront VIP-reinforced-ABVD 
(VIP-rABVD) is not superior to CHOP/21  in newly 
diagnosed peripheral T cell lymphoma. Results of the 
randomized phase III trial GOELAMS-LTP95. Br J 
Haematol. 2010;151:159–66.

 28. Schmitz N, Trümper L, Ziepert M, Nickelsen M, Ho 
AD, Metzner B, et  al. Treatment and prognosis of 
mature T-cell and NK-cell lymphoma: an analysis of 
patients with T-cell lymphoma treated in studies of the 
German High-Grade Non-Hodgkin Lymphoma Study 
Group. Blood. 2010;116:3418–25.

 29. Corradini P, Tarella C, Zallio F, Dodero A, Zanni M, 
Valagussa P, et  al. Long-term follow-up of patients 
with peripheral T-cell lymphomas treated up-front 
with high-dose chemotherapy followed by autologous 
stem cell transplantation. Leukemia. 2006;20:1533–8.

 30. Mercadal S, Briones J, Xicoy B, et al. Intensive che-
motherapy (high-dose CHOP/ESHAP regimen) fol-
lowed by autologous stem-cell transplantation in 
previously untreated patients with peripheral T-cell 
lymphoma. Ann Oncol. 2008;19(5):958–63.

 31. Reimer P, Rüdiger T, Geissinger E, Weissinger F, Nerl 
C, Schmitz N, et al. Autologous stem-cell transplanta-
tion as first-line therapy in peripheral T-cell lympho-
mas: results of a prospective multicentre study. J Clin 
Oncol. 2009;27:106–13.

 32. Wilhelm M, Smetak M, Reimer P, Geissinger E, 
Ruediger T, Metzner B, et  al. First-line therapy of 
peripheral T-cell lymphoma: extension and long- 

term follow-up of a study investigating the role of 
autologous stem cell transplantation. Blood Cancer J. 
2016;6:e452.

 33. d’Amore F, Relander T, Lauritzsen GF, Jantunen E, 
Hagberg H, Anderson H, et  al. Up-front autologous 
stem-cell transplantation in peripheral T-cell lym-
phoma: NLG-T-01. J Clin Oncol. 2012;30:3093–9.

 34. Clemens MW, Medeiros J, Butler CE, Hunt KK, 
Fanale MA, Horwitz S, et al. Complete surgical exci-
sion is essential for the management of patients with 
breast implant-associated anaplastic large-cell lym-
phoma. J Clin Oncol. 2016;34:160–8.

 35. Miranda RN, Aladily TN, Prince HM, Kanagal- 
Shamanna R, de Jong D, Fayad LE, et  al. Breast 
implant-associated anaplastic large-cell lymphoma: 
long-term follow-up of 60 patients. J Clin Oncol. 
2014;32:114–20.

 36. Sieniawski M, Angamuthu N, Boyd K, Chasty R, 
Davies J, Forsyth P, et al. Evaluation of enteropathy- 
associated T-cell lymphoma comparing standard ther-
apies with a novel regimen including autologous stem 
cell transplantation. Blood. 2010;115:3664–70.

 37. Jang MS, Baek JW, Kang DY, Kang JS, Suh KS, Kim 
ST. Subcutaneous panniculitis-like T-cell lymphoma: 
successful treatment with systemic steroid alone. J 
Dermatol. 2012;39:96–9.

 38. Willemze R, Jansen PM, Cerroni L, Berti E, 
Santucci M, Assaf C, et  al. Subcutaneous pannic-
ulitis-like T-cell lymphoma: definition, classifica-
tion, and prognostic factors: an EORTC Cutaneous 
Lymphoma Group Study of 83 cases. Blood. 
2008;111:838–45.

 39. Yamaguchi M, Suzuki R, Oguchi M, Asano M, Amaki 
J, Akiba T, et al. Treatments and outcomes of patients 
with extranodal natural killer/T-cell lymphoma diag-
nosed between 2000 and 2013: a cooperative study in 
Japan. J Clin Oncol. 2017;35:32–9.

 40. Yamaguchi M, Kwong YL, Kim WS, Maeda Y, 
Hashimoto C, Suh C, et al. Phase II study of SMILE 
chemotherapy for newly diagnosed stage IV, relapsed, 
or refractory extranodal natural killer (NK)/T-cell 
lymphoma, nasal type: the NK-cell tumor study group 
study. J Clin Oncol. 2011;29:4410–6.

 41. Wang L, Wang Z, Chen X, Li YJ, Wang KF, Xia YF, 
et  al. First-line combination of gemcitabine, oxali-
platin, and L-asparaginase (GELOX) followed by 
involved-field radiation therapy for patients with stage 
IE/IIE extranodal natural killer/T-cell lymphoma. 
Cancer. 2013;119:348–55.

 42. Mak V, Hamm J, Chhanabhai M, Shenkier T, Klasa 
R, Sehn LH, et al. Survival of patients with peripheral 
T-cell lymphoma after first relapse or progression: 
spectrum of disease and rare long-term survivors. J 
Clin Oncol. 2013;31:1970–6.

 43. Chihara D, Fanale MA, Miranda RN, Noorani M, 
Westin JR, Nastoupil LJ, et  al. The survival out-
come of patients with relapsed/refractory peripheral 
T-cell lymphoma-not otherwise specified and angio-
immunoblastic T-cell lymphoma. Br J Haematol. 
2017;176:750–8.

12 Standard of Care in T-Cell Lymphoma



242

 44. Chihara D, Fanale M, Noorani M, Westin JR, 
Nastoupil L, Hagemeister F, et  al. The survival 
outcome of the patients with relapsed/refrac-
tory anaplastic large-cell lymphoma. Blood. 
2015;126:2738.

 45. Mikesch JH, Kuhlmann M, Demant A, Krug U, 
Thoennissen GB, Schmidt E, et  al. DexaBEAM 
versus ICE salvage regimen prior to autologous 
transplantation for relapsed or refractory aggressive 
peripheral T cell lymphoma: a retrospective evalu-
ation of parallel patient cohorts of one center. Ann 
Hematol. 2013;92:1041–8.

 46. Moskowitz CH, Bertino JR, Glassman JR, Hedrick 
EE, Hunte S, Coady-Lyons N, et  al. Ifosfamide, 
carboplatin, and etoposide: a highly effective cyto-
reduction and peripheral-blood progenitor-cell 
mobilization regimen for transplant-eligible patients 
with non-Hodgkin’s lymphoma. J Clin Oncol. 
1999;17:3776–85.

 47. Zelenetz AD, Hamlin P, Kewalramani T, Yahalom 
J, Nimer S, Moskowitz CH.  Ifosfamide, carbopla-
tin, etoposide (ICE)-based second-line chemother-
apy for the management of relapsed and refractory 
aggressive non-Hodgkin’s lymphoma. Ann Oncol. 
2003;14(Suppl. 1):i5–i10.

 48. Velasquez WS, Cabanillas F, Salvador P, McLaughlin 
P, Fridrik M, Tucker S, et al. Effective salvage therapy 
for lymphoma with cisplatin in combination with 
high-dose Ara-C and dexamethasone (DHAP). Blood. 
1988;71:117–22.

 49. Velasquez WS, McLaughlin P, Tucker S, Hagemeister 
FB, Swan F, Rodriguez MA, et al. ESHAP—an effec-
tive chemotherapy regimen in refractory and relapsing 
lymphoma: a 4-year follow-up study. J Clin Oncol. 
1994;12:1169–76.

 50. Kim SJ, Kim K, Kim BS, Suh C, Huh J, Ko YH, et al. 
Alemtuzumab and DHAP (A-DHAP) is effective for 
relapsed peripheral T-cell lymphoma, unspecified: 
interim results of a phase II prospective study. Ann 
Oncol. 2009;20:390–2.

 51. Kogure Y, Yoshimi A, Ueda K, Nannya Y, Ichikawa 
M, Nakamura F, et al. Modified ESHAP regimen for 
relapsed/refractory T cell lymphoma: a retrospective 
analysis. Ann Hematol. 2015;94:989–94.

 52. Emmanouilides C, Colovos C, Pinter-Brown L, 
Hernandez L, Schiller G, Territo M, et al. Pilot study 
of fixed-infusion rate gemcitabine with cisplatin and 
dexamethasone in patients with relapsed or refractory 
lymphoma. Clin Lymphoma. 2004;5:45–9.

 53. Park BB, Kim WS, Suh C, Shin DY, Kim JA, Kim 
HG, et  al. Salvage chemotherapy of gemcitabine, 
dexamethasone, and cisplatin (GDP) for patients with 
relapsed or refractory peripheral T-cell lymphomas: 
a consortium for improving survival of lymphoma 
(CISL) trial. Ann Hematol. 2015;94:1845–51.

 54. Qi F, Dong M, He X, Li Y, Wang W, Liu P, et  al. 
Gemcitabine, dexamethasone, and cisplatin (GDP) 
as salvage chemotherapy for patients with relapsed or 
refractory peripheral T cell lymphoma-not otherwise 
specified. Ann Hematol. 2017;96:245–51.

 55. Yao YY, Tang Y, Zhu Q, Zhuang Y, Cheng YM, Wang 
L, et al. Gemcitabine, oxaliplatin and dexamethasone 
as salvage treatment for elderly patients with refrac-
tory and relapsed peripheral T-cell lymphoma. Leuk 
Lymphoma. 2013;54:1194–200.

 56. Sallah S, Wan JY, Nguyen NP. Treatment of refrac-
tory T-cell malignancies using gemcitabine. Br J 
Haematol. 2001;113:185–7.

 57. Zinzani PL, Magagnoli M, Bendandi M, Orcioni GF, 
Gherlinzoni F, Albertini P, et al. Therapy with gem-
citabine in pretreated peripheral T-cell lymphoma 
patients. Ann Oncol. 1998;9:1351–3.

 58. Zinzani PL, Venturini F, Stefoni V, Fina M, Pellegrini 
C, Derenzini E, et al. Gemcitabine as single agent in 
pretreated T-cell lymphoma patients: evaluation of the 
long-term outcome. Ann Oncol. 2010;21:860–3.

 59. O’Connor OA, Pro B, Pinter-Brown L, Bartlett N, 
Popplewell L, Coiffier B, et al. Pralatrexate in patients 
with relapsed or refractory peripheral T-cell lym-
phoma: results from the pivotal PROPEL study. J Clin 
Oncol. 2011;29:1182–9.

 60. Piekarz RL, Robey RW, Zhan Z, Kayastha G, Sayah 
A, Abdeldaim AH, et al. T-cell lymphoma as a model 
for the use of histone deacetylase inhibitors in cancer 
therapy: impact of depsipeptide on molecular mark-
ers, therapeutic targets, and mechanisms of resistance. 
Blood. 2004;103:4636–43.

 61. Piekarz RL, Frye R, Prince HM, Kirschbaum MH, 
Zain J, Allen SL, et  al. Phase 2 trial of romidepsin 
in patients with peripheral T-cell lymphoma. Blood. 
2011;117:5827–34.

 62. Coiffier B, Pro B, Prince HM, Foss F, Sokol L, 
Greenwood M, et  al. Results from a pivotal, open- 
label, phase II study of romidepsin in relapsed or 
refractory peripheral T-cell lymphoma after prior sys-
temic therapy. J Clin Oncol. 2012;30:631–6.

 63. Coiffier B, Pro B, Prince HM, Foss F, Sokol L, 
Greenwood M, et al. Romidepsin for the treatment of 
relapsed/refractory peripheral T-cell lymphoma: piv-
otal study update demonstrates durable responses. J 
Hematol Oncol. 2014;7:11.

 64. Chihara D, Oki Y, Fayad L, Wesson E, Ruben C, 
Horowitz SB, et  al. Phase I study of romidepsin 
in combination with ICE (ifosfamide, carboplatin 
and etoposide) in patients with relapsed or refrac-
tory peripheral T-cell lymphoma. Blood. 2014b; 
124:1748.

 65. O’Connor OA, Horwitz S, Masszi T, Van Hoof A, 
Brown P, Doorduijn J, et  al. Belinostat in Patients 
With Relapsed or Refractory Peripheral T-Cell 
Lymphoma: results of the Pivotal Phase II BELIEF 
(CLN-19) Study. J Clin Oncol. 2015a;33:2492–9.

 66. Pro B, Advani R, Brice P, Bartlett NL, Rosenblatt 
JD, Illidge T, et al. Brentuximab vedotin (SGN- 35) in 
patients with relapsed or refractory systemic anaplas-
tic large-cell lymphoma: results of a phase II study. J 
Clin Oncol. 2012;30:2190–6.

 67. Pro B, Advani RH, Brice P, Bartlett NL, Rosenblatt 
JD, Illidge T, et al. Five-year survival data from a piv-
otal phase 2 study of brentuximab vedotin in patients 

A. Broccoli et al.



243

with relapsed or refractory systemic anaplastic large 
cell lymphoma. Blood. 2016;128:4144.

 68. Bartlett NL, Chen R, Fanale MA, Brice P, Gopal A, 
Smith SE, et al. Retreatment with brentuximab vedo-
tin in patients with CD30-positive hematologic malig-
nancies. J Hematol Oncol. 2014;7:24.

 69. Gibb A, Jones C, Bloor A, Kulkarni S, Illidge T, 
Linton K, et  al. Brentuximab vedotin in refractory 
CD30+ lymphomas: a bridge to allogeneic transplan-
tation in approximately one quarter of patients treated 
on a Named Patient Programme at a single UK center. 
Haematologica. 2013;98:611–4.

 70. Oki Y, Feldman T, Chihara D, Fanale MA, Connors 
JM, Wong S, et al. Prognostic factors in patients with 
relapsed or refractory systemic anaplastic large T-cell 
lymphoma (ALCL) receiving brentuximab vedotin 
and outcome after treatment failure. Hematol Oncol. 
2017;35(Suppl S2):252.

 71. Fanale MA, Horwitz SM, Forero-Torres A, Bartlett 
NL, Advani RH, Pro B, et  al. Brentuximab vedotin 
in the front-line treatment of patients with CD30+ 
peripheral T-cell lymphomas: results of a phase I 
study. J Clin Oncol. 2014;32:3137–43.

 72. Fanale MA, Horwitz SM, Forero-Torres A, Bartlett 
NL, Advani RH, Pro B, et al. Four-year survival and 
durability results of brentuximab vedotin in combina-
tion with CHP in the frontline treatment of patients 
with CD30-expressing peripheral T-cell lymphomas. 
Blood. 2016;128:2993.

 73. O’Connor OA, Pro B, Illidge T, Trumper LH, Larsen 
EK, Kennedy DA.  Phase 3 trial of brentuximab 
vedotin and CHP versus CHOP in the frontline treat-
ment of patients (pts) with CD30+ mature T-cell 
lymphomas (MTCL). J Clin Oncol. 2014;32(Suppl 
15):TPS8612.

 74. Horwitz SM, Advani RH, Bartlett NL, Jacobsen ED, 
Sharman JP, O’Connor OA, et al. Objective responses 
in relapsed T-cell lymphomas with single agent bren-
tuximab vedotin. Blood. 2014;123:3095–100.

 75. Damaj G, Gressin R, Bouabdallah K, Cartron G, 
Choufi B, Gyan E, et al. Results from a prospective, 
open-label, phase II trial of bendamustine in refrac-
tory or relapsed T-cell lymphomas: the BENTLEY 
trial. J Clin Oncol. 2013;31:104–10.

 76. Morschhauser F, Fitoussi O, Haioun C, Thieblemont 
C, Quach H, Delarue R, et al. A phase 2, multicentre, 
single-arm, open-label study to evaluate the safety 
and efficacy of single-agent lenalidomide (Revlimid) 
in subjects with relapsed or refractory peripheral 
T-cell non-Hodgkin lymphoma: the EXPECT trial. 
Eur J Cancer. 2013;49:2869–76.

 77. Toumishey E, Prasad A, Dueck G, Chua N, Finch D, 
Johnston J, et al. Final report of a phase 2 clinical trial 
of lenalidomide monotherapy for patients with T-cell 
lymphoma. Cancer. 2015;121:716–23.

 78. Zinzani PL, Pellegrini C, Broccoli A, Stefoni V, 
Gandolfi L, Quirini F, et  al. Lenalidomide mono-
therapy for relapsed/refractory peripheral T-cell lym-
phoma not otherwise specified. Leuk Lymphoma. 
2011;52:1585–8.

 79. Ishida T, Joh T, Uike N, Yamamoto K, Utsunomiya 
A, Yoshida S, et al. Defucosylated anti-CCR4 mono-
clonal antibody (KW-0761) for relapsed adult T-cell 
leukemia-lymphoma: a multicenter phase II study. J 
Clin Oncol. 2012;30:837–42.

 80. Ogura M, Ishida T, Hatake K, Taniwaki M, Ando 
K, Tobinai K, et  al. Multicenter phase II study of 
mogamulizumab (KW-0761), a defucosylated anti-
cc chemokine receptor 4 antibody, in patients with 
relapsed peripheral T-cell lymphoma and cutaneous 
T-cell lymphoma. J Clin Oncol. 2014;32:1157–63.

 81. Friedberg JW, Mahadevan D, Cebula E, Persky D, 
Lossos I, Agarwal AB, et al. Phase II study of alisertib, 
a selective Aurora A kinase inhibitor, in relapsed and 
refractory aggressive B- and T-cell non-Hodgkin lym-
phomas. J Clin Oncol. 2014;32:44–50.

 82. Barr PM, Li H, Spier C, Mahadevan D, LeBlanc M, 
Ul Haq M, et al. Phase II intergroup trial of alisertib 
in relapsed and refractory peripheral T-cell lymphoma 
and transformed mycosis fungoides: SWOG 1108. J 
Clin Oncol. 2015;33:2399–404.

 83. O’Connor OA, Ozcan M, Jacobsen E, Vidal JMR, 
Trotman J, Demeter J. First multicenter, randomized 
phase 3 study in patients (pts) with relapsed/refractory 
(R/R) peripheral T-cell lymphoma (PTCL): alisertib 
(MLN8237) versus investigator’s choice (Lumiere 
trial; NCT01482962). Blood. 2015b;126:341.

 84. Fanale MA, Wang Z, Ma W, Oki Y, Hagemeister 
FB, Fayad LE, et al. Gene expression profiling for 
molecular features of response in a phase I trial of 
alisertib plus romidepsin for relapsed/refractory 
aggressive B- and T-cell lymphomas. Blood. 2015; 
126:2705.

 85. Amengual JE, Lichtenstein R, Rojas C, Sawas A, Deng 
C, Lichtenstien E, et al. The pralatrexate—romidepsin 
doublet: a well tolerated and highly effective combi-
nation for patients with relapsed or refractory periph-
eral T-cell lymphoma. Blood. 2016;128:1824.

 86. Mehta-Shah N, Lunning MA, Boruchov AM, Ruan J, 
Nair S, Lynch P, et al. A phase I/II trial of the combina-
tion of romidepsin and lenalidomide in patients with 
relapsed/refractory lymphoma and myeloma: activ-
ity in T-cell lymphoma. J Clin Oncol. 2015;33(Suppl 
15):8521.

 87. Beitinjaneh A, Saliba RM, Medeiros LJ, Turturro F, 
Rondon G, Korbling M, et al. Comparison of survival 
in patients with T cell lymphoma after autologous 
and allogeneic stem cell transplantation as a frontline 
strategy or in relapsed disease. Biol Blood Marrow 
Transplant. 2015;21:855–9.

 88. Chen AI, McMillan A, Negrin RS, Horning SJ, 
Laport GG. Long-term results of autologous hemato-
poietic cell transplantation for peripheral T cell lym-
phoma: the Stanford experience. Biol Blood Marrow 
Transplant. 2008;14:741–7.

 89. Jantunen E, Wiklund T, Juvonen E, Putkonen M, 
Lehtinen T, Kuittinen O, et al. Autologous stem cell 
transplantation in adult patients with peripheral T-cell 
lymphoma: a nation-wide survey. Bone Marrow 
Transplant. 2004;33:405–10.

12 Standard of Care in T-Cell Lymphoma



244

 90. Smith SD, Bolwell BJ, Rybicki LA, Brown S, Dean 
R, Kalaycio M, et al. Autologous hematopoietic stem 
cell transplantation in peripheral T-cell lymphoma 
using a uniform high-dose regimen. Bone Marrow 
Transplant. 2007;40:239–43.

 91. Kim MK, Kim S, Lee SS, Sym SJ, Lee DH, Jang S, 
et  al. High-dose chemotherapy and autologous stem 
cell transplantation for peripheral T-cell lymphoma: 
complete response at transplant predicts survival. Ann 
Hematol. 2007;86:435–42.

 92. Corradini P, Dodero A, Zallio F, Caracciolo D, Casini 
M, Bregni M, et al. Graft-versus-lymphoma effect in 
relapsed peripheral T-cell non-Hodgkin’s lymphomas 
after reduced-intensity conditioning followed by allo-
geneic transplantation of hematopoietic cells. J Clin 
Oncol. 2004;22:2172–6.

 93. Dodero A, Spina F, Narni F, Patriarca F, Cavattoni 
I, Benedetti F, et  al. Allogeneic transplantation fol-
lowing a reduced-intensity conditioning regimen in 
relapsed/refractory peripheral T-cell lymphomas: 
long- term remissions and response to donor lympho-
cyte infusions support the role of a graft-versus-lym-
phoma effect. Leukemia. 2012;26:520–6.

 94. Kim SW, Yoon SS, Suzuki R, Matsuno Y, Yi HG, 
Yoshida T, et  al. Comparison of outcomes between 

autologous and allogeneic hematopoietic stem 
cell transplantation for peripheral T-cell lympho-
mas with central review of pathology. Leukemia. 
2013;27:1394–7.

 95. Jacobsen ED, Kim HT, Ho VT, Cutler CS, Koreth 
J, Fisher DC, et al. A large single-center experience 
with allogeneic stem-cell transplantation for periph-
eral T-cell non-Hodgkin lymphoma and advanced 
mycosis fungoides/Sezary syndrome. Ann Oncol. 
2011;22:1608–13.

 96. Le Gouill S, Milpied N, Buzyn A, De Latour RP, 
Vernant JP, Mohty M, et al. Graft-versus-lymphoma 
effect for aggressive T-cell lymphomas in adults: 
a study by the Societe Francaise de Greffe de 
Moelle et de Therapie Cellulaire. J Clin Oncol. 
2008;26:2264–71.

 97. Shustov AR, Gooley TA, Sandmaier BM, Shizuru J, 
Sorror ML, Sahebi F, et al. Allogeneic haematopoietic 
cell transplantation after nonmyeloablative condition-
ing in patients with T-cell and natural killer- cell lym-
phomas. Br J Haematol. 2010;150:170–8.

 98. Aoki K, Suzuki R, Chihara D, Suzuki T, Kim S-W, 
Fukuda T, et  al. Reduced-intensity conditioning of 
allogeneic transplantation for nodal peripheral T-cell 
lymphomas. Blood. 2014;124:2585.

A. Broccoli et al.



245© Springer Nature Switzerland AG 2019 
G. Lenz, G. Salles (eds.), Aggressive Lymphomas, Hematologic Malignancies, 
https://doi.org/10.1007/978-3-030-00362-3_13

Aggressive Lymphoma in Children 
and Adolescents
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13.1  Introduction

Non-Hodgkin lymphomas (NHL) account for 7% 
of childhood malignancies between the ages of 0 
and 19 according to SEERS data from 2010 to 
2014. NHL are rare in early childhood with an 
incidence of 7.3/106 children/year in the 1–4-year 
age group. By adolescence, the annual incidence 
rises with 14/106 children in the 10–14-year age 
range and 18.3/106 children in the 15–19-year 
age group. In addition, lymphoblastic leukemia 
accounts for another 20% of childhood cancers 
making malignancies of lymphatic origin the 
largest group of childhood cancers.

The vast majority of childhood NHL are high 
grade. This chapter will focus on the most com-
monly seen childhood NHL: Burkitt lymphoma 
(BL) and Burkitt leukemia (B-AL), diffuse large 
B-cell lymphoma (DLBCL), lymphoblastic lym-
phoma (LBL), and anaplastic large cell lymphoma 
(ALCL). In addition, posttransplant lymphoprolif-
erative disease (PTLD), the most common child-
hood lymphoproliferation, will be discussed.

13.2  Mature Aggressive B-Cell 
Lymphoma

13.2.1  Introduction

Mature aggressive B-cell non-Hodgkin lym-
phoma (B-NHL) accounts for about 60% of 
non-Hodgkin lymphoma (NHL) among children 
and adolescents [1, 2]. The main subtypes 
include Burkitt lymphoma (BL), Burkitt leuke-
mia or FAB L3 leukemia (B-AL), and diffuse 
large B-cell lymphoma (DLBCL). Prospective 
cooperative studies have contributed signifi-
cantly to the current understanding as well as to 
the success in treating pediatric aggressive 
B-NHL. Combination chemotherapy, refined by 
incorporation of new active agents, succeeded 
in overall survival of 90% in childhood and ado-
lescent B-NHL/B-AL [3, 4].

13.2.2  Epidemiology and Clinical 
Presentation

In contrast to the adult population, in which the 
incidence of indolent lymphomas increases with 
increasing age, the vast majority of pediatric 
cases of B-NHL are aggressive lymphoma. In 
children under the age of 14  years, aggressive 
B-cell NHL account for approximately 60% of 
all NHL, with most of them being either Burkitt 
lymphoma/leukemia (BL/B-AL) in about three 
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quarters of pediatric B-NHL or diffuse large 
B-cell lymphoma (DLBCL) in the remaining 
patients [2, 5]. Small percentages account for less 
common entities such as primary mediastinal 
large B-cell lymphoma, pediatric follicular lym-
phoma, pediatric nodal marginal zone lymphoma, 
and intermediate lymphoma between BL and 
DLBCL or intermediate between DLBCL and 
Hodgkin lymphoma. In adolescents aged 
15–19  years, the proportion of the histological 
subtypes changes with DLBCL becoming more 
frequent than BL/B-AL [6]. This trend continues 
in the age group above 20  years, in which 
BL/B-AL account for no more than 5% of 
B-NHL.

Patients with BL/B-AL are predominantly 
male (>4:1) with a median age of about 9 years 
[2]. Frequent manifestations are abdominal and 
cervical lymph nodes and the tonsils. About a 
quarter of patients are diagnosed with bone mar-
row involvement and 5–10% with central ner-
vous system (CNS) involvement. In contrast, in 
DLBCL, the median age at presentation is 
11–12 years, and the sex ratio showed a moderate 
trend toward males (1.7:1). CNS and/or bone 
marrow involvement is rarely observed in 
DLBCL patients. In large patient series of aggres-
sive B-NHL, stage I, II, III, IV, and B-AL were 
diagnosed in approximately 10%, 15–25%, 
40–50%, 5–10%, and 15–25% of patients, 
respectively. In BL, the majority of patients with 
overt CNS are diagnosed by the detection of FAB 
L3 blasts in the CSF [7]. In contrast, intracranial 
masses are the most frequent CNS manifestation 
in DLBCL. For both subgroups, the diagnosis of 
CNS disease remains a parameter associated with 
poor prognosis [8]. Primary CNS lymphoma 
without systemic disease is rarely diagnosed in 
children and adolescents and suspected to be 
associated with inherited or acquired immunode-
ficiency [9, 10].

13.2.3  Pathology and Molecular 
Characterization

Classification of B-NHL is performed according 
to the WHO Classification of Tumours of 

Haematopoietic and Lymphoid Tissues of 2008 
and updated in 2016 [11, 12]. Histopathological 
distinction of the several subtypes of mature 
aggressive B-cell malignancies can be challeng-
ing. With respect to the distinction of DLBCL, 
typical and atypical BL, agreement among expert 
hematopathologists has been reported to be about 
50% of cases [13]. Therefore several studies have 
addressed the issue of diagnosing and distin-
guishing specific B-cell malignancies by molecu-
lar profiling, and two groups defined molecular 
classifier to distinguish BL from DLBCL [14, 
15]. In most pediatric treatment protocols, all 
aggressive mature B-NHL are eligible and treated 
in the same way. In contrast, several study groups 
for adult patients use CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisolone) or vari-
ants for the treatment of DLBCL and methotrex-
ate (MTX)-based protocols or others for 
BL. Therefore, the correct distinction of the his-
tological subtype might be crucial for those 
patients.

Burkitt lymphoma and Burkitt leukemia are 
the most common subtypes of NHL in children 
but rare NHL subtypes among adult patients. 
Whether there are biological differences between 
pediatric and adult BL is unsolved today [16, 
17]. BL is composed of monomorphic, small, 
non- cleaved cells with round nuclei, clumped 
chromatin, and basophilic cytoplasm. A high 
uniform proliferation index is seen, with the 
Ki-67 positivity approaching 100%. BL usually 
express surface immunoglobulins and B-cell 
markers such as CD19, CD20, and CD22. BL is 
negative for TdT and BCL2. The unifying attri-
bute of BL on the molecular level is the juxtapo-
sition of the c-Myc oncogene next to one of the 
immunoglobulin gene loci by the translocation 
t(8;14)(q24;q32) in 70–80% of cases and the less 
common translocations t(2;8)(p12;q24) and 
t(8;22)(q24;q11) in 10–15% [18]. This results in 
activation of the MYC (proto-)oncogene by the 
immunoglobulin gene enhancer. In addition to 
the c-MYC activation, recent studies identified 
the inhibitor of DNA3 (ID3) to be one of the 
most frequently altered genes in BL. ID3 muta-
tions are thought to diminish inhibitory control 
on transcription factor 3 (TCF3) resulting in 
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increased cell proliferation. Notably TCF3 was 
also found to be mutated in BL. Thus ID3/TCF3 
pathway alterations, which are hardly ever found 
in DLBCL, seem to be unique BL features [19–
22]. Focused on uniformly diagnosed cMYC 
rearranged pediatric and adolescent Burkitt lym-
phoma/leukemia, the frequency of ID3-TCF3-
CCND3 pathway alterations is more than 88% 
and therefore higher than in adult populations 
[23]. ID3 and CCND3 mutations are associated 
with more advanced stages of the disease, and 
the pathway may represent a highly relevant sec-
ond hit of Burkitt lymphoma pathogenesis, espe-
cially in children and adolescents.

In DLBCL the nuclei are usually more than 
twice the size of normal lymphocytes. They 
express pan-B-cell antigens, including CD19, 
CD20, CD22, and CD79a, with or without sur-
face immunoglobulin. Most express CD10 and 
BCL6 and approximately 40% express BCL2. 
However, breaks or translocations in BCL2 and 
BCL6 are rare in pediatric DLBCL.  Among 
DLBCL, different biological subtypes were 
reported several years ago [24–26]. Two repro-
ducible subtypes are identified by gene expres-
sion profiling with lymphoma cells corresponding 
to germinal center B-cell-like (GCB) cells in 
about 50% of cases and DLBCL corresponding 
to activated B-cell-like (ABC) cells in about 30% 
of patients. The remaining cases represent differ-
ent small heterogeneous subgroups of 
DLBCL. The distinction between GCB and ABC 
was demonstrated using gene expression analysis 
to immunophenotyping by Hans et  al. in 2004, 
and since then, algorithms were refined by other 
groups with ongoing progress [27, 28]. In 2006, 
Oschlies et al. reported a distinct dominance of 
the GCB type in children and adolescents with 
83% of analyzed cases [29]. However the small 
proportion of children diagnosed with ABC 
DLBCL did not show an inferior outcome. More 
recently gene expression profiling using 
NanoString technology to identify molecular 
DLBCL subtypes is applied successfully for 
pediatric and adolescent populations and con-
firms the rarity of the ABC subtype of DLBCL in 
this age group and the lack of association with 
outcome [30]. In an attempt to further specify 

GCB lymphoma, Salaverria et al. described chro-
mosomal translocations juxtaposing the IRF4 
oncogene next to one of the immunoglobulin 
(IG) loci [31]. It was shown that these transloca-
tions predominantly occur in children, adoles-
cents, and young adults and less frequent in 
adults. In addition to the predominance of the 
favorable GCB phenotype, pediatric DLBCL are 
characterized by moderate to high proliferation 
rates, increased c-Myc protein expression, and 
decreased Bcl2 protein expression when com-
pared to adult DLBCL [32]. As these are 
 molecular characteristics resembling Burkitt 
characteristics, it has been speculated that 
DLCBL and BL share more molecular character-
istics in pediatric than in adult patient series.

13.2.4  Staging and Treatment 
of Mature Aggressive B-Cell 
Lymphoma

Standard diagnostics in children usually follows 
pediatric treatment protocols (e.g., Children’s 
Oncology Group (COG), French-American- 
British Lymphomes Malins B (FAB-LMB), 
NHL-Berlin-Frankfurt-Münster (BFM)). The 
diagnosis of mature aggressive B-NHL needs to 
be confirmed either by cytomorphology and flow 
cytometry of malignant effusions or by biopsy 
and immunohistochemistry of a lymphoma mani-
festation. The confirmation of the diagnosis by a 
central reference laboratory should be intended 
whenever possible. Standard diagnostics include 
differential blood count, coagulation, clinical 
chemistry including serum lactate dehydroge-
nase (LDH), bone marrow (BM) and cerebrospi-
nal fluid (CSF) evaluation, and virus serology 
according to local standards, often including 
EBV, CMV, VZV, and hepatitis serology and 
imaging. Routine imaging in pediatric patients 
comprises ultrasound of the abdomen, testes, and 
lymph nodes, a chest x-ray, and magnetic reso-
nance imaging (MRI) of the CNS in case of 
(sub)-cranial manifestation or neurologic symp-
toms. In addition MRI of involved sites is recom-
mended, at least in case of doubt after ultrasound 
imaging. In order to limit the radiation exposure 
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in children and adolescents, computed tomogra-
phy (CT) scans are not routine procedures of 
staging. However, there might be individual 
courses in which CT scans are preferred over 
MRI, e.g., in critically ill small children who 
would require sedation for MRI. The role of posi-
tron emission tomography (PET) is not system-
atically analyzed and validated in pediatric and 
adolescent patients with B-NHL and therefore 
not part of routine staging except for clinical tri-
als. Staging in children and adolescents is per-
formed according to the St. Jude classification 
[33] and the recently introduced revised classifi-
cation system, the International Paediatric Non-
Hodgkin Lymphoma Staging System (IPNHLSS) 
that allows more precise documentation of extra-
nodal dissemination and advanced diagnostic and 
imaging methods [34].

13.2.5  Frontline Therapy

The treatment for pediatric BL and DLBCL 
patients is identical and results in favorable out-
come. Patients are stratified into different risk 
groups using stratification criteria that reflect the 
individual risk of the patient to suffer a relapse. 
The criteria vary over the time and between the 
treatment groups but are mainly based on the 

stage of the disease, the resection status, the sta-
tus of BM and/or CNS involvement, and the ini-
tial serum LDH level which has been shown to 
reflect the tumor load [35–37]. In addition, the 
response to treatment is used in some protocols 
[38–41]. The International Prognostic Index (IPI) 
which has been shown to serve as a prognostic 
parameter in adult B-NHL patients is rarely used 
for the pediatric and adolescent population [42].

Risk-adapted therapy of current common 
backbones consists of short, dose-intense courses 
of chemotherapy including steroids, vincristine, 
high-dose methotrexate, cyclophosphamide, 
doxorubicin, cytarabine and high-dose cytara-
bine, etoposide, and intrathecal chemotherapy. 
The number of courses and the dose of cytostatic 
agents are adapted to the risk group of the patient. 
Patients with limited disease receive two to four 
courses with excellent results as summarized in 
Table 13.1. For patients with intermediate stages 
of disease and intermediate risk, the treatment 
consists of an intermediate number and intensity 
of courses. The results of current trials are sum-
marized in Table 13.2. Common criteria for the 
definition of patients with advanced disease and 
need of intense treatment are CNS involvement, 
bone marrow involvement, and high tumor bur-
den as indicated by the LDH level. For those 
patients the dose of methotrexate and the number 

Table 13.1 Treatment results in patients with limited disease

Protocol
No of 
pts

Risk 
group Treatment Events Outcome (95% CI) Reference

LMB 89 52 A A: 2 courses COPAD, no 
IT injections

A: 1 event A: 5 year OS 100%
EFS 98%
(90–100%)

Patte et al., Blood, 
2001 [38]

FAB- 
LMB 96

132 A 2 courses COPAD, no IT 
injections

3 events 4 year OS 99% 
(96–100%), 4 year 
EFS 98% (94–99%)

Gerrard et al., BJH, 
2008 [43]

NHL- 
BFM95

48 R1 R1: courses A and B R1: 2 
events

R1: EFS 94 ± 4% Woessmann et al., 
Blood, 2005 [35]

AIEOP 
LNH92

13 R1 2 cycles A and B OS 100%
EFS 100%

Pillon et al., Cancer, 
2004 [41]

JACLS 
NHL 98

13 A 8-day courses of steroids, 
vincristine, CPM, 
pirarubicin, and triple-drug 
IT therapy

No events 
or toxic 
deaths

A: 6 year OS and 
6 year EFS 100%

Fujita et al.; Leuk 
Lymph, 2011 [37]

TCCSG 
NHL- 
B9604

3 A 3 steroid courses, VCR, 
CPM, HD-MTX, Ara-C, 
etoposide, double-drug IT

1 relapse A: OS 100%
EFS 66.7 ± 27.2%

Kikuchi et al., Leuk 
Lymph, 2008 [44]
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of intrathecal administrations for CNS-directed 
therapy are increased in all protocols. The results 
of recent published trials are summarized in 
Table 13.3.

13.2.6  Treatment Strategies  
at Relapse

In Burkitt lymphoma/leukemia, relapses occur 
early during frontline treatment or shortly after 
the end of treatment. Relapses more than 1 year 
after initial diagnosis are rare and suspicious for 
a second disease rather than relapse. Comparative 
molecular analyses of the B-cell receptor gene 
rearrangement are recommended in those cases 
to clarify the molecular relation of the tumors. 
Sites of relapse are often the initial manifesta-
tions combined with bone marrow and/or CNS 

involvement. In DLBCL relapses can occur later 
than in BL/B-AL and often involve the initial 
sites. At the time of relapse, lymphoma manifes-
tations often respond to relapse treatment but 
tend to regrow as soon as the bone marrow recov-
ers from treatment after each course. For that rea-
son dose-intense treatment without interruptions 
is crucial to prevent multiple progressions during 
relapse treatment. Recently reported data from 
different study groups underline the impact of 
high-dose treatment followed by hematopoietic 
stem cell transplantation. Only individual patients 
can survive without transplant. However the opti-
mal re-induction treatment as well as the condi-
tioning regimen as well as the optimal graft are 
under discussion. The Société Française des 
Cancers de l’Enfant (SFCE) reported 67 relapsed 
B-NHL among 1322 patients, diagnosed 
between 1989 and 2007, including 57 BL/B-AL, 

Table 13.2 Treatment results in patients with intermediate stage of disease

Protocol No of pts
Risk 
group Treatment Events

Outcome  
(95% CI) Reference

LMB 89 B: 386 B B: 2 courses COPAD, 2 
courses CYM, and 1 
course maintenance

B: 54 events B: 5 year OS 
94% (91–96) 
and 5 year EFS 
92%
(89–95%)

Patte et al., 
Blood, 2001 
[38]

FAB- 
LMB96

657 
random

B COP, COPADM1, 
COPADM2, CYM, 
CYM, ±M1

52 events after 
randomization 
equally distributed

4 year EFS: 
91–93% 
according to 
random. arm

Patte et al., 
Blood, 2007 
[39]

NHL- 
BFM95

R2: 233
R3: 82

R2/R3 R2: prephase, A; B, A, B 
randomization to 
MTX-24 h or MTX-4 h 
with 1 g/m2

R3: prephase, AA, BB, 
CC, AA, BB

R2: 13 events
R3: 12 events

R2:EFS 
94 ± 2%
R3: 3 year EFS 
85 ± 4%

Woessmann 
et al., Blood, 
2005 [35]

AIEOP 
LNH92

R2: 54 R2 4 cycles of repeated AA 
and BB

5 relapse R2: OS 94%
EFS 87 ± 9%

Pillon et al., 
Cancer, 
2004 [41]

JACLS 
NHL 98

B: 17
C: 21

B and C 8-day courses of 
steroids, vincristine, 
CPM, HD-MTX, Ara-C, 
pirarubicin, and 
triple-drug IT therapy

B: no events or 
toxic deaths
C: 5 relapses

B: 6 year OS 
and 6 year EFS 
100%
C: OS 85 ± 8%
6 year EFS 
75 ± 10%

Fujita et al., 
Leuk 
Lymph, 
2011 [37]

TCCSG 
NHL- 
B9604

B: 25
C: 46

B and C 6 courses of steroids, 
VCR/VDS, CPM, 
HD-MTX, Ara-C, 
epirubicin, etoposide 
triple-/double-drug IT

B: 1 relapse
C: 10 events with 7 
progresses/relapse, 
2 second 
malignancy, 1 
TRM

B: OS 100%
EFS 
95.8 ± 4.1%
C: OS 87 ± 5%
EFS 78 ± 6%

Kikuchi 
et al., Leuk 
Lymph, 
2008 [44]

13 Aggressive Lymphoma in Children and Adolescents



250

6 DLBCL, and 4 primary mediastinal B-cell 
 lymphoma [45]. Forty-one patients underwent 
high-dose chemotherapy with autologous 
(n = 33) or allogeneic (n = 8) HSCT. The 5-year 
survival rate is 30%. The probability of survival 
was 70% for the 10 patients with DLBCL and 
PMLBL histology compared to 23% for the 57 
BL/B-AL and not further specified B-NHL. For 
those patients who underwent HSCT, there was 
no difference in outcome according to type of 
transplant. The British Children’s Cancer Study 
Group (CCSG) reported a retrospective analysis 
of 33 pediatric B-NHL patients who suffered pro-
gression or relapse [46]. Interestingly, histology 
of DLBCL was more frequent than BL in that 
series. Sixteen patients had consolidation fol-
lowed by autologous stem cell transplant (SCT), 

and four had allogeneic SCT. Nine out of the total 
33 patients survived, and all 9 had either autolo-
gous or allogeneic SCT. As a consequence from 
that analysis, intensive re-induction with two 
cycles of CYVE and ICE (ifosfamide, carbopla-
tin, and etoposide) along with four doses ritux-
imab is recommended in the CCSG.  For those 
patients who achieve CR, autologous SCT is rec-
ommended. A retrospective analysis in the United 
States obtaining data on patients undergoing SCT 
from the statistical center of the Center for 
International Blood and Marrow Transplant 
Research (CIBMTR) included 41 refractory or 
recurrent BL (n  =  41) and 52 DLBCL patients 
[47]. The 5-year EFS were similar after alloge-
neic and autologous SCT for DLBCL (50% vs. 
52%) and BL (31% vs. 27%). The Japanese study 

Table 13.3 Treatment results in patients with advanced disease

Protocol No of pts
Risk 
group Treatment Events Outcome Reference

LMB89 123 C COP, COPADM1, 
COPADM2, CYVE, 
CYVE, m1, m2, m3, m4

Group C: 20 
events

5 year OS 85% 
(78–90%)
5 year EFS 84% 
(77–90%)

Patte et al., Blood, 
2001 [38]

FAB- 
LMB96

190 
random.

C COP, COPADM1, 
COPADM2, CYVE, 
CYVE, m1, m2, m3, 
m4; randomized trial

49 pts with 
events, 42 pts 
died

4 year OS: 
79 ± 3%
4 year EFS 
82 ± 3%; 
differences 
according to 
arms

Cairo et al., 
Blood, 2007 [40]

NHL- 
BFM95

142 (40 
CNS+)

R4 Prephase, AA BB, CC, 
AA, BB, CC
Randomization to 
MTX-24 h or MTX-4 h 
with 5 g/m2

R4: 27 events
CNS+: 12 
events

R4: 3 year EFS 
81 ± 3%
CNS+: 3 year 
EFS 69 ± 7%

Woessmann et al., 
Blood, 2005 [35]

AIEOP 
LNH92

77 R3 4 cycles of repeated AA 
and BB; CC in case of 
residual disease

R3: 9 
progresses/
relapse
Grade 3/4 
infection 
n = 14 with 5 
deaths

R3: OS 84%
EFS 75 ± 10%

Pillon et al., 
Cancer, 2004 [41]

JACLS 
NHL-98

18 D 8-day courses of 
steroids, vincristine, 
CPM, HD-MTX, Ara-C, 
pirarubicin, etoposide, 
and triple-drug IT

D: 6 events 
with 4 relapses 
and 2 TRM

D: OS 77 ± 10%
6 year EFS 
66 ± 11%

Fujita et al., Leuk 
Lymph, 2011 [37]

TCCSG 
NHL- 
B9604

17 D 7 courses of steroids, 
VCR/VDS, CPM, 
HD-MTX, Ara-C, 
epirubicin, etoposide, 
triple-/double- drug IT

D: 2 
progressive 
disease/
relapse, 1 TRM

D: OS 82 ± 9%
EFS 82 ± 9%

Kikuchi et al., 
Leuk Lymph, 
2008 [44]
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group reported 33 refractory or relapsed B-NHL 
patients [48]. After a median follow-up period of 
48 months, the 4-year OS for these patients was 
about 20%. Among the 17 patients achieving 
complete or partial remission, 4 of 5 patients who 
underwent SCT and 3 of the 12 patients who did 
not receive SCT were alive without disease pro-
gression. Data from the NHL- BFM group sup-
port the idea that autologous SCT might be 
adequate for DLBCL, while outcome for Burkitt 
relapses is poor in any way but superior with allo-
geneic SCT [49]. New treatment modalities are 
urgently needed for relapsed B-NHL patients.

13.2.7  Ongoing Trials, Novel and 
Targeted Therapies

One of the challenges of B-NHL and B-AL treat-
ment in pediatric and adolescent patients today 
and in the upcoming years is the integration of 
new drugs. Driven by the relevance of B-NHL in 
adult patients, several substances are under inves-
tigation or recently licensed for adult patients. 
Given the current legislation, all these sub-
stances need to be tested in pediatric populations. 
However, the different distribution of histological 
NHL subtypes, the favorable results with current 
regimen, and the unknown profile of acute and 
long-term toxicities in children and adolescents 
prohibit the inclusion of these new substances in 
frontline treatment. Attempts to investigate the 
impact of the drugs in relapsed pediatric B-NHL 
patients are limited by the low absolute number 
of patients available for such trials. The delay 
in the availability of new drugs for pediatric 
B-NHL patients can be illustrated by rituximab, 
a monoclonal anti-CD20 antibody which was 
licensed for B-NHL treatment in adults in the 
mid-1990s. The first series of pediatric patients 
was reported by Griffin et al. in 2009 presenting 
the results of rituximab combined to standard 
salvage chemotherapy including ifosfamide, 
carboplatin, and etoposide (ICE) in 20 pediatric 
patients with relapsed and refractory B-NHL or 
B-AL. Objective response was noted in 60% of 
patients. Although hematological toxicities were 
common, only one patient was removed from the 

study due to prolonged myelosuppression [50]. 
First observations on the feasibility of adding 
rituximab to a modified NHL-BFM90 protocol 
in pediatric patients with advanced-stage mature 
B-NHL were reported by Samochatova et  al. 
few years later. The major differences from the 
original BFM protocol were the dose reduction 
of methotrexate from 5000 to 1000  mg/m2 in 
the first two courses and the addition of 375 mg/
m2 rituximab to each of the first four courses of 
therapy. Eighty-three newly diagnosed Burkitt or 
DLBCL lymphoma patients with stage III to IV 
were included. Complete remission was achieved 
in 77 (93%) patients; 2 patients relapsed, and 
2 patients developed secondary malignancies. 
The 5-year OS was 82%  ±  8% [51]. In paral-
lel two other trials investigated rituximab in the 
frontline therapy of newly diagnosed patients: 
The NHL- BFM group conducted a phase II trial 
with an upfront window of one-dose rituximab 
monotherapy 5 days before the start of standard 
chemotherapy [52]. The aim of the study was to 
evaluate the single-agent activity of rituximab 
in newly diagnosed pediatric CD20-positive 
B-NHL/B-AL.  One hundred thirty-six patients 
were enrolled and treated on day 1 with ritux-
imab at 375 mg/m2. The response rate to ritux-
imab treatment was 41% with response in 36 of 
87 evaluable patients. Three of the 87 patients 
suffered a relapse. According to the statistical 
plan of the study, an acceptable response rate 
was defined as 65%. As the measured response 
rate was only 41%, for subsequently enrolled 
64 patients, the dose of rituximab was increased 
to 700 mg/m2 as a single dose 5 days before the 
start of standard chemotherapy [53]. The toxic-
ity profile of the increased rituximab dose did not 
differ from the lower dose. Although outcome 
was not a primary objective of this rituximab 
trial, EFS rates at 2 years were 96% and 97% for 
rituximab responders and non-responders and 
thus superior compared to EFS at 3 years of 89% 
in the trial NHL-BFM 95 with standard chemo-
therapy without rituximab [35]. And in paral-
lel the COG conducted a study to assess safety, 
toxicity, and pharmacokinetics of the addition of 
rituximab to frontline FAB-based chemotherapy 
in children and adolescents with advanced-stage 
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B-NHL [54–60]. Patients stratified according to 
risk (intermediate group B, n  =  48; high group 
C, n  =  42) received two doses of rituximab at 
the beginning of each COPADM courses and 
one dose at the beginning of each consolidation 
courses resulting in a total of six rituximab doses. 
The study or parts of the study were reported on 
different occasions and showed feasibility of the 
addition of rituximab as well as increased out-
come compared to historical controls treated 
without rituximab, although the trial was not 
powered for that analysis like the NHL-BFM 
trial. In response to those results, a transatlantic 
international cooperation of study groups agreed 
to perform the randomized trial Inter-B-NHL 
2010 for advanced-stage B-NHL/B-AL based 
on the LMB/FAB regimen with six doses of 
rituximab in the experimental arm randomized 
against standard treatment without rituximab 
(NCT01516580). The trial stopped the random-
ization early and closed the standard arm without 
rituximab because of lower frequency of relapsed 
in the experimental arm.

In contrast to adults, data regarding the impact 
of rituximab on immune reconstitution in children 
are limited and vary [61]. While some report 
decreased immunoglobulin levels that remain 
within the normal range, others report hypogam-
maglobulinemia with immunoglobulin concentra-
tions that fell below the age-adjusted values or 
even requires substitution. To learn more about the 
relevance of these observations, the NHL-BFM 
group together with the Scandinavian NOPHO 
group started the trial B-NHL 2013 with EFS with 
immune reconstitution as primary endpoints. In 
low-risk patients, the hypothesis is tested whether 
rituximab can substitute anthracyclines, while in 
advanced B-NHL/B-AL, it is tested whether ritux-
imab can increase EFS. Of note this investigator 
initiated trial starts recruiting 20 years after licens-
ing of rituximab for adults.

13.2.8  Conclusion

Standard chemotherapy regimen are available for 
pediatric and adolescents with mature aggressive 
B-NHL and B-AL resulting in favorable survival 
rates of 80–95%. There are three major aspects of 

further research and optimization. First, current 
research improved understanding of lymphoma 
biology and revealed distinct molecular and his-
tological subtypes for whom the best treatment 
has to be identified. Second, the available regi-
mens need to be optimized in the sense of reduc-
ing toxicity and prevention of relapse. Detailed 
understanding of the value of the available cyto-
static agents and new drugs might offer opportu-
nities. And third, effective treatment regimen for 
refractory and relapsed B-NHL and B-AL needs 
to be established as well as the definition of 
patients who qualify for allo-SCT and who are 
adequately treated with autologous SCT. As cur-
rent re-induction regimens failed, new regimens 
need to be designed.

13.3  Lymphoblastic Lymphoma

13.3.1  Introduction

Lymphoblastic lymphoma (LBL) accounts for 
about 25–35% of NHL in childhood and adoles-
cence [2]. Although the event-free survival and 
overall survival for pediatric LBL patients sub-
stantially increased during the last decades, the 
prognosis of relapsed patients remains poor [62]. 
On the other hand, the intensive treatment regi-
mens are accompanied by high toxicity with con-
siderable mortality, morbidity, and late squeal. 
Ongoing and future efforts therefore focus on 
systemic treatment optimization for pediatric and 
adolescent LBL patients with the prevention of 
low-risk patients from overtreatment and with 
well-balanced treatment intensification of high-
risk patients. Progress in the understanding of the 
pathogenesis of the disease as well as the identi-
fication of patients prone to an increased risk of 
refractory disease or adverse events is an essen-
tial step to achieve these aims.

13.3.2  Epidemiology and Clinical 
Presentation

Among pediatric and adolescent LBL patients, 
about 70–80% are diagnosed with a T-cell lym-
phoblastic lymphoma (T-LBL), 20–25% with a 

B. Wistinghausen and B. Burkhardt



253

precursor B-cell lymphoblastic lymphoma (pB-
LBL), and rare cases with mixed lineage or not 
further classifiable immunophenotype [2, 63]. The 
median age of diagnosis is not significantly differ-
ent in pB-LBL (8  years) and T-LBL (8.8  years) 
[2]. There is no difference in gender distribution in 
pB-LBL, while in T-LBL males are 2.5 times as 
often affected than girls [2]. The vast majority of 
T-LBL patients presents with a mediastinal tumor 
of the arising from the thymus frequently accom-
panied with pleural or pericardial effusions. Other 
manifestations are lymphadenopathy. The pres-
ence of a predominantly anterior mediastinal mass 
can cause respiratory symptoms from coughing, 
stridor, dyspnea, edema, and elevated jugular 
venous pressure to acute respiratory distress. 
About 15–20% of patients exhibit bone marrow 
infiltration. Less than 5% show central nervous 
system (CNS) involvement. The most frequent 
sites of involvement in pB-LBL are the lymph 
nodes, skin, soft tissue, and bone [64, 65]. 
Compared to T-LBL, these patients are more likely 
to present with limited-stage disease. However, the 
proportion of patients with bone marrow involve-
ment is about 30–40% and thus higher in pB-LBL 
compared to T-LBL [2, 64]. CNS affection was 
detected in about 5%. Depending on the site of 
manifestation, the symptoms vary.

13.3.3  Pathology

The diagnosis of LBL can be assured by cyto-
morphological and flow cytometry analysis of 
malignant effusion or by histological and immu-
nohistochemical analysis of paraffin embedded 
biopsies. If the diagnosis is based on flow cytom-
etry, the criteria agreed upon by the European 
Group for Immunophenotyping of Leukemias are 
frequently used [66], whereas histologic diagno-
sis after tumor biopsy is based on the criteria by 
the WHO classification [11].

Lymphoblastic lymphomas of precursor 
B-cell lineage express B-cell markers CD19, 
CD79a, CD22, and/or PAX5. They also stain 
positive for TdT and HLA-DR.  Lymphomas of 
the common ALL type stain positive for CD10. 
Pre-B-LBL can be identified by their positivity 
for cytoplasmic IgM and no expression of surface 

immunoglobulin. Early B-cell lymphoma is 
defined as lymphoma morphologically FAB L1 
or L2, but surface immunoglobulin is identified 
by flow cytometry. These patients should be 
treated as having lymphoblastic lymphoma.

T-LBL is cytoplasmic or membrane-bound 
CD3 and mostly TdT positive and is further sub-
classified referring to the stage of differentiation 
of T-lymphoblasts on their passage through the 
thymus [67]. In addition to TdT, the most specific 
markers to indicate the precursor nature of 
T-lymphoblasts are CD99, CD34, and CD1a. For 
the histopathological diagnosis of LBL, the WHO 
criteria are widely accepted. Interestingly, the 
EGIL criteria and the WHO criteria are not identi-
cal, although the WHO guidelines for lineage 
determination and subtyping of precursor cell 
neoplasm are mainly derived from flow cytometry 
analyses of ALL.  In consequence, the WHO 
guidelines are not directly transferable to the his-
topathological procedures necessary to diagnose 
LBL as discussed by Oschlies and colleagues 
[67]. Based on the analysis of 188 patients with 
LBL, an algorithm for immunohistochemical 
staining was developed to address the problem of 
challenging morphologic and immunophenotypi-
cal variants. Accordingly, the diagnosis of LBL 
requires typical morphology, confirmation of pre-
cursor cell immunophenotype, detailed lineage 
definition, and subtyping by additional staining 
and/or genetic analysis. TdT expression has been 
identified as the best marker for determining the 
precursor cell nature of a lymphoma. In 
 TdT- negative lymphoma with typical lympho-
blastic morphology, either expression of CD1a or 
CD34, coexpression of CD79a and CD3, or coex-
pression of CD4 and CD8 can be used to deter-
mine the precursor cell nature of lymphoma.

The Children’s Oncology Group reported 
immunophenotypic characteristics of 
T-lymphoblastic lymphoma in children and ado-
lescents [68]. The immunophenotypic profile of 
180 children and adolescents with newly diag-
nosed T-LBL enrolled in the COG trial 5971 was 
analyzed by flow cytometry and/or immunohisto-
chemistry. Diagnostically useful immunopheno-
typic features of T-LBL were identified as well as 
distinct immunophenotypic subgroups. None of 
these were statistically related to event-free or 
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overall survival. Smock et  al. reported that a 
majority of LBL samples expressed MIB1 (59%) 
and cMYC (77%) in greater than 50% of ana-
lyzed cells by immunohistochemistry [69]. It is 
to discuss if the cMyc overexpression is due to 
NOTCH-signaling perturbation or if other 
NOTCH-independent mechanisms are involved.

Recently it has been recognized that a very 
early stage of differentiation may be seen in 
about 10–15% of cases of T-ALL, termed early 
T-precursor acute lymphoblastic leukemia (ETP- 
ALL), defined as having expression of T-cell 
antigens CD7 and low-level CD5 (and occasion-
ally cytoplasmic CD3) but lacking expression of 
CD1a, CD4, and CD8. There is expression of 
CD34 as well as at least one myeloid-related anti-
gen such as CD117, CD33, or CD13 [70, 71], and 
it has also been described in T-LBL [68]. This 
phenotype is associated with increased AML-
type mutations rather than T-ALL/LBL-
associated NOTCH mutations [72]. ETP-ALL 
was originally described as a higher- risk disease 
due to increased induction failures, but more 
recent data does not show significant differences 
in outcomes with current therapies [73].

In addition, the WHO classification of 2008 
introduced the entity of “acute leukemias of 
ambiguous lineage” (ALAL) [11]. Interestingly, 
this disease is not only seen as leukemic manifes-
tation but also as lymphoma without or only lim-
ited bone marrow infiltration. The international 
pathology panel of the trial EURO-LB 02 reported 
7% cases of mixed phenotype acute leukemia 
(MPAL) among 188 LBL patients [67]. The num-
ber of cases is too small to allow standard treat-
ment recommendation. Ongoing analyses of 
histologic and immunophenotypic characteristics 
of LBL could complement current criteria to iden-
tify biological LBL subgroups with distinct 
chemosensitivity.

13.3.4  Prognostic Factors 
and Genetic and Molecular 
Alterations

It is agreed that prognostic parameters are most 
urgently needed for pediatric LBL patients to 

prevent overtreatment and subsequent acute 
and long-term toxicities as, e.g., osteonecrosis 
in low-risk patients. And on the other hand, 
prognostic parameters identifying high-risk 
patients allowing subsequent treatment intensi-
fication to prevent often fatal relapses are highly 
warranted [74]. Concerning the prognostic rel-
evance of clinical characteristics, several 
parameters had been tested as, e.g., age, sex, 
stage, presence of mediastinal mass, and level 
of serum lactate dehydrogenase [74]. Tubergen 
et  al. reported an unfavorable prognosis for 
children older than 14 years based on the results 
of the trial CCG502 [75]. Analysis of the out-
come of T-LBL patients treated within different 
NHL- BFM trials revealed a lower pEFS in ado-
lescent females compared to males with com-
parable clinical characteristics [6]. Based on 
the COG pilot trial, Abromowitch et al. identi-
fied CNS involvement as prognostic factor, 
although the case numbers were low [76]. 
Analysis of the EORTC 58881 trial led to the 
identification of response to therapy as a prog-
nostic factor [77]. Non-response after 7 days of 
prephase with prednisolone and one intrathecal 
injection with MTX was associated with very 
poor outcome. Other groups have not confirmed 
these data so far.

In the trials NHL-BFM 90, NHL-BFM 95, 
and EURO-LB 02, patients were stratified 
according to stage. Patients with limited stage I/II 
disease did not receive re-induction treatment 
protocol II.  Outcome analysis of the trial 
EURO-LB 02 supported stage of disease as strat-
ification criterion for pB-LBL resulting in favor-
able pEFS for pB-LBL with limited disease 
representing almost half of pB-LBL patients 
[78]. However, for pB-LBL patients with 
advanced stage III/IV disease, pEFS and cumula-
tive incidence of relapse were poor even with 
intensified treatment including protocol II.  In 
T-LBL it is well known that the number of 
patients with limited stage I/II disease is very 
low. Therefore stage of disease is an insufficient 
parameter to identify low-risk T-LBL patients 
potentially available for treatment de-escalation. 
In the trial EURO-LB 02, only 8 out of 233 
T-LBL patients (3%) were diagnosed with stage 
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I/II disease. Importantly, there was no relevant 
difference in pEFS for T-LBL stage III compared 
to stage IV disease.

13.3.4.1  Genetic Characterization 
and Genetic Markers

Although it is subject of discussion if T-ALL and 
T-LBL are separate diseases [79–81], they share 
a range of genetic alterations. Due to the recom-
bination processes of T-cell receptor rearrange-
ment, the T-cell receptor (TCR) genes are 
predisposed to recombination with oncogenes or 
genes involved in thymocyte development 
through chromosomal translocations. These 
recurrent translocations are found in 50% of 
pediatric T-ALLs. The prevalence of these trans-
locations in pediatric T-LBL is not exactly 
known. The current literature shows that most 
cytogenetic abnormalities reported in T-LBL 
have been reported earlier in T-ALL [80–83].

More recent molecular studies suggest candi-
date genes of prognostic relevance for T-LBL. It 
is well known that mutations in NOTCH1 and/or 
FBXW7 at hotspots within the genes are observed 
in ca. 50% of pediatric T-ALL patients and are 
reported to be associated with an improved treat-
ment response or outcome [84, 85]. Concerning 
pediatric T-LBL patients, five studies are pub-
lished reporting the results of NOTCH1 and/or 
FBXW7 mutation analyses in 116, 54, 14, 11, and 
9 cases, respectively [80, 86–89]. In the larger 
series, NOTCH1 and/or FBXW7 mutations are 
associated with a favorable response to treatment 
and/or outcome. The prognostic effect of activat-
ing NOTCH1 mutations might be influenced by 
the applied treatment.

In descriptive retrospective analyses of pediat-
ric T-LBL patients, loss of heterozygosity at 
chromosomal region 6q14-24 (LOH6q) is shown 
to be highly significantly associated with adverse 
outcome and increased risk of relapse [82, 86, 
90]. Within a total of 217 analyzed patients, pEFS 
at 5 years is 86 ± 3% for LOH6q- negative patients 
compared to 27 ± 9% in LOH6q-positive patients 
(p < 0.0001).

Mutations in the tumor suppressor PTEN 
have been observed in different types of solid 
and hematological malignancies. Some studies 

report an association of these mutations with 
unfavorable outcome of patients. Concerning 
pediatric T-LBL, one report of the NHL-BFM 
study group reports a significant association of 
PTEN mutations with adverse outcome of ana-
lyzed patients [91]. Within a clinically well-
described cohort of 114 pediatric patients, PTEN 
mutations are detected in 15% of cases and iden-
tified as poor prognostic marker with pEFS at 
5  years of 82  ±  4 for non-mutated versus 
59 ± 12% for PTEN mutated cases (p = 0.014). 
Although biological data suggest that any PTEN 
mutations lead to hyperactivated PI3K-AKT sig-
naling, the prognostic impact is weaker when 
other PI3K- AKT pathway mutations are included 
in the analysis, indicating that the negative prog-
nostic impact mostly depended on PTEN muta-
tions. It is hence hypothesized that PTEN 
controls resistance to therapy by PI3K-AKT-
independent signaling. Outcomes of patients 
with heterozygous or homozygous/biallelic 
PTEN mutations are similar, suggesting that 
PTEN acts as haploinsufficient tumor suppressor 
in pediatric T-LBL. It is reported that the expres-
sion of PTEN was transcriptionally repressed by 
active NOTCH1 in, e.g., T-ALL cell lines but 
also normal mouse thymocytes [92, 93]. This 
suggests a synergistic effect of both mutations in 
NOTCH1 and PTEN, but investigation of the 
prognostic impact of a combination of both 
genetic markers in the analyzed cohort of 
patients treated according to NHL-BFM regi-
mens revealed the opposite: the unfavorable 
prognostic effect of PTEN mutations seems to be 
abrogated by the favorable prognostic NOTCH1 
mutations, as this group of patients presented 
with a pEFS of 91 ± 9% [91]. Similar associa-
tions and interactions of NOTCH1 and PTEN 
mutations with outcome have recently been 
described in pediatric T-ALL treated with BFM-
type regimens [94]. In contrast to these findings, 
pediatric T-ALL patients treated according to 
DCOG and COALL regimens without NOTCH1 
and PTEN mutations showed a significantly 
lower cumulative incidence of relapse at 5 years 
compared with the rest of the cohort [95].

Absence of biallelic T-cell receptor gene 
gamma (TRG) locus deletion (ABD), which is 
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characteristic for early thymocyte precursors 
before V(D)J recombination, correlates statisti-
cally significant with the failure of induction che-
motherapy of pediatric T-ALL patients but also 
poorer outcomes [96, 97]. For pediatric T-LBL, 
ABD is observed in a small subgroup of 4 out of 
54 patients (7%) treated according to NHL-BFM 
95 or EURO-LB 02 regimen [87]. All four 
patients had mutations in NOTCH1 and/or 
FBXW7. ABD was in this cohort associated with 
a poor pEFS of 0% compared to 80 ± 6% for non-
ABD patients (p = 0.01).

13.3.4.2  Minimal Disseminated (MDD) 
and Minimal Residual 
Disease (MRD)

Risk stratification in T-ALL is primarily based 
on microscopic and submicroscopic evaluation 
of blasts in the peripheral blood and bone mar-
row using either quantitative PCR-based 
patient- specific TCR gene rearrangements or 
flow cytometric analysis. Both methods were 
extended to pediatric T-LBL samples for MDD 
evaluation [98, 99]. The study by Coustan-
Smith et al. revealed that flow cytometric analy-
sis of blood samples provided sensitive 
detection of disseminated T-LBL, allowing for 
screening of blast clearance during therapy. 
Their analysis predicted inferior outcomes for 
stage IV disease with the treatment applied and 
could distinguish patients with disease dissemi-
nation among the stage II/III disease [99]. In a 
more recent study conducted by the Italian 
AIEOP study group, the prognostic value of 
MDD analyzed by multiparametric flow cytom-
etry (FCM) in bone marrow and peripheral 
blood samples was evaluated in a cohort of 65 
children affected by T- and B-lineage lympho-
blastic lymphoma. MDD was detected in 49% 
(32/65) of BM samples, whereas only 21% 
(14/65) were positive at standard morphologi-
cal evaluation. Using an MDD cutoff level of 
3% by FCM, 5-year EFS is 60% for patients 
with MDD >3% LBL cells versus 83% for the 
remaining patients (p = 0.04) [100]. Prospective 
trials are needed to evaluate the role of MDD 
and MRD evaluation in pediatric T-LBL as 
prognostic markers.

13.3.4.3  Perspective
With the new and rapidly evolving next- 
generation sequencing technology, genome-
wide profiling studies have enabled to study not 
just gene mutations using whole genome 
sequencing and whole exome sequencing but 
also have allowed study of genome organization 
using chromatin conformation capture tech-
niques that allow for screening for rare chromo-
somal rearrangements and translocation events 
in small subpopulations of cells. In addition the 
epigenetic signature of T-LBL is currently 
unknown but may add relevant pathogenetic 
insights. Mutations in genes regulating epigen-
etic pathways are one of the key regulators of 
malignant transformation of hematopoietic pro-
genitor cells by modifications of DNA and his-
tones that regulate gene expression. DNA 
methylation, in particular hypermethylation of 
the promoter regions, is a recurrent mechanism 
of gene silencing in several cancers [101, 102] 
and is associated with aggressive phenotypes 
and poor prognosis.

13.3.5  Staging and Treatment 
of Lymphoblastic Lymphoma

Staging of newly diagnosed patients includes 
complete medical history, physical examination, 
and lumbar puncture with cerebrospinal fluid 
(CSF) cytology, bone marrow aspirate, and pos-
sible bone marrow biopsy. Laboratories include 
a full and differential blood count, assessment of 
kidney and liver function, electrolytes, and LDH 
level. Imaging procedures include abdominal 
ultrasound and ultrasound of lymph nodes as 
well as testicular ultrasound in case of male 
patients. Imaging procedures may be extended 
with magnetic resonance imaging (MRI) or 
computerized tomography (CT). 
Fluorodeoxyglucose (FDG) positron emission 
tomography (PET) CT/MRI scanning is now 
more frequently used for routine staging in LBL 
patients, but published data is limited [103–107], 
and the role of FDG-PET-CT/MRI in the man-
agement remains to be evaluated. To date, the St. 
Jude NHL staging classification was applied to 
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pediatric patients with NHL [33]. Recently, a 
revised classification system, the International 
Paediatric Non-Hodgkin Lymphoma Staging 
System (IPNHLSS) that allows more precise 
documentation of extranodal dissemination and 
advanced diagnostic and imaging methods [34], 
has been introduced.

13.3.6  Frontline Therapy

With ALL-type treatment regimens, outcome of 
pediatric T-LBL patients has improved with 
event-free survival rates of 75–90. The results are 
summarized in Table 13.4. Current protocols are 
mostly derived from either the LSA2L2-regimen 

that was established in the United States 
(Memorial Sloan Kettering Cancer Center) or the 
NHL-BFM protocol based on the ALL-BFM 
strategy [110, 119–121]. During the last few 
decades, almost all subsequently developed treat-
ment regimens are based on one of these pioneer 
protocols that represent major achievements in 
the therapy of pediatric LBL.  There is limited 
data regarding Asian pediatric LBL patients with 
few studies published [122–124]. Results of a 
retrospective Chinese cohort study on pediatric 
T-LBL patients treated with one of three treat-
ment protocols revealed outcomes in the range of 
64% for all patients. However, patient numbers 
were small [125]. Recently, data on 136 analyzed 
Japanese pediatric LBL patients with advanced 

Table 13.4 Summary of treatment results of recent clinical trials for children and adolescents with lymphoblastic 
lymphoma

Trial Age Stage Treatment
No. 
pts. pEFS Reference

LMT81 9 years (0.9–16) I–IV Mod. LSA2-L2 84 75 ± 3% Patte et al. 1992 [108]
CCG502 9 years (0.5–19) I–IV Mod. LSA2-L2 vs. 

ADCOMP
143
138

74%
64%

Tubergen et al. 1995 [75]

10 years (5–15) III/IV L-Asp – vs.
L-Asp +

83
84

64 ± 6%
78 ± 5%

Amylon et al. 1999 [109]

NHL- BFM90 9 years (1–16) I–IV ALL-BFM 105 90% Reiter et al. 2000 [110]
NHL- BFM95 8 years (0.2–19) III/IV ALL-BFM 169 78 ± 3% Burkhardt et al. 2006 [111]
EORTC58881 8 years (0–16) I–IV ALL-BFM 119 78 ± 3% Uyttebroeck et al. 2008 [77]
COG Pilot n.d. III/IV Mod. LSA2-L2 85 78 ± 5% Abromowitch et al. 2008 

[112]
COG A5971 10 years III/IV NHL-BFM95 MTX

w/o HD-MTX
intensification
w/o intensification

257 
(all)

85 ± 4%
83 ± 4%
83 ± 4%
83 ± 4%

Abromowitch et al. 2008 
(Abstract) [76]

LNH92 8 years (0–<16) I–IV Mod. LSA2-L2 55 69 ± 6% Pillon et al.2009 [113]
St. Jude 13 n.d. III//V T-ALL 41 83% Sandlund et al. 2009 [114]
POG 9404 50% < 10 years III//V Mod. DFCI ALL

with HD-MTX
w/o HD-MTX

137
66
71

Asselin et al. 2011 [115]
82 ± 5%
88 ± 4%

A 5971 >12 months I–II CCG-BFM 56 90% Termuhlen et al. 2012 [116]
EURO-LB 02 0–<21 years I–IV NHL/ALL-BFM 90

dexa (10 mg/m2) vs. 
pred (60 mg/m2)

319 
(all)
98
88

81 ± 2%
84 ± 4 
(dexa)
84 ± 4% 
(pred)

Reiter et al. 2012 [78]

EORTC58951 n.d. Mod. BFM 90
dexa (6 mg/m2) vs. 
pred (60 mg/m2)

85%
89 ± 5% 
(pred)
81 ± 6% 
(dexa)

Uyttebroeck et al. 2012 
(Abstract) [117]37

37

SFOP LMT96 10.5 years Mod. BFM 79 85% Bergeron et al. 2015 [118]
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disease were published [126] confirming by uni-
variate analysis results of a previous Japanese 
report that showed an inferior outcome of T-LBL 
patients presenting with stage III compared to 
stage IV [123].

In contrast to ALL treatment regimens, the 
only parameter for risk group stratification for 
patients with LBL is the stage of disease at diag-
nosis which groups into treatment for limited 
(stage I and II) and advanced stages of disease 
(stage III and IV). Published EFS for patients 
with limited-stage disease range from 73 ± 8% 
(LMT81) to 100% (LNH92). These results may 
be achievable with relevant dose reductions, as 
indicated by the trial NHL-BFM 90, which 
administered no re-induction for patients with 
limited disease [110]. Treatment durations for 
patients with limited disease ranged from 12 to 
24 months.

To improve CNS-directed treatment, several 
protocol modifications of MTX administration 
are evaluated. The French LMT81 trial modified 
the LSA2L2 protocol by addition of ten courses 
of high-dose MTX (HD-MTX) with a resultant 
EFS of 75% [108]. The US trial POG 9404 ana-
lyzed the effectiveness of a Dana-Farber back-
bone therapy with or without addition of 
HD-MTX in T-ALL and T-LBL patients. In 
T-LBL patients, in contrast to T-ALL patients, 
there were no significant differences in EFS in 
the two arms [115]. In addition the COG trial 
A5971 tested a COG BFM-type regimen with 
different schedules of CNS-directed treatment 
where HD-MTX without additional intrathecal 
MTX in maintenance was randomized against an 
intensified intrathecal MTX (IT-MTX) treatment 
arm without HD-MTX for CNS prophylaxis. 
Each treatment arm was randomized with or 
without early intensification. There were no sig-
nificant differences in EFS, and the authors con-
cluded that either IT-MTX or HD-MTX 
effectively prevented CNS relapse [127]. A recent 
presentation reported the Capizzi methotrexate 
combined with BFM protocols in 58 LBL 
patients. CNS-directed treatment was mainly 
based on frequent intrathecal injections. The EFS 
was reported to be of 90.8% [128].

13.3.7  Treatment Strategies  
at Relapse

Relapsed lymphoblastic lymphoma (LBL) is 
still at dismal outcome, with survival rates of 
10–30%. In a Japanese cohort, the incidence of 
relapse/progression was 18%, with 48 cases 
among 260 LBL patients diagnosed between 
1996 and 2004. Among 19 patients who under-
went allogeneic SCT, 6 suffered relapse, and 3 
died of  treatment- related mortality (TRM), 
while 10 survived without further progression. 
Among the six patients who had undergone 
autologous SCT, four suffered relapse and 
died, while two survived [129]. The Center for 
International Blood and Marrow Transplant 
Research of North America summarized 53 
pediatric LBL patients who received HSCT 
between 1990 and 2005. EFS for 39 patients 
treated with allo-SCT was 40% compared with 
4% in the 14 patients who underwent autolo-
gous SCT [130]. The EORTC focused on LBL 
of B-cell phenotype and reported a 15% 
relapse/progression rate of 8 patients out of 53 
diagnosed between 1989 and 2008. All these 
eight patients died, seven after allogeneic 
HSCT, five of disease progression, and three of 
TRM [64]. The NHL-BFM group reported a 
relapse rate of 10%, with 34 LBL relapses 
among 324 LBL patients, diagnosed between 
1990 and 2003. Among 13 patients who 
received allo-SCT, 5 survived, 6 suffered 
relapse, and 2 died of TRM.  Two patients 
underwent autologous SCT, and both died of 
disease progression [131]. Overall, available 
data in relapsed LBL show that patients with-
out high-dose treatment followed by autolo-
gous (auto) or allogeneic (allo) hematopoietic 
stem cell transplantation (SCT) have almost no 
chance of cure. Concerning the ongoing dis-
cussion whether auto- or allo-SCT is superior, 
the available data indicate a trend for higher 
TRM but also higher probability of disease-
free survival after allogeneic SCT compared to 
autologous SCT.  However the absolute num-
bers of cases in the literature are too small to 
draw conclusions.
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13.3.8  Novel and Targeted Therapies

Survival rates in relapsed pediatric T-LBL 
patients are poor, and due to toxicity, there are 
few possibilities for salvage therapies. New tar-
geted, less toxic drugs would be an opportunity 
for additional treatment in these patients. 
Nelarabine, a nucleoside analogue, was FDA 
approved after publication of two phase II trials 
in pediatric and adult patients with relapsed or 
refractory T-ALL or T-LBL. Complete remission 
was achieved in 5/39 pediatric patients. 
Neurologic toxicity has been observed and was 
dose-limiting [132]. The COG AALL00P2 trial 
assessed the safety of nelarabine administration 
within a NHL-BFM 86 chemotherapy backbone 
in pediatric T-ALL patients [133]. The subse-
quent COG phase III study, AALL0434, is 
designed to show the safe addition of nelarabine 
to a COG- augmented BFM-type regimen [134]. 
Further trials to evaluate the benefit of nelara-
bine in pediatric patients with T-LBL and, even 
more importantly, identification and implemen-
tation of additional new drugs for high-risk, 
refractory, or relapsed pediatric T-LBL are 
needed. A current review on pediatric T-ALL 
summarizes several potential drugs of interest 
targeting pathways like Notch, PI3K-Akt-
mTOR, JAK/STAT, and MAPK pathways, the 
cell cycle regulation, the proteasome, and epi-
genetic targets or using approaches derived from 
the immunotherapy. Despite the long list, only a 
limited number of substances are under investi-
gation in T-ALL and none in T-LBL [135].

13.3.9  Conclusion

Despite the improved cure rates in the treatment 
of pediatric patients with lymphoblastic lym-
phoma, the most important challenge remains the 
increase of the survival and the reduction of rel-
evant acute and long-term toxicity of today’s 
treatment protocols. The implementations of new 
substances and in parallel the identification of 
valid prognostic parameters are essential prereq-
uisites for the achievement of these aims.

13.4  Anaplastic Large Cell 
Lymphoma

13.4.1  Introduction

ALCL was first described in 1985 by Stein et al. 
when the expression of CD30, also known as 
Ki-1, was reported in a group of large cell neo-
plasms previously falsely diagnosed as malignant 
histiocytosis or metastases of undifferentiated 
non-hematopoietic neoplasms [136]. In 1988, 
ALCL was included in the revised Kiel classifi-
cation as a separate entity, and subsequently, the 
Revised European American Lymphoma 
Classification incorporated ALCL in 1995 [137, 
138]. Better understanding of the pathophysiol-
ogy was obtained in 1994 when the gene product 
of the t(2;5)(p23;q35) translocation was cloned 
which led to the discovery of the anaplastic lym-
phoma kinase (ALK) [139]. More than 90% of 
childhood and adolescent ALCL are ALK posi-
tive. In the 2008 WHO Classification of Tumours 
of Haematopoietic and Lymphoid Tissues, ALK-
positive ALCL is a distinct entity within the spec-
trum of mature T-cell lymphomas [140]. 
ALK-negative ALCL was recognized as a sepa-
rate entity in 2016 [12]. Primary cutaneous ALCL 
accounts for 6–7% of pediatric ALCL and is 
associated with an excellent prognosis with local 
therapy [141]. Since these two entities do not 
commonly occur in childhood or adolescence, 
this chapter will concentrate on systemic ALK- 
positive ALCL. With improved understanding of 
the pathophysiology of ALCL, targeted therapies 
have been developed that are currently in clinical 
trials including the anti-CD30 antibody brentux-
imab and the tyrosine kinase inhibitor of ALK, 
crizotinib.

13.4.2  Epidemiology and Clinical 
Presentation

ALCL accounts for approximately 10–15% of 
childhood and adolescent lymphomas (SEERS 
data from 2010 to 2014) and is the only periph-
eral T-cell lymphoma frequently seen in 
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childhood. The vast majority of ALK-positive 
ALCL occurs in the first three decades of life 
with the peak incidence in the 10–14 age groups. 
It is one of the most common lymphomas of the 
adolescent and young adult (AYA) population. 
There is a predominance of males with a M:F 
ratio of 1.5:1 [142]. In the United States, ALCL 
is more commonly seen in African Americans 
than in non-Hispanic Whites but is less common 
in Asians [143]. African Americans have an infe-
rior prognosis compared to non-Hispanic Whites.

Approximately 60% of patients with ALCL 
present with disseminated disease often accom-
panied by systemic symptoms such as fever, 
weight loss, and night sweats (B-symptoms). 
While ALCL can present in any nodal area of the 
body, it commonly involves intraabdominal and 
mediastinal nodes with extensive disease that can 
lead to inflammatory reactions such as neoplastic 
or reactive pleural effusions and ascites. 
Extranodal dissemination to the skin, lungs, liver, 
and bone is frequently seen. Morphologic bone 
marrow involvement is found in less than 15% of 
cases, but minimal marrow disease can be 
detected in as much as 60% of cases using molec-
ular techniques such as RT-PCR for NPM- ALK 
[144]. The small cell variant of ALK- positive 
ALCL can rarely present in a leukemic phase 
accounting for about 3% of cases [145–149]. 
Central nervous system disease is only found in 
2% of patients at diagnosis but has been reported 
more commonly in cases with leukemic small 
cell variant ALCL [149].

13.4.3  Pathology

The morphology of ALCL has a wide spectrum, 
but the hallmark is a population of large cells that 
contain an eccentric, horseshoe- or kidney- 
shaped nucleus often with an eosinophilic region 
near the nucleus. Occasionally, cells appear to 
have nuclear inclusions which are not true inclu-
sions but nuclear membrane invaginations.

There are five different morphologic patterns 
described in the 2008 WHO classification [140].

The “common pattern” accounting for about 
60% of cases is characterized by tumor cells with 

abundant cytoplasm. Multiple nuclei can form a 
wreath-like pattern making the distinction from 
Reed-Sternberg cells difficult by morphology. In 
an only partially effaced lymph node, the tumor 
cells grow within the sinuses mimicking meta-
static tumors.

The “lymphohistiocytic pattern” (10% of 
cases) contains a mixture of tumor cells and reac-
tive histiocytes. Abundant reactive histiocytes 
can mask the tumors cells which tend to aggre-
gate around vessels. Hemophagocytosis can be 
occasionally seen in this pattern.

The “small cell pattern” (5–10%) contains a 
predominant population of small- to medium- 
sized tumor cells with irregular nuclei that can 
have the appearance of “fried egg cells.” In addi-
tion, signet ring-like cells can be seen, and on 
smear neoplastic cells in cases with peripheral 
blood involvement can appear as flower-like cells.

The “Hodgkin-like pattern” (3%) mimics 
the morphologic pattern of nodular-sclerosing 
Hodgkin disease.

About 15% of cases present with more than 
one pattern in single lymph nodes (“composite 
pattern”). Patterns can vary within the same 
lymph node, separate sites, or from diagnosis to 
relapse.

Neoplastic cells express CD30 on cell mem-
branes and in the Golgi region with strongest 
expression in large cells. Small cell variants can 
be weakly positive to negative. In addition, ALK 
is expressed, usually in the cytoplasm and nucleus 
in large tumor cells but only in the nucleus in 
small cell variants. The majority of ALCL 
expresses one or more T-cell markers such as 
CD2, CD5, and CD4, but CD3 is negative in 70% 
cases. CD8 is also only rarely expressed; some 
cases have complete loss of expression of T-cell 
markers but show evidence of T-cell lineage at 
the genetic level. Since there are no other distinc-
tions between cases with T-cell and null- cell phe-
notype, they are considered a single entity by the 
WHO [140]. In addition, most cases stain posi-
tive for proteins associated with cytotoxic T-cells 
such as TIA1, granzyme B, and perforin which 
has led to the assumption that peripheral cyto-
toxic T-cells are the cells of origin [140]. They 
are classified in the group of peripheral T-cell 
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lymphomas (PTCL), but there is evidence on the 
molecular level that a more immature thymic pre-
cursor may be the cell of origin [150].

13.4.4  Genetic and Molecular 
Alterations

ALK-positive ALCL is characterized by ALK 
fusion genes. The most common translocation, 
t(2;5)(p23;q35), fuses the promoter and proximal 
part of nucleophosmin (NPM) gene on chromo-
some 5 to the ALK gene on chromosome 2 and is 
found in >80% of cases [140]. The second most 
common translocation t(1;2)(p25;P23) accounts 
for 10–15% of cases. There are several other 
fusion partners located on chromosomes 2, 3, 17, 
19, 22, and X, each accounting for less than 1% 
of cases [151].

The expression of ALK is physiologically 
restricted to fetal neural cells and not found in 
normal postnatal tissue [152]. ALK encodes a 
tyrosine kinase belonging to the insulin receptor 
superfamily [139]. NPM is an ubiquitously 
expressed nonribosomal nucleolar phosphopro-
tein involved in trafficking between nucleus and 
cytoplasm [153]. NPM provides the active pro-
moter that drives expression of NPM- ALK in 
tumor cells and the N-terminus with an oligomer-
ization domain which leads to the formation of 
NPM-ALK homodimers mimicking ligand bind-
ing. ALK retains its intracellular portion with an 
intact tyrosine kinase domain that autophosphor-
ylates through the dimerization. In the small vari-
ant, NPM-ALK dimerizes with wild-type NPM 
and co-localizes to the nucleus [154, 155].

NPM-ALK acts as a constitutionally active 
tyrosine kinase signaling through several path-
ways including the PI3 kinase, MAPK, mTOR, 
STAT3, and STAT5 pathways leading to increased 
survival and proliferation [156–161]. Marzec 
et  al. showed that the gene expression profile 
induced by NPM-ALK significantly overlaps 
with genes induced by IL-2 signaling [162] 
Because IL-2 is critical for normal T-cell prolif-
eration, this has led to the hypothesis that NPM-
ALK mimics physiologic effects of IL-2 
stimulation in ALCL albeit with constant 

activation giving it all the hallmarks of an onco-
gene [163]. Crescenzo et  al. demonstrated that 
ALK- ALCL also depends on activation of the 
STAT3 pathway and activating mutations in Jak1 
and STAT3 have been described in ALK- ALCL 
illuminating the crucial importance of the JAK/
STAT pathway in the pathogenesis of both ALK+ 
and ALK- ALCL [164].

The activation of the STAT3 by NPM-ALK 
leads several oncogenic consequences including 
the suppression of antitumor responses and the 
methylation of tumor suppressor genes. ALCL 
tumor cells are able to create an immunosuppres-
sive tumor microenvironment and evade the 
immune system by the STAT3- induced expres-
sion of transforming growth factor beta (TGF-
beta), IL-10, and programmed death- ligand 1 
(PD-L1) [157, 163, 165]. In addition, NPM-ALK-
activated STAT3 activates several DNA methyl-
transferases and histone deacetylases that lead to 
epigenetic gene silencing of tumor suppressor 
genes including IL-2R-γ [166]. NPM- ALK makes 
the ALCL tumor cell IL-2 independent and down-
regulates in the expression of IL-2R-γ. 
Interestingly, re-expression of IL-2R-γ leads to 
loss of NPM-ALK and apoptosis [166].

ALCL is classified in the mature T and NK 
neoplasms by the WHO despite the loss of mul-
tiple or all T-cell antigens, but the cell of origin 
remains unknown [12, 140]. It has been proposed 
that ALCL is of activated T-cell origin because of 
the expression of cytotoxic proteins such as per-
forin and granzyme as well as T-cell receptor 
rearrangements [167, 168] or of T-regulatory ori-
gin because of expression of FoxP3 transcripts 
[169]. Because the t(2;5) translocation has been 
described in cord blood of healthy newborns, the 
hypothesis proposed that a more immature hema-
topoietic or T-cell precursor is the cell of origin 
[170]. This has been confirmed by gene expres-
sion profiling showing signatures more consis-
tent with early thymic progenitors [150, 171].

13.4.5  Treatment of ALCL

The unique pathophysiology and molecular 
 drivers of ALCL have led to three interesting 
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observations in the treatment of ALCL, setting it 
apart from other childhood lymphomas. First, 
ALCL is extremely chemotherapy sensitive, and 
excellent response rates can be achieved with a 
variety of very different chemotherapy regimen 
of variable dose, interval intensity, and length of 
therapy. B-cell-directed therapy [172–175] led to 
similar outcome as leukemia-based therapy [176, 
177]. Second, chemotherapy sensitivity is pre-
served at the time of relapse [178]. Second remis-
sions can be achieved at higher rates than in other 
childhood lymphomas, and survival rates for 
relapsed ALCL approach 50–70% with stem cell 
transplantation [179–181]. Third, contrary to 
other childhood lymphomas, escalation of che-
motherapy cumulative dosing and interval inten-
sity has not increased cure rates [172, 182, 183]. 
Published EFS rates with frontline therapy 
remain between 65 and 75% which lacks behind 
the survival of most other childhood lymphomas 
[172, 183].

13.4.6  Frontline Therapy

The two most common frontline chemotherapy 
backbones are APO developed by the Pediatric 
Oncology Group and ALCL99 based on NHL- 
BFM90 protocol (Table  13.1) [172, 183]. 
Outcomes are similar with both treatment proto-
cols. The Pediatric Oncology Group enrolled 86 
patients with ALCL in a protocol for large cell 
lymphomas using the APO regimen and reported 
a 4-year EFS of 71.8% (SE, 6.1%) and OS of 
88.1% (SE, 4.4%) in the ALCL group [182]. 
After a common APO induction, patients were 
randomized to 15 maintenance cycles every 
21 days of either APO (doxorubicin, vincristine, 
prednisone, mercaptopurine ×5 cycles followed 
by methotrexate vincristine, prednisone, mercap-
topurine ×10 cycles) or APO maintenance with 
every other cycle replaced by intermediate- dose 
methotrexate (1  g/m2 over 24  h) followed by 
high-dose cytarabine (500 mg/m2 bolus followed 
by a continuous infusion of 60 mg/m2 over 48 h). 
Total treatment length was 52  weeks. 
Intensification with intermediate-dose metho-
trexate and high-dose cytarabine did not improve 

outcome. The follow-up study by the Children’s 
Oncology Group ANHL0131 randomized 
between vincristine every 3  weeks and weekly 
vinblastine in the APO maintenance cycles 1–15 
[183]. Overall outcome was similar with a 3-year 
EFS of 76% (95% CI of 67–83%) and OS of 85% 
(95% CI of 76–91%) in 129 patients. Vinblastine 
intensification did not improve outcome but was 
associated with increased toxicity, mainly myelo-
suppression leading to dose reductions, increased 
infections with neutropenia and febrile neutrope-
nia, as well as sensory neuropathy. In summary, 
the American groups showed that the APO regi-
men leads to event-free survivals around 70–75% 
and intensification of this regimen with 
intermediate- dose methotrexate/high-dose cyta-
rabine or vinblastine does not improve outcome.

ALCL99, the protocol of the European 
Intergroup Cooperation of Childhood and 
Adolescent NHL (EICNHL) showed 2-year EFS 
of 74.1% (95% CI of 69.2–78.4%) and 2-year OS 
of 92.5% (95% CI of 89.3–94.8%) [172]. Based 
on NHL-BFM-90, this protocol consisted of a 
5-day prophase (dexamethasone, cyclophospha-
mide) followed by six induction courses every 
21 days alternating between course A (dexameth-
asone, methotrexate, ifosfamide, cytarabine, eto-
poside, and vinblastine) and course B 
(dexamethasone, methotrexate, cyclophospha-
mide, doxorubicin, and vinblastine). Total treat-
ment length was approximately 4  months. This 
trial included a methotrexate randomization 
between 3 g/m2 intravenous methotrexate over 3 h 
without any intrathecal therapy and 1 g/m2 intra-
venous methotrexate over 24  h with intrathecal 
triples (methotrexate, hydrocortisone/predniso-
lone, and cytarabine). Both methotrexate arms 
included leucovorin rescue. While there was no 
difference in outcome between both arms, the trial 
demonstrated that intrathecal chemotherapy could 
safely be eliminated with higher intravenous 
methotrexate dosing and that the shorter infusion 
rate of methotrexate at a higher dose without con-
comitant intrathecal methotrexate exposure 
reduced toxicities, namely, the incidence of grade 
4 myelosuppression and grade 3/4 oral mucositis. 
In addition, ALCL99 included a randomization of 
high-risk patients with mediastinal, lung, liver, 
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spleen, or skin involvement [184]. These patients 
were randomized between standard therapy and 
vinblastine intensification consisting in the addi-
tion of one dose of vinblastine 6 mg/m2 to each 
course followed by weekly vinblastine for a total 
treatment length of 1 year. Interestingly, the rate 
of relapse was significantly reduced in the vin-
blastine arm during the first year of therapy 
(1-year EFS 91% vs. 74%), but this effect disap-
peared after completion of vinblastine, and the 
2-year EFS was not significantly different (EFS 
72.5% in the vinblastine arm vs. 70.1%). In sum-
mary, the European groups showed that ALCL99 
also leads to cure rates of 70–75%, that intrathecal 
chemotherapy can be safely reduced to one initial 
dose by increasing methotrexate to 3 g/m2 given 
over 3 h while also reducing toxicity, and that vin-
blastine intensification and maintenance therapy 
delay relapse but do not improve event-free sur-
vival. Most cooperative groups are currently using 
the ALCL99 backbone as their standard of care 
because of the shorter treatment length, the lower 
exposure to cumulative anthracyclines (150 mg/
m2 vs. 300 mg/m2 in APO), and the reduction of 
intrathecal chemotherapy.

13.4.7  Prognostic Factors

Since approximately 30% of patients with ALCL 
fail therapy and 70% of patients can be cured 
with regimen of varying dose intensity, it is of 
great interest to identify prognostic factors for 
future clinical protocol development and risk 
stratification.

Most patients present with advanced stages 
making stage in itself not a useful predictor of 
outcome; however, a merged prognostic study of 
225 pediatric patients enrolled on clinical proto-
cols by the BFM, SFOP, and UKCCSG from 
1987 to 1997 identified several clinical prognos-
tic factors. In a multivariate analysis, three fac-
tors were significantly associated with inferior 
outcome [185]. Mediastinal involvement raised 
the relative risk of relapse by 2.1 (1.2–3.5), skin 
lesions by 1.9 (1.1–3.2), and spleen involvement 
by 1.9 (1.3–3.6). The 5-year PFS was 89% 
 (82–96%) in patients without these risk factors, 

while involvement of the skin, spleen, or medias-
tinum reduced the PFS to 61% (53–69%).

In ALCL99, 32% of patients presented with 
small cell or lymphohistiocytic variant of ALCL, 
while 65% of patients have the common type 
[186]. Patients with small cell or lymphohistio-
cytic variant had a significantly higher risk for 
failure (HR, 2.0; 95% CI, 1.3–3.0; P  =  0.002) 
controlling for clinical factors even though there 
was a higher incidence of skin and mediastinal 
involvement in this group of patients.

Circulating ALCL tumor cells can be detected 
in the peripheral blood at diagnosis in 50–60% of 
patients by using PCR of NPM-ALK and corre-
late with minimal disease in the bone marrow 
[187]. Several groups have shown an association 
of minimal disseminated disease (MDD) in either 
bone marrow or peripheral blood with prognosis 
[188, 189]. Progression- free survivals of 82–87% 
have been reported in MDD-negative patients 
compared to 38–54% in MDD-positive patients. 
In addition, anti-ALK antibodies can be found in 
the peripheral blood of more than 90% patients at 
diagnosis [190]. High titers were associated with 
lower stage, less minimal disseminated disease, 
and better outcome. Combining anti-ALK 
response with MDD, Mussolin et  al. identified 
three biological risk groups: a high-risk group 
(20% of patients) that was MDD positive and had 
low anti-ALK titers with a PFS 28% and a low-
risk group (31% of patients) with high anti-ALK 
titers and negative MDD with a PFS of 93% 
[189]. The remaining 48% of patients build an 
intermediate- risk group with PFS 68%. CD3 pos-
itivity was only associated with an inferior prog-
nosis in univariant analysis [189]. In a multivariate 
analysis of stage, clinical prognostic factors, 
morphologic bone marrow involvement, patho-
logical variant, and biological risk group, only 
pathological variant and biological risk group 
remained significantly associated with outcome.

13.4.8  Treatment Strategies  
at Relapse

Multiple different treatment strategies have been 
piloted at relapse, and there is no standard 
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approach [178–180, 191]. Because ALCL retains 
chemosensitivity, a second remission can be 
achieved in more than half of all relapsed patients. 
Moreover, it is rare for patients to relapse on ther-
apy [178]. Impressive results have been achieved 
with vinblastine monotherapy [178]. In a group 
of 36 patients with primary resistant disease 
(n  =  1), first relapse (n  =  15), second relapse 
(n = 15), and greater than two relapses (n = 5), 
83% (25 of 30 evaluable patients) achieved a CR 
with weekly vinblastine at 6 mg/m2. In 25 patients 
treated with vinblastine monotherapy, 9 (36%) 
achieved a lasting remission with a median fol-
low-up of 7 years. Twelve of Nineteen patients 
with relapse received vinblastine as single agent 
again at the time of relapse, and 11 out of 12 
received a second CR.

The experiences with autologous and alloge-
neic hematopoietic stem cell transplantation 
(HSCT) have been summarized by the French, 
German, and Japanese groups [179–181, 191, 
192]. The French group used both autologous 
and allogeneic HSCT and concluded that autolo-
gous HSCT may not lead to better outcome than 
prolonged chemotherapy [180]. In 34 patients 
who underwent allogeneic HSCT, the EFS was 
58% (SE = 8%) [181]. The BFM group reported 
20 patients who underwent allogeneic HSCT for 
relapse during or shortly after therapy [192]. In 
this retrospective cohort, the EFS was 75%. 
Subsequently, they published their experience 
with autologous HSCT in 39 patients and reported 
EFS of 59% ± 8% [179]. Relapse during therapy 
and/or bone marrow or CNS involvement was 
associated with an inferior prognosis. The 
Japanese group reported superior outcome with 
allogeneic HSCT (relapse-free survival [RFS] 
100%) compared to chemotherapy alone (RFS 
53 ± 17%) or autologous stem cell transplanta-
tion (RFS 33% ± 18%) [191].

Because of the inconclusive results about the 
value of HSCT in relapsed or refractory ALCL 
and optimal relapse therapy, the EICNHL con-
ducted a prospective ALCL relapse trial with 
risk-adapted therapy. Results of the trial were 
presented at the Fifth International Symposium 
on Childhood, Adolescent and Young Adult NHL 
in 2015 [193]. One hundred eighteen patients 

were stratified into four risk arms: progression 
during frontline therapy (risk arm 1), patients 
with CD3-positive relapse after initial therapy 
(risk arm 2), patients with CD3-negative relapse 
within 12 months of initial diagnosis (risk arm 3), 
and patients with CD3-negative relapse 
>12  months after initial diagnosis (risk arm 4). 
Patients with risk arms 1 and 2 were eligible for 
allogeneic HSCT (treatment arm A). Patients in 
risk arm 3 received consolidation with autolo-
gous HSCT (treatment arm B), and patients in 
risk arm 4 were treated with 24 months of weekly 
vinblastine (treatment arm C). The 3-year EFS of 
the entire cohort was 59 ± 5%, in treatment arm 
A 64 ± 7%, in treatment arm B 35± 9%, and in 
treatment arm C 85 ± 8%. The 3-year OS for the 
entire cohort was 78 ± 4%, in arm A 73 ± 7%, in 
arm B 77 ± 8%, and in arm C 90 ± 7%. While 
allogeneic HSCT offers a chance of cure in high- 
risk relapses, autologous HSCT with BEAM 
conditioning was not efficacious. Low-risk 
relapses can be treated with vinblastine mono-
therapy with excellent chance of cure. However, 
newer targeted therapies such as crizotinib and 
brentuximab may substitute or be incorporated 
with multi-agent chemotherapy, stem cell trans-
plant, and vinblastine in the near future.

13.4.9  Novel and Targeted Therapies

There are two targeted therapies currently avail-
able for ALCL, crizotinib, a tyrosine kinase 
inhibitor (TKI) targeting ALK, and brentuximab 
vedotin, an anti-CD30 antibody conjugated to 
monomethyl auristatin E (MMAE), a microtu-
bule inhibitor.

Crizotinib, an oral TKI, targeted ALK, and 
MET was developed for the treatment of ALK- 
driven non-small cell lung cancer [194]. There 
are several other ALK inhibitors currently in clin-
ical trials [195]. Crizotinib as single agent has 
shown impressive results in ALCL. In a pediatric 
phase I trial, 7/8 relapsed ALCL patients achieved 
a CR [196]. There is emerging data, similar to 
vinblastine monotherapy in the relapsed setting, 
that relapse is rare on therapy, but it has not been 
established whether crizotinib will have to be 
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administered continuously similar to other TKI 
like imatinib in chronic myeloid leukemia or 
whether cure can be achieved and crizotinib can 
be safely stopped [151]. Crizotinib was well tol-
erated in the pediatric age group without any 
development of resistance in the ALCL group 
[196]. In the relapse setting, it is being used as 
induction therapy to achieve CR prior to trans-
plant. Crizotinib is also being evaluated as first-
line therapy in combination with the ALCL99 
backbone by the Children’s Oncology Group, 
and the EICNHL is also planning a trial to evalu-
ate it as first-line therapy in combination with 
chemotherapy.

Brentuximab vedotin, a conjugated anti-CD30 
antibody, is approved in the United States and 
Europe for adults with relapsed ALCL after multi-
agent chemotherapy based on high response rates 
in several phase II studies [151]. CD30, a trans-
membrane glycoprotein, is universally expressed 
in pediatric ALK+ ALCL [155]. Upon binding to 
CD30, brentuximab vedotin gets internalized and 
releases MMAE in the lysosome. MMAE, via its 
antitubulin activity, leads to M-phase arrest and 
induces apoptosis of the tumor cell [197]. MMAE 
shares the same tubulin binding site (vinca 
domain) as vinblastine [198]. In a phase II study 
of brentuximab vedotin as single agent in 58 
patients with relapsed/refractory ALCL, 57% 
(33/58) achieved a CR [199]. The youngest 
patient enrolled on study was 14 years of age. The 
most common toxicities, grade III or greater, were 
neutropenia (21%), thrombocytopenia (14%), 
peripheral neuropathy (12%), and anemia (7%). 
Brentuximab vedotin has been evaluated in com-
bination chemotherapy in adults with Hodgkin 
disease (HD) and ALCL.  In a phase I study of 
adults with newly diagnosed HD, brentuximab 
vedotin led to excessive pulmonary toxicity when 
combined with bleomycin but was otherwise well 
tolerated [200]. Results of a phase II pediatric trial 
of brentuximab vedotin and gemcitabine in pedi-
atric and young adults were presented at the 
American Society of Clinical Oncology Meeting 
in 2017 [201]. It showed that the combination of 
brentuximab and gemcitabine was well tolerated 
and highly active in children and young adults 
with refractory/relapsed HD. In addition, the St. 

Jude group published their experience of brentux-
imab in 16 patients with high-risk classical HD 
treated with brentuximab vedotin in combination 
with multi-agent chemotherapy showing that 
weekly administration of brentuximab vedotin 
was safe and tolerated in pediatric patients [202]. 
There are several case reports of brentuximab 
vedotin in pediatric patients with relapsed/refrac-
tory ALCL showing efficacy [203, 204]. A retro-
spective review identified five pediatric patients 
with refractory/relapsed HD and four pediatric 
patients with relapsed/refractory ALCL, age 
12–17  years, enrolled on phase I and II studies 
with single- agent brentuximab vedotin [205]. 
Toxicity profile was similar to adult studies with 
three out of nine patients experiencing side 
effects, grade III or higher. All four patients with 
systemic ALCL achieved a CR.

The Children’s Oncology Group is currently 
enrolling pediatric and adolescent patients with 
newly diagnosed CD30-positive ALK-positive 
ALCL on a phase II trial using the ALCL99 che-
motherapy backbone with a randomization to 
either brentuximab or crizotinib.

In addition to the two targeted therapies cur-
rently in clinical trials, there are several other 
promising future treatment strategies in 
ALCL. Targeted therapies for downstream path-
ways of NPM-ALK such as inhibitors of JAK, 
mTOR, and PI3K are in clinical trials or develop-
ment for other cancers and could be rationally 
tested in the treatment of ALCL [151]. PDGFR 
inhibition with imatinib markedly prolonged sur-
vival in NPM-ALK mice [206]. When combined 
with crizotinib, there was synergistic activity. 
Furthermore, a sustained remission was achieved 
with imatinib in a patient with refractory ALK+ 
ALCL [206]. Because STAT3 activation by 
NPM-ALK leads to epigenetic silencing of tumor 
suppressor genes, there may be a role of histone 
deacetylase inhibitors in ALK+ ALCL [166].

Lastly, immunological strategies are being 
studied for the treatment of ALCL. As previously 
discussed, ALK+ ALCL is a very immunogenic 
tumor with mechanisms to evade the immune 
system including expression of PD-L1 making 
checkpoint inhibition a potential therapeutic 
strategy. Furthermore, vinblastine did not 
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improve outcome in the frontline therapy when 
combined with multi-agent chemotherapy but 
has shown impressive efficacy as single therapy 
in the relapsed setting [178, 183, 184]. This could 
suggest that vinblastine has immune modulatory 
effects in addition to cytotoxicity. Tanaka et  al. 
demonstrated that vinblastine induces dendritic 
cell maturation and augments clonal expansion 
of tumor-specific cytotoxic T-cells when injected 
directly into the tumor in mouse models [207]. 
NPM-ALK-reactive CD8+ T-cell responses have 
been reported in children and adults with ALK+ 
ALCL [208, 209]. Because there is a correlation 
of anti-ALK antibody titer with outcome in 

ALK- ALCL, vaccination against ALK is another 
interesting strategy. In a mouse model, DNA vac-
cination with plasmids encoding several ALK 
fusion proteins protected mice from local and 
systemic lymphoma [210].

In summary, ALK+ ALCL accounts for 
10–15% of childhood lymphomas. While the 
EFS lacks behind other childhood lymphomas, 
ALK+ ALCL retains its chemosensitivity, and 
about half of relapsed patients can be cured with 
further therapy. Because of its unique biology, 
targeted therapies are currently in clinical trials, 
and immunotherapies may further change the 
therapy of ALCL in the future in Table 13.5.

Table 13.5 Summary of clinical trials in pediatric patients with newly diagnosed ALCL

Protocol Treatment

Patient 
number 
(n) Stage

Median age 
in years
(range) EFS OS Reference

HM89
HM91

B-cell based:
COP
COPADMx2
Maintenance ×4 
cycles
No intrathecals

82 I–IV 10
(1.5–17)

83%
(72–90%)

66%
(54–76%)

Brugieres, 
1998 [174]

NHL- 
BFM- 90

Prephase
K1 (stage I, II 
resected): 3 cycles
K2 (II unresected, 
III): 6 alternating 
cycles
K3 (IV or 
extensive bone 
involvement): 6 
intensified cycles

89 I–IV 10.5
(0.8–17.3)

76 ± 5% Seidemann, 
2001 [175]

NHL 9001, 
9002 and 
9602

B-cell based:
Stage I: 8 cycles 
with reduced 
doses
Stage II–IV: COP
COPADMx2
CYMx2
COPADMx1

72 I–IV 11.8 
(1.1–16.4)

59%
(47–70)

65%
(53–76)

Williams, 
2002 [173]

LNH-92 Leukemia based:
Modified 
LSA2-L2

34 II–IV 11.6
(4.2–14.9)

85%
(79–91)

65%
(57–73)

Rosolen, 
2005 [176]

POG-9315 APO 86 III–IV 13.7
(1.2–19.4)

71.8 ± 6.1% 88.1 ± 4.4% Laver, 2005 
[182]

ALCL99 Prephase
Six alternating 
courses (A and B)

375 I–IV 11
(90.3–19.5)

74.1% 
(69.2–78.4)

92.5% 
(89.3–94.8)

Brugieres, 
2009 [172]

ANHL1031 APO 125 III–IV 11.9 76% (67–93) 85% (76–91) Alexander, 
2014 [183]
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13.5  Lymphoproliferation 
in Immunodeficiency

The link between immunodeficiency and 
increased risk of uncontrolled lymphoprolifera-
tion and lymphoma has long been recognized. In 
the 1950s, the concept of cellular immunity was 
emerging but poorly understood. At a New York 
Symposium in 1957, Lewis Thomas proposed the 
hypothesis that one purpose of cellular immunity 
consisted in early detection and elimination of 
neoplastic cells assuming that cancers are arising 
from small clones and exhibit something foreign 
on their surface; two hypotheses which have since 
been widely accepted [211]. Sir F.  Macfarlane 
Burnet introduced the term immune surveillance 
in 1963 [212]. In addition, he postulated that if 
conditions associated with a suppressed immune 
system increase the likelihood of cancer, adminis-
tration of immunosuppressive agents should facil-
itate the spontaneous appearance of cancer [212].

Children with primary and secondary immuno-
deficiency are at higher risk for a distinct set of 
malignancies that are often driven by viruses 
(“something foreign” [Thomas, 1957]). Data from 
the Australasian Society of Clinical Immunology 
and Allergy Primary Immunodeficiency Registry 
showed that children with primary immunodefi-
ciency have an 8.82- fold excess relative risk of 
developing non- Hodgkin lymphoma [213]. The 
risk varies according to immune defect and appears 
highest in DNA repair defects such as ataxia telan-
giectasia and Nijmegen syndrome and lowest in 
antibody deficiencies (agammaglobulinemia, IgA 
deficiency, hyper IgM syndrome) [214]. Defects 
linked to immune dysregulation such as autoim-
mune lymphoproliferative disease (ALPS), 
X-linked lymphoproliferative disease (XLP), and 
MAGT1 deficiency predispose patients to autoim-
mune disease as well as lymphoproliferative dis-
ease [215]. The two most common acquired 
immunodeficiency states seen in childhood result 
from medically induced immunosuppression in 
transplant patients or infection with the human 
immunodeficiency virus (HIV). The incidence of 
the acquired immunodeficiency state (AIDS) has 
significantly decreased in childhood with maternal 
prenatal testing and perinatal prophylaxis and the 

use of highly active anti-retroviral therapy 
(HAART). With the rising prevalence of solid 
organ transplants (SOT) and allogeneic hemato-
poietic stem cell transplantation (HSCT), post-
transplant lymphoproliferative disease (PTLD) 
has become the most common form of lymphop-
roliferation in childhood with estimated 150 pedi-
atric cases per year, and more than 90% are 
Epstein-Barr virus (EBV) driven [216].

13.5.1  Epidemiology and Clinical 
Presentation of PTLD

The epidemiology and clinical presentation of 
PTLD is different in SOT versus HSCT 
recipients.

The incidence of PTLD ranges from 1 to 3% in 
allogeneic HSCT but can be as high as 11% 
depending on the degree of HLA mismatch 
between recipient and donor [217]. In a review of 
272 umbilical cord blood transplants (UCBT) from 
two institutions, the incidence of PTLD was rela-
tively low at 2%, but a subsequent study showed 
that nonmyleoablative preparatory regimen and the 
use of antithymocyte globulin increased the risk of 
PTLD [218, 219]. The most recent report of 175 
UBCT recipients included only 4 patients with 
EBV-positive PTLD (2.3%) [220].

In data reported to the US Organ Procurement 
and Transplant Network and Scientific Registry 
of Transplant Recipients, the 5-year cumulative 
incidence of PTLD is 2.2% in kidney transplants, 
around 5% in liver and heart transplants, 15% in 
lung transplants, and up to 20% in small bowel 
and multiple organ transplants with large epithe-
lial surfaces requiring higher immunosuppres-
sion and containing significant amounts of 
passenger lymphocytes [221].

PTLD in childhood tends to be an early event. 
In HSCT, almost all cases occur within the first 
6–12  months posttransplant before immune 
reconstitution has occurred [217]. Data from the 
University of Minnesota showed patients with 
PTLD presented at a median of 0.3 years post- 
HSCT (range 0.1–7.3  years) [222]. Similarly, 
PTLD in pediatric SOT mostly occurs within the 
first 2 years of transplant during the time of most 
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intense immunosuppression, but an increased 
risk persists lifelong because of ongoing immu-
nosuppression [221].

The clinical presentation varies and can be 
non-specific. Fulminant PTLD is characterized 
by widespread disease with a rapidly progressive 
inflammatory process that can lead to multi- 
organ system failure and death without prompt 
intervention [223]. The incidence of fulminant 
PTLD without any well-defined tumor mass or 
lymphadenopathy is much higher in HSCT than 
in OLT.  There is one report that a third of the 
cases of PTLD following BMT were found at 
autopsy with the antemortem cause of death orig-
inally felt to be severe graft-versus-host disease 
(GvHD) and/or infection because of widespread 
disease without any mass lesion but with a sys-
temic inflammatory response that led to multi-
organ failure [224].

Even in non-fulminant PTLD, constitutional 
symptoms are common and include fever, weight 
loss, fatigue, and pancytopenia. PTLD in SOT 
commonly affects the transplanted organ leading 
to clinical symptoms overlapping with rejection. 
Other tissues frequently involved include the 
lymph nodes, spleen, gastrointestinal (GI) tract, 
lung, and liver [225]. GI involvement can lead to 
intussusception, diarrhea, hypoalbuminemia, ane-
mia from chronic blood loss, and even perforation 
from transmural involvement [225]. The spectrum 
of lung involvement goes from asymptomatic nod-
ules to widespread interstitial disease with respira-
tory failure. Liver involvement can present as 
diffuse hepatitis and is difficult to distinguish from 
rejection in liver transplant recipients. Extranodular 
disease is much more common in PTLD than in 
immunocompetent children with lymphoma [225]. 
Nodal involvement is most common in the head 
and neck area, often with associated tonsillar and 
adenoid hypertrophy [221].

13.5.2  Risk Factors for PTLD

The highest risk factor for developing EBV- 
positive PTLD is the transplantation of an EBV- 
positive graft into an EBV-seronegative recipient. 
Attempts of matching donors and recipients by 

EBV status have proved difficult because 80–90% 
of the adult population is EBV positive, while 
only 30% of preschoolers are EBV positive.

The risk of PTLD in allogeneic HSCT is 
strongly associated with HLA disparity, T-cell 
depletion (TCD) of the stem cell graft, and use of 
antithymocyte globulin. Selective TCD, for 
example, sheep red blood cell resetting and the 
use of anti-T-cell monoclonal antibodies, confer 
a higher risk of PTLD compared with “pan- 
lymphocyte”-depleted stem cell grafts or CD34- 
positive selection of peripheral blood stem cell 
transplants. In the latter two methods, EBV- 
infected B-cells are also removed instead of just 
selectively removing T-cells.

The use of T-cell antibodies such as antithy-
mocyte globulins also increases the risk of PTLD 
in SOT [225]. Recently, mTOR inhibition with 
sirolimus or everolimus has replaced calcineurin-
based immunosuppression in renal and cardiac 
transplant recipients in some centers without any 
increase in the incidence of PTLD, and there is 
emerging evidence of benefit in PTLD because of 
preservation of T-regulatory cell function [226, 
227]. Steroid intensification for rejection in pedi-
atric SOT with PTLD was identified in a multi-
variate analysis [228].

The St. Jude staging and the recently intro-
duced revised classification system, the 
International Paediatric Non-Hodgkin Lymphoma 
Staging System (IPNHLSS), are used for staging 
but have limited value in PTLD owing to the high 
predilection for extranodal involvement. Multiple 
(>2) sites of disease or CNS involvement are 
associated with poorer prognosis [225]. PTLD 
associated with primary EBV infection appears to 
have a superior prognosis [225].

13.5.3  The Epstein-Barr Virus

EBV is a double-stranded DNA virus containing 
85 genes surrounded by a lipid envelope with 
immunogenic surface glycoproteins. Humans are 
the only known host of EBV and once infected 
harbor the virus lifelong. EBV infections usually 
originate in the oropharynx with the infection of 
mucosal cell by EBV-contaminated saliva, but 
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EBV infection can also be acquired from passen-
ger lymphocytes in organ or HSCT transplants. 
EBV is released from infected mucosal cells or 
B-lymphocytes during the lytic phase and infects 
additional B-lymphocytes that disseminate 
throughout the body including the liver, spleen, 
bone marrow, and lymph nodes and persist 
lifelong.

At the time of primary EBV seroconversion, 
infected B-lymphocytes express viral antigens on 
their cell membranes which lead to a cytotoxic 
T-lymphocyte (CTL) response in the immuno-
competent host [217]. After an initial expansion 
of CD8+ CTL specific to viral lytic antigens, 
CD8+ effector/memory T-lymphocytes against 
latent viral antigens develop and persist to 
 provide lifelong immunosurveillance against 
EBV-induced B-lymphoproliferation. In the pres-
ence of EBV-specific CTL, the expression of 
viral antigens in infected B-cells is downregu-
lated in a series of latent stages which are sum-
marized. Viral antigens are expressed during 
periods of reactivation and replication, which in 
turn leads to expansion of EBV CTL that control 
the infection.

In immunosuppressed patients without the 
ability to mount a CTL response, there is no need 
to downregulate the expression of viral antigens, 
and EBV-transformed B-lymphocytes can prolif-
erate uncontrollably leading to PTLD [229]. 
PTLD is characterized by the expression of the 
highly immunogenic antigens including EBNA1, 
2, and 3 and LMP 1 and 2 associated with latency 
III [230].

13.5.4  Monitoring of EBV Viral Load

It is the standard of care to monitor EBV viral 
loads by quantitative polymerase chain reac-
tions (PCR) in both HSCT and SOT recipients 
in the early posttransplant phase. Elevated EBV 
viral loads are a poor predictor of EBV-positive 
PTLD but highly sensitive in identifying patients 
at risk for PTLD [231]. Lack of EBV-specific 
cytotoxic T-lymphocytes in the presence of ele-
vated EBV viral loads may add specificity, but 
testing is not routinely available [232]. There is 

no standardization of EBV PCR. Both plasma- 
or cell-based assays are being used, and the 
results between laboratories cannot be corre-
lated. Plasma-based assays appear to be better in 
distinguishing untreated EBV+ PTLD from 
EBV+ PTLD in remission and EBV- lymphoma 
[233].

13.5.5  Pathology and Molecular 
Biology of Posttransplant 
Lymphoproliferative Disease

PTLD was first classified by a Society for 
Hematopathology workshop in 1997 which was 
included in a 2001 World Health Organization 
(WHO) classification of lymphomas and leuke-
mias [142, 234]. PTLD is divided into four 
subtypes:

• Early lesions are also defined as mononucleo-
sis like and are always EBV positive.

• Polymorphic PTLD is characterized by a 
mixture of B-lymphocytes with infiltrating 
T-lymphocytes without necrosis.

• The group of monomorphic PTLD includes 
all NHL histologies. The vast majority of 
monomorphic PTLD cases are diffuse large 
B-cell lymphomas (DLBCL). The second 
most common type is BL or Burkitt-like. 
T-cell neoplasms are also included in this 
 category but are extremely rare in childhood 
without any standardized treatment approach. 
They are usually EBV negative and associated 
with a poor prognosis [235]. Other rare mono-
morphic subtypes of PTLD are multiple 
myeloma or plasmacytoma.

• EBV is found in greater than 90% of childhood 
monomorphic PTLD but only in about 70% of 
adult cases. Polymorphic and monomorphic 
PTLD has been described simultaneously in 
the same patient [236]. Thus, histology of a 
single biopsied site may not be representative 
of the entire disease process. Approximately 
two-thirds of DLBCL PTLD cases have dif-
fuse expression of CD20, while the remaining 
cases expressed only focal CD20 expression. 
Typically, CD10 and bcl-6 expressions are 
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absent but Mum-1 is positive in the majority of 
cases, which suggests the post- GC- derived 
B-cell as the cell of origin [237].

• Classic Hodgkin lymphoma-like PTLD is 
rarely seen in childhood, has a late onset, but 
is generally EBV positive. It has also been 
described as a late-onset variant of polymor-
phic B-cell PTLD by some investigators [238].

Monoclonality, as defined by immunoglobulin 
gene rearrangements, occurs with a greater fre-
quency in the monomorphic subtype of PTLD 
compared with the polymorphic subtype and 
shows that most cases of monomorphic PTLD 
have been differentiated past the germinal center 
stage [237]. There are no characteristic cytoge-
netic abnormalities in most subtypes of PTLD. In 
BL PTLD, 100% of cases have translocations 
involving the c-myc genes on 8q24 [239]. In 
DLBCL PTLD, rearrangements of the IgH locus 
have been reported [237].

Gene expression profiles of PTLD in small 
case series have found that PTLD clusters sepa-
rately from DLBCL in nonimmunosuppressed 
patients and expression patterns can distinguish 
EBV-positive from EBV-negative disease [240]. 
In addition, gene expression profiling has been 
explored for predicting which EBV converters 
will progress to PTLD [241]. Further investiga-
tion is necessary to establish the value of gene 
profiling in the diagnosis and prognosis of this 
disease.

13.5.6  Treatment of PTLD

13.5.6.1  Reduction of 
Immunosuppression

First-line therapy in SOT recipients consists in 
reduction of immunosuppression to stimulate 
autologous EBV-specific cytotoxic T-cell activity 
[225]. In 20–80% of SOT recipients, reduction of 
immunosuppression leads to disease control, 
especially in  localized PTLD and early lesions. 
Patients with polymorphic PTLD have a higher 
response rate than patients with monomorphic 
histology [225]. In HSCT recipients, reduction in 

immunosuppressive therapy may result in 
improvement of EBV viral load levels, but is usu-
ally not sufficient in treating PTLD after HSCT 
because it usually occurs before T-cell engraft-
ment [242]. In addition, it increases the risk of 
graft-versus-host disease (GvHD).

13.5.6.2  Antiviral Therapy
Antiviral agents such as acyclovir or ganciclovir 
are being in the prophylaxis of viral infections or 
reactivation in the posttransplant period, but a pro-
spective trial using ganciclovir prophylaxis failed 
to influence EBV load or the incidence of PTLD in 
SOT recipients [243]. Ganciclovir requires viral 
thymidine kinase, physiologically only expressed 
during the lytic phase, for conversion to its active 
metabolite. It is thus unlikely that ganciclovir has 
any efficacy in PTLD arising from latency stages 
unless expression of viral thymidine kinase can be 
induced. There is evidence that histone deacety-
lase inhibitors can stimulate expression of lytic-
phase genes and sensitize cells to ganciclovir 
[244]. A phase I/II of the combination of arginine 
butyrate with ganciclovir enrolled 15 patients with 
EBV-associated malignancies that had failed prior 
therapy and showed four complete responses and 
six partial responses [245].

13.5.6.3  Anti-CD20 Antibody Therapy 
and Chemotherapy

PTLD has been treated with cytotoxic chemo-
therapy to achieve disease control while main-
taining an immunosuppressive state to protect 
the allograft. In adult patients with PTLD, the 
use of conventionally dosed chemotherapy has 
been complicated by toxicity and infection, with 
regimen-related mortality as high as 50% [246]. 
This prompted a pilot study of a low-dose che-
motherapy regimen with cyclophosphamide and 
prednisone (CP) for children with PTLD and 
resulted in a 77% CR rate. The 2-year failure-
free survival, defined as alive, in continuous CR, 
and with original functioning allograft, was 67% 
(Table 13.6) [247].

Rituximab, a humanized chimeric monoclonal 
antibody against CD20 antibody, induces apopto-
sis in CD20-positive B-lymphocytes. In HSCT 
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recipients with rising EBV viral load, preemptive 
therapy with the anti-CD20 monoclonal antibody 
rituximab has been successful in reducing B-cell 
proliferation in up to 93% of patients [250, 251]. 
The efficacy of preemptive rituximab in response 
to rising EBV PCR’s in SOT recipients has not 
been shown.

Rituximab is also used in the treatment of 
patients with established PTLD.  The European 
Group for Blood and Bone Marrow Transplantation 
reported an event-free survival of 70% in children 
post-HSCT treated with rituximab as single agent 
[217]. In contrast, single-agent rituximab is only 
efficacious in about 50% of PTLD after 
SOT. Reported response rates range from 44.2 to 
69% [221, 252]. Results from the German Ped-
PTLD 2005 trial showed a good response rate of 
64% to three doses of rituximab. In the group of 
good responders, 84% (53% of the entire study 
population) remained in remission after an addi-
tional three doses of rituximab [249]. Patients who 
had a poor response to three doses of rituximab 
received chemotherapy of moderate intensity with 
vincristine, prednisone, cyclophosphamide, and 
methotrexate (mCOMP), and only 66% (20% of 
the total study population) achieved a CR [249].

The COG phase II study ANHL0221 used the 
low-dose CP chemotherapy backbone in combi-
nation with rituximab with a 72% early response 
rate [236]. The 2-year event-free survival was 
71%, and the 2-year overall survival was 83%. In 
summary, rituximab as single agent is efficacious 
in about 50% of patients. The addition of chemo-
therapy used either concurrently or sequentially 
leads to cure in an additional 20%. Since overall 
cure rates of PTLD in childhood are only around 
70%, more efficacious strategies for treatment 
are needed.

13.5.6.4  Cellular Therapy
Donor lymphocyte infusions (DLI) were first 
piloted in the 1990s and showed durable com-
pleted remission in five HSCT patients [253]. 
However, DLI can be complicated by acute and 
chronic GvHD and only efficacious in 41% 
patients [251, 254, 255]. This led to the production 
of EBV-specific cytotoxic T-lymphocytes (CTL) 
[254]. B-lymphocytes isolated from peripheral 
blood mononuclear cells and infected with a labo-
ratory strain of EBV are grown into EBV+ lym-
phoblastoid cell lines (LCL) over 4–6  weeks. 
Some laboratories additionally transfect LCLs 

Table 13.6 Summary of published treatment of PTLD in SOT with chemotherapy and rituximab

Treatment

Patient 
number 
(n) Age Pathology EBV status Outcome Reference

Low-dose 
cyclophosphamide, 
prednisone

30 4.9
(0.8–17.2)

NA Positive 2-year FFS: 
69%
2-year OS: 
73%

Gross, 2005 
[247]

Rituximab 40 Pediatric Polymorphic (27)
DLBCL (9)
BL (1)
HD-like (1)
Other high-grade 
B-cell lymphoma (1)

Positive 
(38/40)

CR 75% Webber, 
2005 [248]

Low-dose 
cyclophosphamide, 
prednisone, 
rituximab

55 4.9
(0.9–17.2)

Positive 2-year EFS 
71%
2-year OS: 
83%

Gross, 2012 
[236]

Rituximab induction
Good responders: 
rituximab
Poor responders:
mCOMP

49 9.8
(0.8–17.4)

Polymorphic (12)
DLBCL (24
BL (7)
Other high-grade 
B-cell lymphoma (6)

Positive 
(44/49)

2-year EFS: 
67%
2-year OS: 
86%

Maecker- 
Kohlhoff, 
2014 [249]
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with LMP-1 and LMP-2 to increase immunoge-
nicity [254]. LCLs are then co-cultured with 
PBMC of the same donor to produce and expand a 
population of EBV-specific CTLs in the presence 
of interleukin-2 (IL-2) over a 4-week span. This 
leads to a 10-to-12-week delay in availability for a 
patient-specific product [254]. A rapid manufac-
turing practice using dendritic cells expressing 
immunogenic EBV genes (LMP1, LMP2) as anti-
gen-expressing cells can reduce manufacturing 
time to 2–3 weeks [256].

Donor-derived EBV CTLs have been used 
prophylactically in HSCT recipients with EBV 
viremia or therapeutically in HSCT-related 
PTLD. They were effective in the prevention of 
PTLD in 101 patients with EBV viremia, and 24 
out of 27 patients with established PTLD 
achieved a CR (Table 13.7) [254]. The treatment 
of PTLD in SOT is more complicated because 
PTLD usually arises from recipient cells and not 
donor lymphocytes, recipient and transplant 
organs are often not HLA matched, and donor- 
derived PBMCs are not available in cadaver 
transplants to produce EBV CTLs [221]. The 
production of autologous CTLs is complicated 
by the ongoing immunosuppression of the recipi-
ent as well as the delay in treatment caused by the 
production time of EBV CTLs. However, there 
are some successful reports [254].

Third-party EBV CTLs produced from 
healthy EBV-seropositive donors can be cryo-
preserved in banks that cover the most common 
HLA types [254, 256, 259, 262, 263]. Since 
HLA matching at 1–2 loci between CTL product 
and recipient is sufficient as long as the EBV 
activity is transmitted through shared alleles, a 
bank of approximately 30 donors with varied 
HLA types covers 80–90% of the population 
[259, 264, 265]. A multicenter phase II study of 

third-party EBV CTLs in 33 SOT and HSCT 
recipients including 11 children reported an 
overall response rate of 52% [257]. Other groups 
have shown overall responses from 67 to 80% 
[259, 262, 265].

The Children’s Oncology Group is currently 
conducting a phase II trial using third-party EBV 
CTLs. Drawing from the German Ped-PTLD 2005 
experience, patients receive induction with three 
doses of rituximab. Patients that do not achieve a 
complete response to induction are assigned to 
receive EBV CTLs. Depending on the response, 
patients are eligible to receive two to four doses of 
EBV CTLs. This is the first multicenter coopera-
tive group trial using cellular therapy.

13.5.6.5  Other Emergent Treatments
Additional strategies to augment cellular therapy 
in EBV+ PTLD are being investigated. The 
bisphosphonate pamidronate leads to intracellu-
lar accumulation of isopentenyl pyrophosphate 
and activates natural killer cells able to induce 
apoptosis in EBV-infected B-cells [266]. In mice 
with EBV lymphoproliferative disease, intraperi-
toneal pamidronate induced tumor regression and 
prolonged survival [266].

Cellular therapy in PTLD is complicated by 
the need of immunosuppression for prevention of 
graft rejection or GvHD, which also affects virus- 
specific T-cells. Genetically engineered EBV 
CTLs resistant to calcineurin inhibitors can erad-
icate EBV+ B-cell lymphoma in mice with thera-
peutic tacrolimus levels [267]. The use of these 
modified cells could advance the treatment of 
PTLD without the need for reduction of immuno-
suppression, decreasing the risk of graft rejection 
or GvHD, but these modified cells have not been 
used in human trials thus decreasing the need for 
decreased immunosuppression.

Table 13.7 EBV-specific CTL in the treatment of PTLD

Donor source Group Number of patients Type of transplant Outcome Reference
Third party UK 2007 HSCT, SOT CR: 52% Haque, 2007 [257]
Donor MSKCC 14 HSCT CR: 64.3% Doubrovina, 2012 [258]
Third party MSKCC 5 HSCT CR:80% Doubrovina, 2012 [258]
Third party Baylor 9 HSCT CR: 67% Leen, 2013 [259]
Third party UK 11 SOT, HSCT CR: 82% Vickers, 2014 [260]
Donor Baylor 13 HSCT CR: 84.6 Bollard, 2016 [261]
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13.6  Conclusion

PTLD, the most common form of childhood 
lymphoproliferation, is a heterogeneous disease 
ranging from polymorphic uncontrolled lym-
phoproliferation to monoclonal lymphomas. 
EBV and immunological defects are the main 
drivers of disease. Reduction of immunosup-
pression can lead to resolution by restoring 
T-cell function but is often not feasible due to 
risk of graft rejection. Rituximab is highly effi-
cacious in preventing PTLD in HSCT and has 
response rates of 70–80% in HSCT and around 
50% in SOT patients with established PTLD. EFS 
around 70% have been reported in combination 
low-dose chemotherapy with rituximab in SOT 
recipients. The combination of cellular therapy 
with rituximab may further improve the outcome 
of children with PTLD while avoiding the use of 
cytotoxic chemotherapy.
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Role of Modern Imaging with FDG- 
PET/CT in Aggressive Lymphoma

Judith Trotman and Michel Meignan

14.1  Staging of Aggressive 
Lymphoma

When the Ann Arbor staging system for lym-
phoma was drafted in 1971, the authors acknowl-
edged two aims of staging: to facilitate 
communication and exchange information and to 
guide prognosis and assist in therapeutic deci-
sions. The former could only be done at the 
expense of a loss of some information, as it is 
necessary to condense in one number a consider-
able amount of data, while the latter aim was best 
achieved if the greatest amount of information 
was given for each patient. These two aims high-
lighted a tension that has existed in lymphoma 
staging ever since: between being succinct and 
comprehensive; a lumper vs. a splitter; providing 
a simple standardised staging paradigm vs. a 
more complicated individualised approach. 
Furthermore, it was acknowledged that intercom-
parison demands that all the staging procedures 
performed should be as similar as possible in 

each centre to avoid bias in staging and interpre-
tation of the therapeutic results.

A diagnosis of aggressive lymphoma is most 
commonly made after a standard CT scan has 
been performed and mapped the presence of 
lymphadenopathy, including the node/lesion 
most suitable for core or ideally excision biopsy. 
CT-based anatomic extent of lymphoma has tra-
ditionally defined stage, but, with aggressive 
lymphomas being invariably glucose- avid, in 
2007 the IHP defined PET-CT as the principal 
imaging modality for staging aggressive lym-
phoma [1, 2]. Therefore once a diagnosis is made, 
whole body PET-CT is performed. PET-CT is the 
most sensitive imaging modality, particularly in 
identifying extranodal disease [3–5]. Indeed, the 
more recent, international staging criteria noted 
significant (~20%) stage migration, particularly 
upstaging with the more sensitive PET-CT scan-
ning [6, 7]. It has been shown recently that the 
detection of extranodal involvement by PET has 
improved the prognostic value of IPI, R-IPI and 
NCCN-IPI [3]. While still separating lymphomas 
into localised or advanced stage, it was recog-
nised that distinguishing nodal vs. extranodal sta-
tus and unidimensional measurement of bulk was 
of limited use in an era of widespread use of sys-
temic and multimodality approaches.

As a full-dose contrast-enhanced CT has com-
monly already been performed when diagnosing 
aggressive lymphoma, the most common PET-CT 
performed for staging purposes utilises 18F-FDG 
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(administered 60 +/− 5′ after resting) and low-
dose CT to minimise the impact of contrast on 
attenuation correction: the correction made for 
the loss of detection of photons because of spa-
tially dependent absorption. When precise ana-
tomical definition of disease is required, say for 
consideration of radiotherapy, a full contrast-
enhanced CT scan is also required, either with, or 
more commonly separate to the PET scan.

Staging PET scans are to be reported using 
visual assessment [8], noting the location of 
increased focal uptake in nodal and extranodal 
sites, which is distinguished from physiological 
uptake and other patterns of disease that may 
have increased FDG uptake including infection 
and inflammation [9, 10], according to the distri-
bution and/or CT characteristics. PET scans 
should be reported using a fixed display and a 
grey or colour table which can be scaled to the 
standardised uptake value (SUV) [11]. The SUV 
is the measured radioactivity corrected for patient 
weight and administered activity.

Focal FDG uptake within the bone/bone mar-
row, liver and spleen is highly sensitive for 
involvement in aggressive NHL [12–15], and the 
presence of focal lesions in the bone marrow may 
obviate the need for bone marrow biopsy [4, 16, 
17]. Indeed PET detects BM involvement more 
often than BMB, and patients with a positive 
BMB generally have other factors consistent with 
advanced stage or poor prognosis. Where the 
PET scan shows no focal marrow uptake, the 
clinical value of performing a bone marrow 
biopsy outside of clinical trials to exclude 
concurrent low-grade disease is debatable as it 
generally would not change the prognosis and 
management. High physiological FDG uptake 
occurs in the brain, and although intracerebral 
lymphoma is often highly FDG-avid [18], diffuse 
and low-volume leptomeningeal disease may be 
missed. MRI is preferred to assess suspected 
CNS involvement.

Prior to our capacity to measure both ana-
tomic and metabolic extent of lymphoma, vari-
ous surrogates of tumour burden, including CT 
and BM biopsy-based stage, presence of extrano-
dal disease and the lactate dehydrogenase level 
(a  surrogate of both bulk and proliferation) 

have been included in the prognostic indices of 
all aggressive lymphoma subtypes (the IPI [19]
and revised IPI [20] and NCCN-IPI [21] in 
DLBCL and the PIT in PTCL [22].

More recently, PET studies across a range of 
lymphomas including DLBCL and peripheral 
T-cell lymphoma suggest that quantifying the 
baseline total metabolic tumour volume (TMTV), 
the sum of the three-dimensional measurements 
of lesions with FDG uptake: a measure of the 
viable fraction of tumours and microenvironment 
may more accurately quantify tumour burden for 
determining prognosis. In two retrospective 
DLBCL series, the median TMTV was reported 
around 320  cm3 using the 41% thresholding 
method [23]. Patients with a large baseline meta-
bolic volume (>300  cm3) had a significantly 
worse outcome than those with a vol-
ume ≤300 cm3 [24, 25]. The populations could 
be stratified according to TMTV, with risk 
increasing with each TMTV distribution quartile 
[25]. Combining these two PET series resulted in 
a cohort of 187 patients (44% >60 years old, 81% 
Ann Arbor Stage III/IV, 66% with aaIPI 2–3, 
75% treated by R-CHOP) confirming that TMTV 
with a 300  cm3 cut-off was predictive of both 
5-year PFS and OS [24], Fig. 14.1. In 167 young 
patients with an aaIPI score of 2–3 enrolled in a 
prospective study and treated with either R/
CHOP14 or R/ACVBP, the median TMTV was 
380  cm3. A 6.6% increase in risk of events for 
each 100 cm3 increase of TMTV was observed, 
and a TMTV >660 cm3 was the strongest predic-
tor of inferior PFS and OS [26]. In primary medi-
astinal B-cell lymphoma, TMTV was shown to 
be predictive of outcome in 103 patients included 
in the series of the International Extranodal 
Lymphoma Study Group (IELSG26 trial) [27]. In 
a retrospective study including 108 patients with 
nodal PTCL (PTCL NOS, AITL, ALCL), the 
median TMTV at staging was 220  cm3. It was 
shown that TMTV with a threshold >230  cm3 
was strongly prognostic independent of either IPI 
or PIT [24].

Not only can TMTV “per se” be used to strat-
ify patient prognosis, but it has been shown in 
several studies to be independent to risk assign-
ment using the current clinical prognostic indi-
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ces. In DLBCL, TMTV stratified patients with 
high NCCN-IPI into two risk groups, a group 
with high TMTV, with a very poor outcome 
(5-year PFS 35%, 5-year OS 42%), and a group 
with low TMTV, with a much better outcome 
(5-year PFS 64%, 5-year OS 69%, P  =  0.001 
and P  = 0.01, respectively) [24]. Patients with 
low NCCN-IPI had an excellent outcome irre-
spective of their TMTV (5-year PFS 80%, 
5-year OS 77%). Moreover, TMTV has poten-
tial to refine cell of origin risk assignment in 
DLBCL. Both patients with GCB genotype and 
a high volume and patients with ABC disease 
with a small TMTV had a 5-year PFS of around 
50% [24]. Similarly, in patients with PTCL, 
TMTV0 combined with PIT discriminated out-
come better than TMTV0 alone, identifying 
patients with an adverse outcome 
(TMTV0 > 230 cm3 and PIT >1, n = 33) from 
those with good prognosis (TMTV0 ≤ 230 cm3 
and PIT ≤1, n = 40): 19% vs. 73% 2-year PFS 
(p  <  0.0001) and 43% vs. 81% 2-year OS 
(p = 0.0002), respectively.

An alternative interest in TMTV measurement 
is around measurement of drug delivery. It has 
recently been shown in 108 patients with 
DLBCL  that the TMTV influenced rituximab 

pharmacokinetics. Exposure to rituximab 
decreased as TMTV increased with a decrease of 
the area under concentration-time curve (AUC). 
Small volume and high AUC were associated 
with a better response and a longer PFS. These 
results suggested that TMTV measurement could 
be helpful for optimising rituximab dose individ-
ualisation in DLBCL [28].

With standardisation of PET acquisition and 
software packages to assist with measurement of 
TMTV, we may be getting closer to providing a 
single staging parameter (Fig.  14.2). However, 
we must remain committed to systematically 
addressing the challenges of volume calculation 
and the appropriate choice of TMTV software 
algorithms to provide reproducible measurements 
of TMTV across prospective multisite studies. 
No method is always the most accurate: 
performance varies as a function of the activity 
distribution, noise, spatial resolution and contrast. 
The cut-off volume separating high vs. lower 
tumour volume across patients depends upon the 
method. With evolving scanner performance, 
relative methods relying on internal standards 
such as fixed percentage thresholding or adaptive 
methods are the most reproducible, but it has 
been shown that even if the cut-off varies with a 
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Fig. 14.1 TMTV impacts PFS and OS in 187 patients 
with DLBCL.  Kaplan-Meier curves show that patients 
with TMTV>300 cm3, Group 1, have lower 5-year PFS 
and OS than patients with TMTV≤300  cm3, Group 0 
(54.7% vs. 77%, HR = 2.32, p = 0.013 and 55% vs. 85%, 

HR = 3.03, p = 0.0002, respectively). Note that when the 
best cut-off of 205 cm3 determined for PFS by ROC and 
X-tile analysis is taken, the 5-year PFS is 55% when 
>205  cm3 and 82% when ≤205  cm3, HR  =  2.96, 
p = 0.0002
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given method, the predictive value remains quite 
similar once a method is chosen.

With widespread use of multi-agent systemic 
therapies, the Ann Arbor staging is no longer fit 
for purpose. TMTV has the potential to provide 
the single most efficient and relevant means of 
informing clinicians and patients of their disease 
burden. With reliable software and consensus, 
TMTV may in time replace the Ann Arbor system 
and become the new standard to convey prognosis 
and rationale for tailored therapy to our patients.

14.2  PET to Assess Therapeutic 
Response

One of the advantages of metabolic imaging is 
the capacity to accurately chart early metabolic 
response to therapy. The high FDG avidity of the 
aggressive lymphoma cells results from increased 
cellular turnover and internal trapping of glucose 
by tumour and stromal cells. Decreased glucose 
metabolism during treatment may be a surrogate 
of treatment efficiency. Chemotherapy-induced 
reduction of lymphoma metabolism is a nonlinear 
process influenced by chemotherapy regimen, the 
schedule and number of cycles and the effect  

of the chemotherapy on the surrounding microen-
vironment. End-of-induction PET-CT is neces-
sary for response assessment in aggressive 
lymphoma, and the poorer prognosis of patients 
who remain PET-positive after completion of 
therapy has driven study of interim PET 
assessment seeking to identify such patients 
earlier where it is hoped that a change, often 
intensification of therapy, will improve outcomes.

14.2.1  Interim PET

In both clinical trials and in practice, the decision 
of when to perform interim PET (iPET) is driven 
by the clinical tension between the very good neg-
ative predictive value (NPV) of the test in identi-
fying patients with a good prognosis and obtaining 
a sufficiently high positive predictive value (PPV) 
at an early enough time point so that PET-positive 
patients can be salvaged with a change in thera-
peutic approach. Therefore in most studies, iPET 
is performed after 2 and/or 4 cycles of chemother-
apy. Resolution of FDG uptake at sites of initial 
disease indicates a complete metabolic response 
with a very good negative predictive value with a 
2-year PFS rate of 73–85% [6].

TMTV=137cm3 TMTV=280cm3 TMTV=756cm3 TMTV=1363cm3

Fig. 14.2 Different total metabolic tumour volume observed in patients with DLBCL (from Cottereau et  al. Clin 
Cancer Res, 2016)
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The limitations of iPET are twofold. Firstly, 
the positive predictive value of iPET is too low as 
cited to range from 18 to 74% [6]. Secondly, no 
prospective randomised study has clearly 
demonstrated that either intensification of 
chemotherapy or change in therapeutic agent can 
improve the poorer prognosis of patients who 
remain PET-positive.

One study highlights the low PPV of iPET, 
particularly when applying the now outdated IHP 
criteria (using background FDG uptake as refer-
ence) [29]. All patients who remained PET- 
positive after 4 cycles of R-CHOP-14 underwent 
systematic biopsy. The 23% with biopsy- 
confirmed disease had an inferior outcome. 
However, the PFS in PET-positive biopsy- 
negative patients was comparable to that of PET- 
negative patients. The observation of a high false 
PET-positive rate in this series did not deny a 
clinically relevant prognostic value to early 
PET.  It rather highlighted the key challenge for 
early PET reporting: to establish reproducible 
interpretation criteria able to discriminate FDG 
uptake associated with active disease from that 
related to non-specific post-therapy inflammatory 
changes. Indeed, visual interpretation can 
significantly change depending on the reference 
background used. Clearly for the same residual 
FDG uptake, increasing the reference for 
measuring background uptake can change a PET- 
positive scan to a negative one and the cut-off 
must be chosen carefully. In DLBCL the signal 
decreases continuously during induction treat-
ment in parallel with tumour destruction, and the 
residual uptake decreases with each cycle. The 
degree of uptake that is indicative of response [8]
is dependent on the timing of the scan during 
treatment [30, 31] and on the clinical context, 
including prognosis, lymphoma subtype [32–34] 
and treatment regimen [35, 36]. It is also depen-
dent on the presence of inflammatory cells 
induced by rituximab and on microenvironmental 
cells. In addition there are difficulties in a 
qualitative visual comparison between residual 
uptake and background since visual reporting is 
highly observer dependent.

The 5-PS was developed as a simple, repro-
ducible scoring method for response assessment 

(Table 14.1). It provides flexibility to change the 
threshold between good/poor response according 
to the clinical context and treatment strategy [37]. 
For example, a lower level of FDG uptake might 
be preferred to define a “negative result” in a clin-
ical trial exploring de-escalation to avoid under-
treatment. A higher level of uptake might be 
preferred to define a “positive result” in a trial 
exploring escalation to avoid overtreatment. The 
5-PS has been validated for use at interim and at 
the end of treatment and in the last decade has 
been adopted as the preferred reporting method 
for response assessment [8].

Good interobserver agreement has been 
reported in DLBCL [38]. Scores 1, 2 and for the 
most part 3 are defined as CMR. When a score 1 
or 2 is achieved at interim, an end of treatment 
scan is not required  [39]. Score 3 also likely rep-
resents CMR at interim [40] and a good progno-
sis at completion of standard treatment ([41] 
(suppl 1; abst 15); [42]). One issue to be resolved 
with the 5PS is the lack of definition of the terms 
“moderately “and “markedly” which are not yet 
defined in quantitative terms. However, the 2014 
Lugano guidelines recommend that a score of 4 
should apply to uptake greater than the max SUV 
of the liver and a score of 5 to uptake 2–3 times 
greater than the SUVmax liver. In these guide-
lines a score of 4–5 with uptake reduced from 
baseline represents a partial metabolic response, 
while a score of 5 with no decreased uptake or 
with new FDG-avid foci consistent with lym-
phoma represents treatment failure and/or 
progression.

The problem of interobserver variability for 
reporting according to the 5PS has been pointed 
out recently. Concordance was excellent with the 
liver threshold but decreased for all the other 

Table 14.1 The 5-PS (also called Deauville criteria) 
scores the most intense uptake in a site of initial disease, if 
present as follows

1. No uptake
2. Uptake ≤ mediastinum
3. Uptake > mediastinum but ≤ liver
4. Uptake moderately higher than the liver
5.  Uptake markedly higher than liver and/or new 

lesions
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thresholds. In this regard a quantitative approach 
measuring delta (Δ)SUVmax between baseline 
and interim PET would add value, and such 
quantitative reporting is being encouraged both 
clinically and in trials. It decreases the 
interobserver variability seen with visual 
reporting and integrates kinetic information by 
comparing baseline PET with interim PET [38]. 
The maximum SUV is measured in the hottest 
lesion before treatment and after 2 or 4 cycles of 
treatment. The change in SUV is expressed as a 
percentage of the initial uptake: referred to as the 
ΔSUVmax (Itti et al. 0.2009). When calculating 
the ΔSUVmax, it is important to appreciate that 
the lesion containing the SUVmax on iPET may 
not be the same as the lesion with the SUVmax at 
baseline. One challenge is the difficulty applying 
the ΔSUVmax method in patients with low 
baseline SUV which cannot reach the cut-off 
ΔSUVmax (between 66 and 72%) to determine a 
good response. The use of this metric has been 
adopted in two large clinical prospective trials 
(PETAL and GAINED), but there has been no 
prospective within-study comparison of the 
performance of the 5PS and ΔSUVmax. Another 
interesting quantitative approach has been 
recently proposed by a group from Beijing. They 
showed in DLBCL that using a ratio of 1.6 
between the residual uptake and the liver, they 
could better discriminate patient outcomes than 
using 5PS or ΔSUVmax approach [43].

Although there is no prospective comparison 
between these methods, several exploratory 
investigations compare qualitative visual and 
nonvisual quantitative PET assessment [38]. 
Even while these studies have limitations, they 
all conclude in favour of quantitative methods.

The more significant limitation of iPET relates 
not to the scans themselves per se but the failure 
observed in some iPET-directed escalation 
studies to improve outcomes for patients who 
remain PET-positive. The most notable study in 
this respect was the PETAL (positron emission 
tomography-guided therapy of aggressive non- 
Hodgkin lymphomas) trial, where patients who 
failed to have a ΔSUVmax of 66% after 4 cycles 
of R-CHOP were escalated to a Burkitt-like 
regimen. iPET remained positive in 13% of 

patients and was highly predictive of inferior 
outcome with a 2-year TTF of 79% vs. 47% 
(p < 0.001), but a benefit from escalation could 
not be demonstrated (Duhrsen et al. 2014). To the 
contrary, in the Australasian Leukaemia and 
Lymphoma Group phase II escalation study, 
patients with DLBCL remaining PET-positive 
after 4  cycles of R-CHOP 14 and changed to 
R-ICE followed by ASCT had similar survival as 
PET-negative patients who completed six cycles 
of R-CHOP, (Hertzberg et al. 2017). However in 
this trial, iPET were reported using the now 
outdated IHP criteria. A reanalysis of PET- 
positive patients with the 5PS showed that the 
subset with score 5 had a poor prognosis and 
were refractory to the intensification approach.

In contrast to the challenges of interpreting an 
iPET-positive result, the very good negative 
predictive value of interim PET in DLBCL allows 
us to consider studies of de-escalation strategies 
in PET-negative patients. Furthermore, the 
reassurance to the patient in achieving iPET- 
negativity and a favourable prognosis cannot be 
underestimated. The results of the French 
LNH073B trial studying patients <60 years, with 
age adjusted IPI > 1, showed that 79% of patients 
became PET-negative using a ΔSUVmax 
approach. The results suggested that the 
quantitative approach could better characterise 
the majority of patients eligible for continued 
standard immunochemotherapy and select the 
presumably small subset of patients likely to 
benefit from upfront ASCT consolidation and 
those refractory ones early needing alternative 
strategies [44].

In peripheral T-cell lymphoma (PTCL), ret-
rospective studies have reported conflicting 
results on the value of iPET. However, the larg-
est retrospective multicentre French and Danish 
series applying the 5PS in 140 patients for 
interim PET performed either after two or after 
3/4  cycles have shown that interim PET was 
predictive of outcome [45]. PFS and OS for 
iPET3/4 positive and iPET3/4 negative patients 
were 16% and 32% vs. 75% and 85%, respec-
tively. Moreover baseline TMTV helped stratify 
the early PET responders into different risk 
categories.
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The complexity of interpreting iPET demands 
that it be assessed in a multidisciplinary setting 
aware of the clinical context of such interpretation 
before influencing the ongoing therapeutic 
approach for patients with aggressive lymphoma.

14.2.2  Postinduction PET

End-of-induction (EOI) PET is the standard 
imaging modality for end-of-induction response 
assessment of aggressive lymphoma with dem-
onstrated greater accuracy than CT scanning. 
PET should be performed at least 3 weeks after 
last cycle of chemotherapy or 8–12 weeks after 
radiotherapy, given the propensity for inflamma-
tory reactions after this modality of therapy.

The current recommendation for end-of- 
induction PET is to apply the 5PS, where a score 
of 4 or 5 represents residual metabolic disease 
and treatment failure [7]. There is insufficient 
evidence to specify a target ΔSUVmax at end-of- 
induction PET that predicts a high probability of 
cure in DLBCL, and so the 5PS remains the 
recommended guide to subsequent prognosis and 
clinical approach. The NPV of end-of-induction 
PET is reported to be 80–100%, but again PET 
assessment is plagued with a low PPV ranging 
from 50 to 100% [6]. Therefore, if further treat-
ment, beyond consolidation radiotherapy to a 
single residual FDG-avid lesion, is being consid-
ered, a biopsy or follow-up imaging is advised. 
One DLBCL subtype with excellent long-term 
response rates despite frequent persistence of 
FDG uptake is primary mediastinal B-cell lym-
phoma with data suggesting that a score of 4 on 
the 5PS is not associated with as poor a prognosis 
as score 5 [46]. In this lymphoma where consoli-
dation radiotherapy is commonly used, a pro-
spective randomised IELSG is assessing whether 
it is safe to omit radiotherapy in patients who 
become PET-negative.

There is data to suggest that the anatomic CT 
response may also play a complementary role 
with a greater reduction in mass associated with 
improved outcome both in patients who remain 
PET-positive and who achieve PET-negative sta-
tus. The recently published response evaluation 

criteria in lymphoma (RECIL), recommended 
for use patients in basket clinical trials with 
novel agents, outlines the predictive power of a 
reduction by ≥30% in the sum of the longest 
diameters of three target lesions [47]. This sup-
ports an ongoing value to anatomic reduction of 
masses, although how these criteria can be 
applied outside of clinical trials is unclear and 
for now the Lugano criteria remain central to 
response assessment for aggressive lymphomas 
in clinical practice.

14.3  Assessment Before High- 
Dose Therapy (HDT) 
and Autologous Stem Cell 
Transplant (ASCT)

Several studies have reported that PET is prog-
nostic in patients with relapsed or refractory 
DLBCL after salvage chemotherapy for whom 
high-dose chemotherapy and autologous stem 
cell transplantation are considered. In the con-
text of this population of patients having a poorer 
prognosis, overall PET separates out a 3-year 
PFS/EFS of 30–40% in patients who remain 
PET-positive, vs. 75–82% for those who become 
PET-negative after salvage. The PET results, 
particularly in the context of a comparison with 
PET prior to salvage therapy, and the context of 
patient age, fitness and alternative clinical trial 
options serve to assist the clinician in deciding 
the merits of transplantation +/− consolidation 
radiotherapy.

14.4  Peripheral T cell Lymphoma

In 130 patients with relapsed or refractory PTCL 
treated by romidepsin, end of treatment PET 
reported with outdated criteria appeared superior 
to conventional CT assessment to determine 
prognosis [48]. In a recent retrospective study 
including 140 PTCL patients, the prognostic 
value of end of treatment PET reported with 
Lugano criteria has been confirmed, Cottereau 
et al. 2017). In extranodal NK/T-cell lymphoma, 
it has been shown that posttreatment 5PS and 
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Epstein-Barr virus DNA positivity were 
independently associated with progression-free 
and overall survival in a multivariable analysis 
(for posttreatment 5PS of 3–4, PFS hazard ratio 
[HR] 3.607, 95% CI 1.772–7.341, univariable 
p < 0.0001; for posttreatment Epstein-Barr virus 
DNA positivity, progression-free survival HR 
3.595, 95% CI 1.598–8.089, univariable 
p < 0.0001) [49].

14.5  Remission Surveillance

There is no evidence-based role for either PET or 
CT in the routine surveillance of remission in 
aggressive lymphoma. Educating the patient 
about signs and symptoms of relapse and clinical 
follow-up at initially three and then six monthly 
intervals is more appropriate. In the absence of 
prospective data demonstrating its benefit, 
surveillance imaging with either PET or standard 
contrast-enhanced CT for aggressive lymphoma 
generates unnecessary cost, anxiety and radiation 
exposure as most relapses are detected clinically. 
The 2014 Lugano guidelines cite a false positive 
rate of 20% which results in unnecessary biopsies 
for such patients. There was an estimated 91–255 
scans performed for every relapse detected and 
no clear demonstrated improvement in patient 
outcome in the small proportion of patients 
whose relapse is detected initially with imaging 
[50, 51].

14.6  The Future for Imaging 
in Response Assessment 
of Aggressive Lymphoma

Despite considerable enthusiasm for identifying 
blood biomarkers for prognosis and response 
prediction, PET imaging remains the central 
biomarker at both baseline and end of 
immunochemotherapy in aggressive lymphoma. 
It is hoped that future combinations of baseline 
TMTV, the biologic profile of the lymphoma 
(particularly DLBCL), iPET and EOI PET 
assessment may be sufficiently prognostic to 
provide a platform for PET-adapted approaches 

in aggressive lymphomas in future clinical trials. 
For such approaches to be successful however, 
the results from the PETAL study suggest that 
simply intensification of chemotherapy may not 
be sufficient, and rationally biologic targeted 
therapies need to be developed.
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Kinase Inhibitors in Large Cell 
Lymphoma
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15.1  Introduction

Regulation of a broad array of cellular functions 
in both normal cells and cancer is controlled 
through the phosphorylation of unique proteins 
within multistep signaling pathways. 
Phosphorylation is directed through hundreds of 
specific kinases which can be activated through a 
variety of mechanisms. Not surprisingly, these 
tightly regulated networks are critical to nearly 
all cellular functions and can be abnormally acti-
vated or suppressed in cancer through both 
genetic and epigenetic mechanisms [1]. Often, 
these alterations in kinase activity result in 
tumorigenic changes leading to increased sur-
vival and resistance, as well as tumor growth and 
spread (Fig. 15.1). It has also become evident that 
aberrant kinase activity plays a central role in a 
tumor’s ability to evade immune surveillance. As 
a result, kinase inhibition has emerged as a field 
of intense study across multiple cancer subtypes, 
and currently over 25 oncology drugs that target 
kinases are approved in the United States [1].

Recently, insights into important kinase- 
controlled pathways in aggressive B-cell 
malignancies have led to the development of 
several inhibitors with potential in lymphoma. 
Unfortunately, due to the overlapping and redun-
dant nature of most signaling cascades, single 
agent activity has been low, resistance is com-
mon, and most patients still relapse following 
initial response. Toxicity has also been difficult 
to predict, likely due to the ubiquitous nature of 
several targets and their multifunction role across 
cell types. Despite these setbacks, promising 
kinase-based combinations are emerging, and 
research on predictive biomarkers is underway.

This chapter will review some of the current 
classes of tyrosine kinase inhibitors being studied 
in aggressive B-cell lymphomas, along with 
recent clinical outcomes seen with the leading 
novel agents in each class.

15.2  The B-Cell Receptor Pathway

The B-cell receptor (BCR) pathway is essential 
for the development of both normal B cells and 
their malignant brethren. The B-cell receptor 
consists of a highly variable extracellular antigen- 
binding domain and an intracellular cytoplasmic 
tail consisting of immunoreceptor tyrosine-based 
activation motifs (ITAMs) which further generate 
intracellular signals [2]. The initiation/activation 
and maintenance of BCR signaling appear to 
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 differ in subtypes of aggressive B-cell malignan-
cies, and interruption of this pathway through 
inhibition of critical kinases represents a viable 
strategy for targeting aggressive B-cell lympho-
mas [3]. Although the exact mechanisms of path-
way activation are still being elucidated, activated 
B-cell (ABC) DLBCL likely depends on “chronic 
active” BCR signaling mediated through receptor 
clustering, while germinal center B-cell (GCB) 
DLBCLs may be stimulated in an antigen-inde-
pendent manner through receptor cross-linking 
leading or “tonic” signaling [4, 5]. Furthermore, 
gain-of-function mutations in the BCR subunit 
CD79 occur more frequently in ABC subtype 
compared to GCB.

15.2.1  BTK Inhibitors

Bruton’s tyrosine kinase (BTK), a member of the 
TEC family kinases, lies proximal in the BCR 
and is required for pathway signaling. BTK is 
activated by Src family kinases Blk and Lyn and 
phosphorylates phospholipase Cy (PLC gamma). 
Signaling through BTK eventually leads to 
downstream activation of both NF-kB and MAP 
kinase pathways [6]. Inhibition of BTK as a ther-
apeutic strategy has been extremely successful 
in chronic lymphocytic leukemia (CLL) and 
mantle cell lymphoma and has modest but 
 consistent activity in aggressive large cell 
lymphomas.

15.2.1.1  Ibrutinib
Ibrutinib is an oral, covalent irreversible inhibitor 
of BTK.  Initial phase I studies of ibrutinib 
reported responses in two of seven DLBCL 
patients [7]. A subsequent phase I/II study by 

Wilson and colleagues enrolled patients with 
both relapsed ABC and GCB diffuse large B-cell 
lymphoma. The study enrolled 80 patients, 
including 54% of patients who were refractory to 
prior therapy and 23% who had failed a prior 
stem cell transplant. All patients received 
standard dosing with 560  mg once daily. The 
overall response rate across subtypes of DLBCL 
was 22% including 9% of patients who achieved 
a complete remission. Progression-free survival 
was 5 months. As part of the initial study design, 
all patients underwent analysis of their primary 
tumor by gene expression profiling to determine 
the cell of origin. Interestingly, although patient 
characteristics were common between groups, 
inhibition of BTK was dramatically different 
between subtypes of DLBCL. Patients with ABC 
DLBCL achieved an overall response rate of 
37%, including 16% who achieved complete 
remission. The response rate in GCB DLBCL 
was only 5%. Furthermore, ABC lymphomas 
with mutations in the BCR were especially 
sensitive to ibrutinib therapy with an overall 
response rate of 56%. Common toxicities 
associated with ibrutinib include fatigue, atrial 
fibrillation, bruising, and hypertension [8]. A 
subsequent phase Ib study combined ibrutinib 
with R-CHOP in patients with untreated 
DLBCL. Younes and colleagues reported a 94% 
overall response rate with the combination 
without an evident increase in toxicity [9]. Phase 
III studies of R-CHOP with or without ibrutinib 
in DLBCL are underway.

15.2.1.2  Tirabrutinib
Tirabrutinib (ONO-4059) is a selective and 
reversible inhibitor of BTK with a 50% inhibi-
tory concentration (IC50) of 2  nmol/L and an 
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IC50 of greater than 300-fold selectivity for 
other kinases. Of the 35 patients with DLBCL 
recruited in the phase I trial, 31 were classified 
as ABC DLBCL using the Hans immunohisto-
chemical algorithm. Median number of prior 
treatments was three (range two to ten), and 
30/35 patients were refractory to their last line of 
chemotherapy. 11/31 (35%) of ABC subtype 
responded with two confirmed complete 
responses and one CRu. Median time on treat-
ment was 12 weeks. Tirabrutinib was generally 
very well tolerated. The most common (75%) 
were grade 1 or 2 in severity. Grade 3 or 4 toxici-
ties were mainly hematological, occurred early 
during therapy, and recovered spontaneously. 
There were no grade 3 or 4 episodes of hemor-
rhage. Diarrhea and arthralgia were classified as 
grade 2 toxicity in their most severe forms 
(Walter et al. Blood. 2016;127(4):411–9. https://
doi.org/10.1182/blood-2015-08-664,086. Epub 
2015 Nov 5).

15.2.1.3  Acalabrutinib and BGB-3111
Several other inhibitors of BTK are also in devel-
opment. Acalabrutinib is a covalent inhibitor of 
BTK with a more selective profile than ibrutinib. 
A phase I study of acalabrutinib in relapsed 
chronic lymphocytic leukemia (CLL) demon-
strated a response rate of 95% when the drug 
was given twice daily. The most common side 
effects reported included headache and diarrhea 
[10]. Studies are ongoing with acalabrutinib as a 
single agent and in combination with chemother-
apy in patients with untreated and relapsed 
DLBCL. BGB-3111 is another specific, irrevers-
ible inhibitor of BTK. Preclinical studies suggest 
greater selectivity for BTK versus other TEC- 
and EGFR-family kinases compared to ibrutinib 
[11]. Phase Ib studies of BGB-3111  in 46 
patients with aggressive lymphomas, including 
mantle cell lymphoma, demonstrated an overall 
response rate of 61% to the drug as a single 
agent. Frequent side effects included bruising, 
changes in bowel habits, fatigue, and upper 
respiratory tract infections [12]. How the activity 
of next- generation BTK inhibitors compare to 
ibrutinib in aggressive lymphoma will require 
further study.

15.2.2  SYK Inhibitors

The cytoplasmic non-receptor tyrosine kinase, 
SYK, is constitutively activated in B-cell lym-
phomas and plays a critical role in BCR signal-
ing. SYK amplification of the BCR signal 
promotes subsequent downstream signaling 
through BTK and PI3K, and the kinase has been 
shown to act as an oncogene in certain hemato-
logic malignancies [13]. Several SYK inhibitors 
are currently in clinical trials for hematologic 
malignancies including fostamatinib, entosple-
tinib, cerdulatinib, and TAK-659.

15.2.2.1  Fostamatinib
Fostamatinib was one of the first oral SYK inhib-
itors to enter into clinical studies for lymphoma. 
In a pilot phase I/II study of 22 patients with 
refractory DLBCL, the overall response rate was 
22% with a median progression- free survival of 
2.7  months. Side effects of the drug included 
diarrhea, neutropenia, and thrombocytopenia 
[14]. Unfortunately, larger phase II studies at 
various doses demonstrated minimal activity in 
aggressive lymphoma (overall response rate of 
3%) with similar adverse events [15]. Responses 
also did not appear to differ regardless of cell of 
origin.

15.2.2.2  Entospletinib
Entospletinib (GS-9973) is another orally available 
selective inhibitor of SYK. The agent has shown 
promising activity in relapsed and refractory CLL 
with up to 61% of patients demonstrating response 
[16]. In pretreated indolent lymphoma, approxi-
mately 13% of patients responded to the drug. 
Common adverse events associated with the drug 
included dyspnea, pneumonia, neutropenia, transa-
minitis, and fever [16]. Although clinical data is 
lacking in DLBCL, preclinical models in aggres-
sive hematologic malignancies including a DLBCL 
cell lines suggest SYK inhibition can lead to cell 
cycle arrest and apoptosis by preventing SYK- 
dependent activation of PLCγ2 and AKT [17]. 
Combination studies with the PI3K inhibitor ide-
lalisib and entospletinib in relapsed NHL and CLL 
were halted due to unexpected and often severe 
immune toxicities [18].
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15.2.2.3  Cerdulatinib
Cerdulatinib (PRT062070) is a dual JAK/SYK 
total inhibitor which has shown promising 
activity in CLL and in preclinical models of large 
cell lymphoma. In ABC and GCB cell lines, 
cerdulatinib induced cell death associated with 
caspase-3 cleavage [19]. Phase I studies with 
cerdulatinib in relapsed CLL, indolent lymphoma, 
and DLBCL are underway with interim results 
demonstrating tolerable safety profiles [20].

15.3  PI3K/mTOR/AKT Pathway

The phosphoinositide 3-kinases (PI3Ks) play a 
pivotal role in multiple cellular processes, 
including cell differentiation, proliferation, cell 
cycle, cellular metabolism, angiogenesis, 
survival, apoptosis, and motility [21]. PI3Ks are 
intracellular lipid kinases that transmit 
extracellular signals from transmembrane 
receptors such as G-protein-coupled receptors 
(GPCRs) and receptor tyrosine kinases (RTKs) to 
the cytoplasm and thereby regulate key cellular 
processes [22]. Downstream effectors of PI3K 
signaling include the AKT/mTOR pathway, 
which governs oncogenic processes such as 
metabolism, chemoresistance, cell cycle regula-
tion, growth, and proliferation [23, 24]. The 
PI3K/AKT/mTOR pathway is deregulated in a 
subset of cases in a variety of lymphoma sub-
types including Hodgkin, diffuse large B-cell, 
mantle cell, and follicular lymphoma [25–28].

15.3.1  PI3K Inhibitors

Class I PI3Ks are heterodimers consisting of reg-
ulatory (p85) and catalytic (p110) subunits. The 
p110 subunit exists as four isoforms (α, β, γ, δ) 
with nonoverlapping functions and different 
expression profiles. The α and β isoforms are 
expressed ubiquitously, while the γ and δ 
isoforms are expressed primarily in the 
hematopoietic tissues. Knockout studies in mice 
have shown that lack of p110c and p110d is 
associated with an impaired immune response 
and B-cell development [29]. Due to its prominent 

role in lymphoma, there is great interest in the 
development of PI3K inhibitors in clinical trials.

15.3.1.1  Idelalisib
Idelalisib is a PI3K delta inhibitor and has been 
extensively studied in indolent lymphoma [30, 
31] but not significantly in DLBCL.  In mantel 
cell lymphoma, a phase I trial investigated 
idelalisib as a single agent in 40 patients with a 
median of four prior therapies [32]. The ORR 
was 40% including two patients who attained 
complete remission (CR). Despite promising 
response rates, single agent therapy rarely 
resulted in durable remissions, prompting 
subsequent combination studies. A separate 
phase I study combines idelalisib with everoli-
mus or bortezomib or rituximab and bendamus-
tine, with a response rate of 46% [33]. Other 
combination studies with idelalisib and BTK 
inhibitors are currently under investigation in 
patients with B-cell malignancies including 
non-GC DLBCL.  Regarding toxicity, elevation 
of liver transaminase is frequently observed as 
well as the class-specific side effect diarrhea 
(reported in approximately 25% of patients). 
Neutropenia has also been reported and occurs in 
a dose-independent manner. Pneumonitis was 
seen in 3% of patients treated on single agent 
studies and generally occurred after several 
months of treatment [33].

15.3.1.2  Duvelisib
Duvelisib is an oral, dual inhibitor of the PI3K 
delta and gamma isoforms which is also being 
investigated in lymphoid diseases. In a phase I 
trial, including relapsed/refractory NHL patients, 
duvelisib has demonstrated clinical activity and a 
safety profile similar to idelalisib [34, 35]. 
Although the maximum tolerated dose was 75 mg 
BID, concurrent pharmacokinetic (PK) studies 
suggested full target inhibition at lower doses, 
and 25 mg BID was selected for further testing. 
The 26 patients with aggressive B-cell NHL who 
enrolled in the phase I study achieved an ORR of 
19% (8% CR). The overall response rate was 
50% in MCL (5/10 including 1 CR), 50% in 
peripheral T-cell lymphoma—including 3 CR out 
of 16 patients—and 32% in cutaneous T-cell 
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lymphoma. Severe adverse events (≥ 3) occurred 
in 84% of patients, mainly neutropenia, 
thrombocytopenia, and transamanitis [35].

15.3.1.3  Copanlisib
Copanlisib is a novel dual inhibitor of PI3K 
delta and gamma isoforms. In preclinical mod-
els, copanlisib was predominantly active in 
ABC DLBCL [36]. A phase II study by Lenz 
and colleagues evaluated copanlisib in 67 
patients with relapsed or refractory DLBCL and 
three or more prior therapies. The overall 
response rate was 25% with a median of PFS of 
8.1  months in responders. The main adverse 
events included hypertension and hyperglyce-
mia. Twenty-five percent of patients with ABC 
DLBCL achieved a complete remission [37]. 
Another phase II trial evaluated copanlisib in 33 
patients with indolent lymphoma and 51 with 
aggressive lymphoma, mostly T-cell lymphoma. 
The overall response rate was 27% in the aggres-
sive cohort with a PFS of 70  days. Similar 
adverse events were observed. Interestingly, a 
predominant activity was observed in tumors 
with up-regulation of PI3K pathway [38].

15.3.1.4  Umbralisib
Umbralisib (TGR-1202) is a potent and selective 
inhibitor of p110δ, with a unique molecular 
structure. Umbralisib has been shown to induce 
cytotoxicity, and inhibit AKT phosphorylation at 
submicromolar concentrations in cell lines 
regardless of 17p deletion, and was equipotent to 
idelalisib [39]. TGR-1202 has shown promising 
activity in patients, with a 94% nodal response 
rate observed in CLL patients treated with 
umbralisib monotherapy. Preliminary results 
suggest that hepatotoxicity, colitis, and 
opportunistic infections, such as pneumonia and 
pneumonitis, were less common, possibly due to 
conservation of Th2 cytokine expression and 
GATA-3 mRNA compared to other PI3Kδ 
inhibitors as well as a differential effect on 
regulatory T cells [40]. To date, little data has 
been reported with umbralisib as a single agent in 
DLBCL.  O’Connor and colleagues reported 
responses in 3 out of 12 patients from a single 
agent monotherapy study [41]. A subsequent 

combination trial with anti-CD20 therapy 
reported partial remissions in 4 out of 12 patients 
with DLBCL [42]. Larger studies are underway 
in DLBCL, stratifying patients according to cell 
of origin (GCB/ABC).

15.3.2  mTOR Inhibitors

The mechanistic target of rapamycin (mTOR) is 
a core component of mTOR complex 1 and 
mTOR complex 2, which regulates different 
cellular processes such as cell growth, cell 
proliferation, cell motility, cell survival, protein 
synthesis, autophagy, and transcription. The most 
established mTOR inhibitors are called rapalogs 
(rapamycin and its analogs).

15.3.2.1  Temsirolimus
Temsirolimus has significant activity in relapsed 
mantle cell lymphoma. Single agent studies have 
shown response rates of 38% or combined with 
rituximab (ORR of 59%) [43]. Based on these 
trials, temsirolimus has received orphan drug 
approval for relapsed mantle cell lymphoma in 
Europe. Early studies also suggest temsirolimus 
has efficacy in other NHL subtypes, including 
DLBCL [44].

15.3.2.2  Everolimus
Everolimus is an oral mTORC1 inhibitor that is 
approved by the Food and Drug Administration 
for relapsed renal cell, brain, neuroendocrine, 
and hormone receptor-positive breast cancers. 
A phase II trial of everolimus in relapsed aggres-
sive lymphoma demonstrated an ORR of 30% 
[45]. Everolimus was also evaluated in combina-
tion with the histone deacetylase inhibitor pano-
binostat in relapsed or refractory lymphomas. 
Toxicities were mild, and the ORR was 33% with 
complete response rate of 15% in heavily 
pretreated lymphoma. The limiting dose toxicity 
was thrombocytopenia [46]. Unfortunately, in a 
subsequent a phase III trial, adjuvant everolimus 
in patients with poor-risk DLBCL demonstrated 
no improvement in disease-free survival [47]. 
A newer generation of mTOR inhibitors, which 
are now entering clinical trials, is able to block 
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mTORC1 and mTORC2 and might allow greater 
efficacy and avoidance of the compensatory 
phosphorylation of AKT.

15.3.3  AKT Inhibitors

Perifosine is a first-generation AKT inhibitor that 
functions via inhibition of AKT translocation to 
the cell membrane. Combined in a phase II trial, 
sorafenib and perifosine had an ORR of 22% in 
relapsed or refractory lymphoproliferative 
diseases [48]. Due to limited efficacy and 
moderate toxicities, there are currently no 
ongoing clinical trials evaluating perifosine in 
patients with lymphoma.

A second-generation AKT inhibitor, 
MK-2206, was tested in a phase II trial includ-
ing 59 patients with relapsed or refractory lym-
phoma. The ORR was 14% including two CR 
and six PR, with a median duration of response 
of 5.8 months [49].

15.4  Anaplastic Lymphoma 
Kinase Inhibitors

15.4.1  Role in T-cell and B-cell 
lymphomas

Chromosomal translocation t(2;5) is associated 
with approximately 60% of anaplastic large cell 
lymphomas (ALCLs). The translocation creates 
a fusion gene consisting of the anaplastic lym-
phoma kinase (ALK) gene and the nucleophos-
min (NPM) gene. The product of the NPM-ALK 
fusion gene is oncogenic. In other cases, ALK 
is fused to TPM3 or more rarely to other part-
ners, such as TFG, ATIC, CLTC1, TPM4, MSN, 
ALO17, and MYH9 [50]. ALK- positive 
DLBCL is a rare variant of DLBCL. In a retro-
spective cohort of 38 cases of ALK-positive 
DLBCL, most patients had an aggressive clini-
cal course with advanced stage at diagnosis and 
poor outcome. Overall survival was 20.3 months 
in this CHOP and CHOP-like regimen-treated 
cohort [51].

15.4.2  Overview of Active Studies

Limited data exists utilizing ALK inhibitors in 
lymphoma. In a retrospective cohort of 11 
patients with relapsed ALK-positive ALCLs 
treated with the ALK inhibitor, ceritinib, the 
overall response rate was 90%, with seven 
patients in durable CR. OS and PFS at 2 years 
were 72.7% and 63.7%, respectively [52]. 
Safety and tolerability of ceritinib were evalu-
ated in a phase I trial enrolling 304 patients 
with ALK- positive tumors, among which three 
had relapsed ALK-positive ALCL. Two of them 
achieved a durable CR and one a PR [53]. Given 
the high remission rate, long duration of remis-
sion, and acceptable tolerability of treatment, 
ALK inhibitors may have promise in the 
 treatment of patients with ALK-positive 
ALCL. Phase II studies are ongoing to evaluate 
the activity of ceritinib as single agent in 
patients affected by resistant or refractory 
ALK-positive lymphoma.

15.5  Aurora Kinase Inhibitors

The aurora family of kinases regulate key cell 
cycle events including mitotic processes such as 
chromosome alignment and segregation. 
Overexpression of aurora kinases has been 
observed in several malignancies including 
aggressive lymphomas, and efforts have been 
made recently to develop agents targeting mem-
bers of the kinase family. Preclinical studies sug-
gest that inhibition of aurora kinases can result 
in mitotic arrest, chromosome misalignment, 
and apoptosis [54].

15.5.1  Alisertib

Alisertib (MLN8237) is an orally available 
selective aurora A kinase inhibitor with antipro-
liferative activity across several human tumor 
cell lines [54]. The agent has also been shown 
to inhibit tumor growth in mouse xenograft 
models with DLBCL [55]. Initial phase I  studies 
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in relapsed myeloma, non-Hodgkin’s lym-
phoma, and CLL were recently reported. 
Responses were observed and 13% of patients 
with 2 out of 17 patients with DLBCL attaining 
partial remission. The drug was associated with 
revisable neutropenia, thrombocytopenia, and 
leukopenia [56].

Friedberg and colleagues reported a subse-
quent phase II study of alisertib in aggressive B- 
and T-cell non-Hodgkin’s lymphomas. 
Forty-eight patients were enrolled, including 21 
patients with relapsed DLBCL.  Although the 
drug was well tolerated, only 3 out of 21 patients 
(14%) with DLBCL responded [57]. Single agent 
and combination studies of alisertib in aggressive 
B-cell and T-cell lymphoma are ongoing.

15.6  Conclusion

With improved understanding of key cellular 
pathways and their respective kinase drivers, 
more therapeutic targets in DLBCL are emerging. 
Unfortunately, most studies targeting single 
kinases in aggressive lymphoma have been met 
with low response rates and short remissions. 
Toxicity modeling has also been challenging due 
to several inhibitors’ lack of specificity and the 
ubiquitous nature of many kinase targets. Next- 
generation agents and studies will focus on 
gaining a deeper understanding of not only the 
effect of target inhibition on both malignant and 
normal cells but developing predictive biomarkers 
for efficacy and toxicity.
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16.1  Introduction

Diffuse large B-cell lymphoma (DLBCL) is 
 currently treated with immunochemotherapy 
based on the R-CHOP regimen (see Chap. 5). 
Depending on the clinical risk factors summa-
rized by the International Prognostic Index (IPI) 
and some molecular characteristics of the tumor, 
about two thirds of patients are cured with stan-
dard first-line therapy, whereas one third is pri-
marily refractory or relapse in the further course 
of disease [1]. Thus, the addition of rituximab to 
CHOP chemotherapy has dramatically improved 
survival of patients with DLBCL and largely con-
tributed to the development of monoclonal anti-
bodies (mAbs) in DLBCL and more generally in 
cancer [2]. This first clinical success of immuno-
therapy led different companies to develop new 
mAbs targeting new surface molecules or being 
modified to elicit increased immune activity or to 
bring chemotherapy or a radioactive isotope 
closer to the tumor cells. Patients who relapse 

after R-containing first-line therapy [3] showed 
their dismal prognosis; the recently published 
SCHOLAR-1 study described an objective 
response rate of only 26% (complete response 
rate 7%) and a median overall survival of 
6.3 months for patients with refractory DLBCL 
[4]. Taken together, the enormous difficulties in 
successfully managing patients suffering from 
refractory or relapsed DLBCL demonstrate that 
novel therapeutic approaches are urgently 
required. In contrast to other novel approaches 
discussed below, chimeric antigen receptor T 
cells (CAR-T) showed remarkable response rates 
and ongoing remissions in early clinical trials, 
even in heavily pretreated patients who had failed 
multiple salvage regimens. Thus, CAR T cells 
seem to become an important pillar in the thera-
peutic management of lymphoma even when 
immunochemotherapy, radiotherapy, and the use 
of small molecules fail.

16.2  Monoclonal Antibody 
Therapy

Monoclonal antibodies (mAbs) are undoubtedly 
one of the therapeutic revolutions of the last 
10  years in oncology. Because of the absolute 
specificity of the antibody for its target, they per-
fectly illustrate the concept of targeted therapy 
highlighted at the end of the nineteenth century. 
Their success can be explained by the progress of 
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biotechnologies made in the 1980s, allowing 
their humanization. Rituximab (MabThera®, 
Rituxan®) was the first “humanized” mAb 
marketed worldwide. The results obtained in 
non-Hodgkin’s lymphomas, especially in 
DLBCL, and the rapidity of its clinical 
development largely explain the enthusiasm for 
this class of drugs. The progress made in 
understanding the mechanisms of action of this 
antibody and its ability to interact with the 
immune system have consequences applicable to 
all monoclonal antibodies and have allowed the 
development of new format of mAbs and gave us 
way to better use these compounds. These 
successes explain why this antibody is a hope for 
patients and a model for doctors, scientists, and 
drug manufacturers.

Given the success of rituximab, various com-
panies first developed monoclonal antibodies 
that recognize the different proteins expressed 
on the surface of the B lymphocyte. To date, no 
other monoclonal antibody targeting a protein 
expressed by DLBCL cells has been approved. 
Other strategies were then developed. All of 
them aim to improve the cellular cytotoxicity of 
the antibody either by modifying the Fc portion 
of the antibody itself, enabling it to better recruit 
the immune effector cells, or by directing one of 
the two Fab against a protein expressed by 
immune cells. In the first case, it is essentially 
the natural killer (NK) cells and the macro-
phages which are recruited by the optimized Fc 
portion allowing an improvement of the anti-
body-dependent cellular cytotoxicity (ADCC); 
in the other case, the bispecific antibody will 
recruit the T lymphocytes via CD3 allowing a 
T-cell killing.

More recently, the demonstration of the 
mechanisms controlling the immune response 
during tumorigenesis has made possible identi-
fication of key proteins (immune checkpoint) 
that can be targeted by monoclonal antibodies. 
It is still too early to say how this strategy will 
modify the management of DLBCL, but these 
antibodies could at least in combination con-
tribute to improve long-term control of this 
disease.

16.2.1  Anti-CD20 Monoclonal 
Antibodies

In 1984, the second workshop of human leuko-
cyte differentiation antigens identified 11 new 
clusters of differentiation (CD16 to CD26), 
including CD20, expressed by all B lymphocytes 
and B-cell lymphoma. Among the antibodies of 
this CD20 cluster, clone 1F5 (mouse IgG2a) was 
selected by Oncogen in Seattle and tested in four 
patients with lymphomas at the University of 
Washington [5]. The patient receiving the highest 
dose experienced a 90% reduction in tumor mass, 
but the remission lasted only 6  weeks. At that 
time, IDEC Pharmaceuticals developed a chime-
ric monoclonal antibody from the murine mono-
clonal anti-CD20 2B8 antibody (mu-2B8). This 
antibody was chimerized with the constant 
domains κ and γ1 (human IgG1 version or ch-
C2B8) or κ and γ4 (human IgG4 version) [6]. 
Only the human IgG1 version was able to acti-
vate the complement and recruit the effectors of 
the immunity, proved to be lymphopenic in the 
macaque and was developed under the name of 
rituximab.

Rituximab, combined with chemotherapy, is 
now the gold standard for treatment of DLBCL 
[2, 3]. A better knowledge of its mechanisms of 
action allowed to understand the development of 
novel anti-CD20 antibodies and, in a broader 
sense, part of recent development in DLBCL 
immunotherapy.

16.2.1.1  Rituximab: Mechanisms 
of Action

Rituximab is a “bifunctional” molecule combin-
ing functions related to the recognition of the 
antigen (and, therefore, specific for the epitope) 
and functions related to the Fc portion (crystalliz-
able fragment) common to all IgG1. The proper-
ties related to the Fc portion make it possible to 
distinguish the IgG1 monoclonal antibodies from 
the different isotype monoclonal antibodies 
(Table 16.1). Thus, IgG1 and IgG3 are the classes 
of IgG with the greatest capacity to recruit the 
immune system (effector cells and complement). 
In mice, however, IgG2a and, to a lesser extent, 
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IgG2b have this property. This difference under-
lines the difficulties to interpret experiments 
using humanized monoclonal antibodies in the 
murine model. The Fc portion of the IgGs is also 
capable to bind to a receptor named FcRn (or 
Brambell factor) expressed by endothelial cells, 
epithelial cells, and syncytiotrophoblast cells. 
Interaction with this receptor ensures their trans-
placental or transepithelial passage and allows 
IgGs to escape the lysosomal degradation that 
accounts for the longer half-life of IgG compared 
to other immunoglobulins.

Mechanisms Related to Target Recognition
CD20 is the target antigen of rituximab, and the 
advent of this therapeutic antibody has led to 
important advances in the knowledge of this pro-
tein and its functions. CD20 is a transmembrane 
protein (Fig.  16.1) that has characteristics that 
make it a therapeutic target of choice [7]. Thus, 
CD20 is expressed by most B lymphocytes but is 
absent or poorly expressed by B-progenitors or 
plasma cells, thus maintaining immunoglobulin 
levels and peripheral lymphoid reconstitution 
after treatment. After binding to the antibody, 
CD20 is neither regulated nor released from the 
plasma surface. This is the extracellular domain, 
which carries the epitopes recognized by anti-
CD20 antibodies. The homology with murine 
CD20 is 73% and is located essentially in the 
transmembrane regions. The extracellular 
domain of murine CD20 differs from that of 

human CD20 for 16 of the 43 amino acids 
explaining [8] the lack of rituximab binding to 
murine CD20.

The function of CD20 has remained unknown 
for a long time, and its role as a calcium channel 
has been now demonstrated [9]. However, knock-
out mice for the gene coding for CD20 do not 
show phenotypic abnormalities [10], which could 
testify either to the minor role of CD20  in the 
physiology of the B lymphocyte or to a certain 
biological redundancy with other proteins. The 
use of antibodies directed against CD20 has long 
been the only method of understanding its func-
tion. Two types of properties reported initially to 
the recognition of two different epitopes could be 
identified: the first, found with rituximab, but 
also with other types of anti-CD20 (2H7, B1), 
leads to inhibitory signals inducing apoptosis 
and/or antiproliferative activity, whereas the 1F5 
antibody activates cell proliferation. In reality, 
there is a wide variety of epitopes within the 
extracellular domains, although some residues 
are critical for antiproliferative activity (Fig. 16.1) 
[8]. The binding of the antibody to its target 
induces, under certain conditions, the migration 
of the antigen within lipid rafts present on the 
surface of the plasma membrane [11]. This move-
ment is dependent on an amino acid sequence 
(219–225) located within the intracytoplasmic 
portion and not present in the mouse. This prop-
erty allowed the identification of antibodies 
inducing (type I antibodies: rituximab, 2H7, etc.) 
or not (type II antibodies: B1, Ly1, etc.) this 
migration. The translocation of CD20 within 
these structures allows its colocalization with 
proteins ensuring the signal transduction. Only 
the antibodies inducing this migration are able to 
complement activation (see below) [12]. In vitro 
and in some cell models, rituximab induces apop-
totic cell death. Several pathways for apoptosis 
activation have been described, in particular by 
the mitogen- activated protein kinase (MAPK), 
NFκΒ, protein kinase C (PKC), or ceramides or 
BCL-2. The activation of such pathways would 
explain the synergies observed with certain che-
motherapeutic agents (fludarabine, cisplatin, 
anthracyclines).

Table 16.1 Ability to recruit cellular effectors (A) and 
complement (B) by immunoglobulins according to their 
isotype

A
Human Mouse
IgG1 ++ IgG1 +
IgG2 − IgG2a +++
IgG3 ++ IgG2b ++
IgG4 − IgG3 +
IgM − IgGM −

B
IgG1 IgG2 IgG3 IgM

Classical pathway +++ + +++ −
Alternate pathway − + − −
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Mechanisms Related to the Fc Portion
The ability of the Fc portion of IgG1 to interact 
with cellular immune effectors or complement 
confers on the set of monoclonal antibodies 
belonging to this class of common cytolytic 
properties which largely explain the therapeutic 
activity of these molecules.

Complement-Dependent Cell Lysis
Complement is an important actor in the eradi-
cation of malignant cells. The activation of the 
classical complement pathway by immunoglob-
ulins (IgG1, IgG3, and IgM) requires the bind-
ing of the antibody to its target allowing the 
binding of the C1q protein to the Fc portion of 
the antibody. This binding will trigger a proteo-
lytic cascade leading to the formation of a large 
amount of C3b allowing the formation of the 
membrane attack complex (MAC) and the 
destruction of the cell (complement-dependent 
cell lysis or CDC). It also allows the migration 
of cells from inflammation (via C3a and C5a) to 
the activation site and the opsonization of C3b 
on the target cell allowing its interaction with 
complement receptors (CR3 and CR4) expressed 
by immune cells (NK cells, monocytes, neutro-
phils). Thus, the complement constitutes a sys-
tem allowing both the direct lysis of the target 

cell and the establishment of a cytolytic cellular 
response.

Many in  vitro studies have shown that ritux-
imab induces CDC on fresh lymphoma cells. The 
activation of complement by rituximab was per-
fectly shown in a syngeneic model of murine lym-
phoma expressing human CD20 (EL4- huCD20) 
[13]. In this model, the therapeutic activity of 
rituximab was not found with mice deficient for 
C1Q.  In humans, administration of rituximab is 
accompanied by increased concentrations of com-
plement degradation products (C3b/c, C4b/c) [14]. 
It has been observed in vitro that the complement 
activation may be different depending on the histo-
logical type of lymphoma. The role of the expres-
sion level of CD20 or proteins that negatively 
regulate complement (CD46, CD55, and CD59) 
on this activity has long been discussed. Recent 
results have clearly demonstrated that CDC is cor-
related with the expression level of CD20 by the 
target cell [15]. The ability of an anti-CD20 anti-
body to activate complement is also related to the 
recognized epitope and its ability to relocate CD20 
within the lipid rafts. Thus, rituximab or 2H7 that 
induce effective redistribution (type I) results in 
CDC, while murine B1 or Ly1 antibodies do not 
induce CDC due to their inability to migrate CD20 
within lipid rafts (type II).
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Fig. 16.1 Structure of human CD20. CD20 is a non- 
glycosylated protein with four transmembrane domains 
(Tetraspan). The extracellular domain carries the epitopes 
recognized by the various anti-CD20 antibodies. Alanine 

and proline located at positions 170 and 172 are important 
residues in the determination of the rituximab epitope. 
The sequence between residues 219 and 225 plays an 
important role in the migration of CD20 into lipid rafts
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Receptor-Dependent Cellular Lysis at the Fc 
Portion of the Antibody
The Fc portion of rituximab is capable to interact 
with receptors at the Fc portion of IgG or FcγRs 
(Fig. 16.2). By the recruitment of cells expressing 
these receptors (Table  16.2), immunoglobulins 
participate in the implementation of immune 
effector mechanisms such as antibody-dependent 
cell phagocytosis (ADCP) and ADCC.

The ability of rituximab to induce an ADDC or 
to mediate ADPC has been demonstrated in vitro 
on human lymphomatous lines, and the involve-
ment of FcγRs has been shown in a mouse model 
[16]. The involvement of these receptors and par-
ticularly FcγRIIIa has been shown in humans. In 

fact, this receptor exhibits a nucleotide polymor-
phism leading to the substitution of the amino acid 
located at position 158. Thus, two variants of the 
receptor are possible, one with a valine at position 
158 (FcγRIIIa-158 V) and the other with a phenyl-
alanine (FcγRIIIa-158F). This substitution is 
accompanied by a modification of the affinity 
between the FcγRIIIa receptor and the Fc portion 
of the IgG1 [17]. The influence of this amino acid 
is not surprising since it is located in the site of 
interaction between these two proteins. A study 
including patients with follicular lymphoma 
showed that patients homozygous for the high-
affinity receptor for the Fc fragment 
(FcγRIIIa-158 V) had a better clinical response to 

FcgRI
(CD64)

FcgRII
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FcgRIII
(CD16)
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Fig. 16.2 Structure of the different receptors for the Fc 
portion of IgG immunoglobulins (FcγRs). FcγRIIb is the 
only inhibitory receptor due to the presence of an ITIM 
motif (immunoreceptor tyrosine-based inhibition motif) in 

its intracytoplasmic portion. The presence of an ITAM 
motif (immunoreceptor tyrosine-based activation motif) in 
the intracytoplasmic domain or within an associated acces-
sory chain gives to the other FcγRs activating properties

Table 16.2 Cell expression of different receptors for the IgG1 (FcγRs)

FcγRI FcγRIIa FcγRIIb FcγRIIc FcγRIIIa FcγRIIIb
Monocyte/macrophage + + + +
NK cells + +
Neutrophil +/− + +
B lymphocyte +
Dendritic cell + + + +
Mastocyte +/− + +
Platelet +

NK natural killer
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rituximab [18]. Since this receptor is expressed by 
monocytes and NK cells, essential actors of ADCC, 
this cytolytic mechanism is considered today as an 
important mode of action of rituximab. Above all, 
this work emphasized the importance of the inter-
action between FcγRs and the Fc portion of the 
antibody. The influence of FcγRIIIa-158 V/F poly-
morphism on rituximab response was however 
inconstantly found in DLBCL clinical trials. This 
could be related either to the lack of importance of 
ADCC in this histology or by the chemotherapy 
associated with rituximab which could reduce 
rituximab-mediated ADCC.

Anti-Lymphoma-Specific Immunity
There are a number of arguments for the initia-
tion of specific anti-lymphoma immunity during 
treatment with rituximab that murine models 
seem to confirm [19]. Indeed, most antigen- 
presenting cells (dendritic cells, macrophages) 
express FcγRs whose role in the therapeutic 
activity of the mAbs has been demonstrated. 
Moreover, a number of clinical observations 
could account for this mechanism: delayed 
response to treatment and increase in the duration 
of response to reprocessing. The hypothesis is 
that the antibody-induced cytolytic mechanisms 
would induce the presentation of antigens specific 
for lymphoma by antigen-presenting cells leading 
to the establishment of a specific immune 
response. The confirmation of such a mechanism 
could lead to a modification of the conditions of 
rituximab use and would open up new ways to 
optimize its therapeutic activity.

16.2.1.2  Other Anti-CD20 Monoclonal 
Antibodies

Glyco-Modified Anti-CD20 Monoclonal 
Antibodies
The principle of these mAbs is to modify the Fc 
portion in order to obtain a better affinity for 
FcγRIIIa. These can be obtained either by 
modifying the oligosaccharide located between 
the two Fc arms of the antibody (obinutuzumab, 
ublituximab) or by mutating the region of the 
Fc  portion involved in the interaction with 
FcγRIIIa (ocaratuzumab, PRO131921). To date, 

only obinutuzumab has been tested in clinical tri-
als in DLBCL, and ocaratuzumab and 
PRO131921 development are stopped.

Obinutuzumab
Obinutuzumab is the first humanized glycoengi-
neered IgG1 anti-CD20 mAb to be tested in clini-
cal trials. Obinutuzumab has been humanized by 
grafting the complementarity- determining region 
sequences from the murine antibody B-ly1 into 
human VH and VL acceptor frameworks [20]. 
Obinutuzumab was expressed from Chinese 
hamster ovary (CHO) K1 cell lines engineered to 
constitutively overexpress the heavy and light 
chains of obinutuzumab. Those cell lines also 
express recombinant wild-type β-1,4-N-acetyl-
glucosaminyltransferase III and wild-type Golgi 
α-mannosidase II leading to accumulation of 
antibody glycoforms containing bisected, non-
fucosylated oligosaccharides attached to aspara-
gine 297 in the Fc region.

Such modifications induce increased affinity 
of obinutuzumab to both FcγRIIIa-158  V and 
FcγRIIIa-158F compared with rituximab translat-
ing into an increased induction of ADCC relative 
to rituximab in vitro [20]. Obinutuzumab is a type 
II anti-CD20 mAbs and thus exhibits lower level 
of CDC in vitro. It differs from most anti-CD20 
type I mAbs investigated (rituximab, ofatu-
mumab, ublituximab, ocaratuzumab) (Table 16.3). 
Other characteristics of type II mAbs have been 

Table 16.3 In vitro properties of recombinant anti-CD20 
monoclonal antibodies

Type I mAbs (rituximab, 
ofatumumab, veltuzumab, 
ublituximab, ocaratuzumab, 
ocrelizumab, PRO131921)

Type II mAbs 
(obinutuzumab)

Translocate CD20 into lipid 
rafts → CDC

Do not translocate 
CD20 into lipid rafts 
→ no CDC

No homotypic adhesion Homotypic adhesion
Caspase-dependent cell death Lysosome- dependent 

cell death
CD20 modulation No CD20 modulation
ADCC
ADCP

ADCC antibody-dependent cellular cytotoxicity; ADCP 
antibody-dependent cell phagocytosis; CDC complement- 
dependent cell lysis
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described differentiating these mAbs from type I 
antibodies: homotypic adhesion resulting in non-
caspase-dependent direct cell death, half-maximal 
CD20 binding at saturating conditions, and less or 
no CD20 modulation. Except lack of CD20 mod-
ulation, all these in  vitro properties have been 
described for obinutuzumab [21] and thus enhance 
direct cell death compared to rituximab [22]. 
Preclinical development of obinutuzumab eluci-
dated such differences, leading to the proposal of 
a model of mechanism of action [20, 23]. 
Obinutuzumab conformational structure is differ-
ent to that of rituximab. Firstly, obinutuzumab 
binds CD20  in a different overlapping epitope 
than rituximab and in a different orientation [24, 
25]. In comparison with rituximab, obinutuzumab 
is rotated 90° around the Fab middle axis and tilts 
70° toward the carboxy-terminus of the CD20 
epitope. Moreover, the elbow angle between VH 
and CH1 is 30° wider. This characteristic could be 
related to amino acid substitution at position 11 
substituting a leucine for a valine [20]. This results 
in a new spatial arrangement between CD20 and 
the antibody, and, unlike rituximab, obinutu-
zumab can bind its two Fab arms on the same 
CD20 tetramer. This difference in binding CD20 
antigen (i.e., intra-CD20 tetramer for type II vs. 
inter-CD20 tetramer for type I) led authors to pro-
pose a dynamic model of interaction [24] explain-
ing the majority of in vitro observations.

An obinutuzumab phase I/II study [26], includ-
ing previously rituximab-treated DLBCL patients, 
demonstrated an overall response rate of 30%, 
which was not different from that obtained with 
rituximab [27]. Untreated DLBCL patients were 
randomized to receive eight cycles of either ritux-
imab-CHOP21 or obinutuzumab-CHOP21 in the 

GOYA study [28]. No difference was found in 
terms of overall response rate or progression-free 
survival (PFS). Such results indicate that the 
improvement of FcγRIIIA-mediated mechanisms 
and/or enhancement of direct cytotoxicity does not 
translate into higher clinical activity in DLBCL, 
possibly due to low-level CDC observed with 
obinutuzumab. Final results of randomized phase 
III GAINED study including younger DLBCL 
patients receiving more intensive chemotherapy 
with obinutuzumab or rituximab are awaited soon.

Ublituximab
Ublituximab is a chimeric IgG1k produced by rat 
hybridoma YB2/0 cells [29] resulting in low per-
centage of fucosylated glycoforms. In vitro data 
demonstrated higher ADCC than rituximab but 
similar direct toxic effect or CDC. No trial testing 
of ublituximab in DLBCL is ongoing (Table 16.4).

16.2.1.3  Anti-CD20 Monoclonal 
Antibodies with Increased 
Affinity for CD20

Ofatumumab is the only representative of this 
anti-CD20 class. It was selected because its affin-
ity for CD20 appeared to be greater than that 
observed with rituximab [30]. In fact, it is also a 
type I antibody, but its off-rate is decreased con-
tributing to a greater aggregation of ofatumumab-
CD20 complexes within the lipid rafts, a condition 
favorable to the recruitment of C1Q, leading to 
CDC activation. Thus, ofatumumab is character-
ized by a better CDC than rituximab, especially 
when antibody concentrations or CD20 expres-
sion is low [31, 32]. This property appears to be 
related to the recognition of a different CD20 epi-
tope [31], ofatumumab, recognizing two epitope 

Table 16.4 Anti-CD20 monoclonal antibodies in development

Name Company Type (all IgG1κ) Status
Rituximab Roche/Genentech Chimeric Approved
Ofatumumab Novartis Fully human Approved
Obinutuzumab Roche/Genentech Humanized, glycoengineered Approved
Ublituximab TG Therapeutics Chimeric, glycoengineered Phase III
Veltuzumab Immunomedics Humanized Phase II
Ocaratuzumab Mentrik Biotech Humanized, Fc-mutant Apparently stopped
Ocrelizumab Roche/Genentech Humanized Stopped in hematology
PRO131921 Roche/Genentech Humanized, Fc-mutant Stopped
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sites with which it interacts via strong bonds [33]. 
Unfortunately, ofatumumab failed to demonstrate 
any clinical advantage in relapse/refractory 
DLBCL compared to rituximab when associated 
with chemotherapy (Table 16.4) [34].

16.2.2  Bispecific Monoclonal 
Antibodies

Bispecific mAbs are able to bind two different tar-
gets simultaneously and might potentially induce 
more powerful antitumor response. Different for-
mats of bispecific antibodies are developing. 
Blinatumomab is a single-chain protein compris-
ing the antigen-binding domains of two different 
antibodies joined by a non- immunogenic linker 
that allows for the rotational flexibility to bind two 
different antigen epitopes on separate cells in close 
proximity. Blinatumomab contains binding 
regions for the B-cell lineage-specific antigen, 
CD19, as well as the invariant CD3ε subunit of the 
T-cell receptor (TCR) present on all T lympho-
cytes. Compared to full IgG antibodies (150 KDa), 
bispecific antibodies exhibit improved tissue dis-
tribution and better tumor penetration. Their biva-
lent nature confers them probably a prolonged 
target retention. All these characteristics may 
result in synergistic effect on tumor destruction. A 
phase II evaluated blinatumomab in 25 DLBCL 
patients [35]. Among 21 evaluable patients, the 
overall response after one cycle was 43%, includ-
ing complete response in 19%, and three patients 
experienced late complete response in follow-up. 
Patients experienced grade 3 neurologic events 
with encephalopathy and aphasia (each 9%) and 
tremor, speech disorder, dizziness, somnolence, 
and disorientation (each 4%). Those neurological 
adverse events are presumably caused by release 
cytokines. Importantly, continuous infusion is 
required to ensure sustained effective serum con-
centration due to a very short half-time of less than 
2 h related to the absence of Fc portion and renal 
excretion. Larger trials evaluating blinatumomab 
in relapse/refractory DLBCL are ongoing.

The progress of biotechnologies allows today 
to design new generation of bispecific monoclo-
nal antibodies. Indeed, it is now possible to con-
struct bispecific antibodies while preserving the 

properties of interest of the Fc portion. For exam-
ple, the bispecific can retain the format of an 
IgG1, thus preserving a favorable pharmacoki-
netic profile of this isotype (in relation to its bind-
ing to FcRn) and mutating the CH2 region 
involved in the interaction with FcγR and C1Q, 
allowing to repeal any ADCC or CDC. Of course, 
the absence of such  modifications of this region 
will make it possible to obtain a trifunctional 
antibody (e.g., CD16xCD3xCD20).

16.2.3  Monoclonal Antibodies 
Targeting Immune Cells

The emergence of treatments targeting immune 
checkpoints owes much to the advances in 
biotechnologies and the ability to produce mAbs 
directly targeting proteins involved in controlling 
the immune response. At the same time, 
considerable progress has been made since the 
1970s to better understand the role of the immune 
response in the development of tumorigenesis. 
Today, and following the success of targeting 
immune checkpoints, monoclonal antibodies 
against proteins involved in immune control are 
an emerging treatment of DLBCL.

16.2.3.1  Monoclonal Antibodies 
Targeting Inhibitory 
Checkpoints

The concept of immune checkpoint emerged when 
we understood the role of immunological surveil-
lance made by the immune system during tumor 
development. Thus, the tumor is able to regulate 
negatively the immune system allowing it to 
escape to its control. Immune evasion by cancers 
is accomplished through a variety of mechanisms, 
including upregulation of negative costimulatory 
molecules, such as PD1 and CTLA-4.

Three inhibitory checkpoints are currently tar-
geted in DLBCL (Table 16.5).

Antigen-Presenting Cell (APC)/T-Cell 
Interactions: CTLA-4 Pathway
TCR stimulation by an antigenic peptide in the 
context of a major histocompatibility complex 
(MHC) molecule leads to CTLA-4 upregulation 
on the plasma membrane of the activated T cell 
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where it outcompetes CD28 for B7 ligand binding, 
resulting in costimulation and downregulation of 
effector T-cell functions. CTLA-4 expression is 
mainly expressed by T cells in the lymph nodes 
where initial tumor antigen presentation is thought 
to occur. Anti- CTLA4 antibody ipilimumab has 
been tested in phase I trial [36]. Objective response 
rate was low (11%), but durable complete response 
suggested that ipilimumab may have additive and 
durable effect as combination therapy.

Tumor Cell/Activating T-Cell Interactions: 
PD1 Pathway
PD1 is expressed by activated T cells located in 
peripheral tissues, including those residing within 
the tumor. PD1 interacts with PD-L1, which is 
broadly expressed, and with PD-L2 expressed 
mainly on hematopoietic cells. The upregulation of 
PD-1, which occurs after tumor antigen recogni-
tion and its binding to PD-L1 or PD-L2 ligands, 
inhibits intracellular signaling pathways and blocks 
further T-cell activation. PD-L1 expression is usu-
ally induced by inflammatory signals, such as IFNγ 
produced by activated T cells attempting to execute 
an active antitumor response (adaptive resistance). 
In some tumor, PD-L1 expression could be induced 
through activation of the AKT pathway or gene 
amplifications, outside inflammatory signals 
(innate resistance). Primary mediastinal lympho-
mas exhibit gene fusions between MHC class II 
transactivator (CIITA) and PD-L1 or PD- L2 plac-
ing those genes under the transcriptional control of 

the CIITA promoter leading to expression of 
PD-L1 in around 40% of cases [37]. A subset of 
Epstein-Barr virus (EBV)-associated lymphomas 
also display gene amplification leading to PD-L1 
and PD-L2 overexpression. Outside specific mech-
anisms leading to PD-L1 (over)expression, PD-L1 
is expressed in around 30% of DLBCL [37]. In a 
phase II study including 66 DLBCL patients [38], 
three doses of pidilizumab were infused after autol-
ogous stem cell transplantation. The 16-month PFS 
was 70%, and among the 35 patients with measur-
able disease after autologous stem cell transplanta-
tion, the overall response rate after pidilizumab 
treatment was 51%.

Tumor Cell/Macrophage Interactions: 
CD47 Pathway
CD47 is now recognized as a “marker of self” 
and broadly expressed by tumor cells. Its ligand, 
signal regulatory protein alpha (SIRPα), is 
expressed by macrophage and, when it is 
engaged by CD47, decreases phagocytosis and 
cytotoxicity. CD47/SIRPα inhibits therefore the 
activation of macrophages and other myeloid 
cells against tumors and thereby acts as a 
myeloid-specific immune checkpoint. CD47 
expression is increased in DLBCL, correlates 
with cells of origin, and confers worse clinical 
prognosis [39]. Blocking antibodies against 
CD47 enable phagocytosis of lymphoma cells 
by macrophages and synergize with rituximab 
in  vitro. Combination therapy with anti-CD47 

Table 16.5 Anti-immune checkpoint monoclonal antibodies in development

Target Name Isotype Clinical phase Company
PD1 AMP-224 PD-L2 Ig2a fusion 

protein
Not available Amplimmune/GSK

AMP-514 (MEDI0680) PD-L2 fusion protein Phase I MedImmune/Astra 
Zeneca

Nivolumab (Opdivo, BMS-936558, 
MDX1106)

Human IgG4 Approved BMS

Pidilizumab (CT-011) Humanized IgG1k Phase I/II Cure Tech
Pembrolizumab (MK-3475, 
lambrolizumab)

Humanized IgG4 Approved Merck

PD- L1 BMS-936559 (MDX1105) Human IgG4 Phase I BMS
MEDI-4736/Durvalumab Fc-modified human 

IgG1k
Phase I–III MedImmune/

AstraZeneca
MPDL32801/Atezolizumab Fc-modified human 

IgG1k
Phase I–III Roche

MSB0010718C/Avelumab Human IgG1 Approved Merck/Serono
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antibody and rituximab eliminates lymphoma in 
xenograft mouse model [39]. Phase I testing 
CD47/SIRPα-targeting therapeutics is ongoing.

In the future, characterization of multiple 
immune checkpoints will drive the further clinical 
development of other checkpoint inhibitors, such 
as TIM3, LAG-3, KIR, and VISTA.

16.2.3.2  Monoclonal Antibodies 
Targeting Costimulatory 
Receptors

Another attractive alternative is to use agonistic 
antibodies that target stimulatory molecules 
expressed by T cells; CD137 and CD40 are the 
most prominent of these molecules. Activation of 
T cells by antibodies may lead to critical adverse 
events warranting particular attention during 
clinical development.

CD137 (4-1BB) is a surface glycoprotein 
belonging to the tumor necrosis factor receptor 
family. CD137 is an inducible costimulatory 
molecule expressed on a variety of immune cells, 
including activated CD4+ and CD8+, T cells, NK 
cells, monocytes, and dendritic cells. Agonistic 
mAbs against this receptor have been shown to 
induce tumor-specific T-cell responses able to 
eradicate tumor cells in murine models [40]. In a 
syngeneic murine lymphoma model and in a 
xenotransplanted human lymphoma model, 
sequential administration of rituximab followed 
by anti-CD137 mAb has potent anti-lymphoma 
activity in vivo [41]. These results suggested that 
stimulation of CD137 could enhance NK cell 
killing by ADCC and thereby augment rituximab 
efficacy. A phase I trial evaluating utomilumab in 
combination with rituximab in patients with 
relapsed or refractory CD20-positive lymphomas 
demonstrated a significant antitumor efficacy and 
no dose-limiting toxicities. In addition, no 
patients discontinued treatment due to treatment- 
related adverse events [42].

CD40 is also a tumor necrosis factor receptor 
family member expressed on APC, B cells, and 
monocytes. In murine models, CD40 agonistic 
antibodies have shown exceptional therapeutic 
activity in the treatment of CD40-positive B-cell 
lymphomas with 80–100% of mice cured [43].

Despite some success achieved by mAbs tar-
geting immune cells in DLBCL patients, there 
are still a number of patients who do not benefit 

from single-agent therapy. To enhance efficacy, 
synergistic combinations are now proposed 
including co-targeting of inhibitory checkpoint 
(anti-CTLA-4 and anti-PD1/PD-L1) or co-target-
ing of inhibitory checkpoint and costimulatory 
receptors (anti-PD1/PDL1 and anti-CD137).

16.3  CAR T-Cell Therapy

16.3.1  Design and Differences

CAR T cells are T cells expressing a chimeric 
antigen receptor (CAR) introduced in  vitro by 
varying vector systems. The CAR consists of 
three major structural elements: an extracellular 
domain with an antibody-derived single-chain 
variable fragment (scFv), a spacer and linker 
domain, and finally an intracellular signaling 
domain like CD3ζ connected to important 
costimulatory domains like CD28 (KTE-C19) or 
CD137 (4-1BB) (CTL019, JCAR017) (Fig. 16.3) 
[44]. Most CAR T-cells are autologous, but 
allogeneic CAR T cells are also being developed. 
To overcome critical HLA barriers and to allow 
evading to host-mediated immunity and deliver 
anti-lymphoma effects without graft versus host 
disease (GVHD), a smart method is used to target 
the constant region of the T-cell receptor alpha 
chain (TRAC), thereby disrupting cell surface 
expression of TCRαβ [45]. Such allogenic CAR 
T cells are also named universal CAR T cells 
(UCAR-T) reflecting their ability to be effective 
in all patients without restriction to distinct HLA 
molecules.

For treatment of B-cell malignancies, the scFv 
has been directed against the B-cell surface 
antigen CD19 representing an ideal therapeutic 
target since apart from virtually all B-cell 
lymphomas only normal B cells and follicular 
dendritic cells express CD19 [46]. CAR T cells 
directed against CD19 specifically bind to B 
cells, get activated by downstream signaling, and 
initiate a cytotoxic response and cytokine release. 
In contrast to normal T cells, which for different 
reasons are not completely understood (e.g., 
checkpoint inhibition, immunosuppressive tumor 
environment, downregulation of MHC-presented 
tumor antigens) and fail to induce effective tumor 
lysis, CAR T cells induce rigorous killing of 
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lymphoma cells. The binding affinity as well as 
the exact epitope location the scFv binds to will 
finally determine the efficacy of the CAR system.

The off-tumor toxicity of CD19-binding CAR 
T cells is limited with the resulting B-cell aplasia 
being clinically well manageable. The lack of an 
in many respects ideal target like CD19 explains 
the difficulty to design appropriate CAR T cells 
for other hematological malignancies and 
especially for solid tumors although important 
progress is being made [47].

The so-called first-generation CAR T cells 
consisted of the scFv and the CD3ζ domain; clini-
cal responses to these constructs were still limited 
[48]. By the adding costimulatory domains like 
CD28 or 4-1BB (second-generation CARs), a sig-
nificantly higher antitumor activity as well as an 
increased persistence of CAR T cells could be 
achieved [49]. Interestingly, costimulation via 
CD28 was associated with strong activation, 
increased cytokine release, and enhanced tumor 
lysis, whereas costimulation using the 4-1BB 
domain is said to induce longer persistence of 
CAR T cells and more durable tumor control [48]. 

Further benefit of CARs with several costimula-
tory domains (third generation) was reported in 
preclinical settings although clinical experience 
with such molecules is limited. Overstimulation 
may not only decrease the tumor response but 
also induce severe side effects.

The transmembrane and extracellular spacer 
and linker domain is a pivotal structural element 
for the stability and functionality of the CAR 
optimizing the T cell to target cell engagement. 
The phenotype of the transduced T cells 
represents a further key point. More immature T 
cells with a phenotype of memory T cells show a 
significant better tumor control and a longer 
survival compared to more differentiated effector 
and effector memory T cells. In most clinical 
trials, investigators used unselected transduced T 
cells. Therefore, the importance of specifically 
selected T cells for the success of CAR T-cell 
therapy is not yet clear, and further investigation 
is highly warranted.

16.3.2  Practical Aspects

Autologous CAR T-cell manufacturing starts 
with leukapheresis from the patient’s blood. The 
apheresis product is transported to a central man-
ufacturing facility where T cells are isolated from 
the collected blood cells. It is possible to enrich 
T-cell subsets such as CD4+, CD8+, CD25+, or 
CD62L+ T cells. The isolated T cells are 
expanded by T-cell activation via different sys-
tems using, e.g., beads coated with anti-CD3 and 
anti-CD28 antibodies. The expanded and acti-
vated T cells are finally transduced with the CAR 
system, most often using lentiviral or γ-retroviral 
vector systems. The final product is cryopre-
served and shipped back to the study site. The 
time from leukapheresis to delivery of the ready-
to-use CAR T-cell product may take between 14 
and 40 days. This time period is relatively long 
and may necessitate administration of further 
chemo-immunotherapy to the patient in order to 
prevent massive tumor growth and further wors-
ening of the patient’s performance status.

T-cell-depleting chemotherapy prior to CAR 
T-cell infusion is associated with an impairment 
of regulatory T cells, an increase of T-cell- 
activating cytokines like IL-15, and an activation 

costimulatory domain

CD3ζ

spacer/linker

scFv

intracellular

extracellular

CD19

Fig. 16.3 Structure of chimeric antigen receptor. A chi-
meric antigen receptor (CAR) consists of an antibody- 
derived single-chain variable fragment (scFv) binding to 
the tumor antigen (e.g., CD19), a spacer and linker region, 
and an intracellular signaling domain activating the T cell
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of antigen-presenting cells [50, 51] and may con-
tribute to the success of CAR T-cell therapy.

The limitation of autologous CAR T cells is 
that they need to be customized, whereas allo-
genic CAR T cells (UCART) could be produced 
independently of the patient and the tumor and 
can be taken off the shelf when needed.

16.3.3  CAR T Cells for Treatment 
of Relapsed and Refractory 
B-Cell Lymphoma

Clinically, three CD19 CAR T-cell constructs 
have been used for treatment of refractory B-cell 
lymphoma: CTL019 (tisagenlecleucel, Novartis 
Pharmaceuticals, Basel, Switzerland), KTE-C19 
(axicabtagene ciloleucel (axi-cel), Kite Pharma, 
Santa Monica, USA) and JCAR017 (lisocabtagene 
maraleucel (liso-cel), Juno Therapeutics, Seattle, 
USA; Celgene, New Jersey, USA) (Table 16.6).

CTL019 uses the CD137 costimulatory 
domain and a lentiviral vector transduction. Since 

August 2017, CTL019 is approved by the FDA to 
treat children and young adult patients up to 
25 years with refractory disease or in relapse of 
B-cell precursor acute lymphoblastic leukemia. 
KTE-C19 uses CD28 as costimulatory domain 
and was originally constructed at the National 
Cancer Institute [52]. In October 2017, the FDA 
approved KTE-C19 for adult patients with refrac-
tory or relapsed DLBCL after at least two differ-
ent therapy lines. JCAR017 was developed by 
Juno Therapeutics and Celgene Corporation and 
is under investigation for treatment of relapsed 
and/or refractory DLBCL.  In January 2018, 
Celgene announced the acquisition of Juno 
Therapeutics. Regulatory approval for 
JCAR017 in the USA is expected in 2019.

16.3.3.1  Clinical Experience with CAR 
T Cells

Based on the promising initial results at the NCI, 
the phase II multicenter study ZUMA-1 
(NCT02348216) enrolled 111 patients with 
refractory DLBCL, primary mediastinal B-cell 

Table 16.6 Three different CAR T-cell constructs have been used for the treatment of refractory/relapsed B-cell 
lymphoma

CTL019 KTE-C19 JCAR017
Name Tisagenlecleucel (tisa-cel) Axicabtagene ciloleucel 

(axi-cel)
Lisocabtagene 
maraleucel (liso-cel)

Pharma Novartis Kite/Gilead Juno/Celgene
Target CD19 CD19 CD19
Costimulatory 
domain

CD137 (4-1BB) CD28 CD137 (4-1BB)

FDA approval Children and young adult patients 
(≤25 years) with refractory disease or 
relapse of B-cell precursor acute 
lymphoblastic leukemia

Refractory/relapsed 
DLBCL after at least 2 
therapy lines

Expected in 2019

Trial JULIET (NCT02445248) ZUMA-1 
(NCT02348216)

TRANSCEND 
(NCT02631044)

Patients enrolled 147 111 68 (DLBCL cohort)
Responses CRR 40%

After 3 months: 30% CR
After 6 months: 30% CR

CRR 54%
After median FU of 
15 months: 40%

CRR 56%
After 3 months: 40% 
CR
After 6 months: 40% 
CR

Product delivery in 
days

39 17 Unknown

Non-hematological 
adverse effects 
(≥grade 3)

23% CRS
12% NE

13% CRS
~30% NE

1% CRS (grade 4)
14% NE

This table shows the main characteristics of CTL09, KTE-C19, and JCAR017
CR complete response; CRR complete response rate; CRS cytokine release syndrome; NE neurologic events
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lymphoma, or transformed follicular lymphoma 
to be treated with KTE-C19 CAR T cells [53]. 
Refractory disease was defined as progressive or 
stable disease after the most recent therapy or 
relapse within 12 months after autologous trans-
plantation. The patients received a conditioning 
regimen of fludarabine (30  mg/m2) and cyclo-
phosphamide (500  mg/m2) on days −5 to −3 
before administration of a target dose of two mil-
lion of CAR T cells per kilogram body weight on 
day 0. The conditioning regimen as well as the 
minimum number of CAR T cells necessary to 
elicit reliable tumor responses had been exam-
ined in previous studies.

Among patients who received KTE-C19, the 
objective response rate was 82%, with complete 
responses in 54% of cases. With a median follow-
up of 15.4  months, remissions were ongoing in 
42% (including 40% complete response (CR) 
remissions). The overall survival rate at 18 months 
was 52%. Three patients died during treatment. 
The time from leukapheresis to final delivery of the 
CAR T-cell product took a median of only 17 days.

The major side effects developing after infu-
sion of CAR T cells were myelosuppression, 
occurrence of the cytokine release syndrome 
(CRS), and neurologic side effects. 93% of 
patients suffered from CRS with 13% of patients 
experiencing CRS of grade 3 or higher. The symp-
toms resolved within a median of 8 days except 
for two patients who died due to hemophagocytic 
lymphohistiocytosis and cardiac arrest.

Severe neurologic events (grade 3 or higher) 
comprising encephalopathy, confusion, aphasia, 
or somnolence occurred in about one third of 
cases. Except for four events occurring in 
patients who eventually died, all neurologic 
symptoms resolved over a median time of 
17  days after infusion. Altogether, 43% of 
patients needed tocilizumab (a humanized 
monoclonal antibody against the interleukin-6 
receptor) and 27% received glucocorticoids to 
handle CRS and/or neurologic events. 
Interestingly, high numbers of CAR T cells in 
peripheral blood were correlated with clinical 
response and the occurrence of neurologic events 
but not with the severity of CRS.

The second CAR T-cell system CTL-019 was 
studied in the JULIET trial [54]. JULIET enrolled 

147 patients with chemorefractory DLBCL after 
at least two different therapies. Patients had to be 
ineligible for or had to have failed to autologous 
transplantation. JULIET was an international 
study with participation of 27 centers in 10 
different countries. The time from apheresis to 
delivery to the treating physician was 39  days. 
Ninety-nine patients received a single infusion of 
CTL019 CAR T cells at a median dose of 
3.1 × 108 cells. In 16 of 48 cases, CAR T cells 
could not be infused because the patient had died 
prior to delivery. Like in the ZUMA trial, most 
patients received conditioning with fludarabine 
(25 mg/m2) and cyclophosphamide (250 mg/m2) 
for 3  days or bendamustine (90  mg/m2) for 
2 days. Of the 81 patients infused, 40% achieved 
a CR which was maintained in 30% of cases after 
3 and 6 months, respectively. The response rates 
were consistent across disease subgroups. Three 
patients died due to disease progression; no death 
was reported due to CTL09 infusion.

Looking at adverse events, CRS occurred in 
about two thirds of patients, and 15% of patients 
experienced grade 3 and 8% grade 4 toxicity. 
15% of patients received tocilizumab in order to 
control CRS. Neurological events (of grade 3 or 
4) occurred in 12% of cases. Infections of higher 
grade were described in about one of five patients.

In the TRANSCEND trial patients with refrac-
tory DLBCL, but also PMBL, follicular lym-
phoma of grade 3B and mantle cell lymphoma 
were enrolled and treated with JCAR017 [55]. 
All patients received fludarabine (30 mg/m2) and 
cyclophosphamide (300 mg/m2) for 3 days prior 
to CAR T-cell infusion. In contrast to the 
previously described trials, patients in 
TRANSCEND received transduced CD4-positive 
and CD8-positive CAR T cells in a predefined 
1:1 ratio at different dose levels.

In the DLBCL cohort, 68 patients could be 
evaluated: 56% of patients achieved a CR, and 
almost 40% maintained CR at 3 and 6  months 
follow-up. Remarkably, the rate of CRS was 
rather low (30%) with only 1% of grade 4 toxicity. 
Severe neurotoxicity (grades 3–4) occurred in 
14% of cases.

To summarize, clinical experience with sec-
ond-generation CAR T cells used in order to treat 
refractory DLBCL and other aggressive B-cell 
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malignancies appears very promising. The 
patients treated with CAR T cells were true poor- 
risk patients with dismal prognosis whatever sal-
vage treatment would have been administered. 
The SCHOLAR-1 study attributed a median 
overall survival of 6 months to such patients [4]. 
In this poor prognostic setting, treatment with 
CAR T cells resulted in a CR rate of approxi-
mately 50%. Most of the complete remissions 
were durable although follow-up times are still 
limited. As an important caveat, it must be taken 
into account that only those patients surviving 
rather long periods of time without or with mild 
chemotherapy were put on CAR T-cell trials. The 
typical patient suffering from refractory or mul-
tiple relapsed aggressive B-cell lymphoma, how-
ever, will need immediate and aggressive therapy. 
It is difficult to understand that many patients on 
CAR T-cell trials treated with mild and atypical 
chemotherapy survived time periods up to 
145 days before CAR T cells were infused.

The major acute toxicities of CAR T-cell infu-
sion represent the cytokine release syndrome and 
neurologic events. CRS and neurologic events can 
be severe to life-threatening and need immediate 

therapy. Over time, management of CRS and neu-
rologic side effects substantially improved. With 
the use of tocilizumab and glucocorticoids, both 
CRS and neurologic complications are mostly 
reversible, and severe adverse events seem to be 
observed less frequently.

16.3.4  Perspectives

CAR T cells hold great promise in clinical set-
tings with very poor prognosis. To further opti-
mize the potential of CAR T cells, the aim must 
be to investigate what kind of CAR T-cell system 
is most powerful for which malignancy and how 
to further boost its therapeutic power. Target 
selection is one crucial issue. CAR T cells for 
B-cell neoplasia so far address the antigen CD19. 
One new approach in order to avoid tumor cell 
escape is the development of bispecific CAR T 
cells directed against two antigens, like CD19 
and CD20 (Fig.  16.4a) [56]. The infusion of a 
mixture of different CAR T cells and the creation 
of T cells with different CARs are possible 
approaches to prevent tumor escape.

costimulatory domain

CD3ζ

CD19 CD19

CD20

CD20

a b

Fig. 16.4 Activation of bispecific CAR T cells. (a) 
Bispecific CAR T cells can be activated by two different 
antigens (e.g., CD19 and CD20) and minimize the risk of 
tumor escape by downregulation of surface proteins. (b) 

These CAR T cells express two different CARs: one 
connected to CD3ζ and the other to the costimulatory 
domain. Only when both CARs bind to their target (e.g., 
CD19 and CD20), the full T-cell activation is triggered
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To further enhance tumor binding, CAR T cells 
expressing two different CARs directed against dif-
ferent antigens have been constructed. One CAR is 
linked to CD3ζ, and the other CAR is linked to the 
costimulatory domain: only when both antigens are 
bound the full CAR T-cell reaction is triggered 
(Fig.  16.4b) [57]. With an alternative approach, 
both antigens must be present on the target cell: a 
NOTCH receptor binds to the first antigen, gets 
cleaved within the cell membrane, and translocates 
into the nucleus to induce expression of the “effec-
tor CAR.” Only if the effector CAR binds to the 
second target, a cytotoxic response occurs [58, 59].

Even if CAR T cells succeed in recognizing 
the malignant cells, there are multiple inhibitory 
effects that may hinder efficient tumor lysis. One 
important player is PD1. Theoretically, the com-
bination of CAR T cells with checkpoint inhibi-
tors (PD1-inhibitors) may enhance antitumor 
effects. In mouse models, the CAR T-cell  efficacy 
could indeed be boosted by the simultaneous use 
of PD1 inhibitors [59].

The combination of CAR T cells with 
small  molecules also holds great potential. 

Pretreatment with ibrutinib may improve expan-
sion of CAR T cells in  vitro and in  vivo. In 
mouse models of CLL, the combination of ibru-
tinib and CAR T cells led to enhanced tumor 
clearance and survival [60].

The most serious side effects of CAR T cells 
are the cytokine release syndrome and neurologic 
events. To better control potentially life- 
threatening side effects, researchers develop 
CAR T-cell systems which are transient or can be 
destroyed on demand. Introduction of suicide 
genes or transient transduction of CAR T cells 
via RNA electroporation represents examples on 
how to create CAR T cells that can be irreversibly 
destroyed if clinically necessary [61]. Of course, 
the irreversible depletion of CAR T cells will 
increase the risk of relapse. Therefore, the next 
logical step was the development of ON-OFF 
switch CAR T-cell systems. One established sys-
tem is a chimeric CAR that dimerizes only in 
presence of a small molecule. Only the dimerized 
CAR transduces downstream signaling and hence 
activation of the T cells (Fig. 16.5) [62]. A further 
advancement is the development of switchable 

OFF ON

small molecule

downstream
signaling

CD19 CD19

Fig. 16.5 ON-OFF switch CARs dimerize in the presence of a small molecule (ON). Only the dimerized CAR trans-
duces the downstream signaling and hence activation of the T cell
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CAR T cells that are activated by binding to a 
peptide neo-epitope of a tumor antigen-specific 
Fab molecule. Not the CAR itself but the infused 
antibody binds to the tumor surface. In a second 
step, the CAR T cells bind to the antibody and get 
activated. This technique leads to a tunable con-
trol of CAR T-cell activity. Moreover, different 
tumor antigens can be addressed with the same 
CAR T cells by infusing a mixture of different 
antibodies (Fig.  16.6) [63]. Clinical trials will 
show to what extent these technologies can fur-
ther improve the long-term response rates of 
CAR T cells.
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17.1  Introduction

Elsewhere throughout this text, other authors 
have discussed the role of targeted immunothera-
pies, small molecules targeting the B-cell recep-
tor complex and tyrosine kinases that regulate 
cellular function. In this chapter we address other 
small molecules that target cellular signalling 
pathways involved in malignant cell survival, not 
otherwise addressed in this book.

Inhibition of BCL-2 promises to change the 
treatment approach for chronic lymphocytic leu-
kaemia following the emergence of striking sin-
gle-agent activity of navitoclax and its subsequent 
derivative venetoclax and the approval of the lat-
ter for CLL with deletion of 17p. We discuss 
emerging clinical data for this agent in aggressive 
lymphomas which show activity but without the 
same dramatic single- agent effect. We explore 
rational combinations for future research of other 
inhibitors of cell survival that are emerging in 
early phase trials.

Over the last decade, we have seen that it 
is  possible to selectively target the cancer 

 epigenome to induce a clinical anticancer 
response. Inhibition of histone deacetylases and 
methyltransferases has led to clinical responses 
in lymphoid malignancies and myeloid malig-
nancies, respectively. Several histone deacetylase 
inhibitors have been approved for the treatment 
of T-cell lymphoma, and we review that data 
here. With the knowledge that mutations within 
epigenetic machinery can be drivers of lymphoid 
malignancy, we have seen the development of 
novel agents that target mutated EZH2 or BET 
bromodomain-containing proteins. We present 
recent data regarding agents which show the 
most promise in the management of diffuse large 
B-cell lymphoma.

17.2  BH3-Mimetic Agents 
in B-Cell Lymphoma: 
Venetoclax

17.2.1  Role of BCL-2 in Apoptosis

The BCL-2 family of intracellular proteins reg-
ulate the intrinsic pathway of apoptosis through 
the balance of effects of its pro-apoptotic and 
anti-apoptotic members. All members of the 
group have in common the presence of one of 
four BH (BCL-2 homology) domains. The 
BCL-2 family of proteins comprises three func-
tionally distinct subgroups: pro-apoptotic BH3-
only proteins, pro-survival proteins like BCL-2 
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and the apoptotic effector proteins. Members of 
these three subgroups interact specifically with 
each other in a complex, highly regulated inter-
play to regulate the propensity of a cell to 
undergo apoptotic cell death. It is the overall 
balance between the pro-survival and pro- 
apoptotic members of the BCL-2 family that 
ultimately determines cellular fate. Expression 
of the pro-apoptotic BH3-only proteins is 
increased in response to physiologic or pharma-
cologic stress signals such as cytokine or nutri-
ent deprivation, oxidative stress, DNA damage 
or proliferative stress. These proteins include 
BIM, BID, PUMA and NOXA, and they work 
in two ways: through selective binding to, and 
inhibition of, the pro-survival BCL-2 proteins 
and in some contexts they can also interact 
directly with the pro-apoptotic effectors to ini-
tiate cell death. The pro-survival subgroup of 
BCL-2 family proteins include BCL-2 itself, 
BCLxL, BCLw, MCL1 and A1. These proteins 
have a complex but defined repertoire of bind-
ing capacity with specific BH3- only family 
members. The pro-survival proteins function to 
prevent cell death by binding to and inhibiting 
the third subgroup of proteins: the pro- apoptotic 
effectors. These are BAK and BAX that are 
activated by their homo- or hetero- dimerisation, 
which is normally physiologically inhibited 
through binding to members of the pro- survival 
proteins. Once activated, BAK and BAX initi-
ate apoptosis through mitochondrial outer 
membrane permeabilisation, leading to cyto-
chrome C release and consequential caspase 
activation [1, 2].

In multiple malignancies, resistance to apop-
tosis is mediated by a relative increase in activity 
of BCL-2 and associated pro-survival proteins, 
although through a variety of underlying mecha-
nisms. In follicular lymphoma, t(14;18) leads to 
BCL-2 overexpression through juxtaposition of 
the BCL-2 gene to the immunoglobulin heavy 
chain enhancer locus. This same mechanism is 
present in a subset of BCL-2 rearranged diffuse 
large B-cell lymphoma. However gene amplifi-
cation and other mechanisms are more often 
responsible for BCL-2 overexpression in this 
disease.

The presence of BCL-2 protein expression 
and gene rearrangements is of prognostic impor-
tance in diffuse large B-cell lymphoma. Increased 
protein expression, as assessed by immunohisto-
chemistry, occurs in 20–40% of DLBCL and is 
associated with more advanced disease stage that 
is relatively less sensitive to standard induction 
chemotherapies and in general portends a poorer 
prognosis [3–5]. The prognostic impact of BCL-2 
protein expression is less clear in the era of che-
moimmunotherapy, and the presence or absence 
of the t(14;18) translocation also does not appear 
to independently portend poor prognosis [3–5]. 
In the presence of other known oncogenic driv-
ers, especially protein overexpression or rear-
rangements of c-MYC, BCL-2 overexpression 
provides a collaborating oncogenic “hit” that 
portends chemo- refractoriness, a high risk of 
relapse and a poor overall prognosis [6–10]. 
Inhibiting BCL-2 is therefore an attractive thera-
peutic target in B-cell lymphoma.

The BH3-mimetic class of drugs inhibits 
BCL-2 through molecular mimicry of BH3-only 
proteins. Apoptosis is induced through binding to 
the activation groove in BCL-2, preventing its 
binding to and competitive release of bound 
BH3-only proteins such as bim/bid. The first 
clinical agents with demonstrated efficacy in 
B-cell malignancy to achieve this are the 
orally  bioavailable small molecules navitoclax 
 (ABT- 263) and venetoclax (ABT-199).

Navitoclax, which is selective for BCL-2 and 
BCLxl and BCLw, provided the first proof that 
targeting BCL-2 induces clinically striking 
responses in B-cell malignancies. A phase 1 
study included 55 patients with a range of lym-
phoma subtypes treated at doses ranging from 
10 to 425  mg daily. None of the four patients 
with DLCBL responded to treatment. A single 
patient with NK/T-cell lymphoma had a com-
plete remission [11]. A phase 1 study of patients 
with highly refractory chronic lymphocytic leu-
kaemia produced a 35% partial response rate in 
the 26 patients evaluable at or above the active 
dose of 110 mg/day [12]. A further trial demon-
strated that response rates in follicular lym-
phoma could be augmented with the addition of 
rituximab [13]. However, navitoclax induces a 
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dose- dependent, reproducible on-target throm-
bocytopenia owing to its inhibitory effect on 
BCLxl which is required to maintain normal 
platelet lifespan [11, 12, 14, 15]. Venetoclax is a 
more selective and specific inhibitor of BCL-2 
and has therefore become the focus of clinical 
development in most B-cell malignancies.

17.2.2  Venetoclax Has Excellent 
Activity in Chronic 
Lymphocytic Leukaemia

A phase 1 study of venetoclax in a highly refrac-
tory population of patients with CLL, of whom 
90% had poor risk features, produced a 79% 
response rate in 116 patients. Three patients 
developed clinical tumour lysis syndrome and 
there was one death [16]. A gradual ramp-up 
dosing strategy introduced during the trial 
lessened the risk of tumour lysis. The final 
go-forward dose in CLL was 400 mg/day after a 
ramp-up over 5  weeks. Apoptosis occurred 
through a p53-independent mechanism [17] and 
was equally active in the typically chemotherapy 
treatment-refractory population of patients with 
del(17p). An analysis of the features of the 
clinical features of 67 patients treated across 
three early trials of this agent showed a 25% rate 
of progression with Richter’s transformation 
[18]. The drug continues development for 
CLL.  In phase 1b study of the combination of 
venetoclax with rituximab, the complete 
remission (CR) and marrow MRD negativity rate 
was 51%(21/49) and 57% (28/49), higher than 
the 20% CR rate achieved in the monotherapy 
study. This was achieved without a significant 
safety signal. Venetoclax monotherapy has 
recently been approved in many regions for the 
treatment of CLL with deletions of 17p.

17.2.3  Venetoclax Monotherapy 
in Aggressive Lymphoma

A second arm of the phase 1 study of venetoclax 
assessed its activity in patients with non-Hodgkin 
lymphoma [19]. A total of 106 patients with 

relapsed or refractory non-Hodgkin lymphoma 
received doses of venetoclax once a day ranging 
from 200 to 1200 mg. Treatment was commenced 
with a 3-week ramp-up approach. A range of 
histological subtypes were recruited, including 
aggressive and indolent forms of lymphoma. 
A  total of 34 patients had diffuse large B-cell 
lymphoma, and 28 had mantle cell lymphoma. 
A  further seven patients had Richter’s transfor-
mation from chronic lymphocytic leukaemia. 
Patients in these aggressive lymphoma cohorts 
had received a median of three prior therapies 
(range one to eight), but only 13 patients had had 
prior autologous stem cell transplantation. In the 
diffuse large B-cell lymphoma cohort, 59% of 
patients had an LDH higher than the upper limit 
of normal, and this was the case in 25% of 
patients with mantle cell lymphoma.

No maximal tolerated dose was identified. 
Despite the inclusion of nine patients with bulky 
lymphadenopathy greater than 10  cm diameter 
within these two disease subtypes, only three 
developed criteria for laboratory tumour lysis 
syndrome within 24 h of initial dosing, and there 
were no episodes of clinical tumour lysis 
syndrome. The two dose-limiting toxicities 
observed were grade 4 neutropenia in one patient 
with prior Richter’s transformation and one 
episode of grade 3 febrile neutropenia. 
Importantly, 9 of the 51 patients across the entire 
study who received 1200  mg required dose 
reductions for nausea or diarrhoea. Treatment 
was interrupted on eight occasions across the 
cohort due to neutropenia. This is generally 
considered a well-tolerated drug, but in this trial 
about half of patients reported diarrhoea or 
nausea, usually of low-grade, approximately 
40% reported fatigue and a fifth of patients 
reported decreased appetite.

The overall response rate in diffuse large 
B-cell lymphoma was 18%; 12% of patients 
achieved a complete remission. No complete 
remissions were observed in patients with 
Richter’s transformation. In striking contrast, 
mantle cell lymphoma appeared to be exquisitely 
sensitive to ABT-199 with an overall response 
rate of 75% and a complete remission rate of 
21%. Only 1 of the 28 patients with mantle cell 
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lymphoma did not experience some degree of 
measurable tumour shrinkage. Complete remis-
sions were only observed in the diffuse large 
B-cell lymphoma group at doses greater than or 
equal to 600 mg a day, whereas in the mantle cell 
lymphoma group, two complete remissions were 
observed at a dose of 400 mg a day. It should be 
noted, however, that the potential requirement 
for higher doses in the diffuse large B-cell lym-
phoma group did not translate into a consistent 
dose effect as of the 26 patients treated at 
1200  mg; 16 had progression as their best 
response and were completely refractory to 
treatment.

There was an apparent difference in durability 
of response between lymphoma subtypes. Mantle 
cell lymphoma had a median progression-free 
survival of 14  months, whereas diffuse large 
B-cell lymphoma had a median progression-free 
survival of only 1  month (follicular lymphoma 
had a PFS of 11 months). Only one patient with 
DLBCL had not progressed when censored at 
12 months. The numbers of patients with diffuse 
large B-cell lymphoma who were recruited were 
too small to assess the role of BCL-2 expression 
or cell of origin. However, it is noteworthy that 
BCL-2 and MYC double-expressing lymphoma 
was observed in four of six available tumours and 
two patients with double-expressing disease 
achieved an objective response. The authors 
concluded that for non-Hodgkin lymphoma 
subtypes, other than mantle cell lymphoma, the 
recommended dose was 1200 mg daily, using a 
ramp-up strategy starting at 400 mg daily for a 
week. In mantle cell lymphoma, the target dose 
recommended was 800  mg daily, ramping up 
from 100 mg daily for the first week (to 200 mg, 
400 mg and 800 mg), with continued vigilance 
regarding tumour lysis prophylaxis and 
monitoring still required.

17.2.4  Venetoclax Combinations

The observation that combinations of venetoclax 
with anti-CD20 antibody are significantly more 

efficacious than monotherapy in CLL suggests 
that anti-CD20 antibodies are attractive partners 
for inclusion in combination approaches. A 
recent randomised, open label, phase 3 study 
confirmed that the combination of venetoclax 
and rituximab significantly improved progression- 
free survival compared to bendamustine and 
rituximab in patients with relapsed CLL.  This 
may well lead to broad registration of the 
venetoclax in this setting [20]. Safety of the 
combination of the BTK inhibitor ibrutinib with 
venetoclax is well tolerated in mantle cell 
lymphoma and in chronic lymphocytic leukaemia 
and may also be employed in combinations for 
diffuse large B-cell lymphoma [21].

Combinations are clearly required given the 
low response rate of 18% to venetoclax mono-
therapy in diffuse large B-cell lymphoma. 
A randomised phase 2 study of bendamustine/
rituximab versus venetoclax/rituximab/benda-
mustine (CONTRALTO: NCT02187861) is 
currently underway in patients with follicular 
lymphoma with overall response rates of 77% 
and 75%, respectively, in a preliminary analy-
sis (Zinzani ASH 2016; abstract 617). We await 
the final results of combinations with 
rituximab- CHOP or G-CHOP (NCT02055820). 
Preliminary results showed a significant 
increase of neutropenia complicating a combi-
nation of venetoclax with CHOP mandating 
reduction from an initial planned administra-
tion of daily venetoclax to administration on 
days 1 to 10 [22, 23]. Efficacy appears promis-
ing with ORR of 100% (88% CR) in frontline 
FL with R-CHOP and 89% (78% CR) with 
G-CHOP.  In the DLBCL cohort, ORR was 
87% (all CR). Venetoclax is also being assessed 
in combination with R-EPOCH in patients with 
chronic lymphocytic leukaemia and Richter’s 
transformation and in a second study in patients 
with double-hit lymphoma (NCT03036904). 
Venetoclax has also been studied in the setting 
of relapsed lymphoma in combination with 
ICE chemotherapy and is a partner in many 
novel-novel drug combination trials currently 
recruiting patients (see Table 17.1).
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17.3  Epigenetic Agents

The term epigenetics has been defined in several 
ways, but it is most commonly taken to refer to 
heritable or even dynamic cellular processes 
affecting the phenotype of cells without altera-
tions in the genetic sequence of the underlying 
DNA [24, 25]. Because epigenetic alterations in 
cells may be dynamic, they are potentially drug-
gable. The best described and understood epigen-
etic changes in cancer medicine are chemical 
modifications of histones that result in altered 
chromatin structure and gene expression profiles 
and methylation of CpG-rich gene promoter 
regions which also alter expression of target 
genes. An expanding drug armamentarium seeks 
to target these and other epigenetic mechanisms, 
following the proof of principle provided by his-
tone deacetylase inhibitors and the DNA 
methyltransferase- inhibiting agents. Histone 
deacetylase inhibitors have been approved in the 
treatment of T-cell lymphoma, while DNA hypo-
methylating agents are approved in MDS and 
AML but also appear active in T-cell lymphoma 
but remain under investigation. Drugs that target 
mutated EZH2 and the BET inhibitors can also be 
considered as epigenetics agents, are emerging as 
active agents in lymphoid malignancies and are 
addressed in this section.

17.3.1  Histone Deacetylase 
Inhibitors for T-Cell 
Lymphoma

Histone deacetylases modify the acetylation 
status of lysine chains on histones. This leads 
to conformational change of chromatin and the 
co-location of transcriptional factors to target 
genes. Histone deacetylase inhibitors selec-
tively inhibit specific histone deacetylases 
(HDAC); however the aggregate effect on the 
cell is multifaceted with multiple cellular path-
ways being influenced by the activity of these 
drugs [26]. A full review of the activity of his-
tone deacetylase inhibitors is beyond the scope 
of this chapter; however it should be broadly 
understood that these agents are classified as 

either pan histone deacetylase inhibitors 
 (targeting the class I, II and IV HDACs) or 
selective histone deacetylase inhibitors. The 
differential effects on cellular pathways are 
affected by histone selectivity; however in the 
clinic clear differences in activity according to 
HDACs targeted are yet to be observed. Histone 
deacetylase inhibitors induce selective cancer 
cell death probably through induction of intrin-
sic and extrinsic apoptotic pathways, disrup-
tion of the misfolded protein response, cell 
cycle arrest, modulation of the JAK/STAT sur-
vival pathways and potentially multiple 
immune mechanisms [27, 28].

Histone deacetylase inhibitors have shown 
their greatest efficacy in T-cell lymphoma. The 
original observations were made in cutaneous 
T-cell lymphoma, but activity has also been 
demonstrated in peripheral T-cell lymphoma. 
Romidepsin and belinostat have been approved 
in the USA for the treatment of relapsed 
peripheral T-cell lymphoma. Romidepsin has 
approval for cutaneous T-cell lymphoma as does 
vorinostat. We will not discuss the management 
of cutaneous T-cell lymphoma in this section and 
will focus predominantly on the evidence of 
these agents in systemic T-cell lymphoma. The 
activity of approved HDACi in T-cell lymphoma 
is summarised in Table 17.2.

17.3.1.1  Romidepsin
Two pivotal phase 2 studies have confirmed the 
activity of romidepsin in peripheral T-cell lym-
phoma and ultimately led to its approval in the 
USA and in several other jurisdictions. The 
treatment schedule was identical across both 
studies, 14 mg/m2 intravenously, days 1, 8 and 
15 of a 28-day cycle [29, 30]. Romidepsin has 
only a moderate overall response rate, 23% 
across these studies, in which 175 patients were 
treated. Interestingly, however, the response 
duration is clinically meaningful: medians of 9 
and 17 months overall for CR and PR, respec-
tively, for the aggregated patient groups across 
these two trials. Stable disease lasted a median 
of only 4 months. Responses were seen as early 
as the first response assessment at week 8, and 
in our clinical experience, responses typically 
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occur between the first and second cycles of 
therapy. Very extended responses were seen in 
patients with angioimmunoblastic T-cell lym-
phoma with some patients reported to be in an 
ongoing complete remission after as long as 
34  months. Long-term follow-up showed that 
10 of 19 patients in a complete remission sus-
tained that remission for more than 12 months, 
some patients recording a remission of more 
than 48 months [31]. Responsiveness does not 
appear to depend upon the number of prior 
therapies, with no difference seen between 
patients who have had one, two or greater than 
two prior therapies within the pivotal studies 
[32]. At our centre we have several patients 
who have been on romidepsin for a variety of 
subtypes of T-cell lymphoma in excess of 
5 years. Romidepsin has been approved in the 
USA for patients who have relapsed after one 
prior therapy and represents an important treat-
ment option in patients who are refractory 
to  conventional chemotherapeutic agents. An 

intergroup collaborative trial of romidepsin in 
combination with CHOP as frontline therapy 
for peripheral T-cell lymphoma is currently 
underway. Coordinated by LYSA, the study 
randomises patients to receive either CHOP or 
romidepsin with CHOP (Ro-CHOP) [33]. 
Results are eagerly awaited in the study and 
represent a major undertaking in a relatively 
rare cancer. A recent phase 1 study of romidep-
sin and pralatrexate in relapsed NHL showed 
that these drugs could be feasibly combined at 
a recommended phase 2 dose of romidepsin 
12  mg/m2 and pralatrexate 25  mg/m2 every 
other week. Eighteen of 29 patients had T-cell 
lymphoma. At the dose ranges assessed within 
the trial, the overall response rate was 57 and 
71% of PTCL (10/14). The response rate for 
T-cell lymphoma likely warrants further explo-
ration in a phase 2 trial. There is no evidence 
that romidepsin is active in other subtypes of 
aggressive lymphoma. It has not been system-
atically assessed in B-cell lymphoma.

Table 17.2 Patient characteristics 
and responses to HDAC inhibitors 
in T-cell lymphoma

Drug Romidepsin Belinostat
First author and 
reference

Piekarz [30] Coiffier [29] O’Connor [34]

Total patient number 47 130 129
Median age (range) 59 (27–84) 61 (20–83) 64 (29–81)
Stage III/IV (%) 45 (96%) 70 (53%) 90 (91%)
Marrow involvement 
(%)

14 (28%) 35 (29%)

PTCL NOS 27 (57%) 27 (21%) 77 (64%)
Angioimmunoblastic 7 (15%) 27 (21%) 22 (18.3%)
ALCL ALK positive 2 (4%) 1 (0.7%) 2 (1.7%)
ALCL ALK negative 2 (4%) 21 (16%) 13 (10.8%)
Cutaneous ALCL 2 (4%) – 0
Other 4 (8%) 12 (9.2%)
DLBCL 1 (2%) 0
Overall response 16 (38%) 38 (39%) 31 (25.8%)
Complete response 8 (18%) 18 (14%) 11 (9.2%)
Median response 
duration, months 
(range)

8.9 (2–74) 3 (<1–28+) 12 (4.7–19.8)

Median time to 
response, months

1.8 2 1.5

Response duration in 
complete responders, 
months (range)

29.4 (3–74) 14 (1.2–26.7+) NR (>29 m)

Median duration of 
treatment, months 
(range)

3 (1–57) 1.75 (0.75–34)
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17.3.1.2  Belinostat
Belinostat is a hydroxamic acid derivative and is 
considered a pan histone deacetylase inhibitor. 
Like romidepsin, its best evidence of activity is in 
peripheral T-cell lymphoma. It was assessed in a 
single pivotal phase 2 trial of 120 evaluable 
patients who had received a median of two prior 
therapies [34]. Belinostat is given intravenously 
at a dose of 1 g/m2 days 1 to 5 of a 21-day cycle. 
The study reported overall and complete 
remission rates of 26 and 11%, respectively, with 
a median time to response of 5.6  weeks. The 
median duration of response is 14  months but 
was shown to be more than 29 months in those 
achieving a complete remission. These findings 
led to the approval of this drug for treatment of 
patients with relapsed peripheral T-cell lym-
phoma in the USA.

17.3.1.3  Other HDACi
Beyond the T-cell lymphomas, the HDACi have 
most thoroughly been studied as monotherapy in 
Hodgkin lymphoma. Both panobinostat and 
mocetinostat have been the subject of large phase 
2 studies in this disease which have not demon-
strated sufficient activity or durability of response 
to result in registration [35, 36]. In non- Hodgkin 
lymphoma, efficacy has been less promising. 
However a recent study of panobinostat with or 
without rituximab in relapsed DLBCL demon-
strated a 28% response rate (11/40) and a median 
duration of response of 14.5  months [37]. 
Multiple combinations of HDACi with chemo-
therapy and other novel agents and chemotherapy 
have been tested over the last decade of develop-
ment, with none that we are aware of demonstrat-
ing a sufficient efficacy to warrant further 
development.

17.3.1.4  Toxicities of HDACi
The histone deacetylase inhibitors demonstrate a 
class effect with respect to common toxicities. 
The most common treatment-limiting side effect 
is thrombocytopenia. In the romidepsin trial 
grade, 3/4 thrombocytopenia was reported in 
about 1/3 of patients, and severe neutropenia was 
reported on about fifth. Interestingly, belinostat is 
reported to cause grade 3–4 thrombocytopenia in 

only 7% of patients. This is unexpected because 
other HDACi (panobinostat, mocetinostat) cause 
thrombocytopenia in rates similar to romidepsin. 
In our experience the cytopenia related to histone 
deacetylase inhibitors responds well to dose 
adjustment. Thrombocytopenia may be an 
on-target effect arising from an impact on 
megakaryocytic budding of platelets during 
therapy [38]. Prolongation of the QT interval was 
previously a concern following the phase 1 study 
of romidepsin; however detailed analysis from 
the phase 2 studies suggests ECG changes 
following treatment with this class of agents are 
unlikely to be clinically significant [39]. Care 
needs to be taken not to combine these drugs with 
agents that prolong the QT interval. Belinostat 
was not associated with prolongation of the QT 
interval [40].

17.3.1.5  HDACi: Future Directions
Whether the histone deacetylase inhibitors have a 
future beyond their current indication remains to 
be seen. Approvals for romidepsin are now 
almost a decade old, and there is no evidence that 
the indication will be expanded to other subtypes 
of lymphoma. Integration into frontline treatment 
of T-cell lymphoma is still under investigation. 
Molecular subtyping of T-cell lymphoma and the 
apparent specific sensitivity of angioimmuno-
blastic lymphomas to these epigenetic therapies 
raise the possibility of improving response rates 
and clinical applicability through more careful 
patient selection. While panobinostat has been 
shown to have some activity in B-cell lymphoma, 
and molecular markers for sensitivity to this 
agent have been described, further development 
in this space is considered by these authors to be 
unlikely [37].

17.3.1.6  DNA Demethylation
Inhibition of DNA methyltransferases (DNMT) 
is a proven mechanism of anticancer therapy in 
the myelodysplastic syndromes and acute 
myeloid leukaemia where azacitidine and 
decitabine are approved therapies. Recurrent 
mutations in genes coding for the epigenetic cel-
lular machinery (such as TET2) may predict 
responsiveness to azacitidine in these diseases 
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[41, 42]. Mutational analyses of T-cell lympho-
mas reveal an overlap of the mutational profile 
with myeloid disease, with TET2 and RHOA 
mutations amongst the more frequently mutated 
genes [43–47]. This provides one of several ratio-
nales for the assessment of azacitidine in T-cell 
lymphoma. We and others have successfully 
treated several cases of angioimmunoblastic 
T-cell lymphoma successfully with standard 
doses of azacitidine [48, 49]. Azacitidine upregu-
lates genes associated with cancer immunogenic-
ity and so for multiple cancers has been used in 
combinations with other conventional therapies 
in an attempt to augment cancer- associated 
immune responses [50–54]. Authors have also 
observed that prolonged inhibition of DNMT 
resensitises cells to doxorubicin [55]. Together, 
these observations have driven over 40 combina-
tions of azacitidine or its oral analogue CC486 
alone or in combination for T- and B-cell lym-
phomas. Combination partners include PD1/L1 
inhibitors (NCT02951156, NCT03161223, 
NCT03240211), cytotoxic T-lymphocytes, prala-
trexate, HDAC inhibitors and more recently 
R-CHOP for patients with high-risk diffuse large 
B-cell lymphoma [56–60].

17.4  EZH2 Inhibition: Tazemetostat

Tazemetostat (EPZ-6438, Epizyme) is a selec-
tive, orally available inhibitor of enhancer of 
zeste homolog 2 (EZH2). EZH2 is a histone 
methyltransferase, a catalytic subunit of the 
polycomb repressor complex 2 (PRC2), and is 
responsible for methylating lysine 27  in his-
tone H3 (H3K27). This leads to a closed chro-
matin structure and transcriptional silencing of 
regulated genes [25, 61]. Alterations in EZH2 
function can arise due to both gain or loss of 
function mutations and altered protein expres-
sion. Gain of function mutations occur in 
approximately a fifth of germinal centre B-cell 
diffuse large B-cell lymphoma and in 10–15% 
of follicular lymphomas and are thought to be 
drivers of lymphoma proliferation and survival 
through maintenance of the germinal centre 
phenotype [62–67]. Several inhibitors have 

been developed, and one, tazemetostat, is most 
advanced in clinical development. Tazemetostat 
binds to both mutated and wild-type EZH2 to 
inhibit its enzymatic function. The other EZH2 
molecules in development (e.g. GSK126) can 
be differentiated from each other by their rela-
tive selectivity for mutated EZH2 over wild-
type EZH2 and for EZH2 over other 
methyltransferases [61, 68–70].

The phase 1 study of tazemetostat explored 
doses ranging from 100  mg twice daily to 
1600 mg twice daily, with a classical 3 + 3 dose- 
escalation study. Twenty-one patients with 
relapsed non-Hodgkin lymphoma and 43 with 
relapsed solid tumours were assessed [71]. The 
drug was well tolerated, and the single DLT was 
thrombocytopenia at a dose of 1600 mg bd. The 
recommended phase 2 dose was 800 mg bd [71]. 
Tazemetostat has received fast-track approval in 
the USA for treatment of relapsed follicular lym-
phoma and DLBCL bearing mutations of EZH2 
on the basis of early data from the currently 
accruing phase 2 study (NCT01897571) [72].

Preliminary results from the phase 2 study 
were presented at the ICML meeting in 2017 
[73]. The trial allowed recruitment of patients 
into one of five cohorts. All received a dose of 
tazemetostat 800  mg twice a day continuously. 
Prior to study entry, patients underwent screening 
for the presence of one of three mutations 
(Y646X, A682G, A692V) in formalin-fixed, par-
affin-embedded tissue. Patients were streamed 
into one of five cohorts on the basis of the pres-
ence or absence of EZH2 mutation in either fol-
licular lymphoma or diffuse large B-cell 
lymphoma (cohorts one to four) or into a fifth 
cohort with activated B-cell type diffuse large 
B-cell lymphoma. A further cohort was subse-
quently added during the conduct of the study 
which allowed patients with wild-type EZH2 to 
be recruited to a prednisone combination arm. 
Molecular results were required prior to alloca-
tion to treatment arm.

As expected, EZH2 wild-type arms rapidly 
recruited, while the relative rarity of the patient 
population bearing the mutant EZH2 leads to 
slow recruitment of those arms. Two hundred and 
three patients were evaluable for response, and 
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210 patients were evaluable for safety. Only 13 
patients with EZH2-mutated follicular lym-
phoma and 17 patients with EZH2-mutated dif-
fuse large B-cell lymphoma were available for 
response evaluation. Patients with follicular lym-
phoma had a median of four prior lines of treat-
ment, and patients with diffuse large B-cell 
lymphoma had a median of three prior treat-
ments. The objective response rate in EZH2-
mutated follicular lymphoma was 92% (12 of 13 
patients); in mutated diffuse light B-cell lym-
phoma, 29% (5 of 17 patients); in wild-type fol-
licular lymphoma, 26% (4 of 14 patients); and in 
wild-type diffuse large B-cell lymphoma, 15% 
(18 of 119 patients). In follicular lymphoma, 
even allowing for the small number of cases pre-
sented, there was a clear difference in the EZH2-
mutated subset both in terms of response rate and 
durability of responses. No patients with EZH2 
mutant FL came off study due to disease progres-
sion. The finding that responses occurred later 
than with conventional therapies was consistent 
with the epigenetic mechanism of action.

The most common side effect was thrombocy-
topenia attributed to drug in 13% of patients and 
of grade III/IV severity in just 6%. Neutropenia 
occurred in 9% and was grade III/IV in 6%. 
Adverse events related to treatment led to dose 
reduction in 3% of patients studied and with-
drawal in 2% of patients. Overall, tazemetostat is 
very well tolerated.

Positive predictors of response, as expected, 
were the presence of the EZH2 mutation and 
interestingly the presence of activating muta-
tions in MYD88, while mutations of MYC, TP53 
and HIST1H1E were associated with lower 
response rates.

The phase 2 study continues and a combina-
tion study with CHOP in the frontline setting is 
planned.

A clear message from the clinical trial is the 
difficulty in screening patients for relatively rare 
mutations in the context of haematological malig-
nancy and in the context of follicular lymphoma 
and diffuse large B-cell lymphoma specifically. 
Although this paradigm has penetrated solid 
tumour oncology and the treatment of acute 
myeloid leukaemia, it is the first such study to 

seek relatively rare mutations in lymphoma dur-
ing screening. The low response rates, the unmu-
tated arms and apparently short responses in 
mutated diffuse large B-cell lymphoma suggest 
that tazemetostat requires a combination partner 
for enhanced efficacy. However, the initial signal 
albeit from very low patient numbers in EZH2-
mutated follicular lymphoma is promising.

17.5  BET Inhibitors

Bromodomain and end-terminal repeat proteins 
(BET) are part of the transcriptional apparatus 
and recruit transcription factors to chromatin. By 
preferentially locating to histones with acetyl 
modification, BET proteins have considered epi-
genetic “readers” of the “histone code” [25]. 
Several inhibitors of BET proteins have been 
developed, and clinical trials in haematological 
and non-haematological malignancies have been 
underway for some years. Inhibition of BRD4 
leads to downregulation of MYC-associated path-
ways; hence inhibition may be considered an 
attractive approach to drugging diseases driven by 
active mutations or amplifications of MYC [74].

17.5.1  OTX015

OTX015 (MK-8628) binds to bromodomain 
BRD4, BRD3 and BRD2  in BET proteins. 
OTX015 was assessed preclinically in cell line 
models of B-cell lymphoma. Consistent with 
observations with another BET inhibitor, JQ1, it 
was shown to downregulate signalling pathways 
associated with MYC, E2F1 and NFKB [75]. 
Interestingly this drug was shown to be predomi-
nantly cytostatic in the cell lines, and only 14% 
of cell lines (3 of 22) demonstrated dose- and 
time-dependent apoptosis. Those three cell lines 
were derived from ABC lymphoma and had 
mutated MYD88, wild-type p53 and mutations 
in CD79b or CARD 11. The gene expression 
profile signature generated from exposure to 
OTX015 was similar to that seen in prior publi-
cations of expression profile changes following 
treatment with JQ1 in different tumour models.
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A clinical trial investigating this agent was 
sponsored by OncoEthix, a wholly owned subsid-
iary of Merck Corporation [76]. The study was 
conducted across seven sites in Europe, and 
patients were treated with daily oral dosing rang-
ing between 10 mg and 100 mg daily. The study 
had a conventional 3 + 3 dose escalation design 
with the primary endpoint being  dose- limiting tox-
icity in the first treatment cycle of 21 days. The 
study recruited patients with refractory lymphoma 
or multiple myeloma and required a baseline 
platelet count of more than 50 × 109/L and a neu-
trophil count of >1.0 × 109/L and creatinine clear-
ance of 30 mL/min or more. Thirty-three patients 
with lymphoma and 12 patients with myeloma 
were recruited to the trial. The median age was 
63 years with a preponderance of males to females 
(2:1). In the lymphoma cohort, patients had 
received a median of three prior lines of therapy, 
and 7 of 33 patients (21%) had prior autologous 
stem cell transplantation. All patients entered the 
study with a normal platelet count. A total of 22 of 
33 patients (67%) had a diagnosis of diffuse large 
B-cell lymphoma, of whom five were shown to 
have expression by immunohistochemistry of both 
Bcl-2 and c-Myc. Eleven cases had insufficient 
material for this assessment. Ten cases had trans-
formed B-cell lymphoma. The remainder of 
patients had a range of lymphoma subtypes, 
including peripheral T-cell lymphoma (n  =  2), 
Hodgkin lymphoma (2) and mantle cell lymphoma 
(2), as well as several other indolent lymphoma 
subtypes. One patient had Burkitt lymphoma [76].

Three patients were evaluable for dose- 
limiting toxicity in each of the first three cohorts 
(10  mg, 20  mg, 40  mg daily), and no dose- 
limiting toxicity was observed. However, when 
the study switched to 40 mg twice a day, five of 
six patients reported grade 4 thrombocytopenia 
lasting more than 3 days. The study returned to 
once-daily dosing and the dose escalated to 
120 mg a day, and again, a dose-limiting toxicity 
of grade 4 thrombocytopenia (four of six patients) 
was observed, with one patient experiencing 
grade 4 neutropenia. A go-forward dose of 80 mg 
once a day on a continuous 21-day  cycle was 
chosen. This dose is currently being explored in 
diffuse large B-cell lymphoma expansion cohort.

As with other BET inhibitors, thrombocytope-
nia appears to be dose-limiting [77]. The nadir 
platelet count occurred after 18 days of treatment 
and was reversible, usually observed after 
7–15 days of treatment interruption. No observa-
tion of cumulative toxicity was made. Apart from 
thrombocytopenia, the other main related adverse 
events were haematological toxicities which 
included anaemia in 41 patients (91%) and neu-
tropenia in 23 (51%).The most common non-
haematological adverse events were diarrhoea in 
47% of patients and nausea in 24% of patients, as 
well as fatigue in 27% of patients. These appeared 
to be dose- related effects. Intriguingly, a reduc-
tion in coagulation factor VII of 20% to 30% was 
observed in three patients receiving a dose of 
80 mg and 120 mg once a day without clinically 
significant bleeding or alteration in the interna-
tional normalised ratio. This may be an on-target 
effect, as it has been observed in other BET 
inhibitor trials [77].

Only three patients (14%) with diffuse large 
B-cell lymphoma reported objective responses. 
One had time to progression of 6  months, two 
had complete responses with time to progression 
of 4.5 and 13.7  months and two patients had 
tumour shrinkage not meeting objective response 
criteria with a time to progression of 3.6 months. 
Although the numbers are small, the authors 
looked at the response rate according to cell of 
origin and showed that 40% (4 of 10) of patients 
with non-germinal centre phenotype had evidence 
of clinical activity versus 2 of 12 (17%) of those 
with germinal centre-like diffuse large B-cell 
lymphoma. Only one of five patients with c-Myc- 
positive diffuse large B-cell lymphoma responded 
to treatment. As an aside, no patients with 
myeloma responded.

17.5.2  Other BET Inhibitors 
in Development

Several other BET inhibitors are currently in 
development with clinical studies investigating 
them alone or in combinations in the setting of 
aggressive lymphoma. GSK 525762 is an orally 
available inhibitor of BRD4, BRD2 and BRD3 
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and is being investigated in a phase 1 trial 
exploring its role in acute myeloid leukaemia, 
lymphoma and myeloma [77, 78]. Results of this 
study are expected in 2018.

RO6870810 (Roche; formerly Ten-010, 
Tensure) is a subcutaneously administered BET 
inhibitor chemically similar to JQ1, which was 
widely used in preclinical mechanistic studies. It 
has been assessed in a phase 1 study that included 
53 patients and which was completed in October 
2017 (NCT01987362). At least 20 patients with 
diffuse large B-cell lymphoma were recruited. 
Preliminary or final results are not available; 
however the drug is being taken forward in com-
bination with venetoclax for relapsed lymphoma 
(NCT03255096), testing the preclinical observa-
tion that the combination may regulate expres-
sion of BCL-2 proteins epigenetically, providing 
synergistic inhibition of BCL-2 with venetoclax 
[79]. If the preclinical observations with respect 
to downregulation of the MYC pathway bear 
fruit, the combination may be attractive as a treat-
ment for DLBCL expressing both MYC and 
BCL-2 [79, 80].

17.6  Inhibitors of MDM-2

Loss or dysfunction of the tumour suppressor 
gene p53 is amongst the most frequent drivers of 
cancer. The protein it encodes is a transcription 
factor that leads to cell cycle arrest and apoptosis. 
It is regulated through several negative feedback 
loops including via MDM-2 (murine double min-
ute) and MDM4 [81]. MDM-2 directly sup-
presses the transcriptional activity of p53 as well 
as mediating its ubiquitination and degradation. 
Loss of p53 is a driver of disease in many sub-
types of lymphoma, and mutation of p53 is a 
common pathway of transformation from low- to 
high-grade disease and acquisition of chemother-
apy resistance across a range of lymphoma sub-
types [82–86]. Overexpression of p53 without 
biallelic mutation is frequently observed in B- 
and T-cell lymphomas, as is independent 
 overexpression of MDM2. MDM2 expression 
is  not associated with altered prognosis in 
DLBCL [87]. Inhibition of MDM2 is therefore 

an  attractive target in several B- and T-cell aggres-
sive lymphoma subtypes and is theoretically 
most appealing in disease with residual wild-type 
p53 function [82, 83, 87].

Idasanutlin (RG7388, Roche) is an orally 
available inhibitor of the interaction between 
MDM2 and p53, belonging to a class of agents 
termed “nutlins”. Preclinically, inhibition of 
MDM2 by nutlins inhibits lymphomagenesis in a 
range of B- and T-cell lymphoma subtypes (88–
90). Mouse models of B-cell lymphoma suggest 
that BCL-2 overexpression can be overcome as a 
driver of disease and that combination with anti-
CD20 antibody or venetoclax potentiates its 
action [88–90]. Idasanutlin was first tested in 
humans in the context of AML, where haemato-
logical toxicity, particularly thrombocytopenia, 
was dose-limiting [91, 92]. At lower doses, it is 
currently the subject of a global phase 1/2 study 
of the triplet of an obinutuzumab and venetoclax 
in DLBCL (see Table 17.1). Other MDM2 inhibi-
tors are also under evaluation, with Aileron 
Therapeutics currently investigating its stapled-
peptide MDM2 inhibitor in T-cell lymphomas 
amongst other diseases.

17.7  Future Directions

Over the last year, several pivotal studies have 
reported and summarised the genomic complex-
ity of DLBCL [93–96]. These papers provide 
further evidence that in the future DLBCL will 
be classified according to the presence of muta-
tions as well as copy number alterations and 
structural rearrangements that cluster together 
into broad definable entities large enough to be 
addressed through clinical trials of targeted 
approaches [93–96]. Frequently altered path-
ways include disruption of epigenetically active 
genes (e.g. KMT2D, CREBBP/EP300); dysreg-
ulation of the germinal centre programme via 
BCL6; immune surveillance avoidance via loss 
of MHC class I and II; gains and rearrangements 
of PD-L1 and PD-L2; mutations in CD79b 
NOTCH1, NOTCH2, SPEP, ARID1A and 
EZH2; and MYC and BCL-2 rearrangements 
and dysregulation [93, 97].
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As we have seen from the development 
approach in venetoclax (Table 17.1), the agents 
in this chapter are likely to have their strongest 
future in combinations with immunotherapies, 
chemotherapy and targeted pathway/tyrosine 
kinase inhibitors. The rationales provided for 
these combinations in lymphoma are strong 
enough that there are a large number of potential 
combinations that merit exploration and will 
require structured prioritisation based on 
preclinical criteria [98]. The lesson from the 
tazemetostat experience is that development of 
even simple mutation-driven treatments in 
lymphoma is logistically and commercially 
challenging. The genomics data and the 
experience from the clinic tell us that the future 
of lymphoma treatment is likely to demand 
combinations that harness the immune system 
and target the epigenome and cell cycle 
regulation, MYC and its associated pathways and 
apoptosis pathways and (in the case of B-cell 
lymphoma) the B-cell receptor and its post- 
receptor signalling cascade. Hopefully these 
recent papers on the genomic landscape in 
DLBCL indicate that we will identify disease 
groups large enough in prevalence to allow rapid 
trials of these targeted agents and their rational 
combination partners.
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Targeted Therapeutics 
for Lymphoma: Using Biology 
to Inform Treatment
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18.1  Introduction

Aggressive lymphomas are among the most 
highly proliferating cancers and are fatal with-
out treatment. The vast majority of lymphoma- 
related mortality is attributable to aggressive 
subtypes of B- and T-cell non-Hodgkin lym-
phoma (NHL), which result in 20,400 deaths 
annually in the United States [1]. Approximately 
40% of patients with diffuse large B-cell lym-
phoma (DLBCL) are not cured by first-line ther-
apy, and 50% of those with peripheral T-cell 
lymphomas do not survive in 5 years [2, 3]. Our 
knowledge of the normal biology of lympho-
cytes and the events associated with malignant 
transformation is extensive, suggesting that this 
may be a means to improve the outcomes of 
treatment, translating molecular insights into 
more specific forms of therapy. To date the clini-

cal data supporting this approach is limited, but 
a number of possible opportunities are under 
investigation.

The move towards targeted therapy is in part 
driven by the recognition that adjustment of con-
ventional cytotoxic treatment may have reached 
the limits of usefulness in these illnesses. 
Increasing the intensity of first-line therapy has 
not improved overall survival (OS) for the major-
ity of cases and, in any case, is constrained by the 
patient demographics, with more than half now 
presenting over the age of 65. The dose-dense 
infusional anthracycline-containing regimen 
DA-EPOCH-R (dose-adjusted etoposide + pred-
nisone  +  vincristine  +  cyclophospha-
mide  +  doxorubicin  +  rituximab) did not 
apparently improve disease control or survival in 
DLBCL when directly compared with standard 
R-CHOP (rituximab  +  cyclophospha-
mide  +  doxorubicin  +  vincristine  +  predniso-
lone) [4], despite promising results from 
single-arm studies. High-dose therapy with 
autologous progenitor cell rescue (HDT + PSCT) 
does not appear to improve outcomes when used 
in first remission as part of front-line therapy for 
DLBCL [4]. For aggressive T-cell lymphomas, 
the role of high-dose consolidation in first remis-
sion is debated, lacking randomised controlled 
trial results to support its use, but cohort data sug-
gests outcomes may be improved [5]. A large 
proportion of patients with aggressive T-cell lym-
phoma are unsuitable for HDT  +  PSCT in the 
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first remission, attributable to lack of response to 
induction  chemotherapy or ineligibility with poor 
premorbid status [6]. There is some evidence that 
patients with high-risk DLBCL may benefit from 
more intensive regimens such as R-CODOX-M/
IVAC (rituximab  +  cytarabine  +  vincris-
tine  +  doxorubicin  +  methotrexate/ifos-
famide + etoposide + cytarabine + methotrexate) 
(overall response rates (ORR) 92%), dose- 
adjusted R-EPOCH or R-hyper-CVAD (ritux-
imab + cyclophosphamide + doxorubicin + vin-
cristine + dexamethasone + methotrexate + cyta-
rabine) (3-year progression-free survival (PFS) 
75.7%). However, where DLBCL and PTCL 
have respective median ages of approximately 
70, more tolerable novel approaches are clearly 
needed.

The first targeted agent to significantly 
improve outcomes was the anti-CD20 monoclo-
nal antibody (mAb), rituximab, showing an 
overall survival benefit across subgroups in 
combination with CHOP chemotherapy for 

DLBCL [7]. However since then, progress has 
slowed: a number of large clinical trials in 
DLBCL have investigated novel agents in addi-
tion to R-CHOP standard of care, but none has 
significantly improved overall survival, includ-
ing enzastaurin, lenalidomide, everolimus and 
bortezomib (Table  18.1) [12, 14, 15]. Early 
phase  trials investigating novel agents as mono-
therapy in aggressive lymphomas rarely pro-
duce ORR greater than 30%, although occasional 
exceptional responders are identified 
(Table 18.2). To date, the evidence for directing 
therapy based upon molecular characterisation 
is limited. Where biology is complex and sub-
types are rare, understanding mechanisms in the 
context of heterogeneity is important. Targeting 
actionable mutations or oncogenic addictions is 
a rational approach to using biology to guide 
therapy, but this requires the incorporation of a 
thorough preclinical mechanistic work along-
side clinical trials where extensive characterisa-
tion is included.

Table 18.1 Phase III clinical trials comparing investigational regimens with R-CHOP21 with results for overall 
survival

Regimen compared with 
R-CHOP21 [references] Study Population

Overall survival 
(OS) time point

Hazard 
ratio 
(HR) P-value Year

R-CHOP14 [8] R-CHOP- 
14v21 UK 
NCRI

Stage IA–IV 2 years 0.90 0.38 2013

DA R-EPOCH [4] CALG 
B50303

>Stage II 5 years 1.19 0.40 2016

R-ACVBP [9] LNH-032B Low/Int risk 
IPI

3 years 0.44 0.007 2011

R-CHOP + rituximab 
maintenance [10]

NHL13 CR/CRu 3 years 0.81 0.41 2015

R-CHOP + enzastaurin 
maintenance [11]

PRELUDE IPI ≥3 and 
CR/CRu

48 months 1.04 0.81 2013

R-CHOP + everolimus 
maintenance [12]

PILLAR-2 Stage III/IV 
CR by PET/
CT

50.4 months 0.75 Not 
significant

2016

Obinutuzumab + CHOP 
[13]

GOYA IPI ≥2, or 0–1 
with >7.5 cm 
bulk

3 years 0.99 0.99 2016

R-CHOP + lenalidomide 
maintenance [14]

REMARC Elderly CR or 
PR

40 months 1.22 0.26 2016

R-CHOP + bortezomib [15] REMoDL-B Stage IAX, 
IB–IV

30 months 0.91 0.55 2017

CR complete response; CRu unconfirmed complete response; IPI international prognostic index
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18.2  Molecular Diagnostic 
Techniques for Aggressive 
Lymphomas

The 2016 update to the WHO classification of 
lymphomas increased the incorporation of 
molecular features within lymphoma diagnostics. 
Gene rearrangements (MYC, BCL2, BCL6 and 
ALK) and gene expression signatures of germinal- 
centre B-cell (GCB) and activated B-cell (ABC) 
DLBCL were included [27]. Modern techniques 
for molecular characterisation include next- 
generation sequencing (NGS) and gene expres-
sion profiling (GEP). In addition to genomic and 
transcriptomic changes, epigenetic dysregulation 
is an increasingly recognised feature of lympho-
mas, albeit less well understood [28].

Whole genome sequencing (WGS) and whole 
exome sequencing (WES) have been applied to 
aggressive lymphomas. Within DLBCL more 
than 200 recurrent somatic mutations have been 
identified although very few have a prevalence of 
greater than 5% [29, 30]. WGS analyses the 
entire genome, comprising roughly three billion 
base pairs, whilst WES assesses only transcribed 
sequences, of which there are around 30 million 
base pairs [31]. These techniques are relatively 
expensive and time-consuming and also bring 
their own technical and logistical challenges, 
such as determining the consequence and patho-
genicity of multiple variants. Next-generation 
sequencing (NGS) technology, also known as 
massive parallel sequencing, allows millions of 

DNA fragments to be sequenced simultaneously 
without prior sequence knowledge. Technical 
advances leading to improved reliability and 
reduced costs have made NGS feasible in clinical 
practice for somatic mutation and copy number 
analysis and characterisation using a “liquid 
biopsy” [31]. Given sufficiently large cohorts, 
NGS allows the characterisation of specific 
somatic mutations in the context of clinical out-
comes to produce prognostic scores. The French 
Lymphoma Study Association (LYSA) group and 
UK Precision Medicine for Aggressive 
Lymphoma (PMAL) have developed and reported 
on lymphoma-specific NGS mutation panels for 
DLBCL within clinical trials, identifying  patterns 
of mutation that correlated well with those 
expected for cell of origin subtypes [32, 33].

Gene expression profiling (GEP) is a technique 
which utilises microarrays or RNA sequencing to 
provide data on patterns of gene expression. 
Advances in GEP technologies have facilitated its 
application to formalin-fixed paraffin- embedded 
(FFPE) tissue allowing systems- level measures of 
cellular function in large cohorts [34]. This tech-
nique has identified subgroups with differing biol-
ogy. The “cell of origin” (COO) classification for 
DLBCL distinguishes lymphoma based on the 
point in B-cell ontogeny at which transformation 
to malignancy apparently occurred. Subtypes 
include germinal- centre B-cell (GCB), activated 
B-cell (ABC), primary mediastinal B-cell (PMBL) 
and an unclassified group [35]. An alternative sys-
tem, the consensus clustering classification (CCC), 

Table 18.2 Response rates to novel agents in aggressive lymphomas

Pathway
Target Agent Disease overall response rate (reference)

DLBCL PTCL
B-cell receptor (BCR) Syk Fostamatinib 3% [16] –

Btk Ibrutinib 26% [17] –
Apoptosis BCL-2 Venetoclax 18% [18] –
Immune checkpoint PD-1 Nivolumab 36% [19] 66% [19]
PI3K/AKT/mTOR PI3K-δ,γ Duvelisib 0% [20] 42% [21]

AKT MK2206 0% [20] 0% [20]
mTOR Everolimus 30% [22] 63% [23]

Epigenetic BET BRD RG6146 17% [24] –
EZH2 Tazemetostat 29% (MT) 15% (WT) [25] –
Histone deacetylase Romidepsin – 15% [26]
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delineates subtypes by shared functional  features: 
B-cell receptor (BCR) signalling, oxidative phos-
phorylation (OxPhos) and host response (HR) 
[36]. The subtypes have differing molecular fea-
tures, which present opportunities for therapeutic 
intervention and can be targeted in preclinical 
models, to provide a rational methodology for 
treatment stratification within trials. It is likely that 
further endotypes based on expression patterns lie 
among these defined subgroups, providing poten-
tial opportunities for further stratification.

High-throughput molecular biology tech-
niques such as these can also be used to inform 
diagnostic classification. Just as DLBCL has 
been further characterised by gene expression 
profiling, so the diagnostic criteria for aggressive 
T-cell lymphoma have been informed. For exam-
ple, peripheral T-cell lymphoma not otherwise 
specified (PTCL-NOS) constitutes around a third 
of cases of peripheral T-cell lymphoma (PTCL), 
where further characterisation by standard immu-
nostaining techniques has not been possible [37]. 
GEP and NGS have allowed further categorisa-
tion of this previously ill-defined disease entity, 
so that GEP applied to cases of aggressive T and 
NK NHL produced robust gene expression clas-
sifiers [38, 39]. One study was able to redefine 
37% of previously diagnosed PTCL-NOS as 
more definitive lymphoma subtypes, such as 
angioimmunoblastic T-cell lymphoma (AITL), 
based on their gene signature. Analysis also iso-
lates prognostic groups and identifies important 
oncogenic pathways [38, 39]. High mRNA 
expression of GATA3 or TBX21 defines distinct 
subgroups within PTCL-NOS.  GATA3-high 
lymphoma signifies worse OS, potentially due to 
its association with high MYC protein expression 
and oncogenic PI3K pathway activation [38, 40]. 
Such characterisation provides opportunities for 
therapeutic targeting within clinical trials.

18.3  Lymphoma Subtypes 
to Guide Therapy

Characterisation of lymphomas identifies those 
with distinct biological features, including high- 
risk subtypes and those displaying differential 
responses to standard therapy. Dysregulated MYC 

and BCL-2 have consistently been implicated in 
conferring poor outcomes on patients with DLBCL 
[41]. MYC and BCL-2 gene rearrangements are 
present in 5–14% and 10–40% of cases, respec-
tively [42, 43]. Cases with concomitant MYC and 
BCL-2 gene rearrangements are referred to as dou-
ble-hit lymphomas (DHL) and arise almost exclu-
sively within GCB-DLBCL [44]. A number of 
studies have demonstrated that these lymphomas 
have increased rates of early progression and 
lower 2-year survival of 35–60% [4, 45, 46]. A 
single-arm phase II trial of DHL treated with 
DA-R-EPOCH reported an encouraging 87% pro-
gression-free survival (PFS) at a median follow-up 
time of 14 months, suggesting a potential alterna-
tive therapy to R-CHOP [45]. In contrast, a retro-
spective analysis of two trials concluded that 
among 13 cases of DLBCL with MYC rearrange-
ment treated with DA-EPOCH-R, the OS was 
63.5% [47]. Recent analyses of prospective clini-
cal trials, involving patients receiving R-CHOP 
(the NCRI R-CHOP14v21 and GOYA trials), 
appear to show DHLs having similar outcomes to 
those seen in the DA-EPOCH-R studies [46, 48], 
highlighting the need for careful randomised com-
parison following on from the phase II series.

Retrospective analyses have shown that the 
ABC-DLBCL subtype is associated with worse 
outcomes than GCB-DLBCL, although within 
subsequent large prospective studies, the prog-
nostic power is less clear [49, 50]. One important 
consideration is that the proportion of DLBCL 
with this subtype increases with age, where full- 
intensity R-CHOP may be impractical, and novel 
approaches capable of targeting this entity 
become increasingly important [51]. In contrast, 
biomarker analysis of the LNH 03-2b trial found 
non-GCB cases identified by the Hans immuno-
histochemical (IHC) algorithm (of which ABC 
are the majority), to derive benefit from the more 
intensive R-ACVBP regimen, which increased 
PFS and OS compared with R-CHOP (HR, 6.09; 
95% CI, 1.37 to 27.03). This was an unplanned 
secondary analysis with COO status only avail-
able for comparison between 61 cases in one arm 
and 67 in the other. The regime increased rates of 
febrile neutropenia (9% vs. 38%) and non-GCB 
cases included PMBL that did poorly with 
R-CHOP [9, 52].
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Within retrospective analyses of trial partici-
pants, GCB-DLBCL has been associated with 
different responses to standard immunochemo-
therapy regimens. A retrospective analysis look-
ing for biological correlates within 249 patients 
from the CORAL trial comparing R-ICE (ritux-
imab + ifosfamide + carboplatin + etoposide) and 
R-DHAP (rituximab  +  cytarabine  +  cisplatin) 
salvage chemotherapy found survival differences 
based on COO. Three-year PFS for GCB-DLBCL 
was significantly higher within the R-DHAP arm 
than for R-ICE (100% vs. 27%, p = 0.01). Other 
prognostic features such as MYC and BCL-2 rear-
rangements were not incorporated in this particu-
lar analysis, and validation within a prospective 
study would be needed to confirm the relation-
ship. It was hypothesised that cytarabine may 
modulate BCL-6 expression to directly repress 
TP53, where BCL-6 activation is a hallmark of 
the subtype [53]. An analysis of 245 patients 
from a Danish lymphoma cohort examined bio-
logical correlates including COO (determined by 
IHC) with survival in patients treated with 
R-CHOP or R-CHOEP. It was reported that PFS 
(HR, 2.9; 95% CI, 1.5–5.9) and OS (HR, 3.4; 
95% CI, 1.5–7.8) were significantly superior in 
the GCB group treated with R-CHOEP than 
R-CHOP [54]. Despite confirming that the treat-
ment benefit was independent of IPI, age and 
gender using multivariate analysis, high-risk 
DHLs were not characterised and may have been 
disproportionately represented in the R-CHOP 
group. It is also important to remember that retro-
spective analysis may be unreliable where no 
randomisation has occurred, and clinician choice 
for treatment based on patient-specific factors 
may also affect survival.

The small molecule inhibitors, ibrutinib and 
lenalidomide, appear to have preferential single- 
agent activity within the ABC-DLBCL subtype 
[55]. In relapsed and refractory DLBCL, ibruti-
nib induced responses in 37% (14/38) of ABC- 
DLBCL but only 5% (1/20) of GCB-DLBCL, 
resulting in significantly higher median OS [56]. 
This observation may reflect the relative impor-
tance of Btk- and BCR-signalling to cell survival 
in the two subtypes [17]. Within ABC-DLBCL, 
the presence of concomitant MYD88 and CD79B 
mutations was associated with higher sensitivity 

to ibrutinib. However, a majority of patients who 
responded lacked any BCR-related mutations, 
supporting the role of BCR activation per se, in 
the sensitisation of ABC-DLBCL to treatment 
with ibrutinib. Preclinical ABC-DLBCL models 
suggest that binding of self-antigen may be criti-
cal for cell survival and could explain chronic 
BCR-signalling in cases that lack BCR-related 
mutations [53]. Whilst, genetic screens in MYD88 
mutant cell lines demonstrated the assembly of a 
“super-pathway” of signalling adapters, includ-
ing MYD88 and the CBM complex facilitated by 
TLR9 and IgM, which is thought to drive power-
ful activation of NF-κB and termed the “My-T- 
BCR” supercomplex [57, 58]. It is argued that 
this hyper-addiction could explain the sensitivity 
of patients with MYD88 and CD79B mutations to 
treatment with Btk inhibitors. Studying biopsy 
material from patients in a trial of ibrutinib in 
DLBCL using proximity ligation assay, cases 
that responded to the inhibitor were significantly 
enriched for presence of the My-T-BCR.  Also, 
patient samples of lymphoplasmocytic lym-
phoma, ABC-DLBCL and primary central ner-
vous system lymphoma had increased evidence 
of activity of the My-T-BCR, are all lymphomas 
known to have encouraging responses to Btk 
inhibition. The functional relationship of the 
components of the supercomplex also suggests 
rational combinations: the addition of a dual 
mTORC1/2 inhibitor (AZD2014) in addition to 
ibrutinib further reduced formation of the My-T- 
BCR and downstream NF-κB activity [58].

An alternative class of therapeutic is the 
immunomodulating drugs (imids) such as 
lenalidomide and pomalidomide. Lenalidomide 
has demonstrated preferential activity as single- 
agent therapy in non-GCB-DLBCL where ORR 
was 52.9% vs. 8.7% in GCB-DLBCL [59]. 
Although median PFS was only 6.2  months in 
ABC-DLBCL, when lenalidomide was com-
bined with R-CHOP in a phase II trial, it appeared 
to overcome the worse outcomes previously seen 
in ABC-DLBCL with R-CHOP treatment alone 
[59]. However, within prospective trials, where 
selection bias may contribute to excluding elderly 
patients or those that require prompt treatment, 
the ABC subtype appears to do better [60]. One 
important lesson from these studies is that small 
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trials or those lacking a control arm are difficult 
to interpret convincingly, particularly where 
known prognostic features are not accounted for. 
Investigating lenalidomide as maintenance fol-
lowing R-CHOP in a randomised phase III clini-
cal trial, there was significant improvement in 
PFS but not OS [61]. Unexpectedly, PFS was 
only significantly improved in the GCB cases, 
identified using Hans criteria (HR, 0.49; 
P = 0.04), but not the non-GCB cases (HR, 1.08; 
p = 0.75) [62]. A prospective analysis of lenalido-
mide in combination with R-CHOP in ABC- 
DLBCL, defined by GEP, is ongoing, and it 
remains to be seen if the ABC subtype derives 
significant benefit with the combination 
(ROBUST study, NCT02285062).

Germinal-centre DLBCL show features con-
sistent with their derivation from germinal-centre 
B-cells. The malignancy is characterised by PI3K 
pathway activation, BCL-6 transcription factor 
activity and characteristic patterns of somatic 
mutations, suggesting a prominent role for epi-
genetic dysregulation. GCB-DLBCL is enriched 
for mutations in genes encoding histone- 
modifying proteins: EZH2, CREBBP, EP300, 
MLL2 (KMT2D) and MEF2B [29, 63, 64]. 
Constitutive, tonic BCR-signalling is found in a 
high number of GCB-DLBCL, where ITAM 
phosphorylation results in recruitment and acti-
vation of Syk [63]. In preclinical models, tonic 
BCR-signalling has been associated with 
response to Syk inhibition [65], and aberrant 
PI3K-related signalling may be a similarly useful 
target in the subtype. However, BCR-signalling 
and PI3K/AKT/mTOR inhibitors have demon-
strated variable efficacy within trials [16, 20, 66]. 
Everolimus used as maintenance in first-line 
DLBCL failed to significantly improve disease- 
free survival [67]. The PI3K pathway contains 
several upstream and downstream regulators 
complicated by a high-level of crosstalk between 
multiple other signalling pathways involving sev-
eral transcription factors [68]. In a heterogeneous 
disease, predicting responsive biology and appro-
priate patient selection is a challenge. However, 
loss of PTEN protein expression, a tumour sup-

pressor, can lead to hyperactive PI3K signalling 
and may provide a predictor of PI3K-related 
dependence. PTEN loss is identified in 55% of 
GCB-DLBCLs and indicates targetable addiction 
to the PI3K/Akt/mTOR pathway which may in 
part be mediated through MYC [69].

An alternative predictive biomarker was iden-
tified in a phase II trial of copanlisib, a pan-class 
1 PI3K inhibitor with greater activity against the 
α and δ isoforms. PI3K pathway gene expression 
was more associated with cases that responded 
across multiple lymphoma subtypes [70]. 
Interestingly, two studies have described the sen-
sitivity of ABC-DLBCL rather than GCB- 
DLBCL to the combined inhibition of two class I 
PI3K isoforms (α and δ) [71, 72]. This has led to 
the incorporation of the PI3K dual α/δ inhibitor 
in combination with ibrutinib in MasterLymph, a 
stratified clinical trial in DLBCL.  Identification 
of driver mutations, oncogene addictions and 
potential predictive biomarkers is starting to 
emerge in DLBCL through preclinical research. 
It appears that by inhibiting crucial cell signal-
ling pathways or where actionable mutations are 
present, new methods to treat DLBCL may be 
identified. However, crosstalk between pathways 
in addition to multiple concurrent genomic aber-
rations contributes to the difficulty in selecting 
appropriate therapy for sensitive subgroups with 
our present state of knowledge.

Two recent studies have proposed new classifi-
cations of DLBCL based upon genomic aberra-
tions and related them to COO subtypes. These 
have highlighted the prognostic and pathogenic 
importance of somatic number variants (SNVs) 
and structural variants in addition to somatic 
mutations and how they may cluster in 
DLBCL.  They also suggest putative targets for 
therapy. Encouragingly, two studies have identi-
fied similar clusters independently using different 
techniques. The group at NCRI used an algorithm 
to best fit to predetermined seeds and cases were 
enriched for ABC and unclassified cases, report-
ing on three new groups. The Harvard group used 
unbiased clustering and identified five distinct 
clusters [73, 74]. An example of their similarities 
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are the MCD and C5 groups that have striking 
similarities, specifically MYD88L265P and CD79B 
mutations/amplification. Such cases were 
enriched for extranodal involvement, had BCL-2 
perturbation and were associated with inferior 
survival. It was not reported whether they encom-
pass a large number of the double-expressor lym-
phoma cases that are enriched in ABC-DLBCL 
and have worse prognosis. However, when cases 
with the MCD seed feature (MYD88L265P and 
CD79B mutations) were identified within a phase 
III trial population they were not associated with 
worse survival [75]. It will be important to vali-
date these new groups and refine them but also 
design clinical trials so that they do not exclude 
the worst cases exhibiting these likely high-risk 
subtypes. ABC cases tend to be older, if the higher 
risk cases tend to be MCD/C5 trials may miss 
patients of highest clinical need. The biology of 
the class suggest actionable targets for investiga-
tion and may be amenable to ibrutinib, mTOR 
pathways inhibitors and BCL-2 BH3 mimetics.

C3 and EZB also shared similar features: fre-
quent BCL-2 rearrangements and epigenetic 
modifier mutations (CREBBP, KMT2D, EP300). 
It is presumed that they share pathogenic pro-
cesses with follicular lymphomas; EZB were the 

strongest confidence GCB classification cases in 
the NCRI study. It appeared that these cases may 
also have significantly worse survival. GCB cases 
are thought to have a better outcome overall in 
DLBCL.  Most of the concomitant MYC and 
BCL-2 rearranged cases, DHLs, are GCB sub-
type and have poor clinical outcomes. This was 
not explained in the studies and it may be that 
outcomes can be bisected based on the presence 
of MYC- and BCL-2 rearrangement. It will be 
interesting to understand how DEL and DHL fit 
within the proposed taxonomy and whether they 
retain prognostic importance (Fig. 18.1).

These subgroups provide a framework to 
divide DLBCL and better understand the com-
plexity of this disease. Preclinical models reflect-
ing these subtypes, pre-classified xenografts and 
genetically engineered mouse models, may be 
used to support targeting biology for stratified 
studies. Refining the classifications and develop-
ing NGS platforms may also be required to 
deliver prospective stratification within studies or 
retrospective understanding of these subgroups’ 
outcomes following novel approaches. Entities 
that ultimately display different responses to 
treatment and determine patient management are 
those that will persist.
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Fig. 18.1 Pictorial 
representation of the 
new genetic taxonomy 
of DLBCL
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18.4  Actionable Somatic 
Lymphoma Aberrations

Actionable mutations have been used to select 
successful targeted agents in solid tumours. For 
example, the anaplastic lymphoma kinase (ALK) 
inhibitor crizotinib is employed in the treatment 
of non-small-cell lung cancer (NSCLC) carrying 
ALK mutations [76]. Recently evidence is emerg-
ing for similar promise in lymphoma. The t(2;5)
(q23;q35) translocation which results in 
NPM1/ALK fusions was the first recurrent genetic 
abnormality identified in PTCL [77] and is 
involved in ~ 50% of anaplastic large-cell lym-
phomas, where it confers a favourable prognosis. 
Alternative translocations with ALK are present 
in a further 15–25% of cases [78]. Precision ther-
apy for this subset has been attempted with crizo-
tinib, and a small case series of relapsed/
refractory patients showed a 91% ORR with a 
2-year PFS of 63.7% [79]. A more potent ALK 
inhibitor alectinib has improved outcomes in 
non-small-cell lung cancer (NSCLC) in direct 
comparison with crizotinib as part of a phase III 
study and may warrant investigation in lym-
phoma [80].

The catalytic subunit of polycomb repres-
sive complex 2, EZH2, is involved in trimeth-
ylation of histone 3 on lysine 27 (H3K27), 
required for maintenance of the germinal-cen-
tre reaction [81]. Activating mutations in EZH2 
are almost exclusively seen in GCB-DLBCL 
and follicular lymphoma (FL), being present in 
approximately 20% of these types [81, 82]. 
Clinical trials have demonstrated promising 
responses in patients treated with EZH2 inhibi-
tors such as the orally available tazemetostat 
[83]. There was a significantly higher response 
to tazemetostat in cases of DLBCL with acti-
vating mutations of EZH2 (29% vs 15%), 
although there were numerically more 
responses seen in wild-type (WT) DLBCL 
overall, owing to the low prevalence of the 
mutation. Whilst the testing of EZH2 inhibi-
tors may be most appropriate in EZH2 mutant 
cases, the premature stratification to these 
cases alone would have missed activity in WT 
cases. Further biomarkers may be found to 

explain responses related to the activity of 
EZH2 in epigenetic regulation. A phase II clin-
ical trial investigating panobinostat, a histone 
deacetylase inhibitor, in combination with 
rituximab for relapsed and refractory DLBCL 
found that mutations in MEF2B were signifi-
cantly associated with clinical response with a 
subset of extreme responders remaining in 
remission beyond 3 years [84].

Further specific actionable aberrations have 
been identified within aggressive lymphomas 
which may benefit from further investigation. 
Seventy percent of Burkitt lymphomas (BL) 
have mutations in ID3 or TCF-3, the gene prod-
ucts of which act as partners regulating TCF-3 
transcriptional activation [85]. Resulting 
increases in TCF-3 activity upregulate cyclin-
dependent kinase 3 (CCND3), proliferation and 
cell cycle progression and contribute to the 
expression of genes that define BL in classifier 
gene sets [86]. Additionally, CCND3 mutations 
occur in 38% of sporadic BL [86]. These mutant 
isoforms of cyclin D3 are found to accumulate 
to levels tenfold greater than wild-type cyclin 
D3, suggesting the aberrations increase protein 
stability. TCF3 activation appears to play a role 
in PI3K pathway signalling similar to that seen 
in tonic-BCR- signalling [86]. There is evidence 
of activity with CDK inhibitors and PI3K in BL 
models, and these are just entering clinical test-
ing [87, 88].

Angioimmunoblastic T-cell lymphoma 
(AITL) and PTCL-NOS contain frequent muta-
tions in genes involved in regulating DNA meth-
ylation: TET2, IDH2 and DNMT3A [89]. Global 
DNA and histone hypermethylation are the prod-
uct of these inactivating or gain-of-function 
mutations, evoking widespread gene expression 
changes in comparison to the proposed cell of 
origin [89]. Hypomethylating agents have been 
extensively studied in myelodysplastic syndrome 
where TET2 mutations are associated with higher 
response rates to 5-azacytidine than wild-type 
cases [90]. In a small case series, 5-azacytidine 
treatment resulted in an ORR of 75% for AITL 
with 42% attaining CR. For other PTCL entities 
where TET2 mutations are less frequent, a disap-
pointing 15% ORR was observed [91].

T. E. C. Cummin et al.



351

18.5  BCL-2 Proteins and BH3 
Mimetics

Two recent studies used CRISP-R (Clustered 
Regularly Interspaced Short Palindromic 
Repeats) screens in DLBCL cell lines to identify 
critical functional dependencies. They both iden-
tified BCL-2 family members, BCL-2 and MCL- 
1, as driver genes, suggesting them as promising 
targets in the disease [58, 92]. Anti-apoptotic 
BCL-2 proteins serve to prevent mitochondrial or 
intrinsic apoptosis and are consistently associ-
ated with chemotherapy resistance in cancer [7, 
93, 94]. These proteins serve as a bridge between 
pro-apoptotic family members such as BAX and 
BAK and the initiator BH3-only proteins, which 
are typically induced following apoptotic stimuli 
[95]. High BCL-2 expression through gene 
amplification or rearrangement is associated with 
poor outcomes in DLBCL [41]. Venetoclax is a 
second-generation BH3 mimetic that selectively 
binds and inhibits BCL-2 and has been approved 
by the FDA for treatment of CLL following rapid 
and impressive responses in clinical trials, 
increasing interest in the drug’s applicability to 
other lymphoproliferative disorders [96]. 
Unfortunately, single agent used in DLBCL 
induces only low response rates (18%) which do 
not appear to correlate with BCL-2 expression, in 
the small numbers of patients studied [18]. 
However, there is a significant appeal to combine 
BCL-2 inhibitors with cytotoxic chemotherapy. 
The US National Clinical Trials Network is plan-
ning a randomised trial in patients with high- 
grade lymphoma with MYC and BCL-2 
translocations of DA-EPOCH-R with or without 
venetoclax. There is evidence that upregulation 
of alternative pro-survival BCL-2 proteins can 
drive resistance to BH3 mimetics in preclinical 
models [97]. Dependence on specific pro- survival 
BCL-2 proteins appears to predict the response to 
these therapeutic molecules in other cancer mod-
els and may act in part by reducing the threshold 
for apoptosis with other agents by “priming” 
cells for death [97, 98]. A number of newer agents 
are emerging that target alternative BCL-2 family 
proteins, including CDK9 inhibitors such as 
dinaciclib, which reduces MCL-1 expression and 

may be beneficial in “MCL-1-dependent” lym-
phomas [99].

18.6  Targeting the Immune 
Microenvironment 
in Lymphoma

Advances in immunotherapy for solid tumours 
using checkpoint blockade therapy (CBT) have 
transformed the clinical course of some malig-
nancies, leading to exponential growth in the 
field [100]. Programmed death 1 (PD-1) is 
expressed by activated T-cells and serves to limit 
T-cell expansion during acute immune responses. 
However, during chronic activation, PD-1 can 
mark exhausted T-cells and serves as a key 
immune checkpoint receptor that mediates potent 
immune suppression when engaged by its ligands 
PDL-1 or PDL-2. Among lymphomas and solid 
tumours, classical Hodgkin lymphoma (cHL) has 
demonstrated the most striking ORRs to CBT 
with the anti-PD-1 mAbs pembrolizumab, 
achieving 65% ORR [90], and nivolumab, 87% 
[101, 102], in the relapsed/refractory setting. 
cHL is morphologically characterised by a dense 
immune cell infiltrate surrounding the malignant 
cell, including “exhausted” effector T-cells which 
tolerate the malignant clone. The Reed-Sternberg 
cell exhibits amplification of 9p24.1  in 85% of 
cHL, which drives PD-L1 and PD-L2 overex-
pression, providing the clear rationale for target-
ing this interaction with anti-PD-1. This success 
demonstrates the potential for linkage between a 
molecular aberration and translation into thera-
peutic benefit [103]. In most other lymphoma 
types, the response to CBT in lymphoma has 
been less impressive, although there is evidence 
of activity in PMBL [19]. The COO for malig-
nant transformation in PMBL is believed to be 
related to that of cHL, the thymic B-cell; 70% of 
cases demonstrate a 9p24.1 amplification with 
associated PD-L1/PD-L2 expression [104]. PD-1 
ligand expression is also common in primary 
CNS lymphoma (PCNSL) and primary testicular 
lymphoma (PTL), where copy number altera-
tions of 9p24.1 are frequently identified [105]. A 
small case series of five patients with PCNSL and 
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PTL all responded to PD-1 mAb treatment, with 
three patients remaining progression-free beyond 
13 months [106].

Nivolumab has a reported ORR of 37% among 
11 cases of relapsed/refractory DLBCL [107]. A 
subpopulation of cases appears to respond to 
checkpoint inhibitors, and reliable predictors of 
response are needed. The consensus clustering 
classification (CCC) by GEP identifies DLBCL 
with a prominent immune cell infiltrate, referred 
to as the “host response” (HR) subtype, and this 
may prove relevant. Other malignancies exhibit-
ing an “immune-inflamed” phenotype with 
immune cell infiltrate on histological examina-
tion are associated with responses to CBT [108]. 
Only around 24% of cases of DLBCL express 
PD-L1, whilst PD-L2 expression is even rarer, 
and immune cell infiltrates are not a universal 
feature of DLBCL in the manner seen in cHL 
[104, 109]. Interestingly, high levels of soluble 
PD-L1 at diagnosis have been independently 
associated with a poorer prognosis in DLBCL 
[110]. Conversely, PD-L1 copy number is associ-
ated with clinical response to nivolumab in cHL, 
where amplification was associated with greater 
responses than copy number gains [111]. These 
genomic changes also correlated to relative pro-
tein PD-L1 expression.

Clearly, immune-modulation coupled to small 
molecule targeting is also attractive. However, 
one potential factor that may complicate transla-
tional development in this area is the fact that 
small molecules also have activity against tumour 
immune cell infiltrates, such as Btk and PI3K 
inhibitors [112, 113]. In some contexts, this may 
be harnessed. Inhibition of PI3Kδ has been impli-
cated in downregulation of regulatory T-cells that 
dampen T-cell responses to tumour-antigen 
[114]. Clinical trials in solid tumour patients have 
been instigated to utilise this mechanism of 
action. Alternatively, inhibition of Btk in macro-
phages has been used to upregulate CD8+ T-cells 
in solid tumour models associated with reduced 
tumour growth supporting incorporation into 
clinical trials [115]. Furthermore, immunomodu-
latory antibodies may be used in a similar man-
ner. Targeting CD27, a co-stimulatory receptor 
on T and NK cells, in lymphoma models resulted 
in myeloid cell infiltration to allow greater phago-

cytosis of tumour cells opsonised by rituximab 
[116]. This combination is now being investi-
gated in a phase Ib clinical trial of lymphomas. A 
precision medicine approach may be appropriate 
in this context also, targeting the specific immune 
cells that make up patient’s tumour microenvi-
ronment. However, the effects upon anticancer 
immunity are unpredictable. Novel assays will be 
needed to accurately represent lymphoma and 
immune biology and allow the development of 
these treatments for potential combination.

18.7  Circulating Tumour DNA 
to Guide Therapy

Applying precision therapy requires accurate and 
reliable characterisation of a malignancy and is 
limited by acquisition of tumour material both 
spatially and temporally. Advances in detecting 
and analysing circulating tumour DNA (ctDNA) 
from plasma for somatic mutations and copy 
number alterations are being extensively investi-
gated in the management of many cancers.

An early study used NGS to detect a tumour- 
specific clonotype, based on VDJ gene segments 
of the rearranged immunoglobulin receptor 
genes, in pretreatment specimens for DLBCL 
patients [117]. A clonotype was identified suc-
cessfully in the tumour for 126 of 198 patients, so 
that serum ctDNA encoding the VDJ rearrange-
ments could then be quantified. CtDNA quantity 
correlated significantly with lymphoma tumour 
burden and international prognostic index (IPI). 
Sequential monitoring demonstrated that 98% of 
the cases that remained progression-free from 
lymphoma had undetectable ctDNA. Patterns of 
sequential measurable ctDNA levels were more 
variable for cases that exhibited progressive dis-
ease; for some cases ctDNA quantity increased 
around the time of progression whilst others 
never cleared detectable ctDNA or had no rise 
associated with progression. Overall, ctDNA lev-
els taken at cycle 3 day 1 provided a positive pre-
dictive value of 63% and negative predictive 
value of 80% for disease progression. Failure to 
identify a disease-specific marker for a third of 
cases and relatively poor reliability to predict all 
relapses reduce the applicability of the technique 
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for risk-adapted therapy without incorporating 
other techniques, although it may allow earlier 
identification of refractory patients.

A larger study used 217 DLBCL patients split 
between a discovery and two validation sets to 
investigate the dynamics of ctDNA by targeted 
sequencing using cancer personalised profiling 
by deep sequencing (CAPP-Seq). 2-log reduction 
in ctDNA, early molecular response (EMR), or 
2.5 log decrease, major molecular response 
(MMR) were significantly associated with supe-
rior event-free survival in the first-line or salvage 
settings [118]. Molecular response (EMR or 
MMR where available) was associated with 
worse OS independent of IPI or interim PET 
result. Incorporating molecular response with IPI 
or interim PET results further discriminated out-
come by EFS and OS.  The value of using the 
prognostic implications of dynamic ctDNA 
response would be as a risk-adapted approach 
intensifying therapy or incorporating novel 
agents for high-risk patients or potentially de- 
escalating molecular responders. A small number 
failed to achieve molecular response and had a 
positive interim PET and exhibited extremely 
poor OS. They progressed rapidly and it is likely 
this would be apparent clinically prior to requir-
ing molecular results. It is possible that these 
cases had known high-risk features such as being 
double-hit lymphomas, which was not reported 
in the study. If this is the case, it would be ratio-
nal to select these patients for investigation of 
novel approaches based on baseline features 
rather than commencing standard of care to later 
adapt therapy. The differences in survival between 
cases with negative interim PET but with or with-
out molecular response were not large limiting 
the prognostic utility. It may be that incorporat-
ing molecular subtyping such as COO, or the 
newer genomic subtypes, with other prognostic 
features such as total metabolic tumour volume 
or interim PET response may allow better stratifi-
cation for prospective risk-adapted clinical 
studies.

A phase II study of panobinostat and ritux-
imab in relapsed and refractory (R/R) DLBCL 
examined ctDNA for recurrent somatic mutations 
using a combination of hybridisation capture 
sequencing of lymphoma-related genes (mod-

elled after Capp-Seq) followed by deep sequenc-
ing and droplet digital polymerase chain reaction 
(ddPCR) in 92 cases [84]. Similar to the ctDNA 
study above, at treatment day 15, those patients 
with a reduction in ctDNA level all had clinical 
responses to the experimental therapy, whilst 
none with an elevated level at this time point sub-
sequently responded. CtDNA as an early bio-
marker of response requires further investigation, 
and optimal time points are certain to be 
treatment- specific. The particular utility of this 
approach is that it provides information on driver 
mutations, without the need for tumour 
sampling.

Further studies have utilised a similar 
approach using NGS for ctDNA with encourag-
ing results. A study of 92 patients with DLBCL 
used CAPP- Seq to profile somatic alterations 
[119]. In 8 of 11 patients who subsequently 
relapsed, ctDNA was detectable prior to clinical 
relapse. The median time between first detect-
able ctDNA result and radiographic disease 
recurrence was 188 days, highlighting possible 
early opportunities for prediction of progression 
using ctDNA for minimal residual disease moni-
toring. Genotyping using ctDNA of three 
patients who progressed whilst receiving ibruti-
nib identified BTK emergent mutations thought 
to represent clonal evolution. A further study 
employing CAPP-Seq to sequentially study 
ctDNA in 50 DLBCL patients found the tech-
nique had >90% sensitivity and ~100% specific-
ity for somatic gene mutations represented in 
>20% of alleles, compared with tumour DNA 
[120]. Among patients who relapsed or were pri-
mary refractory to immunochemotherapy, new 
mutations appeared in the ctDNA at the time of 
progression conceivably reflecting the emer-
gence of treatment- resistant clones not detected 
at diagnosis. It appears that there is an excellent 
concordance between ctDNA and the tumour-
derived mutational landscape which may allow 
monitoring of mutation-directed therapy [121]. 
Patterns of somatic mutations found in the 
plasma of DLBCL patients also associate closely 
with COO status for DLBCL cases and may be 
used as a surrogate where IHC and GEP cannot 
be performed [122]. Subclonal populations may 
be identifiable with DNA shed from locations 
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apart from tumour biopsy sites. Clonal evolution 
and emergence of new mutations may also be 
monitored due to the ease of plasma sampling 
over tumour, possibly revealing mechanisms of 
resistance.

The group from Stanford University Medical 
Center applied Capp-Seq to identify somatic 
copy number alterations (SCNAs) in clinically 
relevant genes in plasma samples from DLBCL 
patients. When 23 of these cases were com-
pared with corresponding tumour biopsy 
results, there was good concordance; sensitivity 
and specificity were 77% and 97%, respectively 
[123]. Interestingly, PD-L1 amplification was 
significantly enriched in relapsed cases (43.5% 
vs. 19.2%). The relative ease of plasma sam-
pling can provide information on treatment 
resistance, less available using standard 
approaches.

18.8  Challenges Incorporating 
Biology into Future Studies

Disease heterogeneity determines that under-
standing responses to new and existing therapies 
is difficult, particularly without large datasets. 
Where patient selection within clinical trials is 
agnostic, researchers may overlook understand-
ing of which subgroups may actually benefit 
from a novel therapy. Thorough molecular char-
acterisation is necessary to understand novel 
approaches applied to aggressive lymphomas and 
should be incorporated within clinical studies. 
However, unplanned retrospective analyses to 
seek understanding of responders are likely to be 
underpowered and may risk false positives from 
multiple analyses. Conversely, premature selec-
tion may misunderstand mechanisms of action of 
the investigational drug, such as indicated in the 
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e.g. azacytadine

Cancer biology

Chip-SEQ
e.g. BET inhibitor

Molecular high-grade 
lymphoma:  Proteosome

inhibitor

PD-L1 expression 
e.g. PD-1 mAb

Genome Epigenome

Genetic class: e.g. 
MCD : Btk inhibitor  
+ mTOR inhibitor

Fig. 18.2 Aggressive lymphoma characterisation and putative targets for therapy
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case of EZH2 inhibitors which have demonstra-
ble activity in EZH2 WT cases as well as mutants.

Basic science can be used to understand 
mechanisms of effect in the context of lymphoma 
biology; however models that reflect diverse lym-
phomas are limited, elucidating mechanisms that 
are time-consuming where clinical need is ongo-
ing. Predictive biomarkers must be explored 
within early phase clinical trials to guide future 
directions with agent-specific measures in addi-
tion to diverse and thorough characterisation. 
Several large precision medicine trials across a 
variety of malignancies have failed to improve 
outcomes for the majority of patients, suggesting 
the approach is not straightforward [124, 125]. A 
number of studies with targeted agents have 
failed to improve outcomes for aggressive lym-
phomas. The reasons for these failures are almost 
certainly multifactorial. In addition to pleotropic 
effects of presumed “targeted” agents, rigorous 
inclusion criteria and cumbersome central pathol-
ogy review may inadvertently exclude high-risk 
patients from enrolling on precision medicine 
studies. Ensuring homogeneity to the patient 
population without excluding high-risk patients 
represents a major challenge in clinical trial 
design. Disease heterogeneity is a further chal-
lenge. Within DLBCL the majority of recurrent 
somatic mutations occur in less than 5% of 
patients, and few occur in greater than 20% of 
cases, whilst 20–30 mutations may be present in 
each case [29]. Agent selection for investigation 
in a rational subgroup is challenging, and studies 
may be difficult to power and understand in the 
context of multiple mutations occurring within 
each case. Appropriate preclinical guidance and 
agent-specific biomarkers include those that 
move beyond the agent: mutation paradigm may 
be necessary. Precision medicine will rely upon 
deeper translational characterisation and novel 
assays relevant to specific therapies (Fig. 18.2).

18.9  Conclusion

At present, clinical decision-making for patients 
with aggressive lymphomas is limited with 
respect to the underlying biology. Treatment 

intensification can be justified for high-risk sub-
types, and some novel agents show preferential 
activity in the context of molecular aberrations or 
biological subgroups. This knowledge can 
 provide rationale for therapy, whilst an array of 
agents with differing mechanisms of action 
against lymphoma are ready for appropriate clin-
ical trials. The complexity of aggressive lympho-
mas, which increases alongside our growing 
biological understanding, dictates that this pro-
cess will be challenging. Basic and translational 
research will prove crucial in guiding precision 
medicine, identifying responsive biology and dis-
secting oncogenic addictions (and their feedback 
circuits) to develop new therapeutics.

The number of negative first-line studies in 
DLBCL and the limited response rates of single 
novel agents are a resounding call for precision 
medicine (Table 18.1). Detailed molecular charac-
terisation can be incorporated into trials to convert 
biology to clinical utility and guide future direc-
tions; however knowledge of what is pertinent and 
how to prioritise this are crucial. In addition to 
genomic and transcriptomic studies elucidating 
malignant cell characteristics, profiling epigenetic, 
protein expression or microenvironmental factors 
may be needed in agent and disease-specific con-
texts. Predictive biomarkers will rely on mecha-
nism of action of drugs, so a mutation-agent 
pairing approach may lack the sophistication 
required to manipulate complex biology. When 
only a third of patients respond to a novel agent, 
we should endeavour to explain why, so that future 
work can be directed. Computational, systems 
biology techniques are likely needed where dis-
ease is complicated and collaborations to amal-
gamate large datasets are crucial to sufficiently 
power statistical analyses and appropriately reflect 
the breadth of the disease.

As we determine that previously homogenous 
disease entities contain multiple lymphoma 
endotypes, complex adaptive trial designs may be 
necessary to investigate agents in terms of the 
underlying biology most likely to respond. 
Recruiting only those with highest probability of 
response to a selected agent or prospective trial 
design with enrichment through sophisticated 
statistics could be considered.
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As progress builds, how best to incorporate 
novel agents into optimal regimens, with stan-
dard of care or as novel-novel strategies, will 
require biological as well as clinical understand-
ing. Collaborations between researchers with 
complementary expertise will be necessary to 
translate basic science to therapy, design efficient 
trials, characterise the biology and usher in the 
next era of improved treatment regimes.
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