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This textbook is the first edition of Non-Hodgkin’s Lymphoma in Childhood and Adolescence 
and represents the first book completely focused on this topic. Recent extraordinary advances in 
diagnostic and therapeutic modalities, triggered by exceptional progress in molecular biology, 
have revolutionized the world of pediatric and adolescent Non-Hodgkin lymphoma (NHL). 
One  of the highest priorities of this book is to incorporate all the cellular and molecular 
advances together with the most cutting-edge therapies available today into a comprehensive 
volume, providing a state-of-the-art overview on NHL in children and adolescents. It is divided 
into seven sections, each of which focuses on a critical component of pediatric NHL, including 
history and epidemiology, pathology and molecular biology, pathogenesis of B- and T-cell 
lymphomas, as well as the most recent insights into the pathogenesis of anaplastic large-cell 
lymphoma, disease evaluation and response, common and rare subtypes of NHL, and current 
and novel treatment strategies including a chapter on hematopoietic stem cell transplant. The 
text also comprehensively reviews the late effects of treatment, quality of patient life, and NHL 
treatment in countries with limited resources.

All chapters were written by distinguished world experts in each field, and we would like to 
thank all of them for their efforts and hard work, extending our thanks also to several junior 
physicians and fellows who assisted these experts on some chapters. In addition, we are 
extremely grateful for the editorial assistance of Andy Kwan in New  York and Prakash 
Marudhu in India who have demonstrated outstanding patience and dedication in managing the 
flow of many chapters, figures, and permissions.

We are hopeful that this book will serve as a comprehensive and updated resource for all 
pediatric oncologists, pathologists, biologists, and trainees who are looking after children and 
adolescents with NHL.

Toronto, ON, Canada Oussama Abla, MD
Vienna, Vienna, Austria Andishe Attarbaschi, MD

Preface
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History of Diagnoses and Treatment 
Strategies in Pediatric Non-Hodgkin’s 
Lymphomas

Georg Mann

 Introduction

In comparison to the extended and detailed spectrum of non- 
Hodgkin’s lymphoma (NHL) entities in adulthood, there is 
only a limited variety of defined diagnoses in pediatric oncol-
ogy, with 90% of the diseases being assigned to only 5 diag-
noses, starting with Burkitt’s lymphoma (BL), followed by 
lymphoblastic lymphoma (LL; 3/4 of T-cell origin), anaplas-
tic large cell lymphoma (ALCL), diffuse large B-cell lym-
phoma (DLBCL), and primary mediastinal B-cell lymphoma 
(PMBCL) [16, 55]. Rare pediatric entities with only 1–2% 
are composed of pediatric follicular lymphoma (FL), 
mucosa- associated lymphoid tissue (MALT) lymphoma, 
marginal zone lymphoma (MZL), subcutaneous panniculi-
tis-like T-cell lymphoma (SPTCL), and others.

 The History of Cancer from Old Egypt 
to the Nineteenth Century

To understand the difficulties that medical research had to 
overcome on the way to clinically useful classification sys-
tems, especially with respect to pediatric NHLs, a brief look 
back at the evolution of medicine concerning cancer diagno-
sis might prove helpful. Possibly the first mention of cancer 
was found in an old Egyptian papyrus in which Imhotep 
described what presumably was a breast tumor in 
2625 BC. The term Karkinos was first used in ancient Greece 
by Hippocrates around 400 BC. Galen in the second century 

AD believed that the genesis of diseases mainly to be caused 
by the dysregulation of body fluids or “humors” which he 
associated with certain personality traits or moods. Thus, the 
melancholic state, which he considered to be the worst, was 
thought to cause tumors by an excess of black bile. As the 
black bile was thought to reappear after surgical removal, 
forming cancer again, surgery was not recommended. This 
inadvertently saved patients with tumors from procedures 
which were at that time often incomplete and followed by 
what we now know are infections, worsening their condi-
tions and shortening their lives. It was only in the Renaissance 
that autopsies set the foundations for pathologic anatomy. 
When Vesalius, in the middle of the sixteenth century, tried, 
but failed, to find the black bile by autopsy, he started a pro-
cess of scientific discoveries that led to the development of 
anatomic pathology and its correlation to the causes of dis-
eases [60].

 The Early History of Lymphomas: Big Steps 
Forward Ending in Confusion

In 1832, Thomas Hodgkin was the first to describe what we 
now call lymphoma by correlating the clinical course of a 
disease of the glands and the spleen to its macro-pathologic 
appearance in six patients by autopsy. Interestingly, although 
microscopy was invented nearly a century earlier, it did not 
play a role at that time; a few decades later, however, micro-
scopic examinations revealed the uniform appearance of the 
original tissue conserved by Hodgkin, thus confirming the 
diagnosis. Rudolf Virchow at the Charité in Berlin, by means 
of what he called cellular pathology, was the first to use the 
terms “leukemia”, “lymphoma”, and “lymphosarcoma” 
describing clinicopathologic entities in 1862 [2, 50, 89].

The term “lymphosarcomatosis” to emphasize the sys-
temic character of the disease and to distinguish it from 
Hodgkin’s disease was coined by Johann Kundrat in Vienna 
[43], who used staining techniques developed by Paul 

G. Mann (*) 
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Ehrlich at the end of the nineteenth century in Berlin. 
Ehrlich was awarded the Nobel Prize in 1908 for his con-
tributions to the understanding of the immune system. 
The enormous medical progress starting in the middle of the 
nineteenth century, characterizing the immune system and 
its pathologies, led to various attempts to classify “malig-
nant lymphomas”, a term introduced by the surgeon Theodor 
Billroth in Vienna [12].

During the following decades, dependent on the develop-
ment and availability of diagnostic techniques and the 
knowledge of clinical courses, several different classification 
systems, some of which ending up with a broad variety of 
diagnoses, evolved sometimes even simultaneously. The sys-
tems defined cytomorphology with respect to size and shape 
of the cells, their cytoplasm and nuclei, the distribution 
within the lymph node, the clinical behavior, and the esti-
mated origin of the cells. Not having enough evidence to 
reveal the genesis of the lymphoma cells, apparently unripe 
large cells were thought to stem from histiocytic/reticulo-
cytic origin – another misunderstanding that worsened the 
Babylonian confusion and made clinicopathologic series 
incomparable when different systems, or even the same, 
were used by different groups, explainable by the lack of 
understanding of the cellular physiology of the immune sys-
tem and the limitations of cytomorphological interpretation 
and characterization [50, 79].

 On the Way to a Valuable Classification 
of Non-Hodgkin’s Lymphomas (Table 1.1)

In 1966, H. Rappaport in the USA created a classification 
system by taking into account lymph node architecture 
(nodular vs. diffuse), postulated cellular origin (lympho-
cytic vs. histiocytic), and cytomorphology (well differenti-
ated vs. poorly differentiated) [50, 74]. The detection of 
immunoglobulins on the surface of lymphoma cells by A.C. 
Aisenberg was another important step toward a biologic 
characterization of NHL [3]. A better understanding of the 
immune system led R. J. Lukes and R.D. Collins to develop 
a classification which was taking into account the B- or 
T-cell origin of lymphomas and which became widely 
accepted in the U.S. [48]. At around the same time, Karl 
Lennert in Germany created a classification system which, 
in addition to histological, immunohistochemical, cyto-
logic, and ultrastructural techniques, also took into account 
immunochemical and immunomorphological methods in 
order to define the T- or B-cell origin of the tumor cells 
[46]. The result was the so-called Kiel classification 1974, 
which was then broadly used by lymphoma experts in 
Europe.

Table 1.1 Evolution of NHL classification systems  – most relevant 
pediatric diagnoses: High grade or “intermediate grade”(DLBCL)

Rappaport, 1956 [74] 
(1966,) Nodular or 
diffuse:

Working formulation 
1982

Well-differentiated 
lymphocytic lymphoma

Large cell immunoblastic

Poorly differentiated 
lymphocytic lymphoma

Lymphoblastic

Histiocytic/mixed 
lymphoma

Small non-cleaved cell 
(Burkitt and non-Burkitt 
type)

Burkitt Diffuse large cell
Lukes and 
Collins 
[48]

B T
Large non-cleaved 
FCC

Convoluted lymphocytic

Small non-cleaved 
FCC

Undefined

Burkitt type Unclassifyable
Immunoblastic Immunoblastic

Kiel 1975 
[46]

B T
Centroblastic Pleomorphic, medium and 

large cell
Immunoblastic Immunoblastic
Large cell anaplastic 
(Ki-1+)

Large cell anaplastic 
(Ki-1+)

Burkitt‘s lymphoma
Lymphoblastic Lymphoblastic

REAL 
1994 [36]

B T
Precursor B-cell 
neoplasm:

Precursor T-cell neoplasm: 
T-cell and natural killer cell 
neoplasms

Precursor 
B-lymphoblastic 
leukemia/lymphoma

Precursor T-lymphoblastic 
lymphoma/leukemia

Mature (peripheral) 
B-cell neoplasms

Mature (peripheral) T-cell 
neoplasms

Diffuse large cell 
B-cell lymphoma

Anaplastic large cell 
lymphoma, T/null cell, 
primary cutaneous type

Mediastinal large 
B-cell lymphoma

Peripheral T-cell 
lymphoma, not otherwise 
characterized

Burkitt‘s lymphoma/
Burkitt‘s cell leukemia

Anaplastic large cell 
lymphoma, T/null cell, 
primary systemic type

WHO 
2008, rev. 
2016 [81, 
82]

B T
Precursor B-cell 
neoplasm

Precursor T-cell neoplasm

G. Mann
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 The Availability of Immunophenotyping

Georges Köhler and Cesar Milstein fused distinct antigen- 
specific B cells to myeloma cells, thus creating immortal 
clonal B-cell lines which were able to produce a specific 
monoclonal antibody to any desired antigen and in any 
desired amount [41]. This technique enabled researchers to 
unequivocally define lymphoma cells as either being of B- or 
T-cell origin. Additionally, it was attempted to correlate the 
immunophenotype of NHLs to the physiologic maturation 
stage of lymphatic development with respect to the protein 
expressions occurring at different stages [4]. To unify the 
language and specificity of monoclonal antibodies devel-
oped by different groups, the international IUIS-WHO 
Nomenclature Subcommittee was founded and launched the 
cluster denomination (CD) system starting with the defini-
tion of 15 entities [37].

 Detection of Clonal Immunoglobulin 
and T-Cell Receptor Gene Rearrangements

A prerequisite for a valuable classification system appeared 
to be the understanding of the normal cellular immune sys-
tem [49] and the description of the malignancies as counter-
parts of different physiologic cell types and development 
stages of their precursors. An important contribution to the 
biology and pathology of the immune system was the detec-
tion of the hierarchical organization of clonal immunoglobu-
lin and T-cell receptor gene rearrangements [42, 56, 90]. The 
understanding of the physiology helped to support the defini-
tion of biologic entities and formed a basic tool by using the 
clonal rearrangement detection for minimal residual and dis-
seminated disease measurement. Interestingly, these funda-

mental developments were not reflected in the so-called 
working formulation [64], whose intention was to create a 
translation among the various systems, to facilitate clinical 
comparisons of case reports and therapeutic trials and to 
unify and simplify the language in order to have a common 
NHL classification, mainly based on cellular appearance and 
clinical behavior.

In 1994, the Revised European-American Lymphoma 
(REAL) classification took into account immunophenotypic 
features in identifying distinct clinicopathologic entities as 
being either of B- or T-cell origin, by following and unifying 
the European and American systems on the currently avail-
able diagnostic tools. Of pediatric relevance is the definition 
of diffuse large B-cell lymphomas (DLBCL) and primary 
mediastinal B-cell lymphomas (PMBCL), which in adoles-
cents account for a relevant proportion [36]. In 2000, by 
means of distinguishable gene expression analysis, two sub-
types  – germinal center B-cell-like (GCB) and activated 
B-cell-like (ABC) DLBCL  – were defined [5]. The GCB 
type is more common in pediatric DLBCLs [83]. Further 
modifications by the WHO 2008 and 2016 classification 
([81], revised 2016 [82]) helped to better characterize low 
grade and cutaneous entities, very rare in the pediatric age 
group, overall describing close to 50 entities with 18 sub-
entities whereof only one fifth occurs in the pediatric age 
cohort in a quantitatively relevant number. What was most 
relevant in the revised version of 2016 for the diagnosis of 
pediatric NHL, was the introduction of, first, systemic EBV+ 
T-cell lymphoma of childhood (the name was changed from 
lymphoproliferative disorder to lymphoma, due to its fulmi-
nant clinical course and a desire to clearly distinguish it from 
chronic active EBV infection) and, second, pediatric-type 
follicular lymphoma (a localized clonal proliferation with 
excellent prognosis where a conservative therapeutic 
approach may be sufficient [9].

 The Historical Characterization of Burkitt’s 
and Anaplastic Large Cell Lymphomas

These two entities deserve closer description as they shed 
light on the development of medical research and clinical 
progress in oncology, unlike lymphoblastic, mainly T-cell, 
NHLs, where the evolution of characterization parallels the 
diagnostic development of acute lymphoblastic leukemia of 
childhood.

 Burkitt’s Lymphoma

The history of the diagnosis of Burkitt’s lymphoma reads like 
an orchestration influencing the progress of medicine. 
Disciplines like epidemiology, histology, tropical medicine, 

Table 1.1 (continued)

Precursor 
B-lymphoblastic 
leukemia/lymphoma

Precursor T-lymphoblastic 
lymphoma/leukemia

Precursor B-cell acute 
lymphoblastic 
leukemia

Precursor T-cell acute 
lymphoblastic leukemia

Mature (peripheral) 
B-cell neoplasms

Mature (peripheral) T-cell 
neoplasms

Diffuse large B-cell 
lymphoma

Anaplastic large-cell 
lymphoma, T-/null cell, 
primary cutaneous type

Mediastinal large 
B-cell lymphoma

Peripheral T-cell 
lymphoma, not otherwise 
characterized

Burkitt lymphoma/
Burkitt cell leukemia

Anaplastic large-cell 
lymphoma, T-/null cell, 
primary systemic type

Pediatric follicular 
lymphoma (2016)

EBV+ T-cell lymphoma of 
childhood (2016)
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virology, cytogenetics, and molecular genetics were all com-
ponents helping to establish a particular diagnosis while 
 adding new knowledge, thus fostering general medical 
research. The Irish surgeon Denis Parson Burkitt worked in 
Africa on behalf of the British colonial Ministry when he 
encountered jaw tumors in small children in the late 1950ties 
[19]. The uncommon manifestations with localizations not 
typical of any then well-known malignancies drove him to 
thoroughly investigate the courses of the patients and the pos-
sible epidemiology. He found that these tumors had been 
described already earlier, by Dr. Albert Cook who travelled to 
Africa at the end of the nineteenth century. At that time these 
tumors were diagnosed as organ-specific sarcomas, depend-
ing on their localization as either Wilm’s tumors, neuroblas-
tomas, or rhabdomyosarcomas. But the spread to Burkitt 
seemed to be atypical, since several tumors of similar size 
appeared in the same child without forming a primary and 
metastases. Recognizing the nature of the disease as systemic, 
he called it a syndrome [20]. Later, with the help of the 
pathologist O’Connor, the uniform microscopic appearance 
together with the clinical appearance confirmed the lympho-
matous origin. Besides the finding that the disease was geo-
graphically confined to the peri-equatorial belt, the next 
epidemiologically important issue was the fact that these 
tumors only occurred up to certain altitudes above sea level. 
This suggested temperature as a possible environmental influ-
ence. Additionally, the thereby created map of lymphomas 
distribution resembled the spread of malaria. When tumor 
material was sent to England, an agent was detected within 
the cells of all samples [26], the Epstein-Barr virus (EBV), 
now bearing the name of its discoverers [13]. Identical 
appearing lymphomas in children outside Africa, which were 
then called non-endemic Burkitt’s lymphomas, harbored the 
virus only in about half of the cases. Together with the later 
detected universal presence of the virus, doubts were raised 
about its causative role in cancer. However, some time later, 
the concept of virally induced cancer proved to be of impor-
tance after all. Iatrogenic immunosuppression necessary after 
organ transplantation poses patients at risk for chronic EBV 
proliferation in B-lymphatic cells which stepwise causes 
lymphoproliferation named posttransplant lymphoprolifera-
tive disease (PTLD) [28, 73], from oligo clonal populations 
up to monoclonal lymphomas. The solution to Burkitt’s 
observation in Africa identifies chronic malaria as the cause 
of chronic immunosuppression. The spread by anopheles 
mosquitoes around the equatorial belt to altitudes of about 
1000 meters above sea level, up to which Anopheles repro-
duces, explains the epidemic findings. The failure to control 
EBV leading to the development of lymphomas resembles 
the way PTLDs evolve. Similarly, EBV-positive B-NHLs 
may develop in immunodeficient children, like in the X-linked 
lymphoproliferative syndrome, the most striking example 
[35]. Another important step was the cytogenetic character-
ization of Burkitt’s lymphoma. The chromosomal transloca-

tion t(8;14)) (q24;q32) was one of the first reproducible 
genetic alterations in human cancer [93], not only enabling 
the molecular characterization of the lymphoma but also 
stimulating the research toward the genetic causes of cancer. 
This resulted, among other things, in the characterization and 
functional description of the fused genes C-MYC on chromo-
some 8 and IGH on chromosome 14 [23, 52, 84].

 Anaplastic Large Cell Lymphoma

Many aspects in the development of this now well-defined 
entity have considerably influenced clinical knowledge and 
cancer research. Historically, anaplastic large cell lympho-
mas have been described very well according to their mor-
phologic appearance. Yet, before lineage-bound cytogenetic 
or molecular genetic diagnoses became available, they could 
hardly or not at all be distinguished from histiocytic diseases 
[40]. The morphologic appearance even resembled the aspect 
of carcinomas. The following characterization with (mono-
clonal) antibodies, one of them binding to the so-called Ki-1 
antigen, first detected on Hodgkin’s lymphomas and later 
named CD30, helped to finally define the entity (also posi-
tive for the epithelial membrane antigen (EMA) [24, 80]. 
Diseases with a rapid but also a relatively long course of 
growing and shrinking lymph node enlargements, with local 
as well as systemic inflammatory signs mimicking infectious 
or autoimmune diseases could be diagnosed as a clinicopath-
ologic entity. The chromosomal translocation t (2;5) 
(p23;q35) [45] and its molecular counterpart, the fusion gene 
NPM-ALK found in ALCL [58] gave rise to cancer research, 
when ALK alterations were found in several other cancers 
such as lung carcinoma and neuroblastoma. Another very 
intriguing finding was the immunogenicity of the fusion neo- 
oncoprotein in case of ALCLs [71]. This fact conveniently 
explained the clinical wax-and-wane courses as well as 
inflammatory and autoimmune phenomena which all mim-
icked non-neoplastic diseases and substantially delayed 
exact diagnosis. The presence of antibodies against the 
fusion gene, together with the lack of the circulating fusion 
gene, could be correlated with a better prognosis [63]. These 
various milestones on the way to more exact diagnoses 
reflect the progress in oncologic research, where pediatric 
oncology has always been playing a leading role (Table 1.2).

 History of Staging Procedures

The St. Jude’s staging system by Murphy, an adapted Ann- 
Arbor system used for Hodgkin’s lymphoma, upgraded 
mediastinal (universally stage III) and abdominal (localized 
stage II, extended stage III) manifestations, and reserved 
stage IV for bone marrow or central nervous system 
 involvement. It was broadly accepted worldwide by pediatric 
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hemato-oncologists [62]. Before Burkitt‘s lymphomas were 
recognized as systemic diseases in most cases, with no imag-
ing techniques available, and local treatment being the only 
possible therapy, invasive procedures to establish the spread 
were undertaken. Extensive staging laparotomies, however, 
were challenging, with defined lymph node regions to be 
inspected and biopsies to be taken. By using new imaging 
techniques and realizing that systemic diseases require sys-
temic treatments, these invasive procedures could be avoided 
in pediatric B- NHLs [8, 75]. In the case of Hodgkin’s dis-
ease, where local treatment with irradiation played a curative 
role for a long time for the majority of patients, staging lapa-
rotomies were continued to be used until imaging techniques 
like ultrasound, CT and MRI scans and, last but not least, 
FDG PET scintigraphy eventually put an end to surgical 
staging procedures, at least in most cases.

 A Brief History of Treatment Concepts

 Local Treatment

The development of successful treatment concepts was ini-
tially influenced by first successes in Hodgkin‘s lymphomas 
with radiotherapy, dating back to the beginning of the twen-

tieth century ([72], rev. in Aisenberg [2]). The successful 
radiotherapy for Hodgkin’s lymphomas stimulated its use for 
NHL as well. It was only when pediatric NHLs were recog-
nized as systemic diseases, at least in most cases, and multi- 
agent chemotherapy was studied successfully by several 
groups, that the role of radiotherapy was challenged. For 
some time, combined therapies were used [10]. With the 
introduction of a more precise diagnosis and stage-specific 
chemotherapeutic treatments, the role of radiotherapy for 
pediatric NHL came to an end [17, 39, 47, 78], and in due 
course, surgery met a similar fate. With the exception of 
small localized tumors and the possible necessity of gut 
resection in the case of ileo-cecal intussusception by a 
Burkitt’s lymphoma, the role of surgery turned out to be con-
fined to diagnostic interventions [8, 75], making dangerous 
and mutilating attempts to remove mediastinal tumors in 
T-NHLs or exenterating attempts to resect disseminated 
abdominal Burkitt’s a thing of the past.

 Development of Chemotherapy

The start of chemotherapy for NHLs dates back to the late 
1940s when monotherapies proved to cause responses. The 
use of N-mustard, the pro-drug of oxazaphorines like cyclo-
phosphamide or ifosfamide, was first documented in 1946 
[34]. Aminopterin, a prodrug of methotrexate, was able to 
cause bone marrow remissions in children with acute lym-
phoblastic leukemia (ALL) [27], and in Africa, Burkitt, using 
whatever he could get hold of in the pioneering situation of 
limited resources in Africa, recorded responses to single 
agents like vincristine, cyclophosphamide, and methotrexate 
in the early 1960s (reviewed in Bösner 1994 [13]).

 The Way to Specific Therapies

Two different regimens developed simultaneously using 
multi-agent chemotherapy. LSA2-L2 [92], stimulated by the 
successes of multi-agent treatment for childhood lympho-
blastic leukemia based on remission induction, consolidation 
and maintenance treatment, was one of the first to be docu-
mented as successful treatment regimen for children with 
NHL. The other concept represents a condensed repetitive 
block therapy, stimulated by the successes in Hodgkin‘s 
lymphoma and modified for the treatment of NHLs in adults, 
where it became a standard of care, based on cyclophospha-
mide, daunomycin, vincristine and prednisolone (CHOP) 
[29, 51, 53]. As long as the pathologic entities were poorly 
distinguishable, no clear advantage of the different 
approaches was obvious. Then, in the 1970s, cooperative 
study groups started to investigate multi-agent chemothera-
peutic interventions. In a randomized study for the treatment 
of localized pediatric NHL of the American Children‘s 

Table 1.2 Time table of some diagnostic milestones relevant for pedi-
atric NHLs

Year Author Finding
1864 Virchow Aleukemic leukemia
1871 Billroth Multiple lymphomas
1893 Kundrat Lymphosarkoma
1956/1966 Rappaport Cytomorphologic differentiation
1958 Burkitt Endemic African lymphomas
1964 Epstein Virus detection
1972 Aisenberg B- and T-cell NHL by surface markers
1972 Manolov Burkitt NHL: chromosome 14
1974 Lukes, Collins Immunologic characterization
1975 Lennert Kiel classification: B- and T-cell NHLs
1975 Köhler Monoclonal antibody production
1976 Zech t(8;14) in Burkitt’s lymphomas
1981 Korsmeyer Hierarchic IG gene rearrangement
1982 Dalla-Favera C-MYC oncogene in Burkitt’s NHLs
1982 Taub C-MYC-IGH fusion in Burkitt’s NHL
1982 NCI Working formulation
1983 Aisenberg Immunophenotyping of NHLs
1985 Stein Ki-1 antigen (CD30)
1985 Waldmann T-cell receptor rearrangement
1988 Delsol ALCL diagnosis
1989 Le Beau t(2;5) in ALCL
1994 Harris REAL classification
1994 Morris NPM-ALK fusion in ALCL
2000 Alizadeh DLBCL subtypes by gene expression
2000 Pulford Auto-antibodies against ALK
2008 Swerdlow WHO classification
2009 Park NOTCH and FBXY7 in LBL T-NHL
2017 Szepanovsky Pediatric DLBCL molecular diagnosis

1 History of Diagnoses and Treatment Strategies in Pediatric Non-Hodgkin’s Lymphomas
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Cancer Study Group (CCG), the specific advantage of the 
more ALL-treatment (LSA2-L2-like) regimen for lympho-
blastic lymphomas and a better outcome for Burkitt’s lym-
phomas with repetitive bloc therapy, consisting of 
cyclophosphamide, methotrexate, vincristine, and predniso-
lone (COMP) [38], became apparent. Nearly at the same 
time, the German Berlin-Frankfurt-Münster (BFM) group 
studied different regimens for different entities, also success-
fully using ALL-directed therapy for lymphoblastic lym-
phoma and condensed block therapy for mature B- (mainly 
Burkitt’s) NHLs [61].

The more precise diagnostics enabled the development of 
specific therapeutic strategies aimed at the biologic entities. For 
the most common pediatric NHLs, mature B-cell, LL, ALCL, 
and PMBCL, different treatment protocols were developed.

 Burkitt’s Lymphomas

While still in Africa in the 1960s, Denis Burkitt described 
casuistic successes with monotherapies, since without ade-
quate infrastructure and other supportive structures, inten-
sive combination therapy was simply not available to him. 
Already at that time, the involvement of the central nervous 
system appeared to Burkitt to be a prognostically unfavor-
able factor, and so intrathecal therapy was administered to 
treat and prevent meningeal spread [94]. Combination thera-
pies evolved, showing the benefit of intensified short block 
treatment; for extended diseases, high-dose methotrexate 
and high-dose cytarabine were added. The stepwise adapta-
tion of treatment protocols in France by Catherine Patte [67] 
increased survival rates to about 90%, and this success led to 
a French American British cooperative protocol [22, 31, 68]. 
At the same time, a similarly intensified condensed block 
therapy led to the same results in the BFM group of Alfred 
Reiter [77]. Attempts to reduce the intensity to avoid acute 
(infections and mucosal damage) or late adverse effects 
failed for extended diseases but were possible in less dis-
seminated lymphomas [21, 68, 91]. Today, high survival 
rates are obtained by intensive chemotherapy, but relapses 
remain challenging [18]. The implementation of immuno-
therapy by a CD20-specific antibody proved to be of advan-
tage [33, 54] and is now under further clinical investigation.

 Primary Mediastinal Large B-Cell Lymphomas

The treatment of PMBCL, when compared to the successes 
achieved with chemotherapy in Burkitt’s and lymphoblastic 
lymphomas, turned out to be unsatisfactory with Burkitt-cell 
directed therapy protocols [16]. It was due to the positive 
experience in adult protocols for this entity that the regimen, 
involving an anti CD20 antibody and chemotherapeutic dose 

escalation, was adopted for pediatric PMBCLs, thus improv-
ing the diagnosis for this age group [25, 32].

 Lymphoblastic Lymphomas

With the start of multi-agent treatment concepts, ALL- 
directed therapies started to be used for all kinds of pediatric 
NHLs. The LSA2-L2 protocol created by Wollner (see 
above) was one of the first, documenting response and cure 
rates in a considerable number, but also noting that for 
patients with extended disease, higher cure rates could only 
be achieved with a more intensive treatment. Event-free sur-
vival (EFS) rates improved substantially, and prophylactic 
cranial radiotherapy could be omitted. With one of the most 
successful multi-agent chemotherapy protocols, based on an 
ALL-like BFM scheme, a 90% cure rate could be achieved 
[78]. In an attempt to coordinate the treatment on a large 
scale, a European cooperation for pediatric NHLs, the 
European intergroup cooperation for pediatric NHLs 
(EICNHL), started a cooperative study using the structure of 
this successful pediatric BFM protocol for lymphoblastic 
lymphomas. While the high cure rates of the preceding BFM 
protocol could not be achieved, because of the high toxicity 
of the treatment, the overall EFS reached nearly 80% [44]. 
Nevertheless, at the end, the extended European cooperation 
per se was successful and the overall results agreed perfectly 
with current data. A risk-adapted treatment according to 
molecular changes (NOTCH, FBXY7 mutations) is cur-
rently under investigation ([65]; Burkhardt, ongoing).

 Anaplastic Large Cell Lymphomas

One of the first structured cooperative treatment protocols 
for treatment of ALCLs, the BFM protocol 1990 to treat the 
then so-called Ki1 (CD30)-positive NHLs, was developed by 
the BFM group [76]. Within the international EICNHL 
group, it was decided to use the BFM backbone for a modi-
fied treatment strategy [14]. While EFS rates appeared to be 
improving, overall survival rates (with respect to survival 
after a relapse) were favorable in comparison to the other 
entities. This, together with reported responses to minimal 
interventions with vinblastine, aimed at palliation and pro-
ducing durable remissions [15] and since an immunologic 
response to the t(2;5)-derived NPM-ALK fusion protein was 
detectable [71], treatment with immune modulation mea-
sures became attractive. The toxin-conjugated anti-CD30 
antibody was effective in relapsed and resistant diseases 
[70]. As the fusion protein proved to have tyrosine kinase 
activity, an anti-ALK tyrosine kinase inhibiting treatment 
was appropriate and proved valuable in chemo-resistant 
ALCLs [30, 59].

G. Mann
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 Post-transplant Lymphoproliferative Disease

PTLDs are defined in the WHO classification. In some 
immunosuppressed patients, lymphadenopathy, mostly 
EBV-associated, may occur after transplantation and evolve 
into overt lymphomas. This resembles in part the evolution 
of EBV-associated Burkitt’s lymphomas in children in Africa 
immunosuppressed by chronic malaria infection (see above). 
A strategy to reduce, whenever possible, immunosuppres-
sion and an anti-B-cell CD20 antibody therapy, to be applied 
before installing conventional lymphoma-directed treatment, 
were therefore developed [28] .

 Conclusions and Future Perspectives

The look back at the evolution of diagnosis and treatment of 
pediatric NHLs brings to mind the enormous diagnostic and 
therapeutic efforts that were necessary to cleanse cancer of its 

mystical interpretations, and redefine it in terms of biology and 
medical treatment systems. This eventually led to excellent 
cure rates in formerly rapidly fatal diseases (Table 1.3). It is an 
excellent example of how clinical and laboratory research are 
mutually stimulating fields, striving for scientific and medical 
success. Since lymphatic diseases generally appear to be more 
susceptible to immunologic attacks than other cancers, con-
cepts that favor immunotherapy are very attractive to research-
ers and clinicians alike. Monoclonal antibodies against B-cell 
epitopes, pure or toxin conjugated, chimeric antibodies harbor-
ing a T-cell receptor moiety or chimeric antigen receptor T-cell 
therapies are all going to be implemented in chemotherapy pro-
tocols sooner or later. Inhibitory substances aiming at specific 
molecular changes in the diseases are already contributing to 
current treatment regimens in clinical research. Further analy-
ses of the somatic gene sequences or RNA sequencing might 
1 day provide such highly detailed information that prognosti-
cally different tumor types can in the future be subjected to 
different treatment intensities and qualities.

Table 1.3 Most relevant pediatric studies and results for lymphoblastic and mature B-cell NHL

Treatment results for mature B-NHL in Childhood
Author Pub.year Group Protocol N patients EFS% EFS% CNS+
Patte [67] 2001 SFOP LMB 89 561 91 79
Patte [68] 2007 FAB/LMB FAB/LMB96 1111 88
Gerrard [31] 2008
Cairo [22] 2007
Reiter [77] 1999 BFM BFM90 413 88 65
Wösmann [91] 2005 BFM BFM95 505 89 69
Tsurusawa [86] 2014 JPLSG B-NHL 03 321 87

Modified after Minard-Colin et al. [55]
CNS central nervous system

Treatment results for lymphoblastic NHL in childhood

Author
Pub.
year Group Period Protocol Structure N patients Radiotherapy EFS%

Anderson [6] 1993 CCG 1977–1982 CCG-551 LSA2-L2 124
(st. III,IV)

Local 64

Mora [57] 2003 MSKCC 1971–1990 LSA2-L2 LSA2-L2 95 Local 75
Patte [66] 1992 IGR 1981–1989 LMT81 LSA2-L2+ HD MTX 84 Cranial for CNS+ 75
Tubergen [87] 1995 CCG 1983–1990 CCG502 LSA2-L2 vs.ADCOMP 143 Local, Craniosp. For 

CNS+
74

Asselin [7] 2011 POG 1996–2000 POG9404 DF+/− HD MTX 137 incl. 
T-ALL

Cranial 85

Abromovic [1] 2008 COG 1994–1997 COG5941 DF mod., HD MTX, 
HD ARAC, CY

85 Cranial for CNS+ 78

Reiter [76] 1995 BFM 1986–1990 BFM 86 BFM NHL Non-B 63 Cranial, stages III,IV 84
Reiter [78] 2000 BFM 1990–1995 BFM 90 BFM NHL Non-B 136 Cranial, stages III,IV 90
Burkhardt [16] 2006 BFM 1995–2001 BFM 95 BFM NHL Non-B 198 Cranial for CNS+ 80
Uytterbroeck [88] 2008 EORTC 1989–1998 CLG58881 BFM NHL Non-B 119 No 77.5
Bergeron [11] 2015 SFOP 1997–2003 LMT96 Modif.BFM 79 Cranial for CNS+ 85
Pillon [69] 2009 AIEOP 1992–1997 AIEOP92 LSA2-L2 55 Cranial for CNS+ 69
Termuhlen [85] 2013 COG 2000–2005 COGA5971 CCG ALL vs. BFM 266 Cranial for CNS+ 82
Landmann [44] 2017 EICNHL 2003–2008 BFM 90 Rand. Dexa vs.Pred 319 Cranial for CNS+ 81

Modified after Minard-Colin et al. [55]
DF Dana Farber consortium ALL protocol, CNS central nervous system, craniosp craniospinal
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 Introduction

The incidence of cancer in children is relatively low, repre-
senting 0.5–4.6% of the total number of cancer cases in the 
whole population [1]. However, childhood cancer has a high 
mortality-incidence ratio with approximately 80.000 child-
hood deaths attributable to cancer in a single year, with 
nearly 90% of deaths occurring in less developed countries 
[1]. Even in the United States of America (USA) where the 
mortality-incidence ratio of cancer is one of the lowest 
(<0.15) and overall survival (OS) is greater than 80%, cancer 
is the second most common cause of death in children less 
than 15 years of age [2]. During the last three decades, the 
incidence of childhood cancer has increased by approxi-
mately 13% [3]. Lymphoma is the third most common child-
hood cancer in the 0–14  year-age group and the most 
common malignancy in the 15–19 year-age group [3].

Lymphoma settles for a “BRONZE” among childhood 
cancer with Non-Hodgkin lymphoma (NHL) accounting for 
7% of all malignancies under the age of 19 years. It is esti-
mated that nearly 1040 new cases of NHL (620 children and 
420 adolescents) will be diagnosed in the USA annually, 
with an incidence of 12.6 per million under the age of 
19  years, while having a striking geographical variation 
worldwide [4, 5]. The incidence of NHL in children and ado-
lescents has increased over the last four decades and is more 
frequent in boys as compared to girls [4].

Non-Hodgkin lymphoma encompasses a variety of lym-
phoid malignancies divided in different subtypes according 
to their pathology, molecular biology, clinical presentation, 
and treatment, while being united by their staging. Unlike 
adult NHLs which are mostly of low- to intermediate-grade, 
most childhood NHLs are high-grade malignancies [6, 7]. 

Therapy of NHL has been one of the success stories in child-
hood malignancies with a near doubling of survival rates 
over the last four decades, which has contributed signifi-
cantly to the pool of childhood cancer survivors. This has 
created a unique population at increased risk of various 
health concerns attributable to prior therapies [8]. Therefore, 
in recent years, concerted efforts across the global pediatric 
oncology community have been made to identify factors for 
understanding the biology, creating a better risk stratification 
and helping to reduce therapy in the appropriate group to 
reduce long-term side effects.

This chapter will focus on the epidemiology of NHL in 
childhood and adolescence and will explain the differences 
in incidence of NHL according to age, gender, and geograph-
ical regions.

 Descriptive Epidemiology

 Incidence

Lymphomas (Hodgkin’s disease and NHLs) are the third 
most common malignancy in childhood after acute leuke-
mias and brain tumors, accounting for nearly 15% of all can-
cers diagnosed in children and adolescents less than 20 years 
in the USA as highlighted in Fig.  2.1 [9]. Non-Hodgkin’s 
lymphoma accounts for approximately 60% of all lympho-
mas diagnosed in children (0–14 years) in the more devel-
oped countries, and the ratio is reversed in adolescents 
(15–19 years) [5]. The incidence rates of NHL in children 
and adolescents range from 10 to 15 per million in most 
developed countries, with NHL accounting for almost 7% of 
all cancers diagnosed under the age of 20 years [10].

Being a heterogeneous disease (Fig. 2.2), NHL has a wide 
variation in incidence by geographical regions, age, pathol-
ogy, and gender. These variations form an important part of 
the epidemiological discussion on NHL. There is scarcity of 
national cancer registries in low- and middle-income 
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 countries (LMICs), limiting our ability to have a true esti-
mate of childhood cancers not only in LMICs but also glob-
ally, since high-income countries (HIC) account for only 
20% of the global incidence of pediatric cancers [11]. 
Therefore, in this chapter we will focus mainly on data from 
developed countries with inclusion of data from LMICs 
wherever available.

 Incidence of NHL According  
to Histopathologic Entities

Burkitt’s and Burkitt’s-like lymphomas (BL) have a peak inci-
dence between 5 and 14 years of age and have one of the high-
est gender gaps being almost 5.0-fold higher for male children 
(3.2 per million) than for female children (0.7 per million) [9]. 
The incidence of diffuse large B-cell lymphoma (DLBCL) 
and anaplastic large cell lymphoma (ALCL) gradually 
increases across childhood with a sharp increase in adoles-
cence. Primary mediastinal large B-cell lymphoma (PMBCL) 
is rare before adolescence, while lymphoblastic lymphoma 
(LBL) has a relatively constant incidence across all age groups. 
Overall, NHLs are quite rare in infants (Fig. 2.3) [9, 12].

Endemic BL is mainly confined to equatorial Africa and 
Papua New Guinea, accounting for nearly half the cases of 
childhood cancers and 90% of cases of childhood lympho-

mas in the high-risk endemic areas, with an estimated inci-
dence of 30–60 per million children per year and a peak 
incidence at 4–7 years of age with a male-to-female ratio of 
2:1 [13, 14]. Nearly 95% of endemic BL are EBV-positive. 
In contrast, sporadic BL comprises nearly 30% of pediatric 
lymphomas in the USA accounting for 1% of all malignan-
cies, with an incidence of 2.3 per million per year and a peak 
at 3–12 years of age. Sporadic BL has a much wider male-to- 
female ratio of 3.9:1.1. Only 20–30% of sporadic BL are 
EBV-positive [15].

The incidence of immunodeficiency-associated NHL 
variant is 22 per 100.000 person years in the USA. Among 
them, NHL is primarily seen in subjects infected by the 
human immunodeficiency virus (HIV) who are particularly 
prone to develop the acquired immunodeficiency syndrome 
(AIDS) and less commonly in patients with other types of 
immunodeficiency such as the posttransplant population. A 
steep incidence was noted since the late 1980s, due to the 
growing epidemics of HIV infection. In HIV-positive 
patients, BL typically affects those with a relatively high 
CD4+ T-cell count (>200/μl) and without other opportunistic 
infections. In contrast to other HIV-associated lymphomas, 
the rate of BL in the HIV-positive population has not 
decreased with the advent of powerful antiretroviral therapy. 
Around 40% of HIV-associated BL are EBV-positive 
[14, 16].
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 Incidence of NHL According  
to Geographical Regions

Among childhood malignancies, NHL has the maximum 
variation in incidence across the globe as illustrated in 
Fig. 2.4. The incidence of NHL peaks in equatorial Africa, 
where it can constitute up to almost half of all malignancies 
[17]. Rates of NHL vary by almost 30-fold from Asia (India) 
to sub-Saharan Africa (Malawi) [10]. The higher incidence 
of NHL in sub-Saharan Africa is mainly contributed by 
endemic BL which has a strong association with EBV infec-
tion and immune modulation by malaria [14]. Endemic BL is 
the commonest malignancy in Africa where it alone accounts 
for almost 25% of all cancers in balanced registries. The so- 
called zone of “lymphoma belt” particularly lies in between 
15 degrees north and south of the equator, receiving heavy 
rainfalls and temperatures above 60° F.

Overall, pediatric cancers are concentrated in LMICs, 
which account for more than 80% of the global burden of 
childhood cancer, and are estimated to contribute to 90% of 
childhood NHL cases diagnosed worldwide [11].

 Incidence of NHL According to Age

Overall, NHL accounts for 7% of all malignancies under the 
age of 20 years; however, there is considerable variation in the 
incidence depending on the age group. NHL is quite rare in 
infancy, following which its incidence rapidly increases up to 
the age of 4  years; the rapidity of its rise subsequently 
decreases with additional spurt into adolescence. The tumor 
contributing to the bulk of cases changes from BL in child-
hood to DLBCL and other lymphomas in adolescence [4, 9]. 
As a proportion of total cancers, the incidence of NHL in the 
USA increases from 3% in the 1–4 year- age group to 8–9% in 
the 5–14 year-age group and remains stable throughout ado-
lescence. Similar contribution from NHL is also noted in 
European registries where it accounts for 4.5% of total cancers 
in the 1–4 year-age group and 8–10% thereafter until adoles-
cence as highlighted in Fig. 2.5 [4, 18].

The highest incidence of NHL in childhood is in the 
15–19 year-age group with 18.3 and 15.9 per million in the 
USA and Europe. Nevertheless, NHL accounts for a lower 
proportion of cancer (8%) in this age group due to a  relatively 
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higher proportion of Hodgkin’s lymphoma. Of note, the time 
period for the US data is 1975–2014, while for European data 
it is 1978–1997 [4, 18]. While the age- specific incidence 
increases for both males and females, the gap in the incidence 
rate between the two genders widens considerably after 
4 years of age [9]. Furthermore, there is a geographical varia-
tion in the age distribution of NHL with the highest rates in 
Africa at 5–9 years of age in Malawi (318.3 per million per-
son-years) and Uganda (106.6) while at 0–4 years in Egypt as 
compared to a peak at 15–19 years in the developed countries. 
On the other hand, there was minimal variation in incidence 
by age in Croatia, Ukraine, Brazil, Philippines, and India [10].

 Incidence of NHL According to Gender

Across all international registries, males outweigh females in 
the incidence rates for NHL [10]. In the Surveillance, 
Epidemiology, and End Results program (SEER) registry, 
across all age groups, male children account for 70% for all 
cases of NHL. Male predominance is more pronounced in 
children less than 15 years when compared to adolescents 
(15–19 years) as illustrated in Fig. 2.3 [9]. The overall inci-
dence of lymphoma increases with age for both genders, 
with males achieving a rapid increase from 4 years of age 
and females achieving similar increase after 10–14 years of 
age (Fig. 2.6) [9].

As for the histological subtypes, males continue their 
dominance for most subtypes except for PMBCL and B-cell 
precursor lymphoblastic lymphoma where the incidence is 
equal for both genders [12]. The male-to-female ratio is most 
pronounced for BL being 3.9:1.1 [15].

The incidence of DLBCL and other lymphomas (includ-
ing ALCL) increases for both genders with age with a 
rapid rise in adolescents, while the incidence of lympho-
blastic lymphoma remains fairly constant across all age 
groups for both male and female children. However, for 
BL, the incidence for females remains fairly constant 
across all age groups, while the incidence for male chil-

dren peaks in the 5–14 year-age group followed thereafter 
by a decrease in adolescence (Fig. 2.3) [9].

 Incidence of NHL According to Race/Ethnicity

Similar to the trend in most childhood cancers, the incidence 
of NHL is higher in whites than in African Americans [4]. 
However, among the most common three childhood cancers, 
the difference in incidence among lymphomas is the least. 
While looking more closely at age subgroups, the incidence 
is significantly higher in whites in the 5–9  year and 
15–19  year-groups while in the other age groups the inci-
dence is almost the same. Burkitt’s lymphoma is more com-
mon in non-Hispanic whites than in Hispanic whites (3.2 vs. 
2.0 cases per million) [15].

 Time Trends of the Incidence of NHL

The incidence of NHL has increased from 9.5 per million to 
13.4 per million from 1975 to 2014 (Fig.  2.7) at an annual 
percentage change of approximately 1% in the USA, while 
Europe showed similar trends with an average annual percent-
age change of 0.83% in children and 1.73% in adolescents 
from 1978 to 1997. This was mainly due to an increase in the 
incidence of non-BL (category IIb) as the incidence of BL 
(IIc) and others (IIe) has more or less remained constant [18].
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 Risk Factors

 Proven Risk Factors

• Immunodeficiency
Congenital and acquired immunodeficiency syndromes 
are significant risk factors for the development of lym-
phomas (Table 2.1). Most of these cases are EBV-positive. 
Acquired immunodeficiency is mainly due to HIV infec-
tion or posttransplant immunosuppression. Posttransplant 
lymphoproliferative disease (PTLD) accounts for about 
3% of all pediatric NHL diagnoses; and the majority 
(65%) of them are DLBCLs with less than 10% having 
BL [19].
HIV increases the risk of developing NHL in children by 
150 times with the majority being of B-cell lineage (BL or 
BL-like). In fact NHL might be the first AIDS defining 
manifestation in some children [20–23].

• Previous Neoplasm (Secondary Malignancy)
NHL can present as a second malignancy after cancer 
therapy; however its incidence is low with only 11 (0.3%) 
of 2968 of children in the German Childhood Cancer 
Registry diagnosed with secondary NHL [24].

 Substantial Evidence: Cofactors

• Epstein-Barr Virus (EBV)
EBV is present in almost all endemic BL, found in 
20–30% of sporadic BL, 40% of HIV-associated BL, and 
in a high number of primary immunodeficiency- associated 
BL or PTLD. EBV is known to immortalize B cells and 
postulated to provide a block in the apoptotic clearance of 
B cells with MYC-translocations by either BHFR1, 

EBNA1, or suppression of pro-apoptotic BIM protein 
by LMP1, thereby helping in clonal evolution [25, 26]. 
A study from Malawi demonstrated strong association 
between high EBV antibody titers and endemic BL [27].
For more details on the role of EBV in the pathogenesis of 
B-cell lymphomas, please refer to Chap. 4.

• Malaria
There is an overlap in the geographical maps of endemic 
malaria and endemic BL. Epidemiological studies have 
shown that patients with high titers of EBV and malaria 
antibodies had the highest incidence of endemic BL 
[27, 28]. Malaria cooperates with EBV by modulating 
T-cell response in the pathogenesis of BL. Falciparum 
malaria causes EBV reactivation via cysteine-rich inter-
domain 1a of falciparum erythrocyte membrane pro-
tein. In addition, Plasmodium falciparum has a ligand 
for TLR-9 which is known to induce cytidine-deami-
nase in B cells and its overexpression can induce MYC-
translocations. The translocated B cells would routinely 
be cleared by apoptosis which is in turn hampered by 
EBV [29, 30].

 Unknown or Inconsistent Evidence

Radiation, arboviruses, schistosome parasites and as also 
some plants (Euphorbiae tirucalli and Jatropha curcas) have 
been suggested as possible causative factors/cofactors for 
NHL/endemic BL, although evidence is sparse and contrast-
ing in some cases [14].

 Mortality and Survival

Therapy for childhood NHL has been one of the big success 
stories in pediatric oncology with a 74% decrease in mortal-
ity rates from 1975 to 2010 and an annual percentage change 
exceeding 4% in the USA.  Non-Hodgkin’s lymphoma 
accounts for 3% and 7% of all cancer-related mortality in 
children and adolescents, respectively [31].

The survival of children and adolescents with NHL has 
doubled over the last 3–4 decades from around 45% to 
nearly 90% in the USA [4]. Similarly, in Europe, the out-
come of children and adolescents with NHL is 83% and 
78% (excluding BL), respectively [32].

However, as with most cancers there is a marked differ-
ence in the outcome of NHL between HICs and LMICs. It is 
difficult to have a true estimate of incidence and mortality 
rates due to the absence of robust population-based national 
cancer registries in LMICs, despite the fact that these coun-
tries account for more than 80% of children with cancer 
worldwide. In Malawi and Uganda (countries having the 
maximum incidence of NHL) the survival rates range from 

Table 2.1 Immunodeficiency and NHL

Immunodeficiency NHL
Primary
Ataxia telangiectasia BL, DLBCL, T cell LL
Wiskott-Aldrich syndrome DLBCL
Severe Combined 
Immunodeficiency (SCID)

EBV-associated lesions

X-linked lymphoproliferative 
disorder

B-cell lymphoproliferative 
disorder

Autoimmune lymphoproliferative 
disorder

DLBCL, BL

Common variable immune 
deficiency (CVID)

DLBCL, EBV-associated 
lesions

X-linked hyperimmunoglobulin 
syndromes

DLBCL

Acquired
Acquired immune deficiency 
syndrome (AIDS)

Kaposi sarcoma, BL

Post-organ/bone marrow transplant DLBCL, BL
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20 to 50%. It is estimated that LMICs lag behind in survival 
rates by 20–30 years compared to the HICs [33–36].

As shown by the NHL-Berlin-Frankfurt-Münster (BFM) 
Study Group, age, gender, and biology also had an impact on 
the survival of children and adolescents with NHL. As com-
pared to the average overall survival of NHL patients, 
PMBCL histology, adolescent girls with T-cell lymphoblas-
tic lymphoma and DLBCL as well as younger children 
(<4 years) with ALCL and precursor B-cell precursor lym-
phoblastic lymphoma had inferior survival rates. In contrast, 
male patients with T-cell lymphoblastic lymphoma and 
DLBCL had superior survival rates [37].

 Conclusions

Childhood NHLs are a heterogeneous group of diseases hav-
ing a unique “epidemiological history” mainly attributable to 
BL and Denis Burkitt’s legacy. Burkitt’s lymphoma was one 
of the first tumors to be epidemiologically mapped and the 
first human tumor to be linked with a virus. In addition, BL 
was one of the first malignancies to be associated with a 
chromosomal translocation and the first lymphoma to be 
associated with HIV infections [14]. Since its first descrip-
tion in Africa in the 1960s, we have come a long way in 
understanding the biology and the therapy of childhood BL 
with survival rates exceeding 90% in the more developed 
countries. However, the irony remains that the place where 
the tumor was first described is still struggling to improve the 
survival from 1970, when the outcome for pediatric BL in 
Africa was as good as anywhere in the world.

Approximately 10% of pediatric NHL occurs in more 
developed countries and even if we further improve survival 
and cure all patients in these countries we would salvage 
only another 200 patients accounting for 1–2% of global 
numbers. However, if we could improve survival by even 
15% in LMICs which account for nearly 90% of burden of 
childhood NHL we could save another 2500 children which 
is more than the total number of patients diagnosed in HICs.
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Diagnosis and Classification

Thierry Jo Molina

 Introduction

Non-Hodgkin lymphomas (NHL) are typical tumors for the 
pediatric pathologist to be familiar with as they represent 
around 7–10% of pediatric malignancies, the fourth most 
common one in children, being more frequent between 15 
and 19 years of age [1–3]. These lymphomas could arise in 
any tissue, nodal or extranodal, and the pathologist should be 
prepared to diagnose its histological type according to the 
updated revised 2016 WHO Classification of Tumors of 
Hematopoietic and Lymphoid Tissues [4]. When dealing 
with a suspicious diagnosis of NHL, the pathologist should 
follow four major rules:

 1. Eliminate the most frequent entities that might have a 
peculiar clinical or histological presentation before sug-
gesting a rare subtype

 2. Have the knowledge of entities that have not been 
described or are very rare in this age group, and consider 
therefore a reactive process mimicking NHL before 
assessing NHL

 3. Consider a potential immune deficiency with an expan-
sion of B or T cells before assessing a diagnosis of NHL, 
and avoid making a diagnosis without the full clinical 
information. It is therefore crucial before any diagnosis to 
rule out concurrent Cancer Predisposition Syndromes [5], 
Primary or Secondary Immunodeficiencies or Genetic 
diseases.

 4. Ensure the use of ancillary techniques to confirm the 
diagnosis.

In this chapter, we will present the new updated 2016 
revision of the WHO, discuss the importance of sampling 

(cytology, needle biopsy, open wedge biopsy) for diagnosis, 
and present the different techniques considered today as 
being instrumental for an optimal diagnosis of childhood and 
adolescence NHL.

 The Revised 2016 Classification  
of Lymphoid Neoplasms

This revised 4th edition of the WHO classification includes 
some changes linked to a better understanding of some enti-
ties with a common agreement consensus between members 
of the European Association for Haematopathology, the 
Society for Hematopathology (US), as well as an interna-
tional clinical advisory committee. The importance of an 
international nomenclature is crucial when comparing NHL 
arising in children within different countries, and the pathol-
ogist classifying the tumor should stick to these entities. 
There is no space for a pediatric classification of 
NHL. Although some entities are predominantly described 
in children, they can arise rarely among patients >18 years 
of age. However, a few entities are different (clinically and 
molecularly) from the classical adult type, giving rise in the 
WHO nomenclature to a “pediatric-type” to underline this 
specificity. On the other hand, some entities described in 
adults (mantle cell lymphoma, angioimmunoblastic T-cell 
lymphoma) have not been clearly described in children. The 
WHO classification underlines very strongly the importance 
of multiparametric approach to classify a tumor and this is 
even more important considering childhood NHL. The clin-
ical presentation, the age, the morphologic pattern, the phe-
notype by immunohistochemistry and if possible flow 
cytometry, the genetic profile (translocation, gain or loss, 
mutations, expression profiling, etc.), and presence of blood 
tumor cells are all important factors to consider in the final 
diagnosis. This multiparametric concept should lead to col-
laborative efforts between pathology, hematopathology, and 
molecular and cytogenetics laboratories for an optimal 
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 diagnosis of childhood and adolescence NHL. At least, all 
these data should be gathered in a unified and integrated 
consolidated report, with the pathology report. The patholo-
gist facing a suspicion of childhood and adolescence NHL 
should be familiar with the whole NHL classification. This 
classification differentiates precursor cell lymphoid neo-
plasm (Table 3.1) (either B, T, or NK lineage) from mature 
B-cell (Table  3.2) and T-cell neoplasms (Table  3.3) and 
immune deficiency-related lymphoproliferative disorders 
(Table  3.4). The revised WHO classification differentiates 
also provisional entities that need more data and studies to 
consider them as well as distinct entities. In addition, we 
believe, considering children NHL that it is crucial to dif-
ferentiate entities well described in children from the ones 
classically not reported in children or rarely described and 
we decided to mention this differentiation in the tables 
(Tables 3.1, 3.2, 3.3, and 3.4). To us, this distinction is 
important to avoid a misdiagnosis when facing a morpho-
logic lesion suspicious of a lymphoma entity non-described 
in children. In such cases, it is important to eliminate a reac-
tive lymphoid process that may mimic a rare or non-
described NHL subtype. For example, primary immune 
deficiencies such as children with RAG-1 hypomorphic defi-
ciency might have huge polyclonal expansion of T cells in 
the spleen or bone marrow mimicking mature peripheral 
T-cell lymphoma (Fig. 3.1). When dealing with a diagnosis 
of NHL in children, few histological subtypes cover more 
than 80–90% of the cases, and these are mainly aggressive 
lymphoid neoplasms: lymphoblastic B or T, Burkitt and dif-
fuse large B-cell lymphomas, anaplastic large cell lympho-
mas, and post-transplant or primary immune 
deficiency-related lymphoproliferations. However, some of 
these classical pediatric subtypes might present with an 
unusual histological or clinical pattern, in unusual sites, that 
can be challenging for diagnosis. This is the case, for exam-
ple, of a primary central nervous system ALK+ anaplastic 
large cell lymphoma, presenting with a small cell variant 
morphology (Fig. 3.2). Nevertheless, other rare subtypes are 
classically described among children and might be difficult 
to diagnose requiring full clinical information and ancillary 
techniques such as double staining combining in situ hybrid-
ization and immunophenotyping or molecular techniques. 

This is the case, for example, of an optimal diagnosis of 
chronic active Epstein–Barr virus (EBV) infection of T and 
NK cell type, systemic form, recently individualized in the 
revised WHO classification in which it is crucial to demon-
strate that EBV-positive cells are of the T lineage (Fig. 3.3). 
It might be important at a national and/or international level 
such as the EICNHL (European Intergroup for Children 
NHL, with Japan and Hong Kong) and the North American 
Children’s Oncology Group (COG) to have validated data-
base of these rare NHL subtypes requiring both the analysis 
of those cases by a panel of pathologists (with detailed phe-
notypical and molecular analyses of the case) and very pre-
cise clinical information such as clinical Case Report Form 
(CRF) created by a panel of clinicians interested in rare sub-
types. For example, the differentiation of chronic active 

Table 3.1 2016 WHO classification of non-Hodgkin lymphoma, pre-
cursor lymphoid neoplasms

B-lymphoblastic lymphoma/leukemia, NOS
B-lymphoblastic leukemia/lymphoma, NOS with recurrent 
genetic abnormalities
T-lymphoblastic leukemia/lymphoma
NK-lymphoblastic leukemia/lymphomaa

Bold: well described NHL in the pediatric population
aProvisional entity according to WHO

Table 3.2 2016 WHO classification of non-Hodgkin lymphoma, 
mature B-cell lymphomas

Chronic lymphocytic leukemia/small lymphocytic lymphoma, 
Monoclonal B-cell lymphocytosis, B-cell prolymphocytic leukemia, 
Splenic marginal zone lymphoma, Hairy cell leukemia, Splenic 
B-cell lymphoma/leukemia, unclassifiablea, Splenic diffuse red pulp 
small B-cell lymphomaa, Hairy cell leukemia-varianta, 
Lymphoplasmacytic lymphoma (Waldenstrom macroglobulinemia), 
Mu heavy chain disease, Gamma heavy chain disease
Alpha heavy chain disease
Extranodal marginal zone lymphoma of mucosa-associated 
lymphoid tissue (MALT lymphoma)
Nodal marginal zone lymphoma, Pediatric nodal marginal zone 
lymphomaa

Follicular lymphoma, In situ follicular neoplasia, Duodenal-type 
follicular lymphoma
Pediatric-type follicular lymphoma
Large B-cell lymphoma with IRF4 rearrangementa

Primary cutaneous follicle center lymphoma, Mantle cell 
lymphoma, In situ mantle cell neoplasia
Diffuse large B-cell lymphoma (DLBCL), NOS Germinal center 
B-cell type
Diffuse large B-cell lymphoma (DLBCL), NOS Activated B-cell 
type, T-cell/histiocyte-rich large B-cell lymphoma, Primary DLBCL 
of the CNS, Primary cutaneous DLBCL, leg type, EBV-positive 
DLBCL, NOS, EBV+ Mucocutaneous ulcera, DLBCL associated 
with chronic inflammation, Intravascular large B-cell lymphoma, 
Primary effusion lymphoma, HHV8-positive DLBCL, NOS
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma
ALK-positive large B-cell lymphoma, Plasmablastic lymphoma
Burkitt lymphoma
Burkitt-like lymphoma with 11q aberrationa

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

Bold: well described NHL in the pediatric population; Italic: classically 
not described below 18 years; Non-Bold Non-Italic: rarely described in 
children
aProvisional entity according to WHO
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EBV infection of T-cell type, systemic form, from the sys-
temic EBV-positive T-cell lymphoma of childhood is very 
complex and could be better validated in the future by an 
international pathology and clinical study. Rather than using 
ICD-9 or ICD-10 codes for the creation of the database [6], 
it seems important to follow the ICD-O codes related to the 
WHO 2016 classification and to review old cases taking into 
account this new classification.

 Cytology, Needle Biopsy, or Open Wedge 
Biopsy for Diagnosis?

A dogma for NHL diagnosis is that we need histopathology 
and therefore a tissue biopsy for the diagnosis. However, in 
children, in very few selected cases, with a typical clinical 
presentation, cytology with phenotype by flow cytometry 
and genetic profiling allows an adapted clinical manage-
ment. This is the case for Burkitt lymphoma when the clini-
cal presentation, the flow phenotype, and the FISH for MYC 
translocation are all typical and for lymphoblastic B-cell or 
T-cell lymphoma when the leukemic phase or marrow 
involvement (too low to be considered as acute lymphoblas-
tic leukemia) is present at diagnosis and considered suffi-
cient for the diagnostic laboratory for cytology, 
immunophenotyping, and molecular evaluation. What is 
really important in this cytological approach is that any 
unusual feature (clinical, cytological, phenotypical, or 
molecular) should lead to a histological evaluation.

The use of core needle biopsy for histological diagnosis 
of pediatric tumors is increasingly performed as it is the 
case in adult tumors, although at a lower frequency. A recent 
prospective study for diagnosis on non-nephroblastoma 
solid intraabdominal tumors has clearly shown the signifi-
cant advantage of open wedge biopsy over needle biopsy for 
diagnosis [7]. However, a single-center retrospective study 
of 396 image-guided percutaneaous needle biopsies per-
formed in children for pediatric tumors showed a diagnostic 
accuracy of 91%, underlining however the importance of 4 
passes, and of the ability to freeze at least one core for 
molecular diagnostic tools [8]. Concerning lymphoma diag-
nosis suspicion, the ideal management of tissue sample 
requires touch imprints (Cytology, FISH), flow cytometry, 
freezing tissue for molecular techniques, and of course large 
amount of tissue for histopathological and immunohisto-
chemical studies. Since lymphoma can arise as a primary 
tumor in any tissue (i.e., bone, skin), it might be useful to 
stain one imprint and to send a fresh sample for flow cytom-
etry when lymphoma cannot be ruled out (i.e., small cell 
round tumor). These requirements highlight the importance 
of large amount of tissue samples for diagnosis and explain 
why an open wedge biopsy is preferred over a needle biopsy 
by most pathologists. Nevertheless, a diagnosis of NHL can 
be made on most needle biopsies if all the morphological 
and immunohistochemical criteria of a well-defined entity 
are present, but the pathologist should not make a definite 
diagnosis in all other cases. In addition, it is very difficult to 
exclude a diagnosis of lymphoma on a needle biopsy if the 
biopsied tissue is normal (i.e., normal architecture of lymph 
node and normal distribution of B and T cells) and if clini-
cal suspicion is strong. Therefore, core needle biopsies per-
formed by an interventional radiologist could be a 

Table 3.3 2016 WHO classification of non-Hodgkin lymphoma, 
mature T and NK cell lymphomas

T-cell prolymphocytic leukemia, T-cell large granular lymphocytic 
leukemia, Chronic lymphoproliferative disorder of NK cellsa, 
Aggressive NK cell leukemia
Systemic EBV+ T-cell Lymphoma of childhood
Chronic active EBV infection of T- and NK-cell type, systemic 
form
Hydroa vacciniforme-like lymphoproliferative disorder
Extranodal NK/T-cell lymphoma, nasal type
Adult T-cell leukemia/lymphoma, Enteropathy-associated T-cell 
lymphoma, Monomorphic epitheliotropic intestinal T-cell 
lymphoma, Indolent T-cell lymphoproliferative disorder of the GI 
tracta

Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides, Sezary syndrome
Primary cutaneous CD30-positive T-cell lymphoproliferative 
disorders
Lymphomatoid papulosis
Primary cutaneous anaplastic large cell lymphoma, Primary 
cutaneous gamma-delta T-cell lymphoma, Primary cutaneous 
CD8-positive aggressive epidermotropic cytotoxic T-cell 
lymphomaa, Primary cutaneous acral CD8-positive T-cell 
lymphomaa, Primary cutaneous CD4-positive small/medium T-cell 
lymphoproliferative disordera

Peripheral T-cell lymphoma, NOS
Angioimmunoblastic T-cell lymphoma, Follicular T-cell lymphoma, 
Nodal peripheral T-cell lymphoma with TFH phenotype
Anaplastic large cell lymphoma, ALK-positive
Anaplastic large cell lymphoma, ALK-negative
Breast implant-associated anaplastic large cell lymphomaa

Bold: well-described NHL in the pediatric population; Italic: classically 
not described below 18 years; Non-Bold Non-Italic: rarely described in 
children
aProvisional entity according to WHO

Table 3.4 2016 WHO classification of non-Hodgkin lymphoma, post- 
transplant lymphoproliferative disorders (PTLD)

Plasmacytic hyperplasia PTLD
Infectious mononucleosis PTLD
Florid follicular hyperplasia PTLD
Polymorphic PTLD
Monomorphic PTLD (B- and T/NK-cell types)
Classical Hodgkin lymphoma PTLD

Bold: well described NHL in the pediatric population

3 Diagnosis and Classification



26

reasonable first diagnostic procedure in close collaboration 
with the pathologists and clinicians; however parents need to 
be informed that in a minority of cases, an open wedge biopsy 
might be needed for an optimal diagnosis. Open wedge 
biopsy is often the rule when dealing with chronic superficial 
adenopathies suspicious of a rare indolent pediatric lym-
phoma subtype (such as follicular lymphoma pediatric type) 
or in the context of possible primary immunodeficiency dis-
ease associated with a lymphoproliferation.

 Ancillary Techniques

When dealing with the possible diagnosis of lymphoma, in 
addition to the classical paraffin-embedded analysis of histo-
pathology, immunohistochemistry, and immunophenotyp-
ing, other techniques are currently required to classify the 
NHL according to 2016 WHO Classification. The immuno-

histochemical profile performed should stick to the pheno-
type described for each entity. When dealing with an 
undifferentiated small−/medium-sized blue cell tumors, in 
addition to the classical panel for non-lymphoid tumors, a 
first screen comprising CD79a, CD3, TdT, and CD30 will 
help to diagnose the most frequent lymphoid neoplasms. 
EBER in situ hybridization to detect the presence of EBV in 
tumor cells is widely used in the case of suspicious immune 
deficiency-related lymphoproliferations or EBV- associated 
lymphomas. The setup by the pathology laboratory of colori-
metric double stain CD3/EBER, CD79a/EBER, CD20/
EBER, and CD8/EBER to demonstrate the lymphoid lineage 
affected by EBV is crucial, as there is often B- and T-cell 
expansion in EBV-associated lymphoproliferations. 
Clonality tests by PCR to look for IgH, Kappa, Lambda, 
TCR gamma, and TCR beta rearrangements are very useful 
in difficult cases of B- or T-cell lymphoma or when discuss-
ing lymphoid expansions mimicking lymphoma; in most 

a b

c

Fig. 3.1 Polyclonal Gamma delta T-cell expansion in the bone marrow 
of a 13-year-old RAG1 hypomorphic patient with pancytopenia mim-
icking lymphoma. (a) at low magnification, infiltrate of small lymphoid 
cells destroying the normal architecture of the bone marrow (H &E 

stain). (b) at higher magnification this dense infiltrate is made of small 
lymphoid cells. (c) Most of these lymphoid cells are CD3-positive T 
cells
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a b

c

Fig. 3.2 Anaplastic large cell lymphoma, small cell variant occurring 
at presentation in the central nervous system (CNS) in a 5-year-old 
child. (a) Small lymphoid cell infiltration in a perivascular predominant 

topography of the central nervous associated with an interstitial infil-
trate. (b) Strong expression of CD30 by small lymphoid cells. (c) 
Nuclear expression of ALK by tumor cells

a b

Fig. 3.3 Chronic active EBV infection of the T-cell type, Systemic, 
liver biopsy in a 15-year-old child with secondary HLH (hemophagocy-
tosis lymphohistiocytosis). (a) Presence of a few CD79a-positive B-cell 
and plasma cells (red) associated with numerous EBER-positive 

CD79a-negative cells (black nuclear stain), double staining CD79a/
EBER. (b) the EBER-positive cells (black nuclei) have all CD3-positive 
cytoplasmic staining (red) whereas some CD3-positive cells are not 
EBER-positive, double staining EBER/CD3
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cases, formalin fixation allows a good interpretation of B- or 
T-cell receptor repertoire, although DNA extracted from fro-
zen samples might be important to retrieve in some cases. 
However, the use of these tests should be very cautious as 
B-cell or T-cell clones can be present in reactive states and 
false negatives can occur in true lymphomas. A complex 
question arising these days concerns the use of karyotype 
analysis for lymphoma diagnosis. This is a costly and labor- 
intensive technique with the setup of overnight cultures. The 
difficulty in predicting clinically a potential lymphoma diag-
nosis in the approach of a pediatric tumor and the knowledge 
of the major cytogenetic abnormalities arising in different 
lymphoma subtypes (i.e., translocations) that can be easily 
diagnosed by interphase FISH have convinced numerous 
hematological teams to stop the prescription of karyotype as 
a systematic first approach (with a few exceptions, for exam-
ple, when clinical presentation is typical of Burkitt lym-
phoma) and rather to develop alternative molecular 
techniques. In this respect, the replacement of karyotype by 
comparative genomic hybridization (CGH) array to evaluate 
amplifications, deletions, and the complexity of karyotype 
combined with interphase FISH to diagnose a recurrent 
translocation is becoming a very efficient approach. The 
importance of these techniques in childhood and adolescence 
NHL is underlined by the fact that two new entities, although 
provisional, are defined by the presence of a translocation 
detected by FISH such as large B-cell lymphoma (follicular 
and/or diffuse) with IRF4 rearrangement, and by proximal 
gains and telomeric losses detected by CGH array such as 
Burkitt-like lymphoma with 11q aberration. The use of flow 
cytometry from fresh cell suspension from a biopsy is very 
useful for the diagnosis each time there is a suspicion of lym-
phoma (lymphoblastic, Burkitt, etc.) as the panel of antigens 
studied is much larger than immunohistochemistry. 
Nevertheless, it is highly recommended that the diagnosis 
should never be performed by flow cytometry alone and be 
integrated with histopathological diagnosis. For example, a 
monotypic CD19+ CD10+ BCL2 negative Ki67+ 90%, lym-
phoid population may correspond to the phenotype of a 
Burkitt  lymphoma but also to the phenotype of a follicular 
lymphoma pediatric-type. In addition, the study of a panel of 
mutations by next-generation sequencing (NGS), a targeted 
expression profiling technique from formalin-fixed paraffin-
embedded tissue, could help to better define an entity in dif-
ficult cases such as in the differential diagnosis between 
Burkitt lymphoma and DLBCL [9] and/or between PMBL 
and DLBCL NOS [10]. Cell-free DNA analysis at diagnosis, 
through blood liquid biopsy, is a promising technique that 
has been shown in adult DLBCL to reflect with good sensi-
tivity the main genomic abnormalities of NHL in the absence 
of a leukemic phase and to allow disease response monitor-
ing through clonal evolution analysis in association with 
FDG- PET scan data [11].

Overall, all these tools should now be implemented to 
allow an optimal diagnosis of childhood and adolescence 
NHL.  It underlines the importance of a multidisciplinary 
laboratory approach for the diagnosis of lymphoma gather-
ing pathologists, biological hematologists, and geneticists 
ideally working together as a diagnostic unit for the diagno-
sis of lymphoma.
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Pathogenesis of B-Cell Lymphoma    

Rabea Wagener, Cristina López, and Reiner Siebert

 Introduction

The pathogenesis of B-cell lymphomas is assumed to be a 
multifactorial and multistep process. Known contributing 
factors include germline predisposition, processes of physi-
ologic B-cell development, environmental factors (e.g. 
viruses), microenvironmental stimuli, and somatic altera-
tions [1]. Remarkably, these factors do interact on various 
cellular levels, e.g. germline predisposition to pediatric 
B-cell lymphoma might cause altered response to viral infec-
tion or repair of DNA damage [2, 3]. Moreover, different 
pathogenetic means can substitute for each other, e.g. essen-
tial pathways contributing to lymphomagenesis can be 
altered by germline or somatic mutations on DNA level or by 
transcriptional changes on RNA level; the latter may be asso-
ciated by epigenetic changes [4] which in turn may or may 
not be induced by external stimuli like viruses [3].

In the following we will outline key principles and gen-
eral mechanisms underlying the pathogenesis of B-cell non- 
Hodgkin lymphomas in children and adolescents as far as 
not reviewed elsewhere in this book (regarding germline pre-
disposition see Chap. 7; for details on the distinct lymphoma 
entities, see Chaps. 11, 12, 13, 14, 15, 16, 17, and 18). The 
basis for the understanding of B-cell lymphomagenesis is the 
normal B-cell development and its underlying cellular and 
genetic mechanisms, as these physiological processes 
become hijacked during lymphoma initiation and progres-
sion. Accordingly, in the following first the physiologic 
B-cell development and differentiation are summarized, 
before we subsequently give an overview on the various 
mechanisms contributing to B-cell lymphomagenesis.

 Physiologic B-Cell Development

B-cells are key players in the physiological immune response 
including the humoral immune response as well as the 
immunological memory [5]. These functions are accom-
plished by the unique features of B-cells including antigen 
presentation, immune regulation, and provision of the cellu-
lar as well as humoral immune repertoire. The key function 
of B-cells is to produce immunoglobulins. Besides the sig-
naling through these B-cell receptors, also mechanisms 
involved in determining immunoglobulin specificity, if mis-
taken, contribute to lymphomagenesis [6, 7]. Thus, in the fol-
lowing we first review the molecular processes underlying 
immunoglobulin determination, and then we will provide 
insights into the physiologic B-cell development.

 Immunoglobulins and Immunoglobulin Genes

 Immunoglobulin Structure
The immunoglobulins or antibodies are the effector mole-
cules produced by the B-cells mediating the humoral immune 
response [8]. Furthermore, the membrane-bound form of the 
antibodies, the B-cell receptor, and its associated cofactors 
mediate intracellular signals important for B-cell develop-
ment and differentiation. The gene loci encoding the B-cell 
receptor undergo complex rearrangements during B-cell 
development contributing to the antibody diversity [8]. 
Accordingly, every physiologic B-cell has a unique B-cell 
receptor harboring an individual specificity for a certain anti-
gen. For a better understanding of the mechanisms leading to 
this diversity, the structure of the immunoglobulins is 
described in the following. Immunoglobulins are Y-shaped 
polypeptides consisting of two heavy and two light chains 
linked by disulfide bonds. The heavy chain consists of a vari-
able (VH) and three constant domains (CH1-3), whereas the 
light chains are built of a variable (VL) and one constant 
domain (CL) [8]. The variable domains, composed of the vari-
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able domains of the light and heavy chains mediate the spe-
cific antigen binding. The constant region, which consists of 
the constant domains from heavy and light chains, interacts 
with the effector cells and molecules. The B-cell receptor car-
ries, in contrast to the soluble antibody, a C-terminal polypep-
tide which anchors the receptor to the cell membrane [9, 10].

The immunoglobulins are encoded by a multi-gene fam-
ily. Two light-chain types exist. On chromosome 2p11 maps 
the immunoglobulin κ (IGK) and on chromosome 22q11 the 
λ (IGL) gene locus. The heavy chain is encoded by a gene 
locus on chromosome 14q32. These three gene loci contain 
several coding and non-coding gene segments which are 
rearranged to form a functional immunoglobulin gene. The 
light-chain loci have multiple variable (V), joining (J), and 
constant (C) gene segments. The heavy chain locus harbors 
in addition diversity (D) gene segments as well as a series of 
C gene segments: Cμ, Cδ, Cγ, Cα, and Cε. These C gene seg-
ments encode the immunoglobulin isotypes: IgM, IgD, IgG, 
IgA, and IgE, respectively, which confer the effector func-
tions of the respective antibodies [8].

 Molecular Processes Remodeling 
Immunoglobulin Genes
Each B-cell harbors after complex, somatic rearrangements, 
which contribute to the antibody diversity, a unique immuno-
globulin gene (Fig. 4.1). The first step in the generation of this 
diversity is the VDJ-gene rearrangement which takes place in 
precursor B-cells within the bone marrow. As outlined above, 
the immunoglobulin gene locus consists of multiple gene seg-
ments which need to be rearranged in order to give rise to a 
functional coding exon. First, in a random recombination pro-
cess one of the D gene segments of the heavy chain locus is 

fused to one J gene segment, followed by a rearrangement of 
one V gene segment to the already fused DJ segment [11]. 
Lastly, the VDJ fusion is rearranged to the C gene segment. 
Due to the multiple gene segments of the heavy chain locus 
more than 104 different VDJ recombinations are possible, 
contributing to the combinatorial diversity of the antibody 
repertoire. After successful rearrangement, the heavy chain is 
expressed on the surface of the precursor B-cell with a sur-
rogate light chain. In a next step, the light- chain locus is rear-
ranged fusing one of the V gene segments to a J segment. The 
V(D)J recombination is mediated by a V(D)J recombinase 
complex, including the RAG1 and RAG2 proteins. Those 
proteins bind to the conserved recombination signal sequences 
adjacent to each gene segment. Upon binding, the double-
stranded DNA is cut and a hairpin structure is built [12]. The 
hairpin can be removed in different ways leading either to the 
insertion of non-germline- encoded (N) nucleotides conferred 
by the terminal deoxynucleotidyl transferase (TdT) or the 
deletion of single nucleotides conferred by exonucleases at 
the recombination sites [13]. These sequence alterations con-
fer the junctional diversity of the antibodies.

Other mechanisms contributing to the diversity of the 
antibodies take place after the B-cell has encountered its 
antigen primarily during the germinal center (GC) reaction. 
By somatic hypermutation (SHM) point mutations are intro-
duced within the gene segments encoding the V region of the 
antibody [14]. This is conducted by the activation-induced 
deaminase (AID) which upon binding to single-stranded 
DNA deaminates cytosine to uracil [15, 16]. The binding of 
AID is heavily dependent on the expression of the respective 
gene segment. By the introduction of an uracil within the 
DNA sequence, either the mismatch repair or the base exci-
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Fig. 4.1 Schematic overview 
on the molecular processes 
remodeling the immuglobulin 
genes, using as example IGH 
locus. (a) Process on the VDJ 
recombination. First, the D 
gene segment is assembled to 
one of the J gene segments. 
After, one of the V gene 
segments is associated to the 
DJ segment. (b) Somatic 
hypermutation process is 
activated in the germinal 
center, introducing mutations 
in the V region of the heavy 
and the light chain 
(designated by the lollipops). 
(c) The latest step in the Ig 
remodeling is the class switch 
recombination process, which 
takes place only on the heavy 
chain locus. Modified 
from [1]
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sion repair mechanism pathways are activated which further 
introduce alterations within the DNA sequence [14]. Another 
mechanism taking place in the GC is the class switch recom-
bination (CSR) [17]. By CSR the constant gene segment of 
the heavy chain locus is switched by an irreversible DNA 
recombination process including non-homologous DNA 
recombination [18]. This process is again conferred by the 
AID which is guided to specific switch regions located 
within the intron between the JH and upstream of all C gene 
segments [19]. Hence, B-cells initially expressing IgM or 
IgD switch their immunoglobulin isotype in the majority to 
an IgG but also to an IgA or IgE. This leads on the one hand 
to a change in the B-cell receptor signaling competence but 
alters as well the effector function of the antibody.

During all the processes leading to the physiologic shaping 
of the IGs mistakes can occur which might result in fusion of 
part of the IG genes with other gene loci. If the latter contain 
oncogenes, these can be driven by the strong enhancers at the IG 
loci which physiologically ensure sufficient BCR/IG produc-
tion in B-cells. Thus, as a consequence of such aberrant IG rear-
rangements, the oncogenes on the translocation partners are 
deregulated. Well known examples in pediatric B-cell lympho-
mas for such IG enhancer hijacking are the oncogenes MYC or 
IRF4. The three molecular mechanisms described, V(D)J 
recombination, CSR, and SHM, involved in the Ig remodeling 
have all been shown to be implicated in the generation of such 
aberrant IG rearrangements. Remarkably, the identification of 
the mechanism leading to an IG translocation provides evidence 
at which B-cell development stage it took most likely place, as 
V(D)J recombination usually is restricted to B-cell precursors in 
the bone marrow whereas CSR and SHM involve different com-
partments of the germinal center [6]. The IG translocations 
occurring as a consequence of V(D)J recombination typically 
have breakpoints that involve RAG recognition sites (RSS) and 
are directly adjacent to Ig heavy chain J-regions (JH) gene seg-
ments or that are adjacent to regions where the Ig heavy chain 
D-region (DH) joins the J-region (DHJH) [20–22]. The presence 
of N-nucleotides or nucleotides removed in the junctional 
sequence are typical features of this molecular mechanism. In 
contrast, the typical features of IG translocations due to aberrant 
SHM are that the breakpoints are located within or adjacent to 
rearranged V(D)J genes and that mutations in the V regions are 
present. Breakpoints in the IGH constant genes particularly 
affect switch regions and indicate that they derived from mis-
taken class switching.

 B-Cell Differentiation

 Early B-Cell Development
The development of B-cells, initiated in fetal liver, relo-
cates to the bone marrow during the maturation of the 
embryo. B-cells derive from hematopoietic stem cells 

which give rise to cells of the myeloid as well as lymphoid 
lineage, the latter including the B- and T-cell progeny 
(Fig. 4.2). The commitment to the B-cell lineage is medi-
ated through different transcription factors including EBF1, 
E2A, and PAX5 [23]. The early precursor B-cells differen-
tiate within the bone marrow in which the B-cell receptor 
gene is formed by the V(D)J recombination process which 
is a central process for the generation of mature B-cells 
[24]. After rearrangement of the heavy chain locus, the pro 
B-cells express a precursor B-cell receptor on its surface 
together with a surrogate light chain [25, 26]. In case the 
rearrangement was non-functional, the second allele can be 
rearranged or the cells undergo apoptosis [27]. If the rear-
rangement was functional, the second heavy chain allele is 
suppressed (allelic exclusion) and the light chain is rear-
ranged starting at the IGK locus [28, 29]. In case this rear-
rangement is non-functional, the IGL locus can be 
rearranged [30, 31]. Accordingly, due to isotype exclusion 
B-cells express usually either the Igκ or Igλ light chains. A 
functional rearrangement of both, the heavy and light 
chains leads to the expression of a B-cell receptor of the 
IgM isotype on the cell surface in now immature B-cells. 
These B-cells are counter-selected for autoreactivity [24]. 
In case the B-cells recognize self-antigens, cells either 
undergo apoptosis, the receptor can get edited using the 
non- rearranged allele or the cells enter a stage of immuno-
logical tolerance. The self-tolerant B-cells leave the bone 
marrow and pass through the spleen for further negative 
selection. The now mature naïve B-cells either reside in the 
spleen within the marginal zone or in the majority of cases 
circulate through the peripheral blood, lymph, and second-
ary lymphoid organs until they die or encounter their cog-
nate antigen.

 The Germinal Center Reaction
The term germinal center describes a histological structure 
located within secondary lymphoid tissue in which B-cells 
selected for production of high-affinity antibodies reside. 
When the naïve B-cell encounters its cognate antigen, these 
cells migrate into the T-cell zone. The interaction with the 
T-cells stimulates the proliferation leading to the formation 
of primary foci as an early GC reaction. The GC initiation 
relies on the induction of several transcriptional modula-
tors. Among those modulators is BCL6, which is expressed 
as soon as the activated, naïve B-cells interact with a T-cell 
in the T-cell zone. BCL6 functions as a transcriptional 
repressor regulating the GC formation and maintenance 
including silencing of the anti-apoptotic BCL2 protein 
[32]. Downregulation of BCL2 ensures that the B-cells 
maintain in a proliferative state during SHM-based intro-
duction of mutations [33]. In addition, it is important for 
maintenance of the GC B-cell state, as it downregulates fac-
tors including BLIMP1 which is a master regulator for termi-
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nal differentiation [34]. Other important modulators for GC 
formation include MYC and MEF2B.  After a couple of 
days the full germinal center structure has formed consist-
ing of a dark zone, which is a cell dense zone consisting 
mainly of highly proliferative centroblasts harboring a 
dense nucleus. Furthermore, a light zone can be observed, 
in which centrocytes interact with follicular dendritic cells 
(FDC) as well as T-helper (TH) cells. These zones are sur-
rounded by a mantle zone which consists of locally, resting 
B-cells which were not activated by their antigen [24, 35]. 
The polarization of the germinal center B-cells into the 
dark and light zone relies on chemokine gradients of 
CXCL13 and CXCL12, whose receptors are upregulated in 
light zone (CXCR5) and dark zone (CXCR4) B-cells [36, 
37]. Initially, the centroblasts within the dark zone prolifer-
ate and accumulate mutations which are inserted within the 
first 1–2 kb downstream of the V gene segment transcrip-
tional start [24, 38, 39]. Mutations within this site, encod-
ing for the variable domain of the antibody which interacts 
with the antigen, might increase the affinity to the cognate 
antigen. After a couple of proliferative cycles, the cells 
enter the light zone in which the affinity of the now modi-
fied B-cell receptor is tested by FDCs and TH- cells [24, 39]. 
Accordingly, the centrocytes compete with others for the 
most specific antigen recognition. Only those with the 
highest affinity receive pro-survival signals by which they 
either undergo further rounds of proliferation within the 
dark zone or undergo the terminal differentiation steps 
[40]. One of the factors regulating the reentry into the dark 
zone is MYC. MYC, being repressed by BCL6 after the GC 
initiation, becomes reactivated in a subset of light zone 
B-cells that reenter the dark zone for further cycles of pro-
liferation and SHM [41, 42]. The iterative process of the 
cyclic reentry back and forth from dark to light zone is a 
stepwise process further improving the affinity of the B-cell 
receptor to its antigen. Cells which are not positively 
selected for undergo apoptosis. During the time the centro-
cytes reside within the light zone, CSR takes place further 
diversifying the immunoglobulin repertoire. 

 Post-germinal Center B-Cell Differentiation
After the final steps of affinity maturation of B-cells, the GC 
B-cells leave the GC as either differentiated memory B-cells 
or plasma cells. Both cell types play important roles in the 
adaptive immunity, as they produce high-affinity antibodies 
and confer the humoral immunological memory which is the 
first-line immune reaction upon reencounter of the antigen. 
The factors leading to the terminal differentiation of GC 
B-cells is yet not fully understood. Current theories convey 
that the strength of the B-cell receptor interaction with the 
antigen is a determinant, another, that a developmental 
switch in the GC reactions exists or certain cytokines stimuli 
promote the cell fate.

A prerequisite for the differentiation from a GC B-cell 
to a plasma cell is the termination of the GC transcription 
program. This includes the inactivation of PAX5 which is 
an essential maintenance factor of mature B-cell identity. 
After suppression of PAX5, cells differentiate into pre-
plasmablast cells, which secrete low amounts of antibod-
ies. Furthermore, the downregulation of PAX5 orchestrates 
the regulation of other factors important for terminal dif-
ferentiation [43]. Additionally, B-cell receptor and CD40 
signaling triggers the activation of BLIMP1/PRDM1, 
which promotes the plasma cell fate [34]. Parallel to the 
BLIMP1 activation or even upstream, IRF4 is activated 
which suppresses the expression of BCL6 which is the key 
GC identity factor. Hence, taken together, low PAX5 and 
BCL6 but high IRF4 and BLIMP1 expression switch off 
genes required for proliferation as well as affinity matura-
tion and promote the reprogramming to the plasma cell 
transcription program [34, 44, 45]. Some plasma cells 
migrate to the bone marrow, where these long-lived cells 
produce high-affinity antibodies [46]. Other plasma cells 
enter the medullary cords of the lymph nodes or spleen, 
where they express high titers of antibodies, but are 
depleted within 2 weeks after infection.

Memory B-cells are long-lived B-cells which can divide 
if at all very slowly and circle through the blood or reside in 
the bone marrow or spleen. They represent the initial phase 
of secondary immune response [47]. Upon antigen encoun-
ter, the memory B-cells become a proliferative burst and rap-
idly differentiate into plasma cells producing high-affinity 
antibodies as the first line against pathogens. In contrast to 
plasma cells, the factors leading to differentiation into mem-
ory B-cells are unclear. A role for phosphorylated STAT5 
and BCL6 has been proposed. In addition, a CD40 stimula-
tion in the centrocytes directing the memory B-cell differen-
tiation has been described [48].

 Extra-germinal Center Plasma and Memory 
B-Cell Differentiation
Within the recent years, several publications have shown 
that plasma cells as well as memory B-cells do not all 
derive from mature B-cells that have went through the GC 
reaction. Instead, plasma cells can as well derive from 
naïve marginal zone B-cells and mature, naïve B-cells cir-
culating through blood and lymph system. Which of the 
cells differentiate into plasma cells depends on the nature, 
dose, and form of the antigen as well as the location at 
which the antigen was encountered. The differentiation 
into a plasma cell is also dependent on the interaction 
with a T-cell, hence if the activation of the B-cells is T-cell 
dependent (TD) or independent (TI) [49]. The TD immune 
response leads usually to the  differentiation to plasma 
cells via the GC reaction whereas the TI independent 
immune response is independent from this. The TI 
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immune response can be induced by antigens which acti-
vate conserved pattern recognition receptors as, for exam-
ple, the toll-like receptors leading to a polyclonal B-cell 
response (TI-1) or by antigens which have a repetitive 
structure as bacterial capsules which active the B-cells by 
B-cell receptor cross-linking (TI-2) [50]. Generally, 
plasma cells generated by a TI immune response are in 
comparison to plasma cells induced by a TD response 
short lived [51]. Moreover, the affinity of their B-cell 
receptor to the antigen is lower than from TD plasma 
cells, as the cells are not selected for higher affinity. 
Interestingly, it has been reported that class switch recom-
bination can, although the cells did not undergo the ger-
minal center reaction, take place, mainly switching the 
B-cell receptor isotype to IgG2.

The earliest antibody response to a couple of pathogens 
already takes place in the fetal liver. At this time point B1 
cells, which are located within the peritoneal and pleural 
cavities, as well as, the lamina propria of the gut, can pro-
duce natural antibodies as response to some pathogens. 
The B-cell receptor repertoire is skewed toward antigens 
which induce a TI-2 immune response. When the B1 
encounter such a pathogen, they migrate into the spleen or 
gut and produce, as the earliest plasma cells, natural IgM 
antibody [52].

Another source for an early plasma cell response are mar-
ginal zone B-cells. These B-cells, localized within the mar-
ginal zone of the spleen are the first B-cells to respond to 
pathogens and differentiate into plasma cells [53]. Mostly, 
the marginal zone B-cells recognize TI-2 antigens, which 
circulate through the blood. Hence, due to the permanent 
localization within the marginal zone of the spleen, the 
B-cells respond more rapidly than naïve B-cells to antigens 
localized within the blood. Activated B-cells move to the red 
pulp of the spleen where they undergo massive proliferation 
while in parallel differentiating into plasmablasts secreting 
immunoglobulins. In contrast to mature, naïve B-cells, they 
react faster to the presence of antigens and have an increased 
responsiveness [54].

Lastly, early plasma cell response can be conducted by 
mature naïve B-cells which have encountered their antigen in 
a TD response. But instead of inducing a GC reaction, these 
cells can proliferate and form extra-follicular foci of plasma-
blasts and plasma cells at the periphery of peri-arteriolar 
lymphoid sheaths. Within these foci the activated cells dif-
ferentiate to plasmablasts and plasma cells producing anti-
bodies. These cells are in contrast to post-GC short lived as 
the foci disappear 8 days after antigen encounter [55].

Taken together, plasma cells generated from marginal 
zone or mature naïve B-cells are short lived, respond rapidly 
as initial immune response, and have B-cell receptors which 
are somatically not mutated, leading to production of low- 
affinity antibodies to their cognate antigen.

In line with the extra germinal center plasma cell differen-
tiation, several studies reported on the existence of memory 
B-cells which express IgM or have somatically unmutated 
B-cell receptor which indicates that they do not derive from 
germinal center B-cells. Hence, memory B-cells can derive 
early after immunization from naïve B-cells which become 
activated by their cognate antigen in a T-cell-dependent man-
ner and differentiate outside the germinal center [56]. In 
principle the GC-independent memory B-cells harbor the 
same features as the GC-dependent memory B-cells includ-
ing a long life, rapid proliferation capacity, high sensitivity 
to low-dose antibody, as well as the capability to differenti-
ate fast into plasma cells during second immune response. In 
contrast, the memory quality is not as good as in 
GC-dependent memory B-cells, as there are a fewer isotype- 
switched memory B-cells, less somatic mutations, and no 
affinity maturation. But the latter is not a disadvantage, since 
GC-independent memory B-cells are already preselected, 
giving rise in a secondary immune response to progeny 
which acquire mutations and, hence, can act quicker in a sec-
ond pathogen encounter.

 Assumed Cell of Origin of B-Cell Lymphomas 
in Children and Adolescents

Different stages of B-cell differentiation are characterized by 
the specific structure of the BCR, the transcriptional and epi-
genetic profiles, as well as, the expression pattern of differ-
entiation markers. When B-cells go through malignant 
transformation, they usually keep the features of the respec-
tive differentiation stages. Nevertheless, the initial trans-
forming event might occur on a different B-cell maturation 
stage than the one the tumor cells are ultimately frozen in. 
The best known example is follicular lymphoma in adults, 
where the pathognomonic IGH-BCL2 translocation derives 
from a mislead V(D)J rearrangement in bone marrow B-cell 
precursor cells, whereas the actual tumor cells clearly show 
morphologic, transcriptional, and immunologic features of 
germinal center B-cells with ongoing somatic hypermutation 
of IG genes. Despite such discrepancies, the supposed cell of 
origin or the frozen maturation state are used to determine 
the origin of the human B-cell lymphomas [1, 57].

Taking these pitfalls and limitations into account, B-cell 
lymphomas can be divided into the following groups (Fig. 4.3):

• B-cell precursor neoplasms: B-cell lymphoblastic lym-
phoma in many aspects resembles precursor B-cell lym-
phoblastic leukemia. The cell of origin based on the 
marker profile (particularly TdT) and immune gene anal-
ysis is supposed to be a B-cell precursor in the bone 
 marrow. There might be some heterogeneity regarding the 
different pro- and pre-B-cell stages.

R. Wagener et al.
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• Germinal center-derived B-cell lymphomas: The vast 
majority of pediatric and adolescent lymphomas derive 
from cells which had entered the germinal center. Both 
endemic and sporadic Burkitt lymphomas (BL) show sev-
eral features of dark zone cells (centroblasts). At least 
sporadic BL might be derived from B-cells poised to 
become IgA-expressing cells and a link to a primary 
immune response is discussed. Diffuse large B-cell lym-
phoma based on gene expression data are divided into 
those with similarity to GC B-cells (GCB-DLBCL) or to 
in vitro-activated B-cells (ABC-DLBCL). ABC-DLBCL 
are rare in young patients, their incidence increases with 
age. Thus, most pediatric and adolescent DLBCL are of 
GCB type. Primary mediastinal and central nervous sys-
tem B-cell lymphomas are also derived from cells with 
contact to the germinal center but might be more advanced 
in the GC reaction than typical GCB.

• Marginal zone B-cell lymphomas: Nodal marginal zone 
B-cell lymphomas (NMZL) derive from marginal zone 
B-cells, a subset of those might also derive from naïve 
B-cells [58].

 Mechanisms Contributing 
to the Transformation of B-Cells

 Somatic Genetic Alterations

The theory of cancer development postulates that a normal 
cell requires several “hits” that change its normal functions. 
Cellular functions typically altered by such hits are cell cycle 
control, proliferation and apoptosis, B-cell inherent signal-
ing pathways, and epigenetic modifiers. Various mutational 
mechanisms can contribute to the generation of such muta-
tions. Besides the B-cell inherent mechanisms outlined 
above, mutational signature analyses have pointed to the role 
of aging or antiviral responses triggered by the APOBEC 
family [59, 60]. These hits can occur either in cancer drivers, 
which are typically divided into oncogenes and tumor sup-
pressor genes, but also  in passengers, which only have a 
minor importance in the transformation or clonal evolution. 
Cells with genetic abnormalities are selected based on the 
fitness and survival and have the opportunity to acquire fur-
ther aberrations. Different genomic aberrations, like chro-
mosomal translocations, single nucleotide variants, or copy 
number changes lead to oncogene activation and tumor sup-
pressor gene inactivation.

 Oncogene Activation via Chromosomal 
Translocations
Chromosomal translocations usually activate oncogenes 
either via enhancer hijacking or via the production of fusion 
transcripts.

In case of enhancer hijacking, the complete (coding part) of 
a gene is usually brought in the vicinity of an enhancer of 
another gene expressed in the (cell of origin of the) tumor 
cells. Typical events associated with enhancer hijacking in 
pediatric and adolescent B-cell lymphomas are chromosomal 
translocations affecting the IGH locus on 14q32.33 or the IGK 
and IGL light-chain loci on 2p12 and 22q11, respectively. The 
intact oncogenes, encoding, e.g. MYC or IRF4, are juxtaposed 
to the various enhancer elements of the IG loci resulting in 
deregulated expression of the oncoproteins [61] (Table 4.1). 
Besides, the SHM machinery might further activate the onco-
genes through mutations, e.g. in the MYC boxes after the 
translocation, as the machinery “jumps” over from the IG 
locus to the partner chromosome after the juxtaposition. The 
probably most promiscuous oncogene in B-cell lymphomas, 
which can be activated by hijacking of enhancers from a wide 
set of genes, is BCL6, which encodes a key regulator of germi-
nal center B-cells. Remarkably, the set of genes deregulated 
by enhancer hijacking in mature B-cell lymphomas shows 
some dependence of age: whereas BCL2 deregulation through 
translocation to the IGH locus is present in around 85% of fol-
licular lymphomas and 30% of diffuse large B-cell lymphoma 
of adulthood, this change is rare in the same disease in the 
adolescent population and almost completely absent below the 
age of 18 years (with the notable exception of IG-MYC trans-
located Burkitt like lymphoma with precursor phenotype). 
Similarly, the frequency of BCL6 translocations is lower in 
children than in (elderly) adults, which might be associated 
with the age- associated changes in cell of origin of these neo-

Table 4.1 Chromosomal translocations involving the IG loci in mature 
B-cell neoplasm and children and adolescents

Disease Translocation
Partner 
gene

Burkitt lymphoma t(2;8)
(p12;q24)

MYC

Large B-cell lymphoma (LBCL) with 
IRF4 rearrangement

t(2;6)
(p12;p25)

IRF4

Diffuse large B-cell lymphoma, 
Follicular lymphoma

t(3;14)
(q27;q32)a

BCL6

Large B-cell lymphoma (LBCL) with 
IRF4 rearrangement

t(6;14)
(p25;q32)

IRF4

Burkitt lymphoma,
Diffuse large B-cell lymphoma

t(8;14)
(q24;q32)

MYC

Diffuse large B-cell lymphoma t(9;14)
(p13;q32)

PAX5

Burkitt lymphoma,
Aggressive B-cell lymphoma

t(14;16)
(q32;q24)

CBFA2T3

Follicular lymphoma,
Diffuse large B-cell lymphoma

t(14;18)
(q32;q21)a

BCL2

Burkitt lymphoma t(8;22)
(q24;q11)

MYC

Large B-cell lymphoma (LBCL) with 
IRF4 rearrangement

t(6;22)
(p25;q11)

IRF4

aVariants with IG light-chain loci in 2p12 and 22q11 have been reported
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plasms. In contrast, IG-IRF4 translocations are more frequent 
in younger patients; the same seems to hold true for Burkitt 
lymphoma with IG-MYC translocation in general, which 
might point to an age-dependent susceptibility to these dis-
eases. It is intriguing to speculate that the latter is associated 
with the frequency of primary immune response particularly 
those driven by enteric microbiota.

Whereas enhancer hijacking is quite common in mature 
B-cell lymphoma and associated with many of the hallmark 
chromosomal alterations, the development of fusion tran-
scripts from two separate genes seems to be rather rare in 
mature B-cell neoplasms [61]. In precursor B-cell neo-
plasms, i.e., lymphoblastic leukemia/lymphoma, a set of 
fusion genes has been described,  including e.g. BCR/ABL, 
ETV6/RUNX1, or MLL-fusions, to name the most common. 
In mature B-cell lymphomas, the probably best known are 
ALK-fusion genes. ALK-positive large B-cell lymphoma is a 
very rare lymphoma, characterized by the  chromosomal 
translocation t(2;17)(p23;q23), involving Clathrin (CLTCL) 
gene in 17q23 and the ALK gene in 2p23, generating a 
CLTCL-ALK fusion protein [62, 63]. Some cases are associ-
ated with the t(2;5)(p23;q35), generating the NPM1-ALK 
fusion protein. Fusion transcripts encode fusion proteins 
containing parts of both involved proteins. The part of the 
partner protein changes the protein function of the oncopro-
tein, e.g. in case of ALK-fusion leads to constitutive activa-
tion of kinase activity due to (aberrant) homodimerization.

Though it is usually assumed that chromosomal translo-
cations lead to oncogene activation, it needs to be empha-
sized that tumor suppressor gene inactivation due to gene 
disruption is in part associated with intron retention in fusion 
transcripts  and seems to be a rather much more common 
consequence of these structural chromosomal aberrations.

 Tumor Suppressor Inactivation
Tumor suppressor gene inactivation usually occurs via bial-
lelic deletion and/or mutation. An alternative mechanism to 
deletion is copy neutral loss of heterozygosity (CNN-LOH), 
sometimes described as (partial) uniparental (iso) disomy. In 
addition, tumor suppressor gene function might also be 
altered by mono-allelic inactivation and haploinsufficiency or 
by expression of a mutant dominant-negative protein form.

Tumor suppressor genes commonly altered in many 
tumors including various subtypes of pediatric and adoles-
cent B-cell lymphomas are TP53 and CDNK2A. Mostly, 
changes in these genes are secondary or even late events in 
clonal evolution and particularly TP53 inactivation has been 
frequently linked to unfavorable prognosis. In case of Li 
Fraumeni syndrome, monoallelic inactivation can predispose 
to lymphomas, similarly to ATM inactivation in Ataxia telan-
giectasia. Whereas both latter genes function particularly in 
DNA repair, another class of tumor suppressors commonly 
hit in mature B-cell lymphomas both in younger and older 

patients are genes involved in epigenetic modifications, 
like KMT2D (formerly known as MLL2), encoding a histone 
methyltransferase, CREBBP, encoding a histone acetyltrans-
ferase, and SMARCA4, being a member of the SWI/SNF 
chromatin remodeling complex.

Other tumor suppressor genes recurrently targeted in par-
ticular subtypes of pediatric and adolescent B-cell lympho-
mas are TNFRSF14A, frequently targeted in pediatric 
follicular lymphoma, and ID3, mutated in around 60–70% of 
sporadic Burkitt lymphomas [64, 65]. The ID3 mutations 
free its  binding partner, namely, TCF3, from the heterodi-
meric complex and allow TCF3 to bind the DNA and activate 
its targets. Remarkably, activating mutations of the TCF3 
oncogene do have the same effect showing the strong inter-
play of tumor suppressors and oncogenes.

 Oncogene Activation
As shown above oncogene activation cannot only occur 
though chromosomal translocations as detailed  before, but 
also like in case of TCF3 through activating mutations. 
Similarly, a high proportion of FL particularly in older 
patients carry activating mutations of the methyltransferase 
gene EZH2. Additional means of oncogene activation 
are copy number gains up to amplifications. The oncogenes 
outlined above, like MYC or IRF4, are also recurrently hit by 
such copy number gains. There are several other examples of 
oncogene activation described in B-cell lymphoma, e.g. 
gains in REL, a component of the NF-κB complex [66, 67]. 
Moreover, gains in the 9p region, typically detected in pri-
mary mediastinal B-cell lymphoma (PMBL), lead to activa-
tion of JAK2, PDL1, and PDL2. The prior is involved in 
activation of the JAK/STAT pathway, the latter two, also 
involved in chromosomal translocations with various part-
ners, play a role in the immune detection of the tumor cells. 
Besides coding genes, also non-coding genes can be targeted 
by activating oncogenic mechanisms. Probably the best 
known is gain of oncogenic miR-17-92 cluster, which is a 
transcriptional target of MYC [68] frequently altered in BL.

Oncogenic activation through mutations can also be a side 
effect of SHM and CSR at non-Ig genes [69]. Such off-target 
activity of SHM produces point mutations in proto- oncogenes 
like BCL6 and CD95 which are also mutated in a consider-
able fraction of normal GC and memory B-cells.

 Signaling Through the B-Cell Receptor

The selection of cells expressing a BCR is also a common 
feature in malignant B-cells. The majority of B-cell lympho-
mas express a BCR, however sometimes at low levels [1, 
70–72]. In case of an IG translocation, this usually affects a 
non-productive IG locus and leaves the productive IG locus 
intact [73, 74] indicating that at least when the IG transloca-
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tion occurred, the BCR signaling has been necessary for 
B-cell survival and development of the B-cell neoplasm. 
Moreover, several types of B-cell lymphomas show ongoing 
mutations in the IGH V-region during tumor clone progres-
sion [78–80]. Though such mutations if deleterious could 
prevent functional heavy and light-chain pairing, those 
tumors still express the BCR indicating selection against dam-
aging mutations [64, 66]. In fact, the low frequency of BCR 
loss in subtypes of B-cell lymphomas with ongoing somatic 
hypermutation, like FL and MALT  lymphoma, shows the 
importance of BCR expression in these B-cell lymphomas. 
Consequently, the survival signals mediated by the BCR 
expression in normal B-cells likely also play a role in the 
survival of at least a subset of B-cell lymphoma cells.

 BCR-Dependent Lymphomas
Some B-cell lymphomas use the IgM constant regions to 
form their BCR; however, the majority of B-cell lymphomas 
derives from germinal center cells that usually switch their 
BCRs from IgM to IgG. Notably, IgM and IgG-associated 
BCRs are linked to different downstream signaling: IgM- 
BCR signaling promotes the survival and proliferation of 
B-cells by activating pathways like the NF-KB pathway; in 
contrast, IgG-BCR signaling promotes plasmacytic differen-
tiation by the activation of ERK and MAPK pathways 
[75–77].

A prototype of lymphomas retaining IgM-BCR expres-
sion is FL [78]. This lymphoma is genetically characterized 
by a t(14;18) translocation, involving the IGH locus and the 
BCL2 gene. In FL, the productive IGH allele is never trans-
located to BCL2 and assures expression of IgM. In contrast, 
the non-productive allele is translocated and undergoes CSR 
to IgG, showing the selective pressure on the cell to retain 
IgM expression [79]. Another example is DLBCL, where the 
GCB subtype usually expresses IgG-BCR but does not 
require BCR signaling for survival [80], whereas the ABC 
subtype retains the IgM-BCR [81] in part due to deletions 
within the IGH “switch” regions (Sμ and Sɣ), needed for 
class switch recombination [82]. These deletions take place 
on the productive IGH allele, and blocking class switch 
recombination [83].

There are two forms of pathological BCR signaling in 
B-cell malignancies: Chronic active BCR signaling involves 
diverse downstream pathways, including MAPK, PI3K, 
NFAT, and NF-kB pathways. This form is typical for ABC- 
DLBCL, where the presence of mutations in CD79A and 
CD79B is reported in over 20% of the cases. Functional anal-
yses showed that knockdown of proximal BCR subunits, 
including IgM, IgK, CD79A, and CD79B, is lethal for ABC-
DLBCL [81]. On the other hand, tonic BCR signaling acti-
vates only the PI3K pathway, like in BL. As outlined above, 
the majority of BL cases show activating mutations in TCF3 
or inactivating mutations in its negative  regulator,  ID3. 

TCF3 has been reported as a factor required for expression 
of all immunoglobulin genes. In addition, TCF3 represses 
the expression of SHP1, a negative regulator of BCR sig-
naling. Hence, TCF3 enhances BCR signaling by two dif-
ferent ways. Correspondingly, knockdown of TCF3 
decreased PI3K activity in BL cell lines and was lethal. 
Moreover, HSP90 induces apoptosis in BL cells due to the 
disruption of tonic BCR signaling. HSP90 impairs SYK 
kinase which is required for the efficient activation of BCR 
complex [84].

An atypical form of BCR signaling is observed in follicu-
lar lymphoma caused by the presence of N-linked glycosyl-
ation acceptor sites in the V region induced by SHM [85]. 
Due to these, BCRs are modified by high-mannose oligosac-
charides, which can interact with mannose-binding lectins 
present on the stromal cells in the tumor microenvironment, 
leading to cross-linking of the BCR and initiation of the 
BCR signaling [86, 87].

 BCR-Independent Lymphomas
Despite the essential role of BCR expression and signaling in 
many B-cell lymphomas, there are a considerable number of 
exceptions. For example, inactivating IGH V-region gene 
mutations have been described in at least 10–20% of the 
cases of post-transplant lymphomas [88–90]. As these are 
EBV-positive lymphomas, it is assumed that expression of 
the EBV-encoded latent membrane protein 2A (LMP2A) can 
replace for the BCR expression and signaling. More contro-
versial is the role of BCR function in primary mediastinal 
B-cell lymphomas. These lymphomas usually lack expres-
sion of a BCR, and the components of the BCR signaling 
cascade are downregulated. Nevertheless, these lymphomas 
are usually not associated with inactivating IGH V-region 
gene mutations [91–93].

 The Role of Pathogens in Pediatric 
and Adolescent B-Cell Lymphomas

Some viruses clearly seem to contribute to the pathogenesis 
of pediatric and adolescent B-cell lymphomas. The best doc-
umented examples are two members of the ɣ herpes virus 
family, human herpes virus (HHV) 4, better known as EBV, 
and human herpes virus 8 (HHV8) [3, 94].

EBV has been shown to contribute to the pathogenesis 
of Burkitt lymphoma (BL) and post-transplant 
 lymphoproliferative disorders (PTLD). Of BL, three epide-
miologic variants are described: endemic, sporadic, and 
immunodeficiency- associated, with the frequency of EBV 
infection differing significantly between the variants. The 
endemic BL variant shows EBV infection in the tumor cells 
in nearly all of the cases [95]. In contrast, EBV infection of 
the tumor cells is only described in 25–40% of patients with 
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immunodeficiency- associated BL [96, 97] and even less fre-
quently in sporadic BL, where it can be detected in less than 
20% of the cases. Importantly, EBV seronegativity at the time 
of transplantation is the most important risk factor for EBV-
driven PTLD. About 60% of the PTLDs are EBV-positive. 
Nevertheless, EBV-negative PTLDs are also reported in 
around 20–40% of the cases and more common in adults.

With regard to EBV, three latency types specific to indi-
vidual EBV-associated tumors have been described. Latency 
type I is associated with BL and shows restricted expression 
of EBV-encoded nuclear antigen 1 (EBNA1), the EBV- 
encoded small RNAs (EBERs), and BAMHI A rightward 
transcripts (BARTs) [98–100]. Latency type II infected cells 
typically express EBNA1, EBERs, BARTS, and the latent 
membrane proteins (LMP1, LMP2a, and LMP2B). This 
latency type is associated with Hodgkin lymphoma. LMP1 
and LMP2a mimic an active CD40 receptor and BCR, 
respectively [101]. Both latent membrane proteins provide 
survival signals for B-cells in the GC. Latency type III, 
which is associated with PTLD and EBV-transformed lym-
phoblastoid cell lines (LCLs), expresses both transcripts and 
all the EBV latent proteins, containing the six nuclear anti-
gens (EBNA1, EBNA2, EBNA3A, EBNA3B, EBNA3C, and 
EBNA-LP), and the three membrane proteins (LMP1, 
LMP2A, and LMP2B). EBNA2 is important to drive the pro-
liferation of the transformed B-cells [3]. On the other hand, 
EBERs are expressed by all EBV-infected cells, which is 
used for the EBV detection by means of in situ hybridization 
for these transcripts.

HHV8 is detected in few DLBCL, not otherwise speci-
fied, and in primary effusion lymphoma (PEL). PEL is a very 
rare lymphoma mainly found in acquired immune deficiency 
syndrome (AIDS) patients. HHV8 establishes a latent infec-
tion in B-cells and encodes several homologues to human 
proteins including cytokines (interleukin-6, macrophage 
inflammatory proteins, interferon-regulatory factors) and 
regulatory genes (cyclin D, G-protein coupled receptor, etc.) 
[94, 102].

In addition to HHV4 and HHV8, a pathogenetic role of 
other viruses like hepatitis C virus (HCV) [103] and HHV6 
is being discussed for lymphomagenesis [104]. Future stud-
ies using next-generation sequencing (NGS) will probably 
provide further insights into the role of pathogens in B-cell 
lymphomagenesis.

Besides viruses, also other pathogens have been linked to 
the development of B-cell lymphomas. In particular, sub-
types of marginal zone lymphomas of MALT type have 
been associated with infections with H. pylori, C. psittaci, or 
B. burgdorferi. The best evidence of a pathogenic role for 
foreign antigens in these lymphomas derives from MALT 
lymphomas of the stomach [105]. The vast majority of 
MALT lymphoma patients are infected by H. pylori, where 
the antibiotic treatment targeted to the pathogen can cure 

these patients [106, 107]. Besides, some patients with 
DLBCL of the stomach infected by H. pylori can be also 
cured using antibiotic treatment [108]. Whether such patho-
gens also play a role in pediatric marginal zone lymphomas 
needs to be investigated.

On a more general level, various subtypes of lymphomas 
are assumed to be polymicrobial diseases. A clear link to 
malaria infections caused by P. falciparum has been estab-
lished for endemic BL where an immune stimulatory and 
probably AID-mediated DNA damaging role of the parasite 
infection is discussed. In sporadic BL the localization of the 
tumors in the ileoceacal region, a cell of origin being a B-cell 
poised to IgA expression and an incidence curve with intrigu-
ing parallels to the IgA-expression and Peyer patch develop-
ment might indicate a role of the primary immune response to 
the microbiome colonialization of the gut. In analogy, also 
B-cell lymphomas predominately presenting in the Waldeyer’s 
ring like IRF4-rearrangement positive LBCL might be trig-
gered by pathogenic infection. Antigenic stimulation seems 
also to be involved in splenic marginal zone lymphoma 
(SMZL). Some patients with a SMZL with villous lympho-
cytes are infected with hepatitis C virus (HCV), and treatment 
against this virus using interferon-α (IFN-α) abolishes the 
lymphoma in around 75% of these patients [109]. In contrast, 
IFN-α has no effect in other patients with disease but without 
HCV infection. Thus, the overall role of pathogens besides 
direct oncogenic function but rather as promoting factor in 
B-cell lymphomas needs further investigation, particularly in 
the light of BCR signaling and primary immune responses 
like in children, young adults, and after transplantation.

 The Role of the Microenvironment 
in the Pathogenesis of B-Cell Lymphomas

The interaction of tumor cells with cells in the tumoral 
microenvironment can also affect survival and proliferation 
of the malignant B-cells in various lymphomas. For exam-
ple, follicular lymphoma cells proliferate in follicular struc-
tures associated with T-helper cells and follicular dendritic 
cells, resembling normal GC B-cells. In vitro studies have 
shown that follicular lymphoma cells, among others, receive 
stimulation via the CD40 receptor from the  microenvironment. 
Expression and signaling via CD40 is a main survival signal 
also for normal GC B-cells [110, 111].

In addition, the macrophage (MP) infiltration has been 
described as pathogenetic factor in various lymphomas 
even linked to prognosis in several studies [112, 113]. 
Macrophages are heterogeneous, multifunctional, myeloid-
derived leukocytes that are part of the innate immune sys-
tem. Tumor- associated MPs (TAMs) are MPs with specific 
M2 phenotype that play a central role in the pathophysiol-
ogy of tumors [114].
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Related to B- and T-cell neoplasms, TAMs are involved in 
tumor progression, often associated with poor prognosis 
owing to the secretion of chemokines and cytokines. 
Different active proteases stimulate tumor growth, angiogen-
esis, metastasis, and immunosuppression [115]. In DLBCL, 
the implication of MPs has been related to the ability of 
DLBCL cells to escape the immune surveillance of tumor- 
specific cytotoxic T-cells recruiting M2 TAMs that highly 
express immune checkpoint molecules, such as PD-L1 and 
PD-L2, on their surfaces. These interact with PD-1 receptors 
expressed on intratumoral T-cells and provide inhibitory sig-
nals. This could be an explanation for the effective therapy 
with anti-PD-/PD-L1 in some cases of DLBCL [116].

 Epigenetic Alterations Leading 
to Tumorigenesis

In addition to the genomic alterations contributing to the ini-
tiation and progression of B-cell lymphoma and leukemia, 
the importance of epigenetic alterations in the pathogenesis 
of these neoplasias has been acknowledged over the last 
years. The best studied epigenetic marks in B-cell neoplasias 
are DNA methylation and histone modifications, which are 
involved in basic biological mechanisms including regula-
tion of gene expression, replication, and DNA repair (as 
reviewed in [117, 118]).

Among the histone modifiers most frequently altered in 
B-cell lymphomas are EZH2, CREBBP, and EP300 as well 
as  KMT2D.  The methyltransferase EZH2 is part of the 
Polycomb Repression Complex 2 (PRC2), which methylates 
histone 3 lysine 27 (H3K27) a marker for repressed chromatin 
(heterochromatin). In B-cells, EZH2 is expressed during early 
B-cell development where it plays a role in VDJ recombina-
tion [119]. In naïve B-cells, the expression of EZH2 is down-
regulated. During the GC reaction, EZH2 is upregulated and 
establishes repressive H3K27 marks at  promoters of genes 
which are involved in differentiation and cell cycle regulation 
[120, 121]. EZH2 mutations are frequently detected in DLBCL 
as well as FL, with the most recurrent alteration affecting a 
tyrosine in the functional SET domain of the protein (Tyr641) 
being mutated in 21.7% of DLBCL and 7.2% of FL [122]. 
This mutation is predicted to affect the enzymatic activity by 
shifting the efficiency to methylate H3K27 to trimethylation 
instead of mono- or demethylation [123, 124].

The Mixed Lineage Leukemia (MLL) gene family 
belongs also to the histone methyltransferases. In contrast to 
the PRC2 complex, members of this family methylate his-
tone 3 lysine 4 (H3K4) which is a marker for transcriptional 
activation [125]. Diverse alterations affecting these modifi-
ers have been reported. Accordingly, KMT2A  (formerly 
known as MLL1 ) is translocated in about 70% of infant leu-
kemias [126]. The catalytic SET domain conducting the 

methyltransferase activity is frequently lost due to the trans-
location. Nevertheless, it is believed that the MLL1 altera-
tions are associated with aberrant histone methylation and 
hence, with the overexpression of target genes. Truncating 
and frameshift mutations of KMT2D  have been reported to 
occur in up to ~90% of FL [66, 127] and ~30% of DLBCL 
[128, 129]. These mutations affecting the SET domain lead 
to a loss of function and, hence, to a deficiency of H3K4 
methylation, suggesting a tumor-suppressive function for 
KMT2D [130].

In addition to histone methylation, frequent alterations in 
B-cell neoplasia affect histone acetylation via changes in 
histone acetyltransferases (HAT). Histone acetylation medi-
ates an open chromatin structure allowing bromodomain 
proteins to be recruited which induce the transcriptional 
activation. The most recurrently altered HAT in malignant 
B-cell lymphomas are CBP (encoded by CREBBP) and 
p300 (encoded by EP300) which are described to have 
tumor-suppressive functions in B-cell lymphoma [67, 131]. 
About ~30% of DLBCL harbor alterations leading to a loss 
of CREBBP HAT domain function, with GCB-DLBCL 
being more frequently affected than ABC-DLBCL [67]. The 
HAT domain is also inactivated in ~30% of FL [67] and 
18% of relapsed pediatric B-ALL [131]. The inactivation of 
CBP leads to an expansion of the GC B-cell compartment, 
downregulates MHC class II expression, and promotes 
tumor cell growth [132]. Mutations disrupting the HAT 
domain of p300 were reported in ~10% of DLBCL [67, 133] 
and FL [67]. P300 inactivation confers resistance against 
BCL6 inhibitors [133].

Apart from the changes affecting the histone modifica-
tion, changes in DNA methylation take place during B-cell 
development and contribute to the physiological processes 
linked to the differentiation. Hence, each developmental 
stage of a B-cell is composed of an unique epigenetic pat-
tern [4, 134]. B-cell neoplasias maintain a certain degree of 
similarity to their assumed normal B-cell counterpart; thus, 
the DNA methylation pattern can be used for the determi-
nation of the cell of origin and for classification purposes 
[134, 135]. On the other hand, the neoplastic B-cells are 
characterized by a number of DNA methylation changes 
which in part interact with genomic and transcriptional 
changes in the deregulation of key transforming processes 
[135–140].

The establishment of DNA methylation patterns involves 
the DNA methyltransferases (DNMT) DNMT1, DNMT3A, 
and DNMT3B. DNMT1 has been shown to be significantly 
upregulated in GC B-cells suggesting a role in GC reaction 
and differentiation [141]. Indeed, experiments with Dnmt1 
hypomorphic mice have shown that the GC formation upon 
immunization is impaired [141]. In line, DNMT1 as well as 
DNMT3B overexpression has been described in 69% and 
86% of BL, respectively [142].
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 Pathogenetic Hallmarks of Common Subtypes 
of B-Cell Lymphomas in Children 
and Adolescents

 Burkitt Lymphoma and Burkitt-Like Lymphoma 
with 11q Aberration
The hallmark genetic aberration as well as the assumed pri-
mary event in all three epidemiologic subtypes of BL is 
t(8;14)(q24;q32) or its variants t(2;8)(p12;q24) and t(8;22)
(q24;q11). All these changes lead to deregulation of the MYC 
oncogene by its juxtaposition next to one of the enhancer 
elements in the IGH (14q32), IGK (2p12), or IGL (22q11) 
locus (Table 4.2).

BL is characterized by a low genomic complexity. 
Cytogenetically, an IG-MYC translocation is detected as sole 
abnormality in 40% of cases. The most frequent second-
ary alterations are structural aberrations involving chromo-
some 1 (>30% of the patients), especially of the long arm, 
and often resulting in a partial trisomy 1q. Aberrations affect-

ing the chromosomal region 13q31, mainly involving the 
mir-17-92 miRNA cluster [68], have been reported in 15% of 
the cases [143]. Moreover, gains of chromosomes 7 and 12 
and deletions in 6q and 17p are common. Besides the sec-
ondary chromosomal imbalances, recent genomic sequenc-
ing studies have identified recurrent somatic mutations in 
MYC, ID3, TCF3, CCND3, SMARCA4, TP53, FBXO11, 
ARID1A, DDX3X in both sporadic and endemic BL [64, 135, 
144, 145] (Table 4.2).

The existence of BLs without an IG-MYC translocation 
has been subject to controversial discussion. A provisional 
entity of MYC-negative “Burkitt-like lymphoma with 11q 
aberration” has been recently included in the new WHO lym-
phoma classification. Those cases resemble BL based on 
gene expression profile and pathological characteristics but 
importantly lack a MYC translocation. Instead, 11q aberra-
tions with proximal gains and telomeric losses are typical 
[146] (Table 4.2).

 Diffuse Large B-Cell Lymphoma (Including ALK+ 
Large B-Cell Lymphoma)
DLBCL is a heterogeneous group of diseases with varying 
morphologic, immunophenotypic, and molecular features. 
Several of these features change with age [147]. DLBCL in 
children and adolescents, in contrast to those occurring at 
older age, are enriched for GCB-type cases and depleted for 
BCL2 and BCL6 translocations. The mutational landscape of 
DLBCL in children and young adults warrants further 
investigation.

A special subgroup of large B-cell lymphoma enriched in 
young patients is ALK+ large B-cell lymphoma (ALK+ 
LBCL). It is a rare and an aggressive neoplasm, accounting 
for <1% of DLBCLs. The key player of this lymphoma is the 
overexpression of ALK protein, as a result of fusion protein 
generated by a translocation of the ALK gene on chromo-
some 2, as described above. Typically these translocations 
are associated with complex karyotypes. The STAT3 path-
way is constitutively activated in ALK+ LBCLs and the 
tumors respond to ALK inhibitors (Table 4.2).

 Primary Mediastinal Large B-Cell Lymphoma
Primary mediastinal large B-cell lymphoma (PMBL) is a 
mature aggressive large B-cell lymphoma (LBCL). It affects 
mainly young adults with a predominance of females and a 
median age at diagnosis of 35 years. PMBL display a spe-
cific gene expression profile which is different from GCB or 
ABC DLBCLs but shows similarities to Hodgkin lymphoma. 
Chromosomal aberrations affecting the BCL6, MYC, and 
BCL2 loci are absent or rarely detected. Nevertheless, trans-
locations involving CIITA locus in 16p13.3 have been 
described in more than 50% of cases. The partner genes of 
translocations are in the majority of cases PDL1 or PDL2 but 
these are not the only partners described. In addition, gains 

Table 4.2 Overview of the frequent chromosomal aberrations in 
pathogenetic hallmark of B-cell lymphomas in children and 
adolescents

Disease
Cytogenetic aberration/
genes involved Mutations

Burkitt 
lymphoma

t(8;14)(q24;q32)a/MYC
1q aberrations
Trisomy 7, trisomy 12
dup(13q)/mir-17-92

ID3, TCF3, CCND3, 
TP53, SMARCA4, 
FBXO11, ARID1A, 
DDX3X

Burkitt-like 
lymphoma 
with 11q 
aberration

Gain 11q23.2-q23.3/ 
PAFAH1B2
Loss 11q24/ ETS1
Gains 7q34-qter, 
12pter-p12.2, 18q21.2, 
19pter-p13.2
Loss 6q14.3-q22.2

Diffuse large 
B-cell 
lymphoma

t(3;14)
(q27;q32)a/BCL6
t(8;14)(q24;q32)a/MYC
t(14;18)
(q32;q21)a/BCL2
+3/3q, +18/18q, +19q, 
del(6q),
del(9p)/ CDKN2A
+1q, +2p13-p16, +7, 
+11q, +12/12q

BCL6, EZH2, KMT2D, 
CREBBP, PRDM1, 
TNFRSF14, CARD11, 
GNA13, CD79B, 
MYD88

ALK+ large 
B-cell 
lymphoma

t(2;17)
(p23;q23)/CLTC-ALK
t(2;5)
(p23;q35)/NPM1- ALK

Primary 
mediastinal 
large B-cell 
lymphoma

t(3;14)
(q27;q32)a/BCL6
t(14;16)
(q32;p13)/CIITA
+9/9p23-p24/ JAK2, 
PDL1, PDL2
+2p13-p16/ REL and 
BCL11A

STAT6, PTPN1, ITPKB, 
MFHAS1, XPO1

avariants with IG light-chain loci in 2p12 and 22q11 have been reported
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in the region of 9p, containing the genes JAK2, PDL1, PDL2, 
and gains in 2p16.1, including the genes REL and BCL11A, 
have been described as recurrent genetic events in PMBL 
[148, 149] (Table 4.2).

PMBL are characterized by a constitutively activated 
JAK/STAT signaling pathway. Furthermore, mutations in 
STAT6 and PTPN1, a negative regulator of JAK/STAT sig-
naling, are detected in 72% and 25% of PMBL cases, respec-
tively. Additional mutations affect ITPKB, MFHAS1, and 
XPO1 [148] (Table 4.2).

 Large B-Cell Lymphoma with IRF4 
Rearrangement
Large B-cell lymphoma (LBCL) with IRF4 rearrangement is 
an uncommon lymphoma, comprising for 0.05% of diffuse 
LBCLs. This neoplasm shows a decreasing incidence in 
older age groups.

Besides expression of germinal center markers, the immu-
nophenotype is characterized by the strong expression of 
IRF4/MUM1. Moreover, BCL6 is co-expressed, while 
PRDM1 is frequently negative [148].

The key genomic event in this lymphoma is an often 
cryptic rearrangement of IRF4 with an IG locus, BCL6 rear-
rangement have also been detected in LBCL with IRF4 
breaks, whereas MYC and BCL2 breaks were absent in the 
reported cases. In addition to IRF4 rearrangements, the 
genomic profile of this entity shows a complex pattern of 
genetic changes including TP53 deletions [148, 150] 
(Table 4.2). Nevertheless, patients have favorable outcome 
after treatment.

 Pediatric-Type Follicular Lymphoma
Pediatric-type follicular lymphoma (PTFL) is an infrequent 
nodal follicular lymphoma (FL) that appears in children and 
young adults, but can also occur in the older population. This 
neoplasm is characterized by the lack of genomic rearrange-
ments involving the BCL2, BCL6, or IRF4 locus. Moreover, 
the frequent mutations  affecting KMT2D, CREBBP, and 
EZH2 described in adult FL, are absent in PTFL.  Instead, 
deletions in the1p36 chromosomal region or mutations 
involving TNFRSF14 are the most common genetic aberra-
tions in PTFL. Moreover, mutations in MAP2K1 have been 
reported in 40–50% of the cases [148] (Table 4.2).

 Conclusions and Outlook

As detailed above and exemplified for B-cell lymphomas 
common in young patients, the pathogenesis of B-cell lym-
phomas is based on multifactorial grounds. The complex-
ity, interdependency, and timely order of pathogenetic 
processes ultimately leading to clinically overt B-cell lym-
phomas are yet by far not completely understood. Even the 

distinction between driver and passenger events is still 
challenging, though some key lymphoma-initiating events 
like the Burkitt translocation t(8;14) have been known since 
more than 40  years. The reception of the above detailed 
mechanisms involved in the pathogenesis of B-cell lym-
phomas has to take into account that most current models 
of B-cell lymphomagenesis rely on simple, mostly mono-
dimensional data and assumptions. Moreover, a linear and 
directional evolution of a B-cell lymphoma from a non-
neoplastic precursor is usually assumed. Nevertheless, in 
fact to capture the overall complexity of B-cell lymphoma-
genesis, each neoplastic cell of a probably heterogenic 
tumor would have to be mapped at a single point in a space 
of n-dimensions, with several of the factors outlined above 
but also all different OMIC layers being separate dimen-
sions. Moreover, the age of the patient and time since tumor 
initiation have to be considered as dimensions in this space. 
It needs to be clearly stated, that most of the concepts out-
lined above do not take such a “spacial” approach. 
Moreover, in many instances the experimental or observa-
tional procedures providing the data for the models 
likely modify features which appear different in the native 
host of the tumor, i.e., the patient. All this has to be taken 
into account if such observations are translated into clinics. 
Clearly, no diagnostic test yet captures the biologic com-
plexity in its entirety (and if so probably best morphology 
which in essence provides a birds-eye view on the tumoral 
processes). Indeed, given the number of deregulated pro-
cesses, altered genes, and changed signals, it seems rather 
surprising that the tumor takes advantage rather than disad-
vantage from those. Likely, this is due to the fact that many 
processes show a high grade of redundancy and alterna-
tives. Thus, it will remain a challenge for the future to iden-
tify in the n-dimensional space of pathogenesis those 
events, which are indeed key to the pathogenesis and, thus, 
can be subject of novel treatment strategies.
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Pathogenesis of T-Non-Hodgkin’s 
Lymphoma

Jonathan Bond and Owen Patrick Smith

 T-Lymphoblastic Lymphoma

T-lymphoblastic lymphoma (T-LBL) accounts for one fifth 
of all childhood and adolescent NHL and frequently pres-
ents with a mediastinal mass and advanced stage III/IV dis-
ease (Fig.  5.1) [1, 2]. Reported median age at diagnosis 
ranges from 7.0 to 10.5 years, with a male/female ratio of 
about 2.5:1 [3]. The current World Health Organization 
(WHO) classification lists T-acute lymphoblastic leukemia 
(T-ALL)/T-LBL as a single pathological category, with 
T-LBL diagnosis requiring that bone marrow infiltration by 
immature CD3-positive lymphoblasts is less than 25% [4]. 
Although there is ongoing debate as to whether T-ALL and 
T-LBL are truly distinct entities, or in fact represent hetero-
geneous clinical presentation of the same disease, the treat-
ment of T-LBL has developed in parallel with childhood 
ALL strategies [5, 6].

Practical aspects of tissue accessibility mean that the 
molecular characterization of T-ALL is comparatively much 
more extensive, and discussion of T-LBL oncogenesis is 
therefore heavily informed by reference to its leukemic 
counterpart. In this section, we will describe the spectrum of 
genetic alterations in T-LBL, highlighting any known differ-
ences with T-ALL. These alterations can broadly be divided 
into structural abnormalities (including recurrent transloca-
tions and whole or partial chromosomal gain or loss), and 
somatically acquired mutations that typically affect 
T-lymphoid signaling pathways. We will also discuss pub-
lished attempts to categorize T-LBL based on either 

T-receptor gene rearrangement status or transcriptional pro-
filing, and detail the current attempts at defining a genetic 
risk classifier for pediatric T-LBL.

 Genetic Alterations in T-LBL

Translocations As in T-ALL, oncogene activation can occur 
as a result of rearrangements involving T-receptor genes that 
are located on chromosomes 7q34 (TRB), 7p14 (TRG), and 
14q11 (TRA/TRD). T-receptor gene translocations are 
reported to occur in 18–44% of T-LBL [6–9], leading to 
aberrant expression of well-described T-lymphoid onco-
genes, including loci that encode for homeobox-containing 
proteins (HOXA9, TLX1, TLX3) or T-specific transcription 
factors (LYL1, LMO2, TAL1) [10, 11]. It is believed that the 
cell-inappropriate activity of these molecules is directly 
linked to the oncogenic differentiation block that is found in 
both T-ALL and T-LBL.  For example, TLX proteins have 
been shown to cause aberrant recruitment of ETS1 to the 
TRA enhancer, thereby inhibiting maturation beyond the thy-
mic cortical developmental stage [12].

Translocations of chromosome 9q34 are more common in 
T-LBL than in T-ALL, and the t(9;17) (q34;q22–23) altera-
tion has been reported in 2–15% of cases [7–9]. The 9q34 
region contains several oncogenes that are known to be 
pathologically important in T-lymphoid malignancy, includ-
ing NOTCH1, ABL1, SET, and NUP214 [13–15], and the 
identity of the major molecular actor in this rearrangement is 
therefore not clear. Translocations that generate T-ALL- 
associated fusion transcripts such as PICALM-MLLT10 and 
NUP214-ABL1 have also been described in T-LBL.  These 
exhibit similar correlation with phenotypic maturity as is 
seen in leukemia cases [11].

Deletions and loss of heterozygosity (LOH) Chromosome 
6q LOH is found in both T-ALL and T-LBL, but the most 
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commonly affected region differs between the diseases. In 
T-ALL, the 6q14–15 region is more frequently altered, 
whereas LOH of 6q16 is more common in 
T-LBL. Chromosome 6q LOH occurs in 12–19% of pediatric 
T-LBL and has been shown to correlate with poor outcome 
in several studies [16–18]. This region contains the 
CASP8AP2 gene (also known as FLASH) that is believed to 
mediate glucocorticoid signaling [19, 20], and the prognostic 
effects of this alteration are therefore thought to be linked to 
impaired steroid treatment response.

Chromosome 9p deletions and LOH are reported in 
11–47% of T-LBL [6, 21–23], which is marginally lower 
than the rates found in T-ALL [24]. This region contains the 
CDKN2A and CDKN2B genes that encode the cyclin- 
dependent kinases p16INK4A and p15INK4B and the p53- 
stabilizing protein p14ARF. These loci are frequently altered 
in human cancers and are traditionally considered to contrib-
ute to oncogenesis by affecting the retinoblastoma and p53 
pathways [25]. In a T-lymphoid context, CDKN2A inactiva-
tion has also been described to co-operate with both NOTCH1 
signaling [26] and chromatin remodeling [27] to promote 
leukemogenesis.

Altered chromosome number This is also relatively com-
mon, being seen in 55–69% of pediatric and adolescent 
T-LBL [5–9]. Pseudodiploidy (25–44%) and hyperdiploidy 
(22–25%) are the most frequently reported numerical altera-
tions, while hypodiploidy (3–5%) is rare.

NOTCH1 pathway activation Mutations in components of 
the NOTCH1 pathway are extremely common in acute 
T-lymphoid malignancies [28]. Genetic alterations cause 

constitutive NOTCH1 pathway signaling either through acti-
vating mutation of NOTCH1 [13] or reduced function of the 
FBXW7 ubiquitin ligase that normally mediates NOTCH1 
degradation [29]. NOTCH1 mutations are found in 43–66% 
of pediatric T-LBL, and loss-of-function FBXW7 alterations, 
which may or may not be concomitant, are reported in 
18–21% of cases [11, 17, 18, 30]. While NOTCH1 mutation 
with or without FBXW7 mutation appears to be associated 
with good outcome, isolated FBXW7 alteration has not to 
date been reported to alter prognosis [17, 18, 30].

Kinase signaling pathway abnormalities Activation of the 
PI3K-AKT signaling cascade can be caused by mutation in 
PIK3R1, PIK3CA, or PTEN [31, 32]. Of these, only PTEN 
alteration has been described to affect prognosis, although 
this effect was outweighed by the presence of concomitant 
NOTCH1 mutation [32]. Mutations in NRAS or KRAS occur 
in about 10% of pediatric T-LBL, and unlike in T-ALL, have 
not to date been reported to correlate with outcome [32]. 
Activation of JAK-STAT signaling by TEL-JAK2 transloca-
tion and JAK2 mutations has also been described [33].

Other alterations Other rare structural genetic alterations 
include LOH of ATM and TP53 [22] and localized deletions 
of chromosomes 12p13 or 17q11 [23]. The ETV6-NCOA2 
translocation that was previously described in early thymic 
precursor and biphenotypic ALL [34] was also reported in a 
single case of immature T-LBL [35]. Whole-exome profil-
ing of five pediatric T-LBL samples identified multiple can-
didate mutations, many of which differed from those 
reported in T-ALL [17], and it is likely that future next-gen-
eration sequencing studies will identify further recurrent 
alterations.

Fig. 5.1 Large mediastinal mass at T-lymphoblastic lymphoma presentation. Chest radiograph (left panel) and CT scan (right panel) showing a 
large lymphomatous mass with mediastinal shift, pericardial effusion, and right pleural effusion
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 Other Approaches to Categorization of T-LBL

T-receptor gene rearrangement status Immunophenotypic 
profiling and evaluation of the rearrangement status of 
T-receptor (TR) genes allows categorization of both T-ALL 
and T-LBL by resemblance to normal T-lymphoid ontog-
eny [11, 36]. Normal TR gene recombination is highly 
ordered, sequentially involving the TRD, TRG, TRB, and 
TRA loci [37, 38]. TR-based classification allows categori-
zation of T-LBL into immature (cytoplasmic TCRβ-), 
intermediate (cytoplasmic TCRβ+ surface TCR−/+), and 
mature (surface TCR+ biallelic TRD-deleted) groups that 
correlates with expression of specific oncogenes [11]. For 
example, TAL1 positivity co-segregates with mature 
T-LBL, whereas intermediate cases are more likely to 
express homeobox- containing genes such as HOXA9 and 
TLX1. The intermediate T-LBL group has been suggested 
to have a relatively favorable prognosis, albeit in a series 
that included both pediatric and adult cases, where the lat-
ter comprised a high proportion of immature T-LBLs that 
had reduced survival [11].

Ontogenic immaturity as determined by absence of bial-
lelic deletion (ABD) of the TRG locus has also been linked 
to T-LBL outcome. TRG ABD was originally described to 
predict poor prognosis in pediatric T-ALL [39], although 
subsequent implementation of minimal residual disease 
(MRD)-based treatment strategies and improved outcomes 
in treatment-resistant cases [40, 41] means that this prognos-
tic link probably no longer pertains. The link between TRG 
deletion status with outcome in pediatric and adolescent 
T-LBL has been evaluated in one series. Although ABD was 
rare (4 of 53 cases), this was associated with a statistically 
significantly reduced survival [18].

Transcriptional profiling Microarray studies have identi-
fied recurrent patterns of gene expression in pediatric T-
ALL, allowing reproducible categorization of leukemias 
according to a limited number of transcriptional profiles 
[42–44]. Comparative data in T-LBL is scarce, although 
efforts have been made to identify differentially expressed 
transcripts between T-ALL and T-LBL [6, 23, 45]. These 
studies have identified genes that are implicated in a diverse 
range of cellular function, including adhesion, caspase-
mediated apoptosis, immune response genes, and regulation 
of transcription and protein biosynthesis. T-LBLs were 
reported to have increased expression of KMT2A and 
reduced expression of CD47 when compared with T-ALL 
[45]. MicroRNA expression studies have also been per-
formed, with miR223 being identified as a potential poor 
prognostic marker in one study [46].

 Toward a Genetic Classifier for Risk Group 
Stratification in T-LBL

Children with T-LBL who fail front line chemotherapy 
have a dismal prognosis and those who relapse after treat-
ment cessation can only be rescued by allogeneic stem cell 
transplantation. This has raised the question over the past 
three decades as to whether patients can be “risk-stratified” 
at diagnosis and thus allocate them to a specific treatment 
regimen whose intensity is modulated according to the risk 
of relapse, such that children who are predicted to have 
favorable outcomes receive lesser intensity regimens, spar-
ing unwanted toxicities, while those with higher risk for 
treatment failure receive more intensive +/− experimental 
therapy.

Until recently there has been a paucity of molecular/
genetic and prognostic factors in T-LBL, mainly due to the 
lack of suitable lymphoma material for such analysis. A 
small number of molecular retrospective studies in pediatric 
T-LBL have been published showing a correlation of clinical 
outcome with LOH6q, ABD, and mutations in NOTCH1, 
FBXW7, and PTEN (Table 5.1). More recently an interna-
tional cooperative group comprising the Italian (AIEOP), the 
French (SFCE), and the German (BFM-D) study groups 
evaluated the potential of using genetic markers for T-LBL 
risk stratification. A consensus was reached that the muta-
tional status of NOTCH1 and FBXW7 would be used in a 
new stratification system for prospective validation in an 
international cooperative treatment protocol for children and 
adolescents with lymphoblastic lymphoma [EudraCT num-
ber: 2017–001691-39], LBL 2018 trial. Patients with muta-
tions in NOTCH1 and/or FBXW7 are stratified into the 
standard-risk group and those with NOTCH1 and FBXW7 
germline status are stratified into the high-risk group. Patients 
without information on the mutational status of NOTCH1 
and FBXW7 are stratified in the standard-risk group. Other 
molecular markers such as PTEN, ABD, LOH6q, NRAS, 
KRAS, PIK3CA, PIK3R1, and FLASH that have shown some 
prognostic relevance in children and adult T-LBL will be 
validated prospectively in the LBL 2018 trial.

Table 5.1 Prognostic genetic markers in pediatric T-LBL

Genetic marker
% of 
Cases

Prognostic 
impact References

NOTCH1Mut 
+/− FBXW7Mut

50–60 Good [11, 18, 23, 30, 
47]

LOH 6q 10–15 Poor [7, 16, 47]
PTEN altered 15 Poor [32]
ABD 7 Poor [18]

LOH loss of heterozygosity, ABD absence of biallelic deletion of the 
TRG locus

5 Pathogenesis of T-Non-Hodgkin’s Lymphoma
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 Peripheral T-Cell Lymphoma

The rare cases of non-lymphoblastic T-cell lymphomas in 
children and adolescents are categorized as peripheral T-cell 
lymphomas (PTCL), which is effectively a diagnostic 
umbrella that comprises 21 separate T-NHL subtypes in the 
latest WHO classification [4]. The rarity and heterogeneity 
of pediatric PTCL mean that meaningful epidemiological 
and pathological data are understandably scarce, although 
several groups have published retrospective analyses of 
national and international registry data [48–52]. Historical 
reports should be interpreted with caution in the light of evo-
lutions in the diagnosis and molecular understanding of other 
disease subgroups. For example, modern pathological re- 
evaluation resulted in many cases originally diagnosed as 
PTCL to be re-categorized as either anaplastic large cell lym-
phoma (ALCL) or autoimmune lymphoproliferative syn-
drome (ALPS) [48].

The two largest published series on pediatric PTCL [48, 
51] reported a median age at diagnosis of 11.1–12.6 years, 
with a male predominance of approximately 60%. As in 
adults, PTCL not otherwise specified (NOS) was the most 
frequent PTCL subgroup, comprising 42.0–47.4% of cases. 
Extranodal NK/T-cell lymphoma (14.7–23.7%), subcutane-
ous panniculitis-like T-cell lymphoma (13.2–14.0%), and 
hepatosplenic T-cell lymphoma (13.2–14.0%) were the next 
most common subsets, while primary cutaneous gamma- 
delta T-cell lymphoma (0.7–2.6%), angioimmunoblastic 
T-cell lymphoma (AITL) 0–2.8%, and mycosis fungoides 
(0–4.9%) were all extremely rare.

Of note, in the series reported by a European Intergroup 
for Childhood NHL (EICNHL) and international Berlin- 
Frankfurt- Münster (i-BFM) collaboration [51], a quarter of 
childhood and adolescent PTCL patients had pre-existing 
morbidity. This included a significant proportion who had 
received either hematopoietic stem cell or solid organ trans-
plantation prior to PTCL diagnosis. Constitutional genetic 
disorders such as Nijmegen breakage syndrome, CATCH22 
syndrome, and Trisomy 21 were also seen. This report also 
noted that these cases were more likely to have an unfavor-
able prognosis compared with the remainder of the pediatric 
PTCL cohort.

Comprehensive analysis of the molecular pathology of 
pediatric PTCL has also been hindered by disease rarity in 
this age group. PTCL in both adults and children has been 
shown to frequently harbor a complex karyotype [53, 54]. 
Reports of recurrent specific abnormalities are however lack-
ing, although Isochromosome 7 and/or Trisomy 8 have been 
described to occur in most pediatric hepatosplenic T-cell 
lymphomas [48].

Advances in high-throughput sequencing technologies 
have permitted identification of a plethora of novel genetic 

alterations in PTCL in recent years, and this will hopefully 
lead to improved molecular classification of these diseases. 
Genes found to be affected by mutations include the guanine 
exchange factors RHOA [55–57] and VAV1 [58, 59]; epigen-
etic factors DNMT3A [55, 57, 60], TET2 [61], and IDH2 
[62]; and molecules involved in TCR signaling, including 
CD28 [57, 63, 64]. In addition, RNA sequencing has revealed 
potentially therapeutically targetable kinase fusions [59], 
while recurrent rearrangements involving P53-related factors 
have also been detected [65]. The cohorts analyzed in these 
studies were overwhelmingly adult in nature, and any extrap-
olation to pediatric and adolescent PTCL should be made 
with caution.
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 Introduction

Anaplastic large cell lymphoma (ALCL) is considered a 
peripheral T cell lymphoma predominantly affecting chil-
dren and young adults, particularly when associated with the 
aberrant expression of anaplastic lymphoma kinase (ALK) 
fusion proteins [1, 2]. ALK was an unknown gene until 
cloned from cases of ALCL and reported in the context of a 
chromosomal translocation, the t(2;5)(p23;q35) [3]. Many 
ALK fusion protein variants have since been reported, but 
the Nucleophosmin (NPM)-ALK resulting from the afore-
mentioned translocation remains the predominant version 
[4–6]. Rare cases of ALK-negative ALCL have also been 
reported in children but are more often seen in adults with a 
comparatively worse prognosis [7]. As well as systemic 
ALCL, ALK+ or ALK-, other categories of ALCL also exist 
including cutaneous and breast implant-associated forms 
although the latter are ALK- and largely affect adults [8–10]. 
Whether all forms of ALCL share a common origin or are 
derived from distinct cell types converging on a shared histo-
pathology is unknown.

 Cell of Origin

Non-Hodgkin lymphoma (NHL) encompasses a multitude of 
distinct disease entities largely categorised based on their 
presumed cellular origin. At its most basic level, whether 
they are of a B, T or natural killer (NK) cell origin. Within 
these subclasses exists an array of subtypes largely distin-
guished according to growth pattern, location, defining 
genetic abnormalities but most prominently the stage of lym-
phoid cell ontogeny that they most resemble. The latter in 

particular applies to anaplastic large cell lymphoma (ALCL), 
a malignancy classified as a peripheral T cell lymphoma due 
to systemic involvement and molecular rearrangements of T 
cell receptor (TCR) genes suggestive of a mature T cell ori-
gin [10]. However, whether the cell of origin bears any 
resemblance to the presenting cell type of the established 
malignancy or if this final identity was shaped by the patho-
genic events driving tumour development is not known.

 Immunohistological Features of ALCL 
Indicative of the Cell of Origin

Whilst at the molecular level, TCR rearrangements can be 
detected within ALCL, the TCR is not expressed on the cell 
surface [11, 12]. Instead, a combination of cell surface pro-
teins is identifiable, some in keeping with a T cell identity 
albeit a ‘confused’ one. For example, expression of CD4 is 
detected on many ALCL yet often together with the produc-
tion of cytotoxic proteins such as perforin and granzyme B, 
the former being indicative of a helper T cell and the latter a 
cytotoxic one (Fig. 6.1). Whilst we like to compartmentalise 
cell types, it is likely that there is immense plasticity amongst 
T cell subsets although expression of either CD4 or CD8 is 
determined early during thymic development; CD4 and CD8 
are both expressed on primitive thymocytes prior to positive 
selection at which point either CD4 or CD8 is downregulated 
to generate helper or cytotoxic T cells, respectively [13]. 
This process is dependent on the recognition of either MHC 
class II or I presented on thymic epithelial cells in the cortex 
[13]. As such, the predominant expression of CD4 together 
with the production of cytotoxic proteins brings into ques-
tion the cell type most likely to be the precursor of ALCL. One 
explanation could be that these cells are derived from helper, 
CD4-expressing T cells but that cytotoxic protein production 
is an artefact of the transformation process. Indeed, it has 
been demonstrated that NPM-ALK, the driving event 
in ALCL, can induce production of these proteins [14]. 
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As such, in contrast to the accepted dogma of the World 
Health Organization classification of lymphoid neoplasms, it 
is perhaps more likely that the normal cell counterpart is a 
helper rather than a cytotoxic T cell [10]. Other immunologi-
cal markers include CD30, a protein expressed transiently in 
the thymus and then on activated lymphocytes, although 
NPM- ALK activity has also been shown to be responsible 
for inducing expression of this protein too [15, 16]. Of 
course, none of these cell surface proteins when considered 
in isolation can ultimately define the cell or origin. Therefore, 
apart from molecular TCR rearrangements, there is little cer-
tainty in predicting the cell of origin by immunophenotypic 
markers. An alternative approach is to examine the gene 
expression profile of tumour cells and to compare this to that 
of distinct, normal cell counterparts.

 Genetic Features of ALCL Indicative  
of the Cell of Origin

Studies performed comparing the gene expression profile of 
ALCL tumour cells to clearly defined normal T cell subsets 
have been unable to assign a specific T cell identity to ALCL 
(the gene expression profile of ALCL does not cluster with 
CD4- nor CD8-positive T cells), although more recently 
gene set enrichment analysis has proposed a Th17 origin 
[17–19]. However, whether the Th17 gene expression profile 
is a remnant of the cell of origin or a cell phenotype induced 
by NPM-ALK is still an open question [18, 20]. Indeed, a 
regulatory T cell (Treg) origin has also been proposed due to 
co-expression of CD4 and CD25 on tumour cells together 
with production of IL10 and TGFβ and expression of FoxP3, 
although again, this phenotype has been shown to be a con-
sequence of NPM-ALK-induced STAT3 activity particularly 
with regard to the latter three elements [21] and CD25 can 

also be indicative of activation status. T helper cells come in 
many ‘flavours’ and plasticity between these is dependent on 
a host of microenvironmental factors, key amongst which is 
the presence of a distinct profile of cytokines and the cell 
types that produce them [22] (Table 6.1). For example, inter- 
convertibility between Treg and Th17 cells is particularly 
evident in autoimmunity and is dependent of the availability 
of the cytokines IL6 and LIF [23].

 Why Is the Identity of the Cell of Origin 
Important to Know?

Knowing the identity of the cell of origin and its normal 
physiological function, hypotheses can be constructed as to 
the pathogenesis and origins of this distinct lymphoma entity. 
For example, Th1 cells are identified in the context of 
responses to intracellular pathogens, whereas Th2 cells are 
present when extracellular pathogens are present in their 
environment. A Th17 origin would therefore be more indica-
tive of large, extracellular pathogens such as bacteria and/or 
autoimmune conditions and associated with the presence of 
neutrophils [24].

Naturally, when a diagnostic pathologist examines a 
tumour specimen, they are looking at the consequences of an 
evolutionary process whereby the fittest clone of tumour 
cells survives and propagates. Hence, the immunophenotype 
of the established growth may be the consequence of a com-
bination of events occurring during the course of tumour 
development, with retainment of those properties most con-
ducive to cell survival in their imposed surroundings, pre-
sumably those that facilitate acquisition of the so-called 
hallmarks of cancer [25].

 Dissecting Tumour Heterogeneity to Pinpoint 
the Cell of Origin

It is now accepted that not all cells within a tumour are cre-
ated equally and that some are ‘fitter’ than others; whether 
this be the consequence of clonal evolution whereby in a sto-
chastic process, clones of cells derived from genetically 
related progenitors acquire properties to improve their 
 survival odds, or a hierarchical process in which much like 
normal tissue development, a small subset of progenitor cells 
have the ability to self-renew and differentiate into progeny 
that later lose this ability. Hence, the phrase cancer stem cell 
representing a cell from which all tumour cell progeny 
derive. This terminology elicits ideas of transformed tissue- 
specific stem cells representing the cells of origin for malig-
nancies, although of course this is not necessarily the case, as 
any cell that can acquire stemness properties, even if that cell 
was originally terminally differentiated, could also enact this 

CD4  = Helper T cell

Perforin/Granzyme
B = cytotoxic cell

CD30 = Activated lymphocyte

CD25 = Treg/
activated
lymphocyte

Fig. 6.1 The ‘confused’ immunophenotype of ALCL. ALCL are pleo-
morphic presenting with a variety of histological subtypes, but the 
majority of cells are positive for CD30, which does not distinguish lym-
phoid lineage but is suggestive of cell activation as is positivity for the 
epithelial membrane antigen (EMA) and CD25 (although co- expression 
of CD4 and CD25 with the transcription factor FoxP3 can be indicative 
of a regulatory T cell). In contrast, CD8 is rarely expressed, yet the 
majority of tumours produce the cytotoxic proteins perforin and/or 
granzyme B yet most cases are positive for CD4. CD3 is not expressed 
in the majority of cases presenting an overall ‘confused’ cell 
immuno-identity
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role. More preferable is the terminology tumour propagating 
cell (TPC) better reflective of the perhaps acquired rather 
than innate properties of stemness a tumour cell may have 
[26]. With regard to ALCL, the TPC has been identified as 
sharing gene expression signatures with early thymic pro-
genitors (ETP) or haemopoietic stem cells (HSC) suggestive 
of a thymic or early haemopoietic origin [27].

 The ALCL TPC Is a Primitive Haemopoietic Cell
Tissue-specific stem cells are traditionally identified by 
their functional properties, i.e. presumed quiescence, abil-
ity to give rise to differentiated progeny and the ability to 
self- renew. More often than not, specific cell surface pro-
teins or Cluster of Differentiation (CD) markers are then 
assigned to facilitate their identification. As an adaption of 
this, TPC have been discovered in a number of cancers, 
most prominently the leukaemias by looking for cells 
within tumours that express CD proteins associated with 
stem cells [28]. An alternative approach when cells with 
TPC properties cannot be identified in this manner is to 
exploit the functional properties of these cells. In this 
regard, the side population (SP) technique detects TPC 
through their relative quiescence and ability to efflux dyes 
through ABCG2 transporters [29, 30]. Employing this tech-
nique, the TPC for ALCL was identified, and whilst no spe-
cific CD proteins could be exclusively assigned to these 
cells, the fact that they gave rise to progeny lacking self-
renewal unable to sustain tumour growth in vitro nor in vivo 
was defined as the TPC for ALCL. Given the lack of expres-
sion of cell of origin-defining CD proteins by the ALCL SP 
cells, gene expression profiling was performed and matched 
to defined haemopoietic cell subsets by gene set enrich-
ment analysis. These data showed that the ALCL TPC most 
resembled an ETP or HSC with regard to its gene expres-
sion profile [27]. Hence was born the hypothesis that ALCL 
might initiate in these specific cellular subsets. Given that 
ALCL is a PTCL with a potential thymic (ETP) or bone 
marrow (HSC) origin, events in the thymus might also pro-
vide clues as to the pathogenesis of this disease. Rather 
uniquely amongst different cell types, the lymphoid lin-
eage, by nature of its requirement to recognise foreign anti-
gen in the context of self-antigens, an ordered educational 
process whereby TCR genes are rearranged, provides a 
timestamp of developmental processes that again may pro-
vide further evidence as to the true cell of origin for ALCL.

 TCR Gene Rearrangements Provide a History 
of Tumour Cell Development
TCR gene rearrangement takes place in an ordered manner 
whereby TCR genes are rearranged in a sequence within 
developing thymocytes resident in the thymus (Fig.  6.2). 
This highly coordinated process commences in ETP 
whereby rearrangement of the TCRδ chain genes precedes 

TCRγ, followed by TCRβ and ending in TCRα at which 
point the TCRδ genes are deleted as they are located within 
the TCRα locus. As this occurs, the thymocytes mature into 
T cells which exit into the peripheral circulation having 
survived the processes of β-selection as well as positive and 
negative selection. As such, it is possible to delineate the 
history of tumour cells by examining the status of the TCR 
genes. For ALCL, ALK+, tumour cells carry a range of 
TCR gene rearrangements not conducive with surviving the 
thymic environment (Fig. 6.2). For example, many ALCL 
have major clonal TCRα rearrangements but lack an equiv-
alent TCRβ clone [12]. Thymocytes in this situation would 
not normally pass the β-selection checkpoint instead under-
going apoptosis and therefore not surviving to rearrange 
the TCRα chain genes. The fact that tumour cells exist with 
these abnormal TCR gene rearrangements is indicative of 
some other activity permissive of surviving the thymic 
environment to emerge into the periphery as a ‘mature’ T 
cell. Indeed, murine models show that NPM-ALK can 
allow thymocytes to escape β-selection [12]. An alternative 
explanation would be ongoing VDJ recombination in the 
periphery although RAG is not expressed in ALCL and this 
activity would be unable to return VDJ gene segments to 
their wild-type confirmation [12]. These data also suggest 
that some of these tumour cells may not have had the capac-
ity to express a cell surface, functional TCR in the first 
place in keeping with the lack of expression of a TCR on 
the surface of tumour cells [11]. Assuming these incipient 
tumour cells escape the thymic environment to enter the 
peripheral circulation, this then raises the question as to 
whether events in the periphery contribute to the pathogen-
esis of this disease.

 Unravelling the Pathogenesis of ALCL

 Aetiological Associations

Despite a Th17 phenotype being indicative of large extracel-
lular pathogens, there is no documented aetiological associa-
tion for ALCL.  A few case reports have reported systemic 
ALCL with cutaneous presentation in the context of tick or 
other insect bites although there is no evidence that these 
bites led to infections that drove hyper-proliferation and 
transformation of cells [31, 32]. An alternative explanation 
would be the homing of tumour cells to these sites of inflam-
mation, mediated by cytokines. However, many children 
present with B symptoms including fever, but again, whether 
these are related to the cause of or are a consequence of 
tumour development is difficult to decipher. Given the dif-
ferential proposed cytotoxic cell of origin, one might consider 
viral pathogenesis although viral sequences such as those 
belonging to EBV have not been detected in ALCL, but one 
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cannot discount a hit-and-run mechanism whereby virally 
infected B cells drive the initial T cell proliferation during 
which genetic mutations are acquired that render the incipient 
tumour cells relatively autonomous for growth [33]. Again, 
with no evidence observed in the established tumours, this 
remains supposition at best.

 (Epi)genetic/Genomic Instability

It is largely accepted that multiple mutations are required for 
incipient tumour cells to acquire all the hallmarks of cancer 
to become established malignancies [25]. These mutations 
might be incurred as a consequence of an unstable genome, 
perhaps induced by the presence of the initiating oncogenic 
event. Whilst NPM-ALK has been shown to have effects on 
DNA repair capacity within tumour cells, the genome is rela-

tively silent with few consistent genomic or genetic abnor-
malities [34–41]. These data suggest that either NPM-ALK 
itself is able to induce the necessary cancer hallmarks and/or 
that epigenetic events are involved. It has been suggested 
that the former is the case, as NPM-ALK can indeed activate 
expression of many proteins that confer the cancer hallmarks 
as has been demonstrated in multiple publications [16, 42–
60]. In addition, NPM-ALK can induce transformation of 
primary human T cells in a relatively short time frame, 
although in murine models this is not the case, yet the latter 
are not true mimics of ALCL [16, 61–64]. Epigenetic altera-
tions are apparent in ALCL, although CpG methylation 
activity has also been attributed to NPM-ALK- mediated 
activation of DNMT1 [65, 66]. Hence, rather than requiring 
a status of (epi)genetic instability, the development of ALCL 
might instead be dependent on a defined set of ‘just right’ 
conditions.
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Fig. 6.2 Aberrant thymic events are indicative of a primitive haemo-
poietic origin for ALCL. The gene expression profile of the TPC driving 
ALCL is suggestive of an origin in an HSC or ETP. In further support, 
TCR gene rearrangements are detectable not conducive with thymocyte 
survival within the harsh thymic environment, whereby selection pro-
cesses operate to generate functional T cells that recognise non-self but 
not self-antigens presented with MHC. The t(2;5)(p23;q35)-expressing 

thymocytes must exit into the periphery to present as a peripheral T cell 
lymphoma in patients, suggesting that the product of the translocation 
NPM-ALK facilitates bypass of thymic selection processes as evi-
denced in murine models. HSC haemopoietic stem cell, CLP common 
lymphoid progenitor, ETP early thymic precursor, DP double positive, 
ISP intermediate single positive, TCR T cell receptor
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 The ‘Just Right’ Level of Signalling: 
The Goldilocks Hypothesis

Fortunately, ALCL is a rare cancer suggesting that distinct 
conditions must be met that are permissive of cellular trans-
formation. Indeed, the presence of the t(2;5)(p23;q35) in as 
many as 1% of newborn cord blood suggests that not all chil-
dren born harbouring this translocation will develop ALCL 
[67]. However, this study did not specifically examine hae-
mopoietic progenitor cells for the presence of the transloca-
tion, although cord blood is enriched for these primitive 
cells. Presuming cells carrying the translocation persist into 
childhood and maintain its presence as they differentiate, the 
low prevalence of this cancer suggests that additional events 
are required for tumorigenesis. Indeed, some of these may be 
provided by the above-discussed (epi)genetic/genomic alter-
ations characterised in ALCL although as previously men-
tioned, consistent abnormalities are even rarer and have not 
been proven as contributing events. An alternative pathway 
towards tumour development might instead be presented by 
the inherent activities of T cells in adaptive immunity, 
although as mentioned previously, established tumours lack 
cell surface expression of the TCR as well as proximal sig-
nalling proteins [11, 68]. However, the T cell compartment 
has immense plasticity and even in the absence of a func-
tional TCR, cells may behave in an innate manner akin to 
innate lymphoid cells.

 Antigen-Dependent Tumour Growth
In those scenarios where TCR rearrangements are conducive 
with the expression of a functional TCR, it is possible that 
antigen-dependent clonal stimulation of incipient tumour 
cells provides the necessary impetus for tumour growth 
(Fig. 6.3). In this model, much like in the process of normal 
T cell activation, on encountering peptide presented in the 
context of MHC, the affinity of a particular TCR for its 
ligand might dictate whether certain cells are clonally 
selected and expanded [69]. This process is a complex and 
highly regulated one dependent not just on recruitment of 
co-receptors, key kinases and phosphatases to the engaged 
TCR complex but also the ‘tuning’ of the signal intensity by 
cell surface proteins such as CD5 and CD45. Indeed, a low 
level of tonic signalling is required under homeostatic condi-
tions to facilitate the survival of circulating naïve T cells, 
perhaps provided by binding with low affinity to self- 
peptide:MHC complexes. One might imagine a scenario 
whereby NPM-ALK might act to fine-tune this activity due 
to its ability to mimic TCR-induced signal transduction lead-
ing to activation of T cells on contact with low-affinity ligand 
[70]. It has also been demonstrated that differing levels of 
NPM-ALK expression are detectable in different ALCL 
tumours adding a further level of complexity whereby the 
combination of the strength of the NPM-ALK-induced and 

TCR-induced signals dictates cell fate [71] (Fig. 6.4). This 
then begs the question as to why the TCR is no longer 
expressed on the surface of the established tumour cells, par-
ticularly as proteins of proximal TCR-induced signal trans-
duction are silenced by epigenetic means in ALCL, although 
this may be the very reason given that without proximal T 
cell signalling proteins, no signal can be transduced through 
an engaged TCR and therefore its production is purely a 
waste of resources for the tumour cells [72]. Overall, it is 
likely that there is a delicate balance of signal transduction 
required for incipient tumour cells that likely changes on 
establishment of relatively autonomous growth, and that may 
differ from one tumour to the next.

 Antigen-Independent Tumour Growth
Data published by Malcolm et al. showed that some ALCL 
have TCR rearrangements that are not consistent with expres-
sion of a functional TCR (or lack rearrangements com-
pletely) [12]. However, these tumours still express T cell 
markers such as CD4 suggesting that they derived from the 
thymic environment. These cells potentially mimic innate 
lymphoid cells (ILC), a cell type that lacks the ability to rec-
ognise distinct antigen and instead is responsive to an inflam-

Chronic
proliferation

Functional
TCR

No or non-
functional TCR

Loss of TCR

Role for chronic stimulation??

Fig. 6.3 Does chronic stimulation in an antigen-(in)dependent man-
ner facilitate malignant transformation? In the former case, the lack of 
expression of a cell surface TCR eliminates the ability of cells to 
respond to antigen presentation and instead may behave more like 
innate lymphoid cells responding to an inflammatory milieu. In the 
latter case, the presence of a functional TCR interacting with antigen 
presented in the context of MHC by antigen-presenting cells may drive 
chronic proliferation of cells, which due to the presence of NPM-ALK 
do not reach exhaustion but instead continue to proliferate, in time 
gaining additional mutational events that are conducive with relatively 
autonomous growth and establishment of a malignancy. The TCR, if it 
was present, is downregulated as it becomes surplus to requirements 
given that NPM-ALK can mimic TCR-induced signalling pathways
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matory milieu [73]. Serum samples taken from paediatric 
patients with ALCL are enriched with a significant number 
of cytokines including IL6, IL9, IL10 and IL17A with a 
trend towards increased levels of IL1ß, IL2, IL22, TNFα and 
IFNγ, and whilst these may not be truly representative of the 
cytokines present at the tumour site, it is possible that an 
inflammatory microenvironment contributes to disease 
pathogenesis [74]. An inflammatory milieu whereby a multi-
tude of cytokines are produced may instead sustain tumour 
development rather than antigen-specific reactions of incipi-
ent tumour cells. In this scenario, ongoing chronic inflamma-
tion provides the impetus for cellular proliferation and 
transformation (Fig. 6.3).

 Conclusions

There are no rules for cancer, and any one malignancy may 
well differ considerably in its pathogenesis from another of 
the same subtype. Therefore, whilst histopathologically 
speaking tumours may appear the same, the pathways they 
took to reach this status may differ and merge at various 
steps along the way. Hence, there may be multiple pathways 
of disease pathogenesis all converging on a similar histo-
pathological presentation. Within ALCL, there are also mul-
tiple histopathologies, the most predominant being the 
common variant which may also reflect the differing path-
ways towards malignancy within this entity. Ultimately, 
Darwinian evolution applies whereby the fittest clone sur-
vives and constitutes the majority of the established growth. 
Current evidence suggests an early, primitive origin for 

ALCL within the thymus or the bone marrow, whereby the 
presence of the NPM-ALK generating or a variant transloca-
tion initiates a process whereby alongside T cell develop-
ment, the conditions can become ‘just right’ for cellular 
transformation and establishment of a malignancy. Whether 
this process involves antigen-dependent or antigen- 
independent chronic stimulation remains to be determined 
although the low-level genomic/genetic instability, as is the 
case for most paediatric tumours, is suggestive of other con-
tributory events.
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 Introduction

Tumors derived from the lymphoid system comprise neo-
plastic lesions originated from both precursor and mature B 
and T/NK cells. The vast majority thereof can be related both 
genotypically and (immuno-)phenotypically to their physio-
logically occurring counterparts within diverse lymphoid 
compartments. The WHO classification of tumors of the 
hematopoietic and lymphoid tissues [1] has recently been 
updated (revised 5th edition 2016) and enlists numerous 
groups and entities of different lymphoid proliferations, 
which share distinct clinical, morphologic, immunopheno-
typical, and genetic similarities. The vast majority of B-cell 
and T-cell non-Hodgkin’s lymphomas (NHL) occurring dur-
ing childhood are aggressive malignancies, whereas indolent 
lymphomas, on the other hand, are rare in the pediatric popu-
lation in contrast to the adult population.

In this chapter, however, not all lymphomas will be 
described; instead, we have focused on those lymphomas 
occurring most frequently in childhood and young adoles-
cence, as well as try to emphasize the new categories 
described in the young population in the most recent 
years.

 Precursor Lymphoid Neoplasms

This category includes B-lymphoblastic lymphoma/leuke-
mia (B-LBL/B-ALL) of either the NOS category or with 
recurrent genetic abnormalities, as well as precursor T-cell 
neoplasms (T-lymphoblastic lymphoma/leukemia, T-LBL/T- 
ALL) and NK-cell leukemia/lymphoma.

LBL is a lymphoma/leukemia of precursor B or T cells 
with blastoid appearance and immature immunoprofile. 
When present in the bone marrow (BM) and peripheral 
blood (PB), it is termed ALL, whereas in case of primary 
and almost exclusive presentation in lymph nodes or extra-
nodal sites, with only minor BM infiltration (<25%), the 
term LBL is preferred. However, often both leukemic and 
lymphomatous components are seen in one patient. LBL 
represents roughly 30% of lymphomas in childhood, 
whereas it is infrequently seen in adults [2]. B-LBL more 
often presents as a leukemic disease, whereas T-LBL is usu-
ally associated with a lymphomatous disease, thereby often 
presenting as a mediastinal mass [3]. In case of lymphoma-
tous B-LBL, one singular peripheral lymph node or extrano-
dal tissues such as the skin, the gonads, soft tissue, or tonsils 
are the primary sites [4].

 Morphology and Immunohistology (Fig. 7.1)

LBL of both B-cell and T-cell immunophenotype present 
with a characteristic diffuse infiltration with effacement of 
the underlying tissue. Lymph nodes affected by T-LBL often 
show a marked interfollicular infiltration with sparing of 
residual B-cell follicles. In many cases, a diffuse and streaky 
or single-file infiltration of the perinodal fatty tissue and 
adjacent tissue can be detected. Tumors represent rapidly 
dividing neoplasms with numerous mitotic figures and also 
frequent apoptosis, sometimes with abundant starry-sky 
macrophages intermingled. Cytologically, LBL tumors are 
relatively monotonous infiltrations composed of small lym-
phoid cells with round to oval, slightly irregular nuclear con-
tours and narrow cytoplasms. In most cases, nucleoli are 
rather small, but may sometimes be prominent. The chroma-
tin is usually finely dispersed. By pure morphology, a dis-
tinction of B-LBL and T-LBL is not conceivable.

In smears or touch preparations, small- to medium-sized 
blasts are seen, with variations in cytoplasmic ranges varying 
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Fig. 7.1 Lymphoblastic lymphoma. Lymphoblastic lymphoma/leuke-
mia of T (a–i)- and B (j–o)-cell origin: Morphologically indistinguish-
able, both neoplasms are composed of small- to medium-sized 
monomorphic blasts (a, j + k with testicular involvement). TdT is posi-
tive in both subtypes (c, l), whereas CD3 (e, o) and CD5 (f) are present 

in T-LBL. CD1a (d) positivity and CD4 (g)-CD8 (h) co-expression are 
indicative of a late cortical T-cell phenotype. CD34 (m) is variably posi-
tive in both subtypes, whereas CD117 (i) is generally absent. CD19 (n) 
is indicative of B-cell origin
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from narrow to moderate sizes, sometimes with small 
 vacuoles. In about 10% of cases, coarse azurophilic granules 
may be noticed, which may stain with Sudan Black B on 
smears or touch preparations [5]. The nuclei are either round-
ish or slightly convoluted, and contain dispersed chromatin 
with a variable amount of nucleoli [6]. Cytochemical analy-
sis shows negativity of blasts for MPO and NSE, but may 
show reactivity in the PAS stain [1].

 Immunophenotype of B-LBL/B-ALL

The blasts are positive for the B-cell markers CD19, 
cyCD79a, and cyCD22 and are usually positive for PAX-5 
and TdT, whereas expression of CD20 and CD34 is variable 
[7]. Positivity of myeloid markers such as CD13 and CD33 
may be noted, whereas MPO expression is usually absent, 
although weak expression may be seen with immunohisto-
chemistry, especially after antigen retrieval [7, 8]. Care must 
be taken in cases of strong MPO expression, because most 
MPO+ cases belong to the AML category or represent mixed 
phenotype B/myeloid leukemia [1, 7]. Based on the stage of 
B-blast-differentiation [9], antigen expression varies, and 
basically four stages are discerned: in the earliest stage 
(pro-B ALL or early precursor B-ALL), blasts are positive 
for CD19, CD79a, CD22, and TdT. In the second stage (com-
mon B-ALL) the blasts show additional expression of CD10; 
the two most mature stages comprise pre-B-ALL with 
expression of cytoplasmic μ-chains and the transitional stage 
of B-ALL with surface μ-chains. The stage of differentiation 
correlates both clinically as well as genetically [1].

 Immunophenotype of T-LBL/T-ALL

The lymphoblasts typically express TdT, CD7, and CD3. In 
a similar approach as in B-LBL/ALL, T-ALL/LBL has been 
subcategorized into different stages according to intrathymic 
differentiation [10]: the first stage (pro-T or TI-I) is charac-
terized by expression of cyCD3 and CD7; the pre-T (T-II) 
shows a phenotype with expression of cyCD3, CD7, and 
CD5 or CD2; the cortical stage (T-III) exhibits expression of 
cyCD3 and CD1a, with variable expression of sCD3, and the 
final medullary or mature stage (T-IV) shows typically a 
cyCD3+ and sCD3+/CD1a- immunophenotype [11]. 
Additionally, CD8 and CD4 are frequently co-expressed, 
especially in the cortical stage. CD10 may be positive, but is 
not specific for T-precursor neoplasms, because it is also 
typically expressed in mature T-cell lymphomas with a fol-
licular T-helper cell immunophenotype [12]. CD79a may be 
weakly expressed in cases of T-LBL [13], as well as myeloid 
antigens such as CD13 and CD33 [14]. A rather rare ALL, 
termed early T-cell precursor lymphoblastic leukemia, is 

separated from other T-ALL/LBL cases; it usually shows a 
characteristic immunophenotype with co-expression of CD7 
together with one or more stem cell or myeloid markers 
including CD34, CD117, HLA-DR, CD13, CD33, CD11b, 
and CD65. The tumor cells may express cyCD3, CD2, and/
or CD4, whereas CD8 and CD1a are constantly negative, as 
is CD5 in most cases [15].

 Differential Diagnosis

B-LBL has to be distinguished from other diffusely infiltrat-
ing B-cell lymphomas (Table 7.1). Blasts of B-LBL have to 
be distinguished from normal immature B-cell precursors 
(so-called hematogones), which may be abundant in reac-
tive and inflammatory conditions. Hematogones [16] are 
CD10+, and typically show a spectrum of B-cell differentia-
tion [17], with heterogeneous expression of immature and 
mature B-cell antigens in the same specimen [18]. Moreover, 
hematogones are usually randomly dispersed, and do not 
form clusters in bone marrow biopsies as would be typical 
for ALL.

T-LBL has to be distinguished from other more mature 
T-cell lymphoproliferations, especially in cases with mature 
or medullary differentiation with absence of CD34 and 
CD1a, when also TdT may be not expressed anymore [19]. 
Another diagnostic pitfall is the distinction between thy-
moma and T-lymphoblastic lymphoma in needle biopsies of 
mediastinal tumors. A strongly recommended diagnostic cri-
terion favoring thymoma over T-LBL is the demonstration of 
numerous cytokeratin-positive epithelial cells by immuno-
histochemistry [20].

Furthermore, T-LBL has to be distinguished from indo-
lent T-lymphoblastic proliferations (iT-LBP), which have 
been described recently in association with Castleman dis-
ease, angioimmunoblastic T-cell lymphomas and follicular 
dendritic cell tumors associated with Castleman disease [21], 
and also in a case with disseminated multinodal involvement 
[22]. These peculiar proliferations of TdT+ T-cells mimic 
T-LBL, but are benign, non-clonal proliferations without 
requirement of further therapy [23]. They are characterized 
by confluent groups of TdT+ T cells with a cortical T-cell 
immunophenotype, with preservation of the surrounding tis-
sue architecture, and a low-proliferation fraction.

 Genetic Profile

Almost all B-LBL/ALL show a clonal rearrangement of the 
immunoglobulin (Ig) chain genes. Additionally, clonal rear-
rangements of the T-cell receptor (TCR) genes may be 
detected in many cases of B-ALL/LBL, thus being not ben-
eficial in lineage determination [24]. T-LBL and T-ALL, on 
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the other hand, show besides almost constant rearrangement 
of the TCR chain genes concomitant rearrangements of the 
IgH genes in about 20% of cases [25].

Cytogenetic and molecular abnormalities are detected in 
almost all cases of B-ALL/LBL, frequently defining specific 
entities acknowledged in the WHO classification [1, 26]; 
these include mainly balanced translocations or numeric 
aberrations, and they are associated with unique phenotypic 
and prognostic features [1]. Chromosomal abnormalities 
reported in T-LBL and T-ALL frequently comprise rear-
rangements of the regulatory regions of TCR genes and 
oncogenes such as TLX-1, TLX3, TAL1, and LMO2 [27, 28].

For detailed description of genetic alterations in LBL/
ALL, see the detailed chapters.

 Burkitt Lymphoma

The three epidemiologic variants of Burkitt lymphomas (BL) 
constitute the endemic form mostly encountered in central 
Africa, the sporadic form occurring all over the world, and 
the immunodeficiency-associated variant linked with various 
forms of immunosuppression, mainly HIV infection.

Sporadic BL represents the most common subtype in 
Western Europe and the USA. In these regions it accounts for 
approximately 30–50% of all lymphomas of childhood [29], 
whereas it is a rare tumor in the overall population.

All BL variants are highly aggressive tumors, which dif-
fer slightly in their geographical distribution, clinical presen-
tation, EBV association, biology, genetics [30], as well as 
morphologic and immunophenotypic features [31–33].

All three forms most often occur at extranodal sites, with 
different preferential sites for the respective variants [34]; in 
endemic BL, the jaws are most often involved (in >50% of 
cases) [35], whereas the sporadic variant recurrently presents 
with abdominal masses, thereby involving the terminal ileum 
and the ileo-cecal region [31]. In immunodeficiency- 

associated BL, the bone marrow is often primarily involved 
[36], thereby presenting as an overt acute Burkitt leukemia 
(in previous classification schemes termed FAB L3 leuke-
mia), and it also may show lymph-node involvement, 
whereas a nodal involvement is rare in both other variants. 
All three variants tend to involve the CNS as well as breasts, 
kidneys, gonads, and other solid organs [29].

 Morphology and Immunohistology (Fig. 7.2)

Typical BL is composed of monomorphic medium sized, 
cohesively lying blastoid cells with usually a “salt-and- 
pepper” chromatin distribution, which may be also finely dis-
persed. They exhibit multiple, not exceptionally prominent 
nucleoli, which are mainly located in the paracentral area of 
the nucleus. The cytoplasms are medium sized and deeply 
basophilic, sometimes with squared-off borders in jigsaw- 
like patterns. BL is one of the most-rapidly dividing human 
tumors, with a doubling time of approximately 24–48 hours 
[37]. Mitotic figures are exceedingly often encountered, as 
well as high rates of apoptotic figures. A characteristic finding 
is the so-called starry-sky appearance of the otherwise deeply 
basophilic infiltrates, caused by numerous pale- appearing 
phagocytic histiocytes scattered among the blastoid cells 
which are incorporating apoptotic bodies from the rapidly 
dividing tumor cells. It should be emphasized, however, that 
the starry-sky picture is not specific for BL, but may be seen 
in other cases of rapidly growing hematopoietic tumor infil-
trates [38]. On touch preparations or on bone marrow- smears 
the deeply basophilic cytoplasms exhibit many oil-red-posi-
tive lipid-rich vacuoles.

In several cases a slight pleomorphism of nuclei may be 
noted; the cells may show more prominent nucleoli, and 
especially in immunodeficiency-associated BL even a subtle 
plasmacytoid differentiation may occur, which does not con-
tradict the diagnosis of BL [39].

Table 7.1 Clinicopathologic characteristics of B-cell lymphomas with blastoid morphology

DLBCL BL B-LBL
Morphology Large, mainly CB, IB Medium sized Monomorphic, small 

lymphoid-like
Chromatin Clumped, irregular Coarse Fine
Nucleoli Prominent, centrally (IB) or membrane- 

bound (CB)
Variable, randomly distributed No

Cytoplasm Moderate/broad Small, deeply basophilic, typically 
numerous vacuoles

Very narrow

Architecture Diffuse infiltrates Diffuse, prominent starry-sky pattern Diffuse
Immunophenotype GCB/non-GCB;

mature B-cell, BCL-2+/−, MUM-1+/−, 
CD10+/−, BCL-6+/−

Mature B cell, CD10+, BCL-6+, BCL-2-, MUM-1- Precursor B-cell phenotype

Cytogenetics Complex; see Ref. [76] C-MYC-Translocation Numerous; see Ref. [26, 28]

Abbreviations: DLBCL diffuse large B-cell lymphoma, BL Burkitt lymphoma, B-LBL B-lymphoblastic lymphoma, CB centroblasts, IB immuno-
blasts, GCB germinal center B cell-like, non-GCB nongerminal center B cell-like
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However, the characteristic morphologic features will 
only be detected in specimens with optimal fixation [40]; 
especially in small samples with only few tumor cells the 
starry-sky pattern may be absent, and the tumor cells, if only 
poorly fixated, may show more variability in size and shape. 
In these cases, immunophenotypic and molecular features, 
as well as the clinical presentation may be of significant 
importance for the correct diagnosis [41–44].

The tumor cells typically express pan-B-cell markers such 
as CD19, CD20, CD79a, PAX-5, and CD22 together with sur-
face IgM (sIgM+) [38]. Additionally, antigens typically 
expressed by germinal-center derived B cells, such as CD10, 
BCL-6, and GCET-1, are detected in almost all specimens. The 
tumor cells show strong nuclear expression of the c-myc pro-
tein in the vast majority of cases [45]. The proliferation fraction 
(Ki-67) is exceptionally high with almost 100% of the tumor 
cells positively stained. Typically, BL cells express CD38, 
TCL-1, and lack CD44 expression [42]. The tumor cells may 
be positive for CD43 and CD77 [30], whereas they are negative 
with CD23, CD5, CD138, TdT, CD34, and Cyclin-D1.

Usually both MUM-1 and BCL-2 are negative or only 
very weakly and inhomogeneously expressed [46].

 Genetic Profile

BL show a characteristic translocation of MYC at 8q24 locus 
to the heavy chain of the immunoglobulin gene (IgH) on 
chromosome 14 (14q32), t(8;14)(q24;q32) or, less com-
monly, to the light-chain gene loci, kappa on chromosome 2, 
t(2;8), or the lambda locus at 22q11, t(8;22), respectively 
[36]. Interestingly, the location of the breakpoints is different 
in sporadic and ID-associated cases, where the breakpoints 
are near or within MYC, compared to endemic cases, where 
the breakpoints are scattered in a wide range upstream of 
MYC [47]. Moreover, several other genetic aberrations may 
be noted in BL, such as gains of chromosomes, typically 
+1q, +7, +12, or losses of e.g. 17p [48].

Approximately 10% of all otherwise typical BL lack MYC 
translocation [39]. In these cases, strict clinicopathologic and 
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Fig. 7.2 Burkitt lymphoma. Burkitt lymphoma is a highly aggressive 
lymphoma with cohesive monomorphous medium-sized tumor cells 
with finely dispersed chromatin and inconspicuous nucleoli, deeply 
basophilic cytoplasms, and many starry-sky macrophages in the back-
ground (a). The molecular hallmark of BL is the translocation of MYC 
at band 8q24 (c): fluorescence in situ hybridization (FISH), MYC break- 

apart probe, one allele shows co-localization of probes (yellow signal), 
the other allele a separation of probes (separate red and green signal) 
indicative of translocation which leads to a strong expression of MYC 
protein (b). Tumor cells typically express TCL1 (d), CD38 (e), BCL6 
(g), and CD10 (h). BCL2 is usually negative or weakly positive (f). The 
proliferation rate is nearly 100% (i)
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immunophenotypic criteria have to be fulfilled to separate 
other aggressive lymphomas, which may mimic classical BL.

The WHO classification 2016 has enlisted a new provi-
sional category termed “Burkitt-like lymphoma with 11q 
aberration” [1]. These lymphomas resemble classical BL 
both morphologically as well as in their immunoprofiles, but 
lack MYC translocations, and usually do not show 1q abnor-
malities frequently detected in BL [49]. Morphologically, 
they may show more cellular pleomorphism, and present 
with primary nodal involvement [50]. Using flow cytometry, 
these lymphomas were characterized by lower CD38 expres-
sion and more enhanced expression of CD45 than classical 
MYC+ BL [51] and showed expression of CD56/CD16  in 
60% of cases [51].

 Differential Diagnosis

Burkitt lymphoma has to be distinguished from other dif-
fusely growing blastoid lymphomas, especially diffuse large 
B-cell lymphoma [52]. The main morphologic and immuno-
phenotypic features of the respective lymphoma subtypes are 
listed in Table 7.1.

 Diffuse Large B-Cell Lymphoma (DLBCL)

DLBCL constitute approximately 20% of childhood NHL 
[2, 53]. In recent years, much effort has been made to clas-
sify the large group of DLBCL into various morphologic, 
genetic, and molecular subtypes and entities, which present 
with variable clinicopathologic characteristics as well as 
prognosis and outcome. In children, the lymphomas usually 
present at a single site and commonly with nodal involve-
ment. The most common extranodal sites involved are the 
abdomen and the mediastinum. DLBCL is often associated 
with various conditions of either primary or secondary 
immunodeficiency [54, 55]. Transformation of a previous 
indolent B-cell lymphoma, such as CLL or FL, which is 
often the case in adults, almost never occurs in the pediatric 
population. Distinct lymphoma subtypes with peculiar clini-
copathologic and molecular characteristics listed as separate 
entities among the large B-cell lymphomas, such as T-cell/
histiocyte-rich large B-cell lymphomas (T/H-RLBCL), pri-
mary DLBCL of the CNS, as well as primary mediastinal 
B-cell lymphoma (PMBCL), have also been described in 
children.

 Morphology and Immunohistology (Fig. 7.3)

The tissue involved usually shows entire destruction of 
the architecture, with mostly dense and diffuse infiltrates 

of sheets of blastoid appearing medium to large tumor 
cells. Basically, three morphologic variants of DLBCL 
can be discerned strictly on morphologic grounds [56]. 
The most common morphologic subtype, centroblastic 
lymphoma (CB), is composed of a polymorphic mixture 
of centroblasts (CB) with vesicular nuclei, finely or irreg-
ularly distributed nuclear chromatin, and 2–4, sometimes 
prominent nucleoli, which are typically membrane-bound. 
The cytoplasms of archetypal CB are medium sized, and 
slightly basophilic, and may cytologically show various 
vacuoles on touch preparations. The sheets of CB are 
intermixed with various numbers of immunoblasts (IB), 
which are slightly larger than CB, show finely distributed 
chromatin, and have one single, centrally located, promi-
nent nucleolus. The cytoplasms usually are more ample 
and basophilic and may demonstrate plasmacytoid differ-
entiation. Centroblastic lymphoma may show multilo-
bated nuclei, frequently in tumors arising in extranodal 
sites such as bone lymphomas. The immunoblastic variant 
is characterized by an almost pure (>90%) population of 
IB. Very large, strikingly polymorphic tumor cells charac-
terize the third morphologic variant, anaplastic diffuse 
large B-cell lymphoma, with tumor cells showing slight 
resemblance to Hodgkin and Reed- Sternberg cells or cells 
of anaplastic large cell lymphoma (ALCL), arranged in an 
often sinusoidal and cohesive infiltration pattern.

Besides the three morphologic variants, further rare mor-
phologic variants have been reported, such as spindle- or 
signet-ring-shaped tumor cell populations or lymphomas 
with a striking fibrillary matrix [57].

Tumor cells of DLBCL show a mature B-cell phenotype 
with expression of various B-cell markers such as CD19, 
CD20, CD79a, and PAX-5 together with surface and cyto-
plasmic immunoglobulin (mostly IgM). Expression of CD10 
is variable, but can be detected in roughly 50% of pediatric 
cases [52]. Based on findings of the gene expression profiles 
of a large series of DLBCL using DNA microarrays, most of 
the lymphomas could be assigned to a certain molecular sig-
nature [58]. The gene expression profiles of the tumor cells 
were compared to signatures of their postulated physiologic 
counterparts, and were identified as either germinal center 
origin-like (GCB) or post-germinal center origin/activated 
B-cell-like (ABC) and type 3 subgroups. These three sub-
groups were demonstrated to provide fundamental survival 
differences in patients treated by chemotherapy, therefore 
the distinction of the GCB from the non-GCB subtype is an 
important predictive factor in DLBCL. Based on the seminal 
results obtained with molecular techniques, the identification 
of the cell of origin (COO) in almost each case of DLBCL in 
the daily practice of routine pathology laboratories became 
available soon thereafter by immunohistochemistry. With the 
use of expression patterns of certain antigens such as CD10, 
BCL-6, IRF4/MUM-1, FOX-P1, GCET-1, and LMO2, an 
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assignment to the two basic molecular subtypes of GCB and 
ABC (the latter also termed non-GCB) may be achieved by 
application of one of the three main algorithm systems. The 
widely used Hans algorithm [59] is a comfortably simple 
classifier with assessment of expression of the three antigens 
CD10, BCL-6, and IRF4/MUM-1 with a cutoff at 30%. 
Cases positive for CD10 are assigned as GCB-like, whereas 
cases negative for CD10 have to express BCL-6 without 
MUM-1 co-expression qualifying for assignment to the GCB 
immunophenotype. CD10-negative cases with negativity for 
BCL-6 or considerable MUM-1 expression are allocated to 
the non-GCB immunophenotype. The Choi classification 
algorithm [60] uses two additional markers, GCET-1 and 
FOX-P1, for assignment to either GCB or non-GCB immu-
nophenotypes. The third algorithm frequently applied by a 
pathologist is the Visco-Young algorithm [61]; in this clas-

sification system, the application of only three markers, 
namely CD10, BCL-6, and FOX-P1, is needed for classifica-
tion into GCB vs. non-GCB subtypes. The frequency of 
GCB and non-GCB subtypes varies based mainly on age, 
geographical distribution, and the method used for classifica-
tion. Children have considerably more DLBCL with GCB 
immunophenotypes (80–95%) [62] than adult patients 
(approximately 60% GCB vs. 40% ABC). DLBCL with a 
GCB-like immunophenotype have an improved prognostic 
outcome compared to DLBCL with the non-GCB immuno-
phenotype [59, 63]. Additionally to the antigens expressed to 
delineate COO, expression of MYC and BCL-2 is assessed 
with a cutoff of 50% for BCL-2 and 40% for MYC, respec-
tively [64]. DLBCL with co-expression of these two markers 
(“double expressors”) were shown to be associated with 
inferior survival [65] as well as an increased risk for CNS 
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Fig. 7.3 Diffuse large B-cell lymphoma (DLBCL). DLBCL can be 
divided into morphologic and molecular subgroups, the latter according 
to cell of origin. The three common morphologic variants of DLBCL 
are depicted: left column represents a case with centroblastic morphol-
ogy with vesicular nuclei with some small nuclear membrane bound 
nucleoli (a) with a GCB immunophenotype: positivity for BCL6 (d) 
and CD10 (g). The middle column shows immunoblastic morphology 

(b) with monomorphous blasts with single centrally located nucleoli 
and basophilic cytoplasms. Immunoblastic DLBCLs often exhibit a 
non-GCB immunophenotype: positivity for MUM-1 (e) and FOXP1 
(h). The anaplastic variant is depicted in the right column: very large 
bizarre pleomorphic tumor cells (c) and positivity for CD30 (i); CD19 
(f) is indicative of a B-cell origin
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relapse. These lymphomas were demonstrated to be more 
common in the ABC subgroup. A small subgroup of de-novo 
arising DLBCL may express CD5, associated with high-risk 
prognostic features, and usually assigned to the ABC sub-
type [66]. CD30 is expressed in approximately 20% of cases, 
often associated with anaplastic morphology [67].

 Genetic Profile

In almost all cases, clonal rearrangements of Ig heavy- and 
light-chain genes can be detected. In the GCB subtype the Ig 
genes usually demonstrate ongoing somatic hypermutation, 
whereas in the ABC subtypes, already accomplished somatic 
hypermutation can be demonstrated [68].

Numerous studies have revealed a broad spectrum of 
somatic mutations within the large group of DLBCL; these 
mutations are in many cases associated with the specific 
COO. It has been shown that mutations within EZH2 and 
GNA13 are almost exclusively associated with the GCB 
subtype, whereas mutations for MYD88, CARD11, and 
CD79b are restricted to ABC-type lymphomas [69]. The 
most common translocation in DLBCL is BCL-6 at 3q27, 
detected in approximately 30% of DLBCL cases [70]. 
Rearrangements of BCL-2 are detected in roughly 40% of 
GCB lymphomas [71], whereas they are very rare in the 
ABC subgroup [72]. By contrast, alterations of BCL-6 are 
more common in the ABC subgroup [73], as well as copy 
number alterations at 6q21 and 9p21. MYC translocation, 
without a concurrent translocation of BCL-2 and/or BCL-6 
(“single hit”), is found in approximately 10% of adult 
DLBCL, whereas it is more often detected in pediatric 
cases of DLBCL, suggesting a possible relationship with 
Burkitt lymphoma [74]. However, unlike in BL, MYC trans-
location in DLBCL is usually associated with a more com-
plex karyotype. BCL-2 translocation is only very rarely 
seen in children [74, 75].

 Differential Diagnosis

DLBCL, NOS, has to be distinguished from other blastoid 
B-cell lymphomas such as BL and LBL (Table 7.1).

Based on their unique clinicopathologic features large 
B-cell lymphomas with only a minority of lesional B cells 
scattered in a reactive background of numerous histiocytes 
and T cells, the category of T-cell/histiocyte-rich large B-cell 
lymphoma (THRLBCL) has been separated from the NOS 
group as a distinct entity. Similarly, due to the unique local-
ization within the mediastinum, distinct clinical, (immuno)
phenotypic, and genetic features, a separate category of pri-
mary mediastinal large B-cell lymphomas (PMBL) has been 
denoted in the WHO classification system. DLBCL with evi-

dence of EBV association should also be assigned into a spe-
cific entity, as should DLBCL primarily arising in the CNS.

 Primary Mediastinal (Thymic) Large B-Cell 
Lymphoma and Mediastinal Gray-Zone 
Lymphoma

Primary mediastinal (thymic) large B-cell lymphoma (PMBL) 
is a blastoid large B-cell lymphoma with a characteristic clin-
icopathologic presentation. It is thought to arise from medul-
lary thymic B cells and is located in the anterior mediastinum 
of mainly young female adults (median age 35a, female-male 
ratio approximately 2:1). These tumors represent only 2–3% 
of NHL, and are even more infrequently denoted in children 
[77]. Gene expression profiling has shown an overlap between 
PMBL and cases of classical Hodgkin’s lymphoma of the 
nodular sclerosing subtype (NS) [78]; hence, the WHO clas-
sification acknowledges a separate category of B-cell lym-
phomas, unclassifiable, with features intermediate between 
diffuse large B-cell lymphoma and classical Hodgkin’s lym-
phoma (so-called mediastinal gray- zone lymphomas, 
MGZL). These lymphomas also reveal a predominant local-
ization in the mediastinum, and show pathologic features that 
are intermediate between PMBL and cHL of mainly NS sub-
type [79]. In contrast to PMBL, MGZLs are more often diag-
nosed in young male patients, and appear to have an inferior 
outcome compared to PMBL [80].

Clinically, both lymphomas most often present as a large 
mediastinal, often bulky tumor mass with infiltration of adja-
cent organs such as lung, pericardium, or walls of the nearby 
great vessels. Progression of disease often leads to involve-
ment of extranodal tissue, such as CNS, kidneys, or the GI 
tract; bone marrow involvement as well as lymph node affec-
tion of PMBL is very rare [81].

Cases of PMBL identified by gene expression profiling 
with a presentation outside of the mediastinum have been 
reported recently [78, 82, 83]; however, these extramediasti-
nal lymphomas may be missed by routine histopathologic 
workup, since gene expression profiling is usually not 
performed.

 Morphology and Immunohistology (Fig. 7.4)

PMBLs are characterized by diffuse infiltrates of mostly 
large-sized tumor cells with usually round or slightly lobu-
lated nuclei and broad clear cytoplasms [84]. Occasionally 
cells with features of RS cells may be intermingled. Typically, 
tumor cell aggregates are accompanied by dense alveolar 
fibrosis, and in many cases necrosis is present.

The gray-zone lymphomas often show areas resembling 
cHL of NS subtype, with a broad spectrum of cytologic 
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appearances of the lesional cells; in some areas, the infil-
trates may demonstrate a great resemblance to HL with 
sheets of mostly mononuclear atypical cells with occasional 
multinucleated RS cells intermingled in the diffuse fibrotic 
background of PMBL; some areas may show sheets of blas-
toid lymphoid cells with abundant pale cytoplasms resem-

bling PMBL, located in a sometimes vaguely nodular fibrotic 
background with lymphocytes, histiocytes, and eosinophilic 
granulocytes, typically found in the reactive background of 
cHL [79, 85].

Immunophenotypically, PMBL express B-lineage- 
associated antigens such as CD19, CD20, CD79a, and 
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Fig. 7.4 Primary mediastinal B-cell lymphoma (PMBL) and mediasti-
nal gray-zone lymphoma (MGZL). A typical example of PMBL is 
depicted in the left column: PMBL consists of large-sized tumor cells 
with slightly lobulated nuclei (a). Tumor cells are in many cases posi-
tive for CD23 (c), usually positive for PD-L1 (e), and often for CD30 

(g). MAL (i) is typically positive. MGZL exhibit a broad morphologic 
and immunohistologic spectrum. The right column shows a cohesive 
diffuse infiltration of Hodgkin- and Reed-Sternberg-like blasts (b) with 
very strong positivity for CD20 (d) and PD-L1 (f), weak expression of 
PAX-5 (h) and CD15 (j)
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PAX- 5. The transcription factors BOB-1 and OCT2, typi-
cally not detected in tumor cells of cHL, are strongly positive 
[86]. Most cases (>80%) show a weak to moderate, hetero-
geneous expression of CD30. CD10 is usually absent, 
whereas BCL-2 and BCL-6 may be variably expressed; 
MUM-1 is usually positive. Up to 3/4 of PMBL express 
CD23 [87], in contrast to other DLBCL; they were shown to 
express MAL antigens [88, 89] and usually reveal a strong 
expression of PD-L1 and PD-L2 [90].

In MGZL, the neoplastic cells usually are positive for 
CD45, which is in contrast to cHL cells. CD20 and CD79a 
are strongly expressed in most cases, as is CD30. There may 
be heterogeneous co-expression of CD15 together with pro-
nounced expression of the B-cell transcription factors BOB1, 
Oct-2, and PU.1 [91], but there are also cases lacking strong 
expression of B-cell markers with pronounced expression of 
CD30 and CD15, thus resembling cHL immunophenotypi-
cally. A comparison of the immunophenotypic peculiarities 
of PMBL, MGZL, and cHL is given in Table 7.2.

 Genetic Profile

Immunoglobulin genes are clonally rearranged in most 
instances of PMBL and MGZL. Gene expression profiling 
studies have revealed a unique signature of PMBL different 
from other large B-cell lymphomas but similar with cHL [78, 
82]. In 75% of cases, alterations such as translocations, 
gains, and amplifications of PDL1 at the 9p24.1 chromo-
somal location can be detected [82, 90], most likely leading 
to the overexpression of PDL1 detected by immunohistol-
ogy. In roughly 50% of cases chromosomal gains at 2p16.1 

are found, thereby associated with amplification of REL and 
BCL11A [92].

Similarly to PMBL, MGZL show genetic aberrations of 
the 9p24.1 locus [93] with frequent gains and amplifications 
of PDL2, as well as gains of REL at 2p16.1. Moreover, gains 
of MYC have been reported in up to 20% [93]. Methylation 
analysis demonstrated a close epigenetic relationship of 
PMBL, cHL, and MGZL and a unique epigenetic signature 
for MGZL [94], revealing a different methylation of CpG 
islands in contrast to PMBL and cHL, thus supporting its 
separation as a distinct entity of the WHO classification.

 Pediatric-Type Follicular Lymphoma

Follicular lymphoma (FL) in the pediatric population differs 
from the “usual” FL of adulthood clinically, histologically, 
immunophenotypically, and also genetically. The pediatric 
type of FL (PTFL) was listed as a variant of FL already in 
the 2008 WHO classification. It primarily occurs in children 
and young adults, but has been reported in adults infre-
quently [95, 96]. Clinically, this variant often involves cer-
vical lymph nodes or other sites of the head and neck [97], 
and usually presents as a limited disease with often only one 
singular involved lymph node (Stage I) [95]. Extranodal dis-
ease or bone marrow involvement has not been reported so 
far [95–98]. The disease shows a striking male predomi-
nance, with a M:F ratio of >10:1. Most affected individuals 
are between 1 and 18  years, with only singular reported 
cases >40a.

 Morphology and Immunohistology (Fig. 7.5)

This FL variant is characterized by high-grade histology. The 
lymph node architecture is usually completely or subtotally 
effaced by an infiltration of large expansive follicular struc-
tures which show irregularly shaped germinal centers, often 
in a serpiginous infiltration pattern, lacking polarization 
[95]. Sometimes the infiltrates are surrounded by a rim of 
normal residual lymphoid tissue giving the impression of a 
“node-in-node” proliferation [99]. In contrast to the neoplas-
tic follicles of classical FL, the follicles of PTFL show a 
starry-sky pattern with numerous tingible body macro-
phages. Mantle zones are usually very narrow or may even 
lack completely. The infiltrates are composed of a monoto-
nously appearing population of medium-sized blastoid cells 
with round nuclei and rather inconspicuous nucleoli. The 
cytoplasms are usually rather small and only slightly baso-
philic, best appreciated in the Giemsa stain. Occasionally the 
cells resemble centroblasts. Based on the rather monotonous 
appearance of the cells, which fulfill the criteria of FL grade 

Table 7.2 Comparison of antigen expression in primary mediastinal 
B-cell lymphoma, mediastinal gray-zone lymphoma, and classical 
Hodgkin’s disease

Antigen PMBL MGZL cHL
CD30 +/− + +
CD20 + + −/+
CD79a + + −/+
CD45 + + −
CD23 + +/− −
PAX-5 + + + (weak)
Oct-2 + + −
BOB-1 + + −
PD-L1, 2 + + +
CD15 − +/− +
MAL + +
ALK-1 − − −
MUM-1 + + +
EBV − − +/−

Abbreviations: PMBL primary mediastinal B-cell lymphoma, MGZL 
mediastinal gray-zone lymphoma, cHL classical Hodgkin’s disease
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3, grading is not done in these cases [100]. Mitotic figures 
are quite numerous. By definition, diffuse areas with mor-
phologic features of DLBCL must be absent [96].

The lesional cells show a mature B-cell immunopheno-
type with expression of CD19, CD20, CD79a, PAX-5, and 
CD22. In many cases the expression of the B-cell markers is 
restricted to the purely follicular infiltrates, whereas interfol-
licular B cells may be lacking. Equally to the counterpart of 
classical FL, the cells in PTFL show strong expression of 
BCL-6 and CD10 [101]. By contrast yet, they usually lack 
expression of BCL-2, but weak expression by a minority of 
cells is occasionally seen [98]. The attenuated mantle-zone 
cells may be highlighted wit IgD and CD23. The prolifera-
tion fraction (Ki-67) usually reveals a high proliferation rate 
of >30%, again lacking a polarization which is a typical find-
ing in non-neoplastic hyperplastic follicles. IRF-4/MUM-1 
is always negative. MUM-1 positivity should raise the pos-

sibility of LBCL with IRF-4 rearrangement. CD43 expres-
sion, which is rarely seen in classical FL, has been reported 
in PTFL in up to 25% of cases [100].

 Genetic Profile

PTFL show clonal Ig rearrangements by PCR-based clonal-
ity detection techniques. In contrast to classical FL, they do 
not reveal translocations for BCL-2 and BCL-6, and do not 
reveal IRF-4 aberrations. The most common genetic aberra-
tions are deletions of 1p36 affecting TNFRSF14 [102, 103], 
similar to the classic FL. Recently, mutations of the MAP2K1 
were reported in up to 50% of PTFL cases [104]. TNFRSF14 
and MAP2K1 mutations occur independently in most cases, 
suggesting that both mutations may play an important role in 
PTFL lymphomagenesis [105].
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Fig. 7.5 Pediatric-type follicular lymphoma. Strictly follicular infiltra-
tion of the lymph node with a “node-in node” appearance denoted in (a) 
and (c); (b) shows a neoplastic follicle without polarization, lacking a 
well-defined mantle zone; the neoplastic follicles are composed of 

medium-sized blastoid cells with numerous starry-sky macrophages 
intermingled (d); most tumor cells are immunohistologically bcl-2 
negative (e), bcl-6+ (f), and CD10+ (g) and exhibit a high proliferation 
fraction with Ki-67 (h)
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 Differential Diagnosis

PTFL has to be differentiated from classical follicular 
lymphoma. In most cases morphology and immunopheno-
typic analysis, combined with the characteristic clinical 
presentation allows accurate distinction (Table  7.3). 
Classical follicular lymphoma is very rare under the age of 
18, hence a diagnosis of usual FL should be made extremely 
warily in this age group, and, if so, only with the utiliza-
tion of all diagnostic techniques, including demonstration 
of BCL-2 rearrangements by FISH.  The distinction 
between PTFL and reactive causes, mainly florid follicular 
hyperplasia, may sometimes provide diagnostic problems. 
The key diagnostic feature in distinguishing PTFL from 
reactive processes is architectural effacement of the 
enlarged lymph nodes. It may be noteworthy that cases of 
florid follicular hyperplasia, mainly arising in the head and 
neck region of young boys, may present with populations 
of clonal CD10+ B cells by FACS immunophenotyping 
[106]. PTFL have to be distinguished from large B-cell 
lymphomas with IRF-4 rearrangements and from pediat-
ric-type nodal marginal-zone lymphomas (detailed 
description see below) (Table 7.4).  Large B-Cell Lymphoma with IRF4 

Rearrangement

Large B-cell lymphoma (LBCL) with IRF4 rearrangement is 
a rare form of B-cell lymphoma characterized by strong 
immunohistologic expression of IRF4/MUM-1, in most 
cases accompanied by rearrangement of the IRF4 gene [107]. 
It occurs predominantly in children and young adults and 
shows a predominant predilection site of the head and neck 
regions and involvement of the Waldeyer ring [95]. In con-
trast to PTFL, the sex distribution is equal.

 Morphology and Immunohistology (Fig. 7.6)

The lymphomas present either with follicular, follicular and 
diffuse, or purely diffuse infiltration patterns. The cells are 
medium- to large-sized blastoid-appearing cells with open 
chromatin and small nucleoli. Notably and in contrast to 
PTFL, in follicular structures starry-sky macrophages are 
very infrequently seen, and mitotic figures are not quite 
numerous. The neoplastic follicular structures repeatedly are 
arranged in a back-to back pattern, with only small or no 
mantle zones, lacking serpinginous follicles frequently 
encountered in PTFL [107]. A portion of cases reported pres-
ent with an entirely diffuse growth pattern.

The follicular and diffuse infiltrates are composed of B 
cells with a mature immunophenotype, with expression of 
CD20, CD19, CD79a, PAX-5 with frequent co-expression of 
bcl-6 and bcl-2 [108]. MUM-1/IRF-4 is typically and consis-

Table 7.3 Clinicopathologic characteristics of classical and pediatric- 
type follicular lymphoma

Classical FL PTFL
Median age 6th decade <40a
M:F 1:1,7 10:1
Stage at 
presentation

40–70% stage IV I–II

Predilection sites Widespread 
disease

Head and neck, solitary 
LN

Bone marrow 
involvement

40–70% −

Diffuse areas Common −
Composition of 
follicles

Centrocytes, 
centroblasts

Blastoid intermediate- 
sized cells

Grading Grade 1, 2, 3 − (grade 3 morphology)
Polarization of 
follicles

− −

Starry-sky 
pattern

− +

Interfollicular 
proliferation

+ −

CD10+/BCL-6+ + +
BCL-2+ + (90% grade 1/2, 

<50% grade 3)
usually may show weak 
staining in a minority of 
cells

Ki-67 <20% (grade 1/2), 
>20% grade 3

>30%

t(14;18)
(q32;q21)

+ (85–90%) −

Abbreviations: FL follicular lymphoma, PTFL pediatric-type follicular 
lymphoma, LN lymph node

Table 7.4 Clinicopathologic characteristics of pediatric indolent 
B-cell lymphomas

PTFL LBCL, IRF4 + PMZL
Age range <40a 

(median 
11a) [100]

4-79a (median 
12a) [107]

2-27a (median 
16a) [109]

Male:Female 10:1 1:1 20:1
Localization LN head 

and neck
Waldeyer ring, 
LN head and 
neck

LN head and 
neck

Morphologic 
pattern

Purely 
follicular, 
grade 3

Diffuse, 
occasionally 
follicular

Large follicles, 
diffuse areas, 
often PTGC

CD10+ + + −
BCL-2+ −/+ (weak) + +
BCL-6+ + + −
IRF4/MUM-1 − + −
CD43+ − − +
Clonality + + +

Abbreviations: PTFL pediatric-type follicular lymphoma, LBCL IRF- 
4+, large B-cell lymphoma, IRF-4+, PMZL pediatric marginal-zone 
lymphoma, PTGC progressive transformation of germinal centers, LN, 
lymph node
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tently strongly expressed. Weak to moderate CD10  expression 
has been reported in roughly 2/3 of cases [99, 107]. These 
lymphomas usually show a high proliferation fraction.

 Genetic Profile

The lymphomas consistently show clonal rearrangements of 
the Ig genes and in almost all cases a rearrangement of the 
IRF4 gene with the IgH locus, whereas the light-chain gene 
locus is only occasionally involved. Interestingly, some cases 
exhibit alterations of the BCL-6 gene locus [99, 107], 
whereas MYC and BCL-2 rearrangements are absent.

 Pediatric Marginal-Zone Lymphoma

Pediatric marginal-zone lymphoma (PMZL) shows distinct 
clinical and histologic characteristics, therefore representing 
a specific subtype among nodal marginal-zone lymphomas 

in the WHO classification 2016. It is a very rare type of an 
indolent lymphoma most often occurring in one single lymph 
node of the head and neck region, almost solely in boys and 
young males (male-female ratio 20:1). It has an excellent 
prognosis with a very low recurrence rate.

 Morphology and Immunohistology (Fig. 7.7)

The histologic presentation is quite similar to conventional 
marginal-zone lymphomas presenting in the adult popula-
tion; however, often large follicles with resemblance to pro-
gressively transformed germinal centers (PTGC) are denoted, 
in context with marked expansions of the marginal zone. The 
mantle-zone cells frequently infiltrate the residual frag-
mented germinal centers. Sometimes, the mantle zones are 
only difficult to discern without immunohistologic stains.

The cells show a mature B-cell phenotype with expres-
sion of CD20, CD79a, CD19, and PAX-5, with frequent co- 
expression of CD43 [109]. Light-chain restriction of the 
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Fig. 7.6 Large B-cell lymphoma with IRF4 rearrangement (LBCL, 
IRF4+). LBCL consists of medium to large cells (a) and (b) with char-
acteristic positivity for IRF/MUM-1 protein (c) and rearrangement of 
the IRF4 gene. (d) Fluorescence in situ hybridization with an IRF4 
(6p25) break-apart probe: one allele shows co-localization of both 

probes (yellow signal), whereas the other allele shows separation of 
signals (separate red and green signals) indicative of translocation. 
CD10 (e) is negative in roughly ¼ of cases. BCL6 (f) and BCL2 (g) are 
frequently expressed. The lymphomas usually show a high proliferation 
rate (h)
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marginal-zone cells can be detected with antibodies against 
kappa and lambda. IgD staining highlights residual mantle- 
zone cells arranged in irregular and expanded patterns, 
whereas CD10 and BCL-6 show positivity of the residual 
germinal center cells. The proliferation fraction is rather low.

 Genetic Profile

Clonal rearrangements of the Ig heavy- and light-chain regions 
can be detected by PCR in almost all cases. Trisomy 18 and 
trisomy 3 have been reported in a proportion of cases [110].

 Differential Diagnosis

The differential diagnosis with marginal-zone hyperplasia 
may be difficult [111], since these conditions may present 
with monotypic immunoglobulin expression, and they may 
also express CD43 [112]. Interestingly, an association with 
Haemophilus influenzae infection has been reported [111]. 
Molecular studies in these hyperplasias, however, fail to 
show monoclonality; therefore, in all cases with attenuation 
of the marginal zone, molecular studies are strongly recom-
mended. PMZL has to be distinguished from PTFL and LCL 
with IRF4 rearrangements (Table 7.4).
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Fig. 7.7 Pediatric marginal-zone lymphoma. Large, ill-defined folli-
cles with markedly expanded marginal zones (a) and (b); the reactive 
enlarged germinal centers contain numerous starry-sky macrophages 
and mitotic figures, but show narrow mantle zones (c). CD79a depicts 
the reactive germinal center, the darker stained remnants of the mantle- 
zone and the marginal-zone cells (d); germinal center cells are positive 

with CD10 (e) bcl-6 (h) and IgM (j) and negative with bcl-2 (g); most 
marginal-zone cells are positive with CD43 (f); CD21 highlights the 
marked expansion and disruption of the FDRC meshwork within the 
reactive germinal center (i); the remains of the mantle zone are denoted 
with IgD (k); Ki-67 shows highly proliferating cells in the germi-
nal center and several proliferating marginal-zone cells (l)

C. Kornauth et al.



81

 Anaplastic Large Cell Lymphoma, ALK+

Anaplastic large cell lymphoma, ALK+ (ALCL, ALK+), is a 
T-cell lymphoma characterized by large pleomorphic tumor 
cells with typically strong expression of CD30 and rear-
rangement of the ALK gene on chromosome 2p23 [113] with 
various translocation partners, the most common binding- 
partner thereby being Nucleophosmin (NPM) on chromo-
some 5q35. Those nodal-based tumors, which share 
morphologic and immunomorphologic similarities with the 
ALK-positive cases, but lack this peculiar genetic aberration, 
are summarized in a separate entity in the WHO classifica-
tion 2016, the ALK-negative ALCL.  Similarly excluded 
from this category of ALK+ ALCL are primary cutaneous 
CD30+ ALCL cases as well as B-cell lymphomas with ana-
plastic morphology.

ALK+ ALCL occurs predominantly in children and 
young adults, thereby representing up to 20% of all pediatric 
lymphomas [2, 38]. It has been shown that up to 90% of 
ALCL in children were ALK+, whereas only roughly 30% of 
adult cases were associated with ALK rearrangements [114]. 
ALCL has a slight male preponderance with a male to female 
ratio of 1.5:1. ALCL frequently involves both lymph nodes 
and extranodal sites such as skin, bone, or soft tissues [115, 
116]. Most patients present with widespread disease at the 
time of diagnosis and frequently demonstrate only subtle 
bone marrow involvement, sometimes only detected by 
immunohistology [115, 117]. B-symptoms, such as intermit-
tent fever, are quite typical [118].

 Morphology and Immunohistology (Fig. 7.8)

Morphologically, the spectrum of ALCL encompasses a 
great variety of different morphologic patterns [119], some-
times coexisting in one and the same tissue affected [120]. 
All morphologic variants, however, should harbor a charac-
teristic large “hallmark cell” at least to a minor extent. This 
eponymous anaplastic cell is characterized by an eccentri-
cally located, typically horseshoe- or kidney-shaped nucleus 
with a characteristic paranuclear eosinophilic region. Smaller 
variants of these cells may be discerned in some cases, as 
well as cells with nuclear (pseudo-)inclusions, the latter also 
being referred as “doughnut” cells. In case of lymph node 
affection, ALCL usually shows a paracortical and often sinu-
soidal infiltration pattern of cohesively growing, highly poly-
morphic medium- and large-sized tumor cells, thereby often 
simulating carcinomatous infiltration. The most common 
morphologic type of ALCL is the common type, which 
accounts for approximately 60% of all cases [120, 121]. This 
subtype is composed of mainly large, pleomorphic, some-
times multilobated tumor cells. The frequent hallmark cells 
may resemble Reed-Sternberg cells, but usually have less 
prominent nucleoli. The nuclear chromatin is irregularly dis-

tributed or finely dispersed. The cytoplasms are abundant in 
most cases, and show a characteristic dove-grey color in the 
Giemsa-stain. The lymphohistiocytic morphologic variant 
accounts for approximately 10% of cases and is character-
ized by typical, but usually slightly smaller tumor cells inter-
mixed with numerous reactive histiocytes [120, 122], 
sometimes masquerading the true neoplastic nature of the 
process. The neoplastic cells tend to cluster around vessels 
and can be highlighted by immunohistology with antibodies 
against CD30 and ALK-1. One further pattern (5–10%) is 
the small cell variant, composed mainly of a population of 
rather monomorphic, small cells with slightly irregular 
nuclei [120, 123]. Also in this variant, a pronounced accumu-
lation of small cells together with hallmark cells can be dis-
cerned in the vicinity of blood vessels [120]. The cells in this 
variant may also appear as so-called fried egg cells with cen-
trally located nuclei and abundant pale cytoplasms. This is 
the variant mostly misdiagnosed as peripheral T-cell lym-
phoma (PTCL). An additional rare morphologic variant, the 
Hodgkin-like pattern, exists, mimicking the nodular sclero-
sis subtype of classical Hodgkin’s lymphoma [124]. Other 
not so well-characterized rare variants include the sarcoma-
toid, signet-ring, neutrophil-rich and giant cell types [1]. In 
up to 20% of cases, more than one morphologic pattern is 
seen in a single affected site (“composite pattern”) [120]; in 
cases of relapse, morphologic patterns may change [125].

By immunohistology, tumor cells express CD30  in a 
membrane-bound fashion, often with a dot-like enhancement 
of the Golgi zone. Most tumors show an aberrant T-cell 
immunophenotype with frequent antigen loss. Using a large 
panel of T-cell antibodies such as CD2, CD3, CD4, CD5, 
CD7, and CD8 will accomplish assignment to the T-cell lin-
eage in most cases [126]. The most frequent T-cell-associated 
antigens deleted in ALCL are CD3, CD5, and CD7 [6, 127], 
whereas CD4 and less specific T-cell markers such as 
CD45RO and CD43 are expressed more frequently. The 
remaining cases without demonstration of any T-cell markers 
are labeled “null cell phenotype” but show evidence of T-cell 
differentiation on the genetic level. T-cell and null cell types 
of ALCL do not show clinicopathologic or genetic differ-
ences and are therefore regarded as a single entity [120]. 
Most cases of systemic ALCLs express EMA and CD25, and 
they also recurrently express cytotoxic markers such as TIA- 
1, Granzyme-B, or Perforin [128]. CD15 is usually absent, 
but may be weakly expressed in a subset of tumor cells [120]. 
Macrophage-associated antibodies, such as PGM-1 or 
CD163 give negative staining results, and EBV is constantly 
negative in ALCL [129]. By definition, ALK+ ALCL express 
ALK proteins, thereby exhibiting both nuclear/nucleolar and 
a cytoplasmic staining pattern in cases with underlying 
NPM-ALK translocation [120, 121]. An interesting feature 
of the small cell variant is the almost exclusive nuclear stain-
ing pattern of ALK [120, 126], whereas the larger cells clus-
tering around vessels normally show ALK staining in both 
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Fig. 7.8 Anaplastic large cell lymphoma (ALCL). Anaplastic large cell 
lymphoma (ALCL): ALK-positive ALCL, common type (a–g) is a 
tumor composed of blasts occasionally exhibiting “horseshoe” or 
kidney- shaped nuclei (hallmark cells; b and c). CD30 (d) and CD43 (e) 
are strongly positive, and ALK1 is typically expressed in both nuclei 
and in cytoplasms (f) in case of NPM-ALK translocation. Cytotoxic 
markers are frequently expressed (Perforin, g). Morphologic subtypes 

are the small cell variant (h), (k: CD30), Hodgkin-like ALCL with 
HRS-like cells (i), (l: CD30). Lymphohistiocytic variant of ALCL is 
shown in (j), (m: CD30). ALK-negative ALCL (n–q) is morphologi-
cally indistinguishable from ALK-positive ALCL. Hallmark cells are 
present (insert n); tumor cells show strong expression of CD30 (o) and 
EMA is frequently positive (p); ALK1 is per definition negative (q)
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subcellular localizations. 20–25% of cases, however, exhibit 
an exclusive cytoplasmic ALK staining pattern [120, 121], 
and these cases were shown to harbor variant translocations 
involving the ALK gene on 2p23, but not the NPM gene. 
These partners include genes such as TPM3, ATIC, TFG, 
CLTC, MSN, or TPM4 [130–133]. Fusion of these partners 
with ALK results in upregulation of ALK expression and 
activation of its kinase function. The superior prognosis of 
ALK-rearranged cases to those without ALK alterations is 
independent of the various ALK fusion partners [134].

 Differential Diagnosis

ALCL, ALK+, has to be differentiated from ALK-negative 
systemic cases, which are listed under a separate entity in the 
WHO classification [1], as well as from primary cutaneous 
ALCL (C-ALCL), which is included as a specific type within 
the spectrum of primary cutaneous CD30-positive T-cell 
lymphoproliferative disorders [1]. Primary C-ALCL typi-
cally occurs in older patients, and many cases undergo spon-
taneous regression without treatment in contrast to the 
systemic cases. ALK staining is rarely found in primary 
C-ALCL [135], whereas C-ALCL is sometimes associated 
with a DUSP22-IRF4 rearrangement on chromosome 6p25.3 
[136], also found in several cases of systemic ALK-negative 
ALCL [137] as well as in rare cases of lymphomatoid papu-
losis [138].

It is important to distinguish ALCL from classical 
Hodgkin’s lymphoma (cHL), not only due to fundamentally 
different treatment strategies. Although ALCL and cHL 
share some common features such as strong expression of 
CD30 and atypical anaplastic cells, they are biologically 
and genetically, as well as clinicopathologically different 
diseases.

ALK+ ALCL also has to be distinguished from a rare 
B-cell lymphoma expressing the ALK protein, which has 
striking immunoblastic/plasmablastic features [1]. These 
ALK+ LBCL show a typical granular cytoplasmic ALK 
staining, frequently associated with a CLTC-ALK fusion, 
also sometimes found in ALK+ ALCL; rare cases may even 
contain the “classical” NPM-ALK translocation [139]. 
However, these lymphomas are CD30-negative and express 
plasma cell markers such as CD38 and VS38c together with 
MUM-1 and EMA, but lack the B-cell markers CD20, 
CD79a, and PAX-5 [140].

ALK+ALCL has to be distinguished from various non- 
hematopoietic tumors, which may show weak to moderate 
ALK-positivity. Aberrant expression of ALK has been 
observed in a variety of pediatric cancers, including glioma, 
rhabdomyosarcoma, inflammatory myofibroblastic tumor, 
and Ewing sarcoma [141].

 Anaplastic Large Cell Lymphoma, 
ALK-Negative

ALK-negative ALCL has recently been listed as a separate 
entity in the WHO classification of hematopoietic and lym-
phoid tumors [1]. It is morphologically indistinguishable 
from ALK+ ALCL and lacks, by definition, any association 
with ALK alterations. It usually occurs in adults, and is only 
very rarely seen in the pediatric population [126, 134, 142]. 
It affects both nodal and extranodal tissue, and patients fre-
quently present with widespread disease.

 Morphology and Immunohistology (Fig. 7.8)

ALK-negative ALCLs show identical morphologic features 
as their ALK+ counterparts with the exception that morpho-
logic variant patterns should not be prominent. Hence, in 
almost all cases large classical type anaplastic tumor cells, 
including hallmark cells arranged in a cohesive pattern are 
detected [137].

The immunophenotype is – with the exception of ALK 
expression  – identical to ALK+ ALCL, with uniformly 
strong expression of CD30, and about half of the cases co- 
express EMA and one or more T-cell markers, most fre-
quently CD2, CD4, and CD3, more often than CD5 [137]. 
CD43 is usually positive, and significant expression of 
cytotoxic markers such as TIA-1, Granzyme-B, and 
Perforin is frequently seen. Interestingly, cases with rear-
rangements of DUSP22-IRF4, which occurs in roughly 
30% of the ALK- negative ALCLs, frequently lack expres-
sion of cytotoxic markers [137]. Cases with TP63 rear-
rangements (detected in about 8% of cases) show 
overexpression of p63 proteins; however, the protein 
expression is not always associated with actual rearrange-
ment of TP63 on the genetic level, since it has also been 
found in non-rearranged cases [137].

 Differential Diagnosis

The main differential diagnosis of ALK-negative ALCL is 
peripheral T-cell lymphoma (PTCL). PTCL can express 
CD30, but the staining is usually weaker and more heteroge-
neous. It has to be noted that some PTCL may even show 
large pleomorphic tumor cells arranged in a cohesive infiltra-
tion pattern, thus strict morphologic and immunophenotypic 
criteria have to be applied in questionable cases. Cases with 
evidence of either DUSP22 or TP63 rearrangements are con-
sidered as ALCL [137, 142].

ALK-negative systemic ALCL has to be distinguished 
from C-ALCL, which may have a similar morphology and 
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immunophenotype, and may even harbor a DUSP22 translo-
cation [143]. Thorough clinical work-up is therefore manda-
tory in these cases.

 Peripheral T-Cell Lymphoma

Peripheral T-cell lymphoma (PTCL) is a heterogeneous 
group of lymphomatous diseases and only rarely encoun-
tered in the pediatric population [144]. The WHO classifica-
tion 2016 lists several subtypes and entities. The most 
common subtype in adults is PTCL, NOS, and this subtype 
is also the most common entity seen in children [145], fol-
lowed by extranodal NK/T-cell lymphoma, hepatosplenic 
T-cell lymphoma, and subcutaneous panniculitis-like T-cell 
lymphoma, while T-cell lymphomas with a follicular T-helper 
(FTH) cell immunophenotype, including angioimmunoblas-
tic T-cell lymphoma (AITL), seem to be exceedingly rare in 
childhood [144, 146].

Because of this scarcity of PTCL in the pediatric popula-
tion, only brief descriptions of the major pathologic findings 
are provided in the following section.

 Peripheral T-Cell Lymphoma, NOS

PTCL, NOS, are lymphomas without characteristics of 
specifically designated subtypes of mature TCL in the 
WHO classification [1]. These lymphomas are mainly 
nodal-based diseases, with infrequent involvement of the 
peripheral blood and bone marrow, as well as the skin and 
the GI tract.

 Morphology and Immunohistology (Fig. 7.9)
The affected lymph nodes usually show destruction of the 
normal architecture by diffuse, mainly paracortical infil-
trates of neoplastic T cells with a broad range of cytologi-
cally diverse neoplastic T cells [147]. The cells may be 
small, medium, or large sized and slightly or even highly 
pleomorphic, with irregularly shaped, sometimes hyper-
chromatic nuclei, showing mildly basophilic or occasion-
ally clear cytoplasms. There may be a substantial 
inflammatory background with eosinophilic granulocytes, 
histiocytes and plasma cells, and sometimes Reed-Sternberg 
cells may be intermingled, and also EBV+ large B cells may 
be seen. Immunophenotypically, PTCL, NOS are composed 
of CD3+/TCRbeta+ and mostly CD4+ T cells with frequent 
losses of antigens such as CD5 and CD7. Some cases may 
show CD30 expression, which is inhomogeneous and not as 
strong as in ALCL.  By definition, these lymphomas lack 
pronounced expression of more than two or three FTH anti-
gens, such as CD10, BCL-6, PD1, CXCL13, ICOS, and 
CXCR5 [1].

 Extranodal T-/NK-Cell Lymphoproliferative 
Disorders (EBV-T/NK-LPD)

EBV-T/NK-LPDs are associated with chronic active EBV 
infection and are more prevalent in East Asia and Central 
and South America. There are two major categories listed 
under this term, which exhibit overlapping clinical and 
pathologic features. These conditions are systemic EBV-T/
NK-lymphoma of childhood and chronic active EBV infec-
tion (CAEBV), the latter presenting with a large spectrum 
of clinical syndromes, lasting from localized indolent forms 
such as hydroa vacciniforme-like LPD to a systemic illness 
characterized by clonal proliferation of EBV-infected T or 
NK cells.

The systemic lymphomatous form (EBV+ TCL of child-
hood) is a clonal proliferation of cytotoxic T cells, which 
occurs shortly after acute EBV infection, and is usually 
accompanied by hemophagocytic syndrome [148, 149].

 Morphology and Immunohistology
A pronounced proliferation of histiocytes, frequently exhib-
iting hemophagocytosis together with a proliferation of cyto-
toxic CD8+ T cells is found in the spleen, the liver, and the 
bone marrow [149]. In case of lymph node affection, in the 
beginning a relative preservation of the architecture is noted, 
followed by depletion of B-cell areas, with an often paracor-
tical and interfollicular proliferation of only slightly atypical 
T cells with expression of CD2, CD3, CD8, EBER-1, TIA-1, 
and GB-7, but negativity for LMP-1 and CD56 [149].

 Hepatosplenic T-Cell Lymphoma

Hepatosplenic T-cell lymphoma is an aggressive systemic 
extranodal lymphoma characterized by proliferation of T 
cells with a gamma/delta T-cell receptor equipment, which 
infiltrate preferentially splenic and liver tissue, without 
involvement of peripheral lymph nodes. It is usually accom-
panied by systemic symptoms and shows infiltration of the 
bone marrow in almost all cases [1]. A substantial number of 
HSTCL is noted in the context of immunosuppression [150].

 Morphology and Immunohistology
The tumor cells infiltrate the cords and the sinusoids of the 
spleen; within the liver a striking sinusoidal infiltration pattern 
is typical, similar to the infiltration pattern in the bone marrow, 
which may be subtle and overlooked without immunohisto-
logic staining. The neoplastic lymphocytes are small to 
medium sized with slightly irregular nuclei and pale cyto-
plasms. Immunologically, the cells are characterized by 
expression of CD3, TCR gamma-delta, and TIA-1, and the 
neoplastic cells frequently are “double-negative” (CD4-, CD8-). 
They usually show loss of CD5 antigen expression [1, 150].
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Fig. 7.9 Peripheral T-cell lymphoma (PTCL). Peripheral T-cell lym-
phoma, NOS, may show diverse morphologies (a and g), with a 
medium to large cell variant (a–f) or a small cell variant (g–l). T-cell 
markers such as CD2 (d) and CD3 (j) help define T-cell origin. Loss of 
markers normally present on non-neoplastic T cells (e.g. CD7, f) may 
be noticed. CD30 is negative in this case of small cell PTCL (k). ALK1 
is always negative (l). Angioimmunoblastic T-cell lymphoma (m–r) is 

a distinct nodal subtype of PTCL, composed of characteristic clear 
cells (m) with expression of T-cell markers such as T-cell receptor 
beta-chain (βF1, o) arranged around vessels with an activated endothe-
lium. Neoplastic cells express a follicular T-helper cell phenotype with 
positivity for PD1 (p). Networks of CD21+ follicular dendritic cells 
are characteristically expanded (q) and EBV is detectable in bystander 
B cells (EBV-ISH, r)
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 Subcutaneous Panniculitis-Like T-Cell 
Lymphoma

Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is 
a cytotoxic T-cell lymphoma rarely reported in the pediatric 
population [151, 152]. Patients usually present with wide-
spread subcutaneous nodules, mainly on the extremities and 
trunk. It is occasionally associated with a hemophagocytic 
syndrome [152] and may show overlapping features with 
lupus panniculitis [153].

 Morphology and Immunohistology
The epidermal and dermal compartments are usually incon-
spicuous, whereas the subcutaneous tissue shows mainly 
lobular infiltration of atypical T cells with numerous histio-
cytes with vacuolated cytoplasms. Rimming of adipocytes by 
atypical hyperchromatic lymphocytes is a constant and typi-
cal feature, as are fat necrosis, and karyorrhectic debris. Other 
inflammatory cells, such as plasmacytoid dendritic cells and 
plasma cells, which are a common feature in lupus panniculi-
tis, are typically absent [154]. Immunophenotypically, the T 
cells express a mature CD3+/CD8+ T-cell immunophenotype 
with expression of the TCR alpha-beta and cytotoxic markers 
such as TIA-1, GB7, and Perforin. They are negative with 
CD56 [153]. Besides differential diagnostic overlap with 
lupus panniculitis, the distinction from cutaneous gamma/
delta T-cell lymphoma may be difficult, but clinically essen-
tial; this peculiar lymphoma subtype usually shows a pro-
nounced dermal and epidermal component together with 
panniculitis-like features, and shows a gamma/delta TCR 
equipment, which can be confirmed by immunohistology 
reliably on paraffin-embedded tissue sections [155].

 Nodal Lymphomas of Follicular T-helper (FTH) 
Cell Origin, Including AITL

PTCL with a FTH immunophenotype were separated from 
the PTCL, NOS, category in the recent revised WHO classi-
fication 2016 [1]. They are characterized by overlapping 

clinicopathologic and genetic features, and the most often 
diagnosed subtype in both children and adults thereby being 
angioimmunoblastic T-cell lymphoma (AITL), described in 
the following section.

 Morphology and Immunohistology (Fig. 7.9)
These systemic lymphomas are composed of polymorphic 
mature T cells with a characteristic expression of at least two 
to three markers characteristic for follicular helper T cells, 
such as CD10, BCL-6, PD1, CXCL13, ICOS, and CXCR5. 
Lymph nodes affected show an effaced architecture with a 
characteristic sparing of the cortical sinuses, and often pre-
served capsules with infiltration of the perinodal fatty tissue 
[1]. In the paracortical expanded areas, proliferations of 
branching vessels with high endothelial cells (HEV) and vast 
proliferations of follicular dendritic cell meshworks are a 
characteristic feature. The lesional T cells are usually small to 
medium sized and only slightly atypical, and typically pres-
ent with pale or clear cytoplasms, frequently in the vicinity of 
arborizing HEV.  The T cells are arranged within a usually 
abundant inflammatory background, containing numerous 
histiocytes, plasma cells and transformed B-blasts, some-
times with Reed-Sternberg-like features, which show evi-
dence of EBV infection in most cases. Three patterns of 
infiltration are recognized, with pattern 1 showing only subtle 
changes: in this pattern, neoplastic T-cell surround regular- 
appearing germinal centers; in pattern 2, regressive remnants 
of B-cell follicles are seen surrounded by numerous T cells, 
which are more easily detected by morphology than in pattern 
1; pattern 3 shows a totally effaced lymph node architecture 
with only few regressed B-cell follicles in the cortical areas 
[156]. Immunophenotypically, a mature CD4+ T-cell pheno-
type can be discerned, with characteristic expression of sev-
eral FTH markers listed above, and occasional losses of T-cell 
antigens. The B cells and plasma cells are usually polyclonal 
with regard to Ig light-chain expression. The FDRC mesh-
works are positive with CD21 and CD23. Genetically, these 
lymphomas usually show clonally rearranged TCR chain 
genes, and a substantial number (25–30%) also show clonally 
rearranged Ig-chain genes [157], especially in cases with the 
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Fig. 7.9 (continued)
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presence of a substantial EBV+ population. Using cytogenet-
ics, clonal aberrations (such as trisomies 3, 5, and 21 as well 
as loss of X or 6q) are found in a vast majority of cases [158]. 
Typical gene mutations found in AITL are mutations in IDH2, 
TET2, DNMT3A, and RHOA [159].

 Post-transplant Lymphoproliferative 
Disorders

Post-transplant lymphoproliferative disorders (PTLDs) arise 
in recipients of solid organ or hematopoietic stem cell trans-
plantation (HSCT) in the setting of immunosuppression. 
PTLDs encompass a spectrum of lymphoid and plasmacy-
toid proliferations, ranging from early, usually polyclonal 
lesions to fully developed monoclonal lymphomas. Most of 
the proliferations are associated with EBV, although a por-
tion (20%) of lymphomas, especially in adults, lack EBV 
association and are indistinguishable from lymphomas aris-
ing in the immunocompetent host. The EBV cases tend to 
occur later after transplantation (TX) than EBV+ cases. 
Almost all PTLDs are of B-cell origin with only very few 
T-cell lymphoproliferations and few cases of classical 
Hodgkin’s lymphomas. T-cell-derived PTLDs are mostly 
EBV-negative.

Among pediatric recipients, the incidence of PTLD is 
higher than in adults [160] and is strongly associated with 
post-transplant primary EBV infection [161].

The highest rates of PTLD have been reported in patients 
receiving intestinal and lung as well as heart/lung allografts 
with an incidence up to 16% after 5 years post TX [162], 
whereas renal allograft recipients are at lower risk for 
PTLD (up to 2.4% after 5 years). PTLD after HSCT usually 
derives from donor B cells and occurs mainly within the 
first 3–6 months after TX [163]. The incidence is with <2% 
usually lower than in patients receiving solid organ TX, but 
may increase with risk factors such as T-cell-depleted 
grafts, degree of donor-recipient mismatch, or extent of 
immunosuppression [164]. PTLD may involve lymph 
nodes, but also extranodal sites, and frequently affects the 
site of the allograft. Affection of the allograft is ordinarily 
associated with EBV, occurs early after TX and is most 
commonly observed in lung and intestinal transplant recipi-
ents [165, 166].

 Morphology and Immunohistology (Fig. 7.10)

PTLDs comprise a large, somehow blurred spectrum of vari-
ous lymphoproliferative disorders. The spectrum ranges 
from the early, nondestructive PTLDs through polymorphic 
PTLDs to the clinically destructive and most aggressive 
forms of monomorphic PTLDs (Table 7.5).

The nondestructive forms are defined as lymphoid prolif-
erations with preservation of the underlying architecture of 
the organ involved, forming mass lesions in most instances. 
Within this category, basically three disorders are subsum-
marized: Plasmacytic hyperplasia (PH), florid follicular 
hyperplasia (FFH), and infectious mononucleosis-like (IM) 
PTLDs. These PTLDs correspond to the formerly so-called 
early lesions, a term which should no longer be used due to 
potential confusion with lesions arising early after TX [167].

The nondestructive lesions more often occur in children 
and young adults without prior EBV infection. Usually they 
affect lymph nodes or lymphoid tissue of the Waldeyer ring 
such as tonsils and adenoids [168].

PH is the most common type of the nondestructive lesions 
and shows numerous mature plasma cells in the context with 
lymphocytes and occasional immunoblasts located in the 
expanded interfollicular regions. The uninvolved, preserved 
areas show either inconspicuous lymphoid follicles or reac-
tive expanded follicles, especially in affected tonsils or ade-
noids [167]. FFH is characterized by large germinal centers 
with signs of polarization, composed of numerous centro-
blasts, starry-sky macrophages, and only few centrocytes 
[169]. Mitotic figures are abundant, and mantle zones are 
regularly unaffected. These cases lack a significant plasma-
cellular proliferation.

IM-like lesions show the typical morphology of IM, with 
marked paracortical expansion with a usually diffuse prolif-
eration of a heterogeneous population of immunoblasts, scat-
tered in a background of numerous polymorphic lymphocytes. 
Reactive follicles are infrequently detected [167].

The B cells and plasma cells in the nondestructive PTLDs 
exhibit polytypic expression of kappa and lambda light 
chains. Both B cells and T cells display a fully developed 
immunoprofile without antigen loss.

As a prerequisite for the categorization into this form of 
PTLD, EBV positivity has to be demonstrated in a substan-
tial quantity of lesional cells. The demonstration of EBV in 
the tissue is best accomplished with the EBER in situ hybrid-
ization. Typically, IM-like PTLD shows positivity for 
LMP-1 in the proliferating immunoblasts with frequent co- 
expression of CD30 [170].

 Genetic Profile of Nondestructive PTLDs

Usually the lesions in the nondestructive forms of PTLD 
show a polyclonal pattern of both IgH and IgL chain genes. 
However, cases showing small oligoclonal and even mono-
clonal rearrangements with unknown significances have 
been reported in the past.

The polymorphic PTLDs (P-PTLD) are characterized by a 
polymorphous proliferation of a spectrum of lymphoid cells 
of variable cell size and differentiation [171]. Usually, small 
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and intermediate lymphoid cells are intermixed with immu-
noblasts and plasmacytoid cells as well as mature plasma 
cells. In contrast to the first category of the nondestructive 
lesions, the P-PTLDs form mass lesions and show alterations 
or destruction of the underlying tissue architecture. A large 
proportion of reactive T cells is frequently detected. Some 
lesions are found to be associated with areas of geographical 
necrosis. Typically, large pleomorphic cells are intermingled, 
showing marked similarities to classic Hodgkin and Reed-
Sternberg cells. The distinction of cases with areas showing 
more monotonous appearing infiltrates to cases of the mono-

morphic PTLD (M-PTLD) category may be challenging, as 
there are no clear-cut, well-defined criteria so far. As a basic 
rule, lesions that would unequivocally be diagnosed as overt 
lymphoma in a non-transplant recipient should best be termed 
M-PTLD in the setting associated post TX. Some cases with 
numerous RS-like cells may be difficult to discern from true 
cHL PTLD. These lesions have been termed “Hodgkin-like 
PTLD” in the past [172].

Immunohistology demonstrates numerous reactive CD3+ 
T cells intermixed with a variable number of the actual 
lesional CD20+ B cells. Ig light-chain restriction of plasma-
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Fig. 7.10 Post-transplant lymphoproliferative disorders (PTLDs). 
Both left rows (a, e, i, m and b, f, j, n, respectively) show nondestruc-
tive representatives of PTLD with florid follicular hyperplasia (FFH) in 
the very left row; germinal center cells are bcl-6+ (e), bcl-2-negative (i), 
and numerous cells within the GC are EBV-positive (EBER-ISH) (m). 
The next row (b, j, f, n) denotes infectious-mononucleosis-like fea-
tures, with marked interfollicular expansion, containing a diffuse poly-
morphous proliferation of immunoblasts and plasmacytoid cells, many 
with co-expression of CD30 (f); numerous CD8+ T cells are intermin-
gled (j); the proliferating B cells are EBV-infected (n). The right panels 

(c, g, k, o and d, h, l, p, respectively) show examples of destructive 
lesions, with a polymorphic PTLD presenting with an ulcerative mass 
lesion in the small intestine in (c); the polymorphic tumor cells infiltrate 
the bowel wall; cells are positive for CD79a (g), and show a high prolif-
eration fraction (Ki-67) (k), and are EBV+ (o); the far right panel shows 
a monomorphous DLBCL-type PTLD with numerous IB and plasma-
blasts (d), with expression of CD79a (h), and monotypic expression of 
the Ig-light-chain κ (l) (Double staining with κ in brown, and λ in 
magenta); EBV-positivity demonstrated in (p)
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cytoid cells and plasma cells may be focally detected. The 
large bizarre Hodgkin-and RS-like cells usually demonstrate 
pronounced expression of CD30, show frequent co- 
expression of CD79a and CD20, and usually lack CD15 
expression. The EBV association is established with EBER- 
ISH.  In contrast to “true” cHL PTLD, the “Hodgkin-like” 
cases exhibit EBV positivity additionally in a significant por-
tion of small- and intermediate-sized lymphoid cells [173].

Genetic profile of P-PTLD: Most cases of P-PTLD show 
clonally rearranged Ig heavy and light-chain genes, whereas 
T-cell receptor genes are usually not clonally rearranged.

The M-PTLDs are usually of B-cell origin, although some 
T/NK lymphomas have been reported in the setting of 
SOT. The monomorphic lymphomas are the most common 
types of PTLD, constituting 60–80% in most reported large 
series [174]. These lymphomas share basically an identical 
morphology and immunophenotypic profile as lymphomas 
arising in immunocompetent hosts. Most lymphomas fulfill 
the morphologic and immunohistologic criteria for a diagno-
sis of DLBCL or to a lesser frequency Burkitt lymphoma or 
a plasma cell proliferation.

Of note, the lesions corresponding to DLBCL frequently 
show a rather polymorphous infiltrate of large transformed 
tumor cells with occasional RS-like cells, and necrosis is 
sometimes a prominent finding. The plasmacytic prolifera-
tions are composed of sheets of plasma cells with few inter-
mingled lymphoid cells.

An indolent peculiar-specific subtype, namely EBV+ 
extranodal marginal-zone B-cell lymphoma of mucosa- 
associated lymphoid tissue (MALT-lymphoma), has been 
added into the category of M-PTLD [175]; these lesions 
present with cutaneous or subcutaneous localizations and 
must be distinguished from other extranodal, frequently gas-
tric or pulmonary EBV-negative MALT lymphomas and 
other EBV-negative small B-cell lymphoma proliferations, 
which are not included in the PTLD categories. These EBV+ 

MALT lymphomas have an easily discernable plasmacytic 
differentiation with intermixture of lymphoid, marginal-zone 
like cells with abundant pale cytoplasms.

Immunohistologically, the B-cell lymphoproliferations 
show a mature B-cell immunophenotype with expression of 
PAX-5, CD19, CD20, and CD79a, with frequently demon-
strable monotypic Ig light-chain expression. CD30 is often 
expressed by a large number of tumor cells, especially in 
cases with EBV association. The EBV+ cases exhibit more 
often a non-GCB immunophenotype (CD10-/BCL-6-/
MUM-1+), whereas the EBV-negative DLBCLs are more 
often of the GCB immunophenotype with expression of 
CD10 and BCL-6, without co-expression of MUM-1. BL 
occurring after TX is usually EBV+ and shows an identical 
immunoprofile as the classical forms.

The plasmacytoma-like proliferations may be EBV- 
positive or EBV-negative, are CD38+/CD138+, usually lack 
CD20 and CD19, and show monotypic expression of both Ig 
heavy and light chains. EBV association has to be demon-
strated in case of MALT-type PTLD. Besides expression of 
B-cell markers, these lymphomas were reported with fre-
quent expression of IgA [175].

Genetically, the M-PTLDs show clonal rearrangements of 
IgH and IgL chain genes in almost all cases. Of note, a sub-
stantial number of clearly B-cell PTLDs were reported to 
harbor monoclonal T-cell receptor gene rearrangements, 
especially in cases with numerous reactive CD8+ T cells in 
the background [1].

The monomorphic T/NK PTLDs are rare, constituting only 
5–15% of all PTLDs [176]. They fulfill the criteria similarly to 
lymphomas arising in non-immunocompromised patients 
both morphologically and immunophenotypically. In most 
instances PTCL, NOS, or hepatosplenic T-cell lymphomas are 
seen [177]. Other forms include T-large granular lymphocytic 
leukemia, SPTCL, extranodal NK/T-cell lymphoma, nasal 
type, ALCL (either systemic or cutaneous), and even mycosis 

Table 7.5 PTLD classification WHO 2016 [1] (slightly modified)

PTLD Type
Tissue 
Effacement Histology Immunohistology

IgH/TCR 
clonality

Nondestructive No Polyclonal
Plasmacytic 
hyperplasia

Pronounced interfollicular plasma 
cell proliferation

Polytypic κ and λ, EBV+

Florid follicular 
hyperplasia

Numerous large hyperplastic GC Polytypic B cells, plasma 
cells, EBV+

Infectious 
mononucleosis-like

Diffuse interfollicular polymorphous 
proliferation, numerous IB, 
plasmablasts

Polytypic B cells, plasma 
cells, CD30+ IB, EBV+

Destructive Yes Monoclonal
Polymorphic Spectrum of lymphoid differentiation Monotypic κ and λ, EBV+
Monomorphic Mostly DLBCL or plasma cell 

neoplasia
Clonal B cells or T cells

Classical Hodgkin’s 
lymphoma

Yes Same as cHL EBV+/−

Abbreviations: GC germinal center, IB immunoblast, DLBCL diffuse large B-cell lymphoma, cHL classical Hodgkin’s lymphoma
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fungoides/Sézary’s syndrome [178]. Immunohistologically, 
various T-cell and/or NK-cell markers are expressed, such as 
CD2, CD3, CD5, CD7, and CD4 or CD8. Cases of HSTCL 
typically show loss of T-cell markers, such as CD5, and are 
T-cell receptor gamma delta- positive, with frequent co-expres-
sion of CD56 and CD4/CD8 double-negativity [179]. About 
30% of the T/NK PTLD are EBV-positive [180].

Genetically, T -PTLDs Show Clonal Rearrangements 
of the T-Cell Receptor Chain Genes.
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Genetic Predisposition  
to Non-Hodgkin Lymphoma

Oskar A. Haas and Arndt Borkhardt

 Introduction

The two main categories of lymphomas are Hodgkin’s dis-
ease (HD) and non-Hodgkin lymphomas (NHL). Together 
they not only comprise the most common malignancies in 
western countries, but, next to leukemias and brain tumors, 
also the third largest group of neoplasms in children up to 
14 years as well as the largest one in teenagers up to 24 years 
of age [1–3]. In 0–14-year-old children, NHL is slightly 
more common than Hodgkin lymphoma, whereas the con-
verse is true for teenagers and young, 15–24-year-old adults. 
Based on their specific biological, (immuno)phenotypic, and 
genetic features, the recently updated World Health 
Organization (WHO) classification guidelines distinguish 
already a large number of different NHL sub-entities [4], 
although the literature available for this review is still based 
on a more crude classification that merely comprises B- or 
T-cell lymphoblastic lymphoma, follicular (FL), diffuse 
large B-cell (DLBCL), Burkitt (BL), and anaplastic large 
cell lymphoma (ALCL), a system that hitherto has also 
formed the essential basis the prognostic classification and, 
consequently, the allocation to particular forms of 
treatment.

In children, lymphomas evolve in a tension field, in which 
a maturing immune system needs to arrange and familiarize 
itself with its own body’s intrinsic components and, at the 
same time, also to get accustomed to a multitude of environ-
mental exposures, not least various infectious agents [5]. A 
flawless genetic make-up of all contributing constituents is 
thus of crucial importance to guarantee the appropriate 

assembly of the encoded components and their efficient inter-
action in functional pathways and the required participation 
in the proper development of the immune system. Equally, 
dysfunctional or weakened germline components, be it in the 
form of major single-gene defects or perhaps likewise vital, 
but less well-recognized genetic modifiers, can easily inter-
fere with the normal physiological development in this par-
ticularly vulnerable stage and tilt the balance, among others, 
also toward neoplastic transformation. Part of these more or 
less clearly definable genuine heritable preconditions are also 
normally inert variants in constituents of a well-adapted 
immune system, which only become relevant under particular 
circumstances, for instance, the fortuitous exposure to par-
ticular environmental hazards. Such either overstimulating or 
disruptive conditions are chronic infections, primarily those 
with Epstein-Barr (EBV), human immunodeficiency (HIV) 
as well as human papillomaviruses (HPV), chronic inflamma-
tions, autoimmune diseases, treatments with certain drugs, 
and organ transplantations (Fig. 8.1) [5–14].

Considering the above, the identification and character-
ization of predisposing factors has thus rightfully become the 
focus of special interest especially also in lymphoma research 
[15]. The recognition and definition of such disease- 
associated genetic variants is increasingly required for the 
management and care of patients not least because it often 
guides the appropriate choice and adaptation of therapy [16–
19]. Even when treated successfully, these patients require 
further surveillance, because they can develop second or sec-
ondary neoplasms. The distinction between de novo or inher-
ited disease-relevant germline mutations is a vital prerequisite 
for assessing the potential consequences for the patient her-
self as well as her respective family members and, therefore, 
also for enabling appropriate counseling [13, 20–22]. Last, 
but not least, the in-depth individual analysis together with 
the more general screening for such genetic determiners not 
only satisfies our scientific curiosity. It also broadens our 
overall knowledge and understanding of the normal 
 physiological function and pathologic consequences of the 
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respective immune system components and their role in dis-
ease mechanisms, which in turn again inevitably enables us 
to continuously improve and personalize the treatment of the 
respective patients.

 Ascertainment of Genetic  
Predisposing Factors

There are different tactics one can use to search for and 
ascertain distinct or more general genetic predisposition fac-
tors (Table 8.1) [23]. The special choice of the appropriate 
mode is primarily a matter of the individual demands and 
opportunities as well as overall intentions. It can focus on 
either patient/family-relevant, gene-related, disease- 
associated or population-based aspects. Whether and when 
such a predisposing condition is thus suspected and when it 
becomes apparent depends mainly on the respective screen-
ing and verification procedures, which in turn rely on the 
particular severity and overall consequences of the respec-
tive gene defects. In case these generate also obvious physi-
cal malformations or other clinical symptoms, such as 
disturbances of the hematological and/or immune system, 
they are often known already before lymphoma onset. 
Conversely, such conditions might only be suspected only 
once lymphoma is diagnosed. In such scenarios, the careful 
assessment of medical records and the patient’s family his-
tory together with his/her physical examination and key lab-
oratory findings will not only help to secure the cause of a 
preexistent genetic susceptibility but often also provide 

already those relevant hints, which can ease the identification 
of the responsible defective gene or at least the category or 
pathway to which it belongs to [15]. The most relevant indi-
cators comprise dysmorphic features, short stature, various 
types of cytopenias and immunodeficiencies, specific histo-
pathological lymphoma forms, and/or unproportional treat-
ment toxicities [1, 2, 24–29].

A first global impression about the type and frequency of 
the various disorders in children and adolescents with NHL 
can be obtained from information that can be extracted from 
three large lymphoma trial groups, the “European Intergroup 
for Childhood NHL (EICNHL),” the “International Berlin- 
Frankfurt- Münster (i-BFM) Study Group,” and the “NHL- 
Committee of the Italian Association of Pediatric Hematology 
Oncology (AIEOP)” [1, 2, 30].

Depending on the likelihood that a respective genetic 
defect is indeed present and directly or indirectly responsible 
for lymphoma development, the particular conditions can be 
subdivided into those in which such a connection is undoubt-
edly established, in which it has not yet been explicitly proven 
and in which it is either most likely unjustified and/or only an 
incidental concurrence of two otherwise unrelated events [1, 
2]. According to these studies, one can expect that at least 
60% of lymphoma cases in children and adolescents occur on 
the basis of bona fide predisposing genetic germline defects 
that are even commonly associated with already clinically 
recognizable syndromes. Compared to that, the group of het-
erogeneous and hitherto less clear-cut primary immunodefi-

Fig. 8.1 Relevant factors that contribute and participate to lymphoma 
development in children [5]

Table 8.1 Strategies to ascertain genetic factors that predispose to 
lymphoma

Based on distinctive or conspicuous clinical features
  Ataxia telangiectasia
  Nijmegen breakage syndrome
  Constitutional mismatch repair syndrome
  Primary immunodeficiency syndromes
  Other rare DNA repair syndromes
Based on familial predisposition
  Twin studies
  Familial aggregation
   Case-control studies
   Cohort studies
   Registry-based studies
Based on genetic risk factors
  Linkage studies
  Genetic association
   Candidate genes
   Genome-wide association studies (GWAS)
Based on disease
  Hodgkin’s disease
  Non-Hodgkin lymphoma
   Diffuse large B-cell lymphoma (DLBCL)
   Burkitt lymphoma (BL)
  Anaplastic large cell lymphoma (ALCL)

Adapted according to Cerhan and Slager [23]
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ciency conditions is with up to 15% much smaller, whereas 
other non-risk syndromes or not unambiguously classifiable 
conditions make up another 20% and 10%, respectively [2].

 Monogenic Disorders

The two main closely intertwined categories of monogenic 
disorders that not only predispose to lymphoma development 
but, with a certain propensity also to various other types of 
malignancies, are the DNA repair deficiency syndromes and 
inborn errors of immunities that include severe primary 
(SCID) as well as combined immunodeficiency (CVID) syn-
dromes. Apart from these two groups, the respective lym-
phoma treatment studies contain also a number of otherwise 
well-defined genetic syndromes and nongenetic conditions, 
such as those with merely one or more organ malformations, 
which seem to be hardly relevant in this context. Given an 
estimated overall lifetime risk for developing lymphoma of 
approximately 2%, the frequency of the various disorders 
and the rarity of their coincidental occurrence, one can 
expect that this may be an unfortunate pure chance event. 
Until at least conceptually understandable or proven, any 
such assumed causal link must therefore remain completely 
speculative.

Among the noteworthy findings that became apparent in 
these and other more disease- or condition-specific oriented 
publications is the unequal distribution of histological sub-
types in the different groups. Approximately 85% of patients 
with ataxia telangiectasia (AT) develop mature B-cell NHLs 
[5, 30–32], of which diffuse large cell forms (DLBCL) are 
roughly three times more common than Burkitt lymphoma 
(BL). Approximately 25% of patients with Nijmegen break-
age syndrome (NBS) develop peripheral T-cell lymphoma 
(PTCL) [17, 28, 30, 33, 34], and approximately 80% of 
patients with constitutional mismatch repair deficiency 
(CMMRD) develop T-cell lymphoblastic lymphoma (T-LBL) 
[26, 35–37]. In contrast, approximately 60% of B-cell lym-
phoproliferations that take place in patients with primary or 
secondary immunodeficiencies are oligoclonal and polymor-
phic [5, 30]. Of note is also the overall inferior prognosis and 
increased risk of treatment-related toxicity and death in such 
patients compared to those with sporadic forms of lymphoid 
malignancies [2].

Since we will only superficially portray the most common 
and prominent representative examples in each of these cat-
egories, we refer the interested reader to the many excellent 
and extensive reviews of individual disease forms that can be 
found in the scientific literature as well as in several internet 
resources and compendia, such as “Online Inheritance of 
Man (https://www.omim.org/),” “Orphanet (www.orpha.
net/),” and “Gene Reviews (www.ncbi.nlm.nih.gov/books/
NBK1116/).”

 Ataxia Telangiectasia

This autosomal recessive disorder has an estimated world-
wide prevalence of 1:40.000–1:100.000. It is caused by 
mutations in the ATM gene, whose protein product is a prom-
inent coordinating member of cellular signaling pathways 
that respond to DNA double-strand breaks as well as to oxi-
dative and other genotoxic stress situations [31, 38]. The 
clinical consequences of a constitutional ATM-deficient 
DNA damage response are cerebellar degeneration, telangi-
ectasia, immunodeficiency, cancer susceptibility, and radia-
tion sensitivity (X- and gamma-rays), the latter of which has 
to be especially accounted for in the medical management of 
affected patients.

About two-thirds of AT patients suffer from immune sys-
tem abnormalities, such as reduced T and B cells and low 
levels of one or more immunoglobulin classes. The lifetime 
risk to develop cancers is approximately 25%. The most 
common ones in those less than 20 years of age are lympho-
mas and leukemias, whereas adults also develop solid tumors 
including breast, liver, gastric, and esophageal carcinomas 
[31, 32, 39, 40].

 Nijmegen Breakage Syndrome (NBS)

NBS is a similarly well-characterized and clinically recogniz-
able autosomal recessive disorder that is caused by mutations 
in the NBN gene [33]. Although such cases can occasionally 
be encountered in any part of the world, a specific Slavic ori-
gin founder mutation (NM_02485.4:c.657_661del5) makes 
this mutation particularly common among Central and 
Eastern European populations. This circumstance facilitates 
its easy genetic verification especially in these geographic 
regions. The NBN gene encodes a subunit of the Mre11–
Rad50–NBN (NMR) DNA double-strand break (DSB) repair 
complex [41]. Affected children are exceptionally sensitive 
to ionizing radiation or radiomimetics and share a strong pre-
disposition to develop malignancies of predominantly lym-
phoid origin and, to a lesser extent, also brain tumors, such 
as medulloblastoma and glioma. Thus, more than 50% 
(56/105) of patients in the Polish NBS registry had devel-
oped a malignant disease, more than 90% (51/56) of which 
were lymphomas [28, 34]. Moreover, compared to sporadic 
lymphomas in children and in individuals with primary or 
secondary immunodeficiency disorders, they are primarily 
mature DLBCLs and BL or T-cell LBL/acute leukemias 
[28]. The estimated lymphoma risk is exceptionally high in 
NBS patients. Whereas it is increased already 70–250-fold in 
AT patients, it is increased more than 1.000-fold in NBS 
patients and therefore without doubt the highest among all 
the chromosome breakage and immunodeficiency syn-
dromes [28].
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The prognosis is generally poor because NBS patients 
experience an extremely high rate of malignancies and sig-
nificant treatment-related toxicities as well as infectious 
complications. Nevertheless, long-term survival can be 
achieved already in a substantial number of affected children 
when one accounts for their specific vulnerability during 
treatment and transplantation, a procedure that will also rees-
tablish their immunity again [17, 34].

 Constitutional Mismatch Repair Deficiency 
(CMMRD)

CMMRD can be caused by mutations in four genes, MLH1, 
MSH2, MSH6, and PMS2, that regulate DNA mismatch 
repair [25, 42]. The autosomal-dominant Lynch syndrome 
(LS) results from heterozygous monoallelic germline loss- 
of- function mutations that predispose to the development of 
colorectal cancer, endometrial carcinoma, and other malig-
nancies in adults. The distinct autosomal recessive childhood 
version of CMMRD, on the other hand, is caused by bi- 
allelic compound heterozygous or homozygous mutations 
that affect primarily the PMS2 gene (60%) [25, 26, 35, 37, 
43–46]. Affected children develop leukemias and lympho-
mas, brain (especially glioblastoma) and embryonic type, as 
well as LS-associated tumors [37]. Their overall prognosis is 
generally poor, not least because multiple such neoplasms 
often occur syn- or metachronously [36]. In contrast to AT 
and NBS patients, those with CMMRD experience no exces-
sive treatment toxicity and the clinical effects of their immu-
nodeficiency remain much subtler. Since one can often find 
particular physical attributes, i.e., café-au-lait spots, skin 
hypopigmentation, and pilomatricomas, in these patients that 
may otherwise also be encountered in other predisposing 
conditions, such as AT, Fanconi anemia, neurofibromatosis 
type 1, Li-Fraumeni syndrome, or Peutz-Jeghers syndrome, 
their differential diagnostic work-up requires clinical exper-
tise and genetic scrutiny. T-cell malignancies in patients with 
pigment anomalies and consanguine parents are thus a virtu-
ally unmistakable indicator for an underlying causative 
CMMRD.  Although several consortia put together helpful 
criteria and guidelines to support the diagnostic evaluation 
and surveillance of patients with CMMRD, their clinical 
utility has not yet been fully evaluated [25, 43–45]. One of 
the relevant recommendations put forward is that genetic 
testing in minors at risk is only warranted in case parents opt 
for surveillance or to exclude CMMRD prior to hematopoi-
etic stem cell donation [42].

So far, 56 patients with CMMRD and hematological 
malignancies in 48 families are known in the literature, 
approximately one-third of which had lymphomas or leuke-
mias [35, 45]. Their median age at diagnosis was 6  years 
(range 0.4–30  years). With 41 cases, lymphomas are the 

most frequent malignancies; 27 of them were of T- and 10 of 
B-cell origin (including 2 BL, 2 DLCBL, and 1 post- 
transplant lymphoproliferative disease). Of special note is 
not only the high proportion of T-cell lymphomas but espe-
cially also their unique and hitherto unexplainable mediasti-
nal predilection. Approximately two-thirds of these patients 
were homozygotes and one-third compound heterozygotes. 
58% of the mutations affected the PMS2, 25% the MSH6, 
and 17% each the MLH1 and MSH2 gene [35, 44].

 Immunodeficiency Syndromes

The recent 2017 update of the “Primary Immunodeficiency 
Committee” of the “International Union of Immunological 
Societies” lists and categorizes 344 genetic defects that cause 
354 distinct disorders of immunity [47, 48]. Of these, more 
than 20 are known to predispose to lymphoma (Table 8.2). 
Since an in-depth review of all these lymphoma- predisposing 
disorders is beyond the scope of our review, we will only 
briefly touch some relevant points in three representative 
examples. The overall sketchy general conclusions one can 
draw from publications dealing with this subject are that PID 
patients have a 1.42-fold excess to develop cancer, which is 
largely due to lymphoma in specific PID populations [49, 
50]. The overall risk of individuals with PID to develop a 
malignant disease is 4–25%, which after infections consti-
tutes their second leading cause of death. With nearly 60% 
(8.4% HD and 49.6% NHL) lymphoma is the predominant 
cancer subtype and thus a considerable problem in primary 
as well as acquired immunodeficiency syndromes [5, 51]. 
The predominant type of lymphoma is of B-cell origin, of 
which many of the small cell types are EBV-related 
[51–55].

 Perforinopathies
The recently conceived term “perforinopathies” refers to a 
related group of perforin-deficient hyperinflammatory disor-
ders with an increased cancer susceptibility, which may 
either result from rare congenital gene-impairing mono- or 
bi-allelic mutations or, in less severe forms, also be due to 
more common hypomorphic alleles [56–58]. Bi-allelic per-
forin gene (PRF1) mutations, in particular, are the cause of 
the familial hemophagocytic lymphohistiocytosis type 2 
(FHL2) [59], a disease that shares some of its typical pre-
senting features with ALCL and accounts for approximately 
10–15% of all pediatric NHL [7, 60–63]. Approximately a 
quarter of these lymphoma patients carry monoallelic PRF1 
mutations but, remarkably, virtually none in SH2D1A or 
UNC13D, genes that are implicated in two other forms of 
FHL [60]. Mutations in SH2D1A are best known for causing 
the X-linked lymphoproliferative disease (XLP), which 
makes affected male carriers particularly vulnerable to 
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Epstein-Barr virus (EBV) infections [64]. One of the severe 
complications of the accompanying and uncontrollable lym-
phoproliferations are B-cell lymphomas that develop in a 
quarter of the respective patients [64]. Noteworthy in this 
context is also the postulated predisposing role of an other-
wise common activity-diminishing PRF1 gene variant (SNP 
A91V; rs35947132) in the nasal form of NK/T-cell lym-
phoma in adults, which is the most frequent EBV-related 
NK/T-cell malignancy [63].

 Wiskott-Aldrich Syndrome (WAS)
This rare X-linked genetic disorder is caused by heteroge-
neous mutations in the WAS gene, which is exclusively 
expressed in hematopoietic cells [65–68]. So far, approxi-
mately 300 different mutations are known, which are scat-
tered over the entire gene. The encoded gene product (WASp) 
belongs to a family of proteins that relay signals from the cell 
surface to the actin cytoskeleton [69]. The wide spectrum of 
clinical symptoms and hematopoietic effects one encounters 
in this disorder can be clearly attributed to the different types 
and location of the respective mutations and which are there-
fore also directly responsible for the severity of the disease. 
The ensuing problems range from only mild forms of iso-
lated micro-thrombocytopenia or neutropenia to severe 
forms of eczema, recurrent infections, and autoimmune and 
neoplastic diseases. The prevalence of malignancy in retro-
spective studies of patients with severe clinical presentations 
and an average age of onset of 9.5 years has been estimated 
to be around 20% and to especially affect those with autoim-
mune manifestations [65]. The most frequent, often EBV- 
associated forms of neoplasms are extra-nodal NHLs [65]. 
One of the postulated mechanisms that apparently facilitate 
lymphoma development and progression in this disorder is 
that malfunctioning dendritic, T and NK cells are incapable 
to keep virally infected or otherwise altered preneoplastic B 
cells under control and to eliminate them properly [65, 67].

 Interleukin (IL)10 and IL-10 Receptor
Interleukin-10 (IL-10) and IL-10 receptor (IL-10R) deficien-
cies are the first recognized monogenic causes of very early 
onset severe inflammatory bowel disease [18, 70–72]. This 
immunoregulatory disorder predisposes to the development 
of unique monoclonal EBV-negative DLBCL subtypes of 
germinal center origin that are characterized by a constitu-
tive activation of the NF-kB pathway and a defective local 
T-cell immune response. Taking into account all 35 reported 
patients with IL-10 deficiency (5 with IL-10, 11 with 
IL-10R1, and 19 with IL-10R2), the likelihood to develop 
lymphoma is estimated to be 36% (5 of 14) at the age of 
7 years [72]. These observations clearly indicate that a defec-
tive IL-10 pathway is causatively involved in lymphoma 
development, although one also needs to point out that 
apparently neither gut inflammation itself nor a distinct pat-

tern of inflammation seems to be the essential causative fac-
tor. The increased risk might rather be more connected with 
the immunosuppressive therapy in the form of azathioprine, 
which four of the five patients reported by Neven et al. had 
received [72]. In line with this observation is that thiopurine 
treatment of inflammatory bowel diseases in adult patients 
also increases the risk for such lymphoproliferative disorders 
significantly [73].

 Genetic Factors Predisposing  
to “Sporadic” NHL

Despite the large number of hitherto already identified pre-
disposing monogenic causes, it is clear that even in these 
instances, the development of lymphoma is a multifactorial 
process with some probabilistic elements that depend on and 
involve a liable genetic architecture as well as the participa-
tion and interaction of a multitude of other intrinsic (as 
regards the respective cells, organs, and organism) as well as 
extrinsic environmental triggers [74]. So far, our understand-
ing of all these lymphoma-initiating and lymphoma- 
promoting processes primarily derive from such rare 
monogenic subtypes. However, it is to be expected that the 
continuous systematic analyses of the rich source of “spo-
radic” cases, i.e., those in which such a definable genetic 
component is not (yet) known, will without doubt provide us 
with a plethora of novel findings and relevant insights. The 
best evidence that the class of sporadic lymphoma may 
indeed encompass many more distinct genetic sub-entities is 
the growing numbers of novel mutations that are still identi-
fied especially in rare forms of immunodeficiencies. The 
notion of a polygenic causation and possible inheritance of 
such sporadic cases derives, among others, mainly from the 
observation that lymphoma risk can aggregate in families, 
albeit without evidence of a clear-cut Mendelian segregation 
trait. One common interpretation of this phenomenon is that 
each lymphoma arises in a particular individual based on the 
combined risk-contributing effects of a large number of oth-
erwise irrelevant modifying genetic variants.

Again, there are multiple ways to assess a familial predis-
position and to identify germline susceptibility loci. These 
include twin, case-control, and registry-based studies for the 
former and linkage and genetic association studies for the 
later [23, 75]. Based on a comprehensive overview of such 
studies, Cerhan et al. reported that in the United States, the 
estimated overall lifetime risk for developing NHL outside of 
rare hereditary syndromes is 1 in 48 (2.1%) [23]. The  relative 
risk for first-degree relatives is 1.7-fold elevated, whereas 
their absolute lifetime risk is 3.6%. The absolute risk is even 
lower for specific lymphoma subtypes. One noteworthy 
observation was that there is apparently both commonality 
and heterogeneity for risk factors by NHL subtype [10].

8 Genetic Predisposition to Non-Hodgkin Lymphoma
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 Familial Predisposition

Although family history is commonly used to identify indi-
viduals with a possible heritable predisposition, especially 
within the pediatric cancer population, it is hardly able to 
predict such a susceptibility in most patients [76, 77], a prob-
lem that has many reasons, in particular incomplete informa-
tion on family history, small family size, de novo mutations, 
and incomplete penetrance. Moreover, parents and other 
first- or second-degree relatives are often still young and can-
cer may not have developed yet. Notwithstanding all these 
obstacles, multiple lines of data nevertheless suggest that a 
family history of lymphoma is indeed associated with an 
increased risk of lymphoma. Familial risk is elevated for 
multiple lymphoma subtypes and familial risk does not seem 
to be confounded by nongenetic risk factors, although there 
are likely unidentified environmental risk factors and cluster-
ing of known (and unknown) such risk factors within fami-
lies that are difficult to exclude. This suggests that at least 
some lymphoma subtypes share a genetic etiology. Moreover, 
genetic factors are also likely to be subtype-specific because 
a family history of a particular subtype is also most strongly 
associated with a risk for the same lymphoma subtype.

 Twin Studies
The largest twin study that aimed to elucidate a genetic sus-
ceptibility to HD comprised altogether 187 dizygotic and 
179 monozygotic twins [78]. Compared to background rates, 
this study found a 100-fold higher risk for a monozygotic 
twin to also be affected by HD but no excess risk for a dizy-
gotic twin. The relatively young average age at diagnosis of 
the twins concordant for HD and the relatively short average 
interval between diagnoses in each pair of twins further cor-
roborate the importance of genetic factors in this context. 
There was also a 23-fold higher risk of NHL for a patient’s 
monozygotic twin but only a 14-fold higher risk for a 
patient’s dizygotic twin, which indicates that in these 
instances a shared environment is probably more relevant for 
their increased NHL susceptibility.

 Familial Aggregation
Case-control, cohort, and registry-based studies investigate 
whether and to which extent an inherited genetic risk to a 
particular disease, in this instance lymphoma, aggregates 
within families. Such studies are to a certain extent compli-
cated by the impossibility to reliably separate a shared 
genetic background from the impact of a shared environment 
as well as the need to also account for family size.

The largest case-control study available to date was per-
formed by the “International Lymphoma Epidemiology 
Consortium.” This meta-analysis comprised 17.471 NHL 
cases and 23.096 controls from 20 case control studies and 
found a 1.8-fold increased risk for patients who had a first- 
degree blood-related family member with NHL. Albeit less 

pronounced, this risk was also elevated for those who had a 
first-degree relative with HD or leukemia [10, 23].

Owing to the fact that only few large cohort studies with a 
sufficient number and detailed information of familial lym-
phoma cases are available, the risk for specific NHL subtypes 
is difficult to assess. A Swedish study that covered 3.5 million 
people over a 35 years period found a 7.2- and 8.8- fold higher 
risk in children and young adults to develop HD if a parent or 
sibling also had HD [79], whereas another study reported a 
six-fold higher risk for siblings [80]. A cohort study that 
included 120.000 female teachers in California concluded 
that a history of lymphoma in a first-degree relative was asso-
ciated with a 1.7-fold higher risk of B-cell NHL [81].

In the Utah Cancer Registry, which linked population- 
based family registry with cancer registry data, the risk of 
NHL was increased 1.7-fold in first-degree relatives of a pro-
band with NHL [82]. The most comprehensive data available 
on familial aggregation by lymphoma subtypes compared 
the cancer experience in first-degree relatives of lymphoma 
patients with that of relatives and matched population con-
trols. First-degree relatives of HD patients had a 3.1-fold 
increase in risk of HD whereas risk of HD was not associated 
with a family history of NHL [83]. One striking finding in 
these studies is the NHL subtype-specific clustering of risk 
as exemplified by the fact that first-degree relatives of indi-
viduals with DLBCL had a 9.8-fold increased risk of also 
being affected by DLBCL.

 Genetic Risk Factors

Linkage studies, which use multi-case families or sib pairs to 
search for shared regions of inherited alleles among affected 
individuals in an unbiased manner, were so far little reward-
ing as regards lymphoma research, a failure that might be 
due to small sample sizes or the lack of single high-penetrant 
variants in the investigated cohorts.

Genetic association studies, which rely on high- throughput 
genotyping of sequence variation in germline DNA became 
the predominant analytical method in genetic epidemiology. 
The two major types of association studies are candidate gene 
and genome wide association studies (GWAS).

Candidate gene studies are mainly driven by the a priori 
biologic knowledge of lymphoma and lymphoma-associated 
diseases, such as infectious or autoimmune ones, as well as 
those which derive from other cancers. Genes of particular 
interest in this context are those which are involved in 
immune function, cell cycle/proliferation, apoptosis, DNA 
repair, and carcinogen metabolism pathways. However, for a 
variety of reasons, most of these studies had only very lim-
ited success in identifying susceptibility loci in adult 
NHL. The most robust risk association was found between a 
tumor necrosis factor (TNF; rs1800629)/lymphotoxin-alpha 
(LTA; rs909253) haplotype and DLBCL [84], a SNP 
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(rs3789068) in the proapoptotic BCL2L11 gene and B-cell 
NHL, as well as a SNP (rs3132453) in PRRC2A in the HLA 
class III region and B-cell NHL [85].

GWAS uses dense microarrays with several hundred 
thousand SNPs that are distributed over the entire genome. 
As all loci are considered equally, such an analytic approach 
is considered as being hypothesis-free or “agnostic” [23]. To 
date, such GWAS studies have successfully identified 11 
regions that are associated with follicular lymphoma and 6 
with DLBCL risk in adults (Table 8.3). The respective com-
mon SNPs define loci with a minor allele frequency below 
5%, have small effect sizes, and are of largely unknown 

function. Moreover, so far hardly any of these loci have been 
also verified in replicate studies.

 Genetic Testing, Screening,  
and Counseling Issues

Although all these epidemiologic and “agnostic” mass screen-
ing methods for assessing, exploring, and defining genetic risk 
factors for lymphoma development have certainly their merits, 
they are hardly of any value for the daily management of indi-
vidual lymphoma patients. Compared to that, the hitherto pur-
sued approach to search for and verify a genetic cause in 
particular individuals, which relied primarily on the recogni-
tion of associated symptoms and, as such, on the a priori 
knowledge and alertness of the treating physicians, was still 
much more rewarding [15, 27, 51]. However, the growing 
awareness of the high frequency and heterogeneity of such 
underlying conditions, some of which are also often difficult 
to recognize and delineate, as well as the continuous improve-
ment of cost-efficient sequencing methods and bioinformatic 
tools, will definitely lead to a change in the diagnostic evalua-
tion tactic [77, 86]. Given the increasing interest in the role of 
germline cancer susceptibility in general and in the pediatric 
setting in particular, it is to be expected that the assessment of 
lymphoma- associated genetic predisposition factors will soon 
be performed in a more systematic manner. It is somehow sur-
prising that, to our knowledge, suitable screening programs 
have not yet been considered or implemented in current lym-
phoma treatment studies. Given what is known so far and 
given the high number and variety of such vastly unexplored 
predisposing immunodeficiencies, it is expected that com-
pared to other cancer and leukemia predisposing conditions 
such an endeavor must be especially worthwhile in the lym-
phoma setting. Several pilot projects dealing with other malig-
nancies in children provide some ideas how such programs 
could be installed [77, 86, 87]. As outlined in Fig. 8.2, there 

Table 8.3 GWAS-discovered loci predisposing to follicular and dif-
fuse large B-cell lymphoma in adults of diverse ethnic origin [86]

Chromosomal location SNP Nearest gene References
Follicular lymphoma
3q28 rs6444305 LPP [119]

6p21.32 rs10484561 MHC class II [120]

6p21.32 rs2647012 HLA- [121]

6p21.32 – HLA-DRß1 Glu [119]

6p21.32 rs17203612 HLA-DRA [119]

6p21.33 rs3130437 HLA-C [119]

6p21.33 rs6457327 C6orf15 et al. 
(STG)

[119]

8q24.21 rs13254990 PVT1 [119]

11q23.3 rs4938573 CXCR5 [119]

11q24.3 rs4937362 ETS1 [119]

18q21.33 rs17749561 BCL2 [119]

Diffuse large B-cell lymphoma (DLBCL)
2p23.3 rs79480871 NCOA1 [122]

3q27 rs6773854 BCL6/LPP [123]

6p21.33 rs2523607 HLA-B [122]

6p25.3 rs116446171 EXOC2 [122]

8q24.21 rs13255292 PVT1 [122]

8q24.21 rs4733601 PVT1 [122]

Fig. 8.2 Diagnostic approaches 
for the genetic assessment of pre-
disposing risk factors in lym-
phoma patients, whose individual 
and combined values, advantages, 
and disadvantages are outlined in 
the main text
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are several stepwise possibilities to do so. The most compre-
hensive one would be of course to sequence and compare 
DNA samples from the respective lymphoma together with 
one from the germline as well as the patient’s parents. 
Depending on the infrastructural possibilities as well as cost/
benefit calculations, one could perform such analyses either 
simultaneously or consecutively. The former is certainly more 
expensive but has the advantage that one can immediately 
compare the inheritance patterns of any identified abnormal 
results and thereby assess their validity and relevance in a 
rapid manner. The latter is probably cheaper because, in prin-
ciple, one can concentrate only on the comparative confirma-
tion of a smaller number of potentially relevant preselected 
markers. However, this approach could turn out to be more 
work- and also more time-consuming to obtain the essential 
information. Finally, there is also the question what one looks 
for and what one wants or needs to achieve in such a setting. 
For simple, clear-cut and easy to resolve diagnostic question, 
such as verification of a Nijmegen breakage syndrome or car-
rier screening for already known mutations, simple PCR anal-
yses are clearly sufficient. For any other diagnostic evaluation, 
we consider targeted screening as the nowadays necessary 
minimal and also most cost-efficient standard, whereby the 
respective screening panel should cover at least all those genes 
that have already been implicated in lymphoma development 
[88–90]. More extensive sequencing methods that will eventu-
ally also aid the discovery of novel variants of potential rele-
vance and interest, include whole exome sequencing (WES), 
which sooner or later will in any case most likely replace tar-
get sequencing, as well as whole genome sequencing (WGS), 
which has the advantage that it can also identify mutations in 
the non-coding extragenic part of the genome [86]. Moreover, 
a hitherto largely unexplored area in the field of lymphoma 
predisposition research is the conceivable contribution of the 
multitude of structural and copy number variations in the 
genome, especially of those which affect lymphoma-relevant 
gene regions. Although at present, these variants can be best 
assessed with DNA arrays, it is foreseeable that also this tech-
nique will eventually be replaced by whole genome as well as 
long-range sequencing procedures. With the appropriate bio-
informatic support, these tools are not only able to signifi-
cantly improve and refine these analyses, but at the same time, 
they will eventually also allow the simultaneously evaluation 
of associated epigenetic modifications, such as methylation.

Naturally, these remarkable technological advances and 
foreseeable developments in the diagnosis and research of 
lymphoma susceptibility also cause a large number of novel 
legal, ethical, social, and counseling problems, which can 
only be successfully resolved in a close interdisciplinary col-
laboration on a national but, even more so, on an international 
level. The particular topics that eventually need to be regu-
lated comprise the informed consent and assent for minors 
undergoing testing, the ensuing implications for healthy sib-

lings and parents of our patients, the timing of referral for 
genetic testing as well as the provision of a continuous educa-
tional and counseling support. All these issues are currently 
already addressed and discussed by a large number of experts 
from many countries who work together in two large recently 
established consortia, namely, the EU-funded COST Action 
“LEukaemia GENe Discovery by data sharing, mining and 
collaboration (LEGEND)” and the “IBFM Leukemia & 
Lymphoma Genetic Predisposition Committee.”
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 Introduction

Through national and international collaboration, the out-
come of children with non-Hodgkin lymphoma (NHL) has 
greatly improved over the past half century [13]. Advances in 
risk stratification and response assessment have facilitated 
therapeutic decisions by maximizing therapy in those with 
the most advanced and resistant diseases, while sparing tox-
icity and late effects in those with more favorable ones. An 
ongoing challenge remains the accurate determination of 
response and remission status, such that subsequent therapy 
can be individually modified to the patient’s disease based on 
their response to treatment.

Response assessment is the clinical, biopathological, 
and radiological evaluation of a patient to determine if 
active residual disease remains either at an interim time 
point during treatment or at the end of the therapy. The 
methods used for response assessment are closely linked to 
those used to assess extent of disease during staging at the 
time of initial diagnosis. Clinical examination of sites of 
disease such as residual lymphadenopathy, hepatospleno-
megaly, and extra- nodal disease sites are useful at the bed-
side but lack sensitivity. Follow-up assessments often 
include repeat staging evaluations, such as imaging and, if 
applicable, bone marrow aspirates and biopsies and lumbar 
punctures for cerebrospinal fluid (CSF) involvement. 
Imaging modalities remain the primary method to assess 
response status since these tumors are often not evident by 
other means.

If residual lesions are identified on follow-up imaging, a 
major dilemma is whether these represent sites of active 
residual disease or benign processes such as tumor necrosis 
and/or inflammatory fibrosis. If there is sufficient concern, 
the gold standard and often recommended approach is a 
biopsy.

Different study groups have evaluated the importance of 
response determination among the various NHL subtypes. In 
B-NHL, both the Société Française d’Oncologie Pédiatrique 
(SFOP) LMB and Berlin–Frankfurt–Münster (BFM) studies 
have demonstrated that residual disease following three 
cycles of therapy leads to an increased risk of relapse. 
Intensification of chemotherapy or mega-dose chemotherapy 
followed by hematopoietic stem cell rescue has resulted in 
improved outcomes [17, 20]. Among patients with lympho-
blastic lymphoma (LBL), the COG A5971 study showed that 
a radiologic response at two weeks significantly correlated 
with event-free survival (EFS) and overall survival (OS) 
[25]. In BFM 90–95 studies, patients with <70% reduction in 
the size of their mediastinal mass by end of induction day 33 
had therapy intensified [19]. In anaplastic large cell lym-
phoma (ALCL), early response assessment after one course 
by PCR evaluation may identify patients with a very high 
risk of treatment failure [10].

Based on a combination of radiographic and histological 
findings, conventional definitions of response use the desig-
nations of complete response (CR), partial response (PR), no 
response (NR), and progressive disease (PD). CR often 
refers to the complete absence of any disease detected clini-
cally or radiographically by some pre-specified measure of 
residual size of the baseline lesion. Partial response encom-
passes a wide range of definitions between CR and stable 
disease (SD), also known as “no response.” Progressive dis-
ease often refers to increasing size of the baseline mass or 
new sites of disease not present at diagnosis. These defini-
tions are quite varied and often specific to certain diseases or 
collaborative groups, making comparison across diseases 
and clinical trials a challenge.
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 Response Assessment by Pathology 
and Molecular Biology

Histological confirmation remains the gold standard to dif-
ferentiate active residual disease from tumor necrosis or 
inflammatory scar tissue. In the SFOP LBM89 study, 126 out 
of 551 patients had radiologic evidence of residual masses. 
Of these, 113 patients underwent either biopsy or excision of 
the mass, but only 12 had viable tumor cells (10.6%) [17]. In 
LMB96, 23 of 657 patients (3.5%) had histologically proven 
residual disease at remission assessment [4]. For those with 
active residual disease after three courses of chemotherapy, 
the success of intensification of therapy suggests that repeat 
biopsy for these questionable masses may be justified [17].

Sometimes, the decision to resect or biopsy a residual 
mass may be complicated by several factors, including the 
patient’s underlying condition, the location of the mass, the 
ease/difficulty of the procedure, and the risks involved. In 
general, a resection or biopsy should only be attempted if it 
will change the management approach. Resections are pre-
ferred to reduce tumor burden and improve diagnostic yield 
from pathology, but sometimes may not be feasible or dan-
gerous (e.g., lesions in the gastrointestinal tract). 
Oopherectomy should be avoided and lesions in the visceral 
organs need only be sampled with a biopsy. If diagnostic tis-
sue is not obtained, serial biopsies may be attempted if the 
benefit of knowing the result outweighs the risk involved.

Morphological assessment with the identification of 
tumor cells is the mainstay for determining residual disease. 
However, the evaluation of viability of residual cells may be 
challenging since necrotic tumor cells may still stain positive 
for B-cell markers such as CD20. The incorporation of 
highly sensitive measures such as immunophenotyping by 
flow cytometry, cytogenetics and FISH analysis, and molec-
ular PCR methods have led to further improvement in the 
detection of minimal disseminated disease (MDD) at diag-
nosis or minimal residual disease (MRD) during response 
assessment.

The ability to detect MRD in acute lymphoblastic leuke-
mia (ALL) has greatly informed the risk stratification, prog-
nostication, and treatment for this disease [3, 15]. In NHL, 
MRD detection has been applied most commonly in lym-
phoblastic lymphoma using flow cytometry or molecular 
techniques based on clonal rearrangements of the immuno-
globulin or T-cell receptor gene detected at the time of diag-
nosis [8]. Molecular methods have increased the sensitivity 
of disease detection with the use of PCR for immunoglobulin 
gene rearrangements for mature B-NHL (BL and DLBCL) 
[1]. In the AIEOP LNH-97 study, the Italian group used 
long-distance PCR for the t(8;14) for MDD detection in 
patients with Burkitt lymphoma (BL) and diffuse large B-cell 
lymphoma (DLBCL) [18].

In pediatric ALCL, over 90% of patients will have rear-
rangement of the NPM gene on 5q35 to the anaplastic lym-
phoma kinase gene ALK on 2p23, forming the translocation 
t(2;5) and the resulting fusion protein NPM-ALK [9]. When 
combined with the detection of antibodies to ALK protein, 
the BFM and Italian study groups showed that detection of 
NPM-ALK by PCR at diagnosis in blood and/or BM was 
highly predictive of outcome. High-risk patients with posi-
tive MDD and low ALK antibody titer had the lowest 
progression- free survival (PFS) of 28% compared to the low- 
risk group (MDD negative and high ALK titer) who had a 
PFS of 93% [14]. Moreover, detection of persistent NPM- 
ALK by PCR at the end of the first course of chemotherapy 
(MRD) was highly prognostic and associated with a high 
risk of relapse [10].

Novel methods such as next-generation sequencing using 
cell-free circulating tumor DNA are now being developed by 
many groups with potential future applications to various tis-
sue types including the primary tumor mass, bone marrow, 
CSF, and/or blood at the time of follow-up [22]. To date, the 
role of MRD and MDD assessment in response evaluation 
and risk stratification remains investigational. A thorough 
review of minimal disseminated disease is presented in the 
following chapter.

 Response Assessment by Imaging

The use of imaging modalities to detect response to treat-
ment remains standard practice in pediatric NHL. The most 
commonly used modalities are computerized tomography 
(CT) and magnetic resonance imaging (MRI), each having 
their unique advantages and applications. CT is the most 
readily available modality at almost every center, is inex-
pensive, is fast to perform, and often does not require a gen-
eral anesthetic in young children. However, exposure to 
radiation is major concern, especially in patients with pre-
dispositions that increase sensitivity to ionizing radiation. 
For detection and follow-up of pulmonary lesions, CT 
remains the best modality. For lymphoma patients, MRI is 
best used for the evaluation of CNS disease in the case of 
neurologic symptoms or parameningeal mass but is a 
lengthier procedure which often requires a general anes-
thetic in young children.

The definitions of imaging-defined response categories, 
CR, PR, PD, etc., were historically based on the measurement 
of tumors on cross-sectional imaging. Many measurement 
methods have been used to assess disease burden and calcu-
late response, leading to variability in practices and difficulty 
in comparing responses across clinical trials. Currently, the 
general practice is to identify the most representative lesion 
and measure it using the longest diameter (LDi) and the 
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perpendicular diameter (PD). Multiplying these two diame-
ters generates a product of the perpendicular diameter (PPD) 
(Fig. 9.1). If more than one lesion exists, as is often the case, 
then up to six of the most representative (often the largest) 
lesions are identified as “target” lesions and the sum of prod-
ucts of the largest diameter and the perpendicular diameter 
for each lesion (SPD) is calculated. The SPD is used as a 
measure to compare baseline disease burden to that at a later 
point in time [23]. Other ways to assess response have 
included measuring the change in transverse diameter or sum 
of the largest diameters and/or change in three-dimensional 
volume. Given the variability in response assessment, the 
need to establish uniform measurement criteria and standard 
definitions of response was well recognized.

A significant correlation has been observed between the 
size of the residual lesion and tumor viability. A residual 
mass measuring ≥5  cm in the largest diameter should be 
assessed by pathology while a lesion <2 cm is usually reas-
suring. For intermediate-sized residual lesions (i.e., 2–5 cm), 
pathological assessment is recommended either by biopsy or 
complete resection, if possible (Patte, personal communica-
tion). In clinical practice, a major challenge is also the 
assessment of extra-nodal residual disease, which is more 
frequent in children/adolescents with NHL than in adults [4, 
16]. These include more frequent mediastinal residual 
masses, residual kidney lesions (very common), and residual 
hepatic and ovarian lesions. Imaging should be considered 
suspicious if the size of the organ is enlarged (as seen in 
ovarian masses) or if “stick out masses” are seen (in medias-
tinal masses). Cases of residual lesions detected on CT/MRI 
but not apparent on ultrasonography because of necrosis/
fibrosis are generally more reassuring (e.g., kidney/hepatic 
lesions).

 FDG-PET

Whole-body 18F-2-fluoro-2-deoxy-D-glucose (18F-FDG)-PET 
has become an invaluable tool in staging and response assess-
ment of non-Hodgkin lymphoma therapy in adults but its 
value needs to be further evaluated in pediatric NHL. FDG is 
a glucose analog that is taken up by cells via glucose trans-
porter proteins. It then undergoes phosphorylation by hexoki-
nase where it does not undergo any further metabolism and is 
trapped within the cell. FDG uptake is increased in certain 
malignancies including NHL and Hodgkin lymphoma, and its 
use is being actively investigated in many other cancer types.

Functional imaging with FDG-PET is often used to assess 
response evaluation in childhood NHL, but the data to guide 
such practices are lacking. Limitations to PET include the 
lack of standardized imaging protocols and variable report-
ing criteria. This creates uncertainty about the interpretation 
of PET for use in interim assessment and end of therapy 
assessment.

PET scans generally have high sensitivity and negative 
predictive value (NPV) for ruling out disease when negative, 
but more variable and modest positive predictive value when 
the result is positive. In a single-center study, PET/CT was 
compared to conventional imaging and biopsy findings in 18 
children with NHL who had biopsy results for evaluation of 
residual disease. Patients had mature B-NHL and ALCL. A 
score of 4 or 5 using the London criteria defined PET-positive 
status. The sensitivity and NPV for PET/CT was 100% but 
specificity was 60% and PPV was 25%. However, conven-
tional imaging (mostly by CT and MRI) was no better than 
PET/CT with a sensitivity and NPV of 100% but lower spec-
ificity of 20% and PPV of 14% [2].

In a study of 24 pediatric patients with abdominal Burkitt 
lymphoma, 4 were found to have PET-positive scans at the 
end of treatment, leading to the need for histological confir-
mation. Three of these patients had no evidence of malig-
nancy while one patient did, leading to 100% NPV and 25% 
PPV [21]. Overall, these data indicate that false positive find-
ings by PET/CT are common in children with NHL. A nega-
tive scan is generally reassuring as a good indicator of 
complete response.

The reproducibility of PET interpretation has also been 
called into question. To address these concerns, standard 
PET imaging classifications have been adopted, such as the 
Deauville criteria, a 5-point visual-based criteria, similar to 
that used in the adult Lugano classification [5, 12]. The most 
intense FDG site is graded, as per the following Table 9.1.

Use of PET for treatment monitoring during the course of 
therapy is a common practice, but there is limited evidence to 
support its use in clinical decision-making. Therefore, this 
should only be used in a clinical trial or prospective registry 
study.

LDi

PD

PPD = LDi x PD

Fig. 9.1 Drawing of cross-sectional image and calculation of the sum 
of the product of the greatest perpendicular dimensions (SPD)
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The presence of residual PET uptake on an end-of- 
treatment PET scan, also known as minimal residual uptake 
(MRU), is a troubling issue and often leads to further inves-
tigations to obtain histology or increased frequency of fol-
low- up scans. A single institution study of patients with BL 
and DLBCL suggests that end of therapy surveillance imag-
ing has low yield for relapse detection but exposure to unnec-
essary radiation. Only 3 of 44 patients (6.8%) relapsed, none 
of whom were identified from CT- or PET-based surveillance 
imaging [11]. In addition to active residual disease, a posi-
tive PET may be due to many benign processes including 
brown fat, rebound thymic hyperplasia, infection, or a benign 
inflammatory process [24].

 Standardization of Response Assessment

Given the need to standardize the measurement and assess-
ment of PET-avid malignancies, an international collabora-
tive effort was initiated by the adult group known as the 
International Harmonization Project [6] which later pro-
duced updated recommendations [7]. The latter guidelines 
made a formal inclusion of FDG-PET, such that patients with 
a PET negative residual mass were now considered CR 
instead of CRu (CR-unconfirmed) on the predecessor guide-
line. In addition, bone marrow immunohistochemistry and 
flow cytometry were also incorporated in the response evalu-
ation. A further update known as the Lugano classification 
emphasized the importance of PET as the gold standard for 
routine imaging of all FDG-avid, nodal lymphomas and 
obviated the need for a bone marrow biopsy (BMB) at least 
in the case of Hodgkin lymphoma when PET-CT is used [5]. 
This recommendation did not directly translate to NHL as 
the panel recognized the importance of a BMB in DLBCL 
when the PET is negative and in cases where knowing BM 
status would change patient management.

It is well recognized that pediatric NHL differs from adult 
NHL in several ways: only a few subtypes form the majority 
of pediatric NHL, most are high-grade lymphomas, and there 
is a predominance of advanced disease presentations, gener-
ally involving the bone marrow and CNS. The need for sepa-
rate pediatric criteria led to a multidisciplinary collaboration 
of experts at the third and fourth International Symposia on 
Childhood, Adolescent, and Young Adult NHL in 2009 and 
2012, respectively, resulting in the development of the 
International Pediatric NHL Response Criteria [23]. The 
new pediatric criteria incorporate the combination of imag-
ing, tumor histology, bone marrow, and CSF, into five major 
categories of response (Table 9.2). In addition, the availabil-
ity of newer techniques based on immunophenotype, cytoge-
netics, and molecular techniques are used as supporting 
criteria to more accurately describe the basis for response 

Table 9.1 Deauville score in assessing PET response

Score Description Interpretation
1 No uptake above 

background
Complete metabolic response

2 Uptake ≤ mediastinum
3 Uptake > mediastinum 

but ≤ liver
1.  Probable complete response 

(CR)
2.  May be considered inadequate 

response to avoid under-
treatment in a de-escalation trial

4 Uptake moderately 
higher than liver

1.  Reduced uptake compared to 
baseline: partial metabolic 
response

2.  No significant change from 
baseline: no response

3.  Increase uptake from baseline: 
progressive metabolic disease

5 Uptake markedly 
higher than liver and/or 
new lesions

Adapted from: Meignan et al. [12]

Table 9.2 International pediatric NHL response criteria

Criterion Definition
CR Disappearance of all disease (three designations)

CT or MRI reveals no residual disease or new lesions
Resected residual mass that is pathologically 
(morphologically) negative for diseasea BM and CSF 
morphologically free of disease

CRb Residual mass has no morphologic evidence of disease 
from limited or core biopsy, with no new lesions by 
imaging examinationa

BM and CSF morphologically free of disease
No new and/or progressive disease elsewhere

Cru Residual mass is negative by FDG-PET (Deauville score 
1, 2, or 3); no new lesions by imaging examination
BM and CSF morphologically free of diseasea

No new and/or progressive disease elsewhere
PR 50% decrease in SPD on CT or MRI; FDG-PET may be 

positive (Deauville score or 4 or 5 with reduced lesional 
uptake compared with baseline);
no new and/or PD; morphologic evidence of disease may 
be present in BM or CSF if present at diagnosisa;
however, there should be 50% reduction in percentage of 
lymphoma cells

MR Decrease in SPD > 25% but <50% on CT or MRI; no new 
and/or PD; morphologic evidence of disease may be 
present in BM or CSF if present at diagnosisa;
however, there should be 25–50% reduction in percentage 
of lymphoma cells

NR For those who do not meet CR, PR, MR, or PD criteria
PD For those with >25% increase in SPD on CT or MRI, 

Deauville score 4 or 5 on FDG-PET with increase in 
lesional uptake from baseline, or development of new 
morphologic evidence of disease in BM or CSF

Adapted from Sandlund et al. [23].
Abbreviations: BM bone marrow, CR complete response, CRb complete 
response biopsy negative, CRu complete response unconfirmed, CT 
computed tomography, FDG 18-F-fluorodeoxyglucose, MR minor 
response, MRI magnetic resonance imaging, NHL non-Hodgkin lym-
phoma, NR no response, PD progressive disease, PET positron emis-
sion tomography, PR partial response; SPD sum of product of greatest 
perpendicular diameters
aDetection of disease with more sensitive techniques described as sup-
porting data (Table 9.3)
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determination (Table  9.3). The inclusion of supporting 
response data, though not directly incorporated into the 
response evaluation, is forward thinking as these measures 
will in no doubt be integrated in future criteria.

A standardized response evaluation schema has many 
benefits but requires widespread acceptance and incorpora-
tion into clinical trials. It will allow for comparison of treat-
ment efficacy across multiple regimens while facilitating 
clinical decision-making for the individual patient.
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 Introduction

Minimal residual disease (MRD) has been established as the 
most powerful independent prognostic parameter for chil-
dren and adults with acute lymphoblastic leukemia (ALL). It 
has been introduced into standard clinical practice for treat-
ment stratification for ALL both during initial therapy and in 
relapse worldwide [1–7]. Different techniques with interna-
tional quality control for sensitivity, specificity, and the 
quantitative range are in place [7]. Patient-specific immuno-
globulin or T-cell receptor rearrangements measured by PCR 
and aberrant immunophenotypes detected by flow cytometry 
are the methods most widely standardized. Both methods 
have their specific application time points, advantages, and 
disadvantages.

MRD using the standard methods has also been estab-
lished as prognostic factor for disease monitoring for some 
subtypes of Non-Hodgkin lymphoma in adults, especially 
indolent lymphomas like chronic lymphatic leukemia, 
mantle cell lymphoma, or follicular lymphoma. In addition, 
newer next-generation sequencing-based methods targeting 
both patient-specific and disease-specific markers have 
been started to be studied in adults with diffuse large B-cell 
lymphoma, mantle cell lymphoma, and follicular lym-
phoma [8, 9].

The knowledge from ALL and adult lymphoma can, how-
ever, not easily be transferred to Non-Hodgkin lymphoma in 

children. Comprising a heterogeneous group of different dis-
eases, few patients are available in each biological subgroup 
to evaluate the possible prognostic value of MRD. The dif-
ferent NHL entities need different approaches and tech-
niques to measure minimal disease. As a major difference to 
leukemia, initial tumor material often is limited in NHL and 
needs to be used for assurance of an accurate histopathologi-
cal diagnosis. In most instances, there is no fresh tumor 
material available for establishment of MRD markers. Bone 
marrow (BM) is involved in only a part of the patients, so 
that it can only be used to establish MRD markers and mea-
surement of MRD in Burkitt leukemia (B-AL), stage IV lym-
phoblastic lymphoma (LBL), or some peripheral T-cell 
lymphomas (PTCL). One prerequisite to study MRD in NHL 
in most children, therefore, is to determine minimal dissemi-
nated disease (MDD) in the BM and/or blood at diagnosis. 
Only among those children with detectable cytological or 
minimal disease in BM at diagnosis the prognostic meaning 
of MRD can be studied. The associated question arising is 
whether the detection of disseminated lymphoma cells at 
diagnosis may already be of prognostic value comparable to 
micro metastases in pediatric solid tumors or adults with 
DLBCL [10–14].

Further special features of pediatric NHL need to be con-
sidered when studying MRD. One is the high probability of 
event-free survival (EFS) with current chemotherapeutic 
strategies for the most frequent subtypes which asks for 
prognostic factors with a very high predictive value [15]. In 
addition, relapses occur very early, usually within a few 
weeks to months after the end of therapy or even as 
 progression so that MRD—with the intention to use it for 
stratification of patients to different treatment—needs to be 
measured at very early time points during therapy which 
leaves a short time for establishment of MRD markers.

In this chapter, we are going to describe the techniques 
currently used for minimal disease detection in the different 
lymphoma subtypes. We then summarize the available clini-
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cal data on the possible prognostic meaning of MDD and 
MRD in the larger pediatric NHL subtypes. In addition to the 
use as prognostic marker, we discuss possible other applica-
tions of MRD, like longitudinal disease monitoring in indi-
vidual patients or status before consolidation by stem cell 
transplantation in relapse.

 Techniques Used for MDD/MRD Detection 
in Lymphoma Subtypes

Four basic methods currently are available for the detec-
tion of rare lymphoblastic leukemia and lymphoma cells. 
Specific rearrangements of the T-cell receptor or immuno-
globulin genes can be used as patient-specific markers 
which need initial tumor material for establishment. This 
method has almost no risk of cross-contamination and 
strict quality control has been established in leukemia tri-
als. However, this method is both labor consuming and 
expensive. Secondly, the expression of a leukemia/lym-
phoma-specific immunophenotype allows for quantifica-
tion of few tumor cells by flow cytometry. Initial tumor 
material is not necessary for every lymphoma type using 
this technique. It is less expensive compared to the first 
method, but the sensitivity is somewhat lower using the 
current approach. As a third method, lymphoma-specific 
fusion genes can be measured either on the DNA or RNA 
level if translated into a fusion protein (type 1 fusions), or 
on the DNA level only in lymphomas without expression 
of fusion transcripts (type 2 fusions). These approaches 
require initial tumor material in some but not all cases. 
Measurement on the RNA level has a high sensitivity, 
however, bears the risk of cross-contamination with false-
positive results. Lastly, next-generation sequencing of ini-
tial lymphoma material may detect aberrations that can be 
used as a tumor- and patient-specific MRD marker.

These techniques have different sensitivities and speci-
ficities that are not only dependent on the method but also 
vary according to the lymphoma subtype.

Genetically, Burkitt lymphoma (BL) and mature B-cell 
leukemia (B-AL) are characterized by the presence of chro-
mosomal translocations involving the C-MYC gene on chro-
mosome 8 and the immunoglobulin heavy- or light-chain 
genes on chromosome 14, 22 or 2 [16]. The most common 
translocation, accounting for about 75% of all cases, is the 
t(8;14)(q24;q32) which juxtaposes the C-MYC gene to the 
immunoglobulin heavy chain (IGH@) locus on chromosome 
14  in divergent orientation. The breakpoint locations vary 
considerably depending on the geographic distribution of the 
disease and likely on the presence or absence of Epstein-Barr 
virus (EBV) genome. On chromosome 8, breakpoints are 
usually located upstream of the C-MYC gene in the endemic 
(African) BL and within exon 1 or intron 1 in the sporadic 

(Caucasian) BL. The breakpoints in the IGH@ locus are dis-
tributed over a region of at least 100 kb, but they are prefer-
entially located in the IGH@ joining region (JH) or in the 
switch regions in the endemic and the sporadic BL, respec-
tively [17]. The MYC-IGH@ rearrangement is detectable 
only at the genomic DNA level because no fusion transcript 
originates from this genetic alteration. In the great majority 
of sporadic BL, the t(8;14) translocation can be detected by 
a long-distance polymerase chain reaction (LD-PCR) assay 
which relies on the use of one primer specific for C-MYC 
exon 2 combined, in different reactions, with four primers 
for the IGH@ locus [17, 18]. The LD-PCR assay is useful 
not only for the molecular characterization of the primary 
disease, but it can also be applied to detect MRD because the 
LD-PCR product detecting the MYC-IGH@ rearrangements 
is specific for each individual tumor. The assay has a sensi-
tivity approaching 10−3/10−4 both in vitro and in vivo [19]. 
Notably, it is not possible to study endemic BL by this tech-
nique due to the wide chromosomal region involved.

In addition to the t(8;14), another marker for MDD/MRD 
detection in BL and mature B-AL is represented by clonal 
rearrangement of immunoglobulin (IG) genes, which consist 
of variable, constant, and junctional regions; the latter are 
unique to the lymphatic/leukemic clone. Investigators screen 
for these rearrangements at diagnosis in each case, and after 
identifying the lymphoma-specific junctional sequences, 
design junctional region-specific oligonucleotides, also 
called allele-specific oligonucleotides, which will be used as 
primers for the PCR assay to MDD/MRD during treatment 
[19]. These assays were performed according to the guide-
lines of the European Study Group on MRD detection in 
ALL (ESG-MRD-ALL) [20]. In most of the targets, a sensi-
tivity of at least 10−4 was achieved and at least one sensitive 
target was available. Because access to original tumor is usu-
ally required to design the patient-specific primers, the feasi-
bility of using IgV(H) primer pools to detect disease in 
clinical specimens was assessed. IgV(H) primer pools from 
IgV(H1) to IgV(H7) regions were tested to detect MDD/
MRD, thus eliminating the need for original tumor. Until 
now only small cohorts of patients have been analyzed [21, 
22]. MDD/MRD detection by IgV(H) primer pools needs 
further investigation to establish the potential role as a real- 
time assessment tool to monitor pediatric BL and possibly 
other B-cell Non-Hodgkin lymphoma.

In almost 90% of cases, ALK-positive anaplastic large 
cell lymphoma (ALCL) is associated with the tumor-specific 
t(2;5)(p23;q35) chromosomal translocation, which gives rise 
to the fusion gene NPM-ALK [23–25]. In the last decades, 
several variant rearrangements at the 2p23 ALK locus other 
than t(2;5) have been identified in ALCL, in which partner 
genes other than NPM are involved [26–31]. The fusion gene 
transcript can be readily and sensitively detected by PCR 
[32–34]. In experiments testing mixtures of the translocation- 
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positive Karpas-299 ALCL cell line with the translocation- 
negative Jurkat T-cell line a sensitivity of 10−6 for this 
RT-PCR assay could be demonstrated [34]. A quantitative 
RQ-PCR for NPM-ALK was developed according to the 
standardized protocol of the EAC (Europe Against Cancer) 
program for TaqMan-based RQ-PCR [32]. The NPM-ALK 
fusion transcript copy number is normalized to the copy 
numbers of ABL that was selected as the control gene to 
compensate for variations in RNA integrity. The normalized 
copy number is expressed as copy numbers of NPM-ALK per 
104 copies ABL. In serial cell dilution experiments with 
Karpas 299 cells in NPM-ALK-negative DG75 cells, the 
method detected fewer than 10 NPM-ALK-positive cells/106 
control cells, indicating a sensitivity at least 10−5 at the cel-
lular level. However, the method is difficult to transfer to 
other laboratories and an international cut-off value would 
need to be defined. Quantification at the lowest end of the 
standard curve is necessary which hampers inter-laboratory 
comparison. For the international biological NHL Study 
Group, establishment of a quality controlled quantitative 
real-time PCR for NPM-ALK is one of our major efforts at 
present. In terms of feasibility, qualitative RT-PCR currently 
is the ‘gold standard’ because it is easily reproducible and 
less expensive. In addition, a flow cytometric (FCM) assay 
for quantification of ALK- and CD30-positive ALCL cells 
has been developed that showed a high specificity and a sen-
sitivity of 10−4 to 10−5 [35]. The results of the FCM assay and 
quantitative PCR for NPM-ALK correlated but the sensitivity 
of the PCR exceeded that of the FCM by at least one log. 
Quantitative PCR was more time-consuming and expensive 
than FCM. The FCM method needs to be tested in a larger 
cohort of patients to determine whether it has sufficient sen-
sitivity to be used as a substitute for quantitative PCR.

Lymphoblastic T-cell lymphoma (T-LBL) and T-acute 
lymphoblastic leukemia (T-ALL) are often considered to be 
part of a spectrum of a single disease [36]. The malignant 
cells in T-ALL and T-LBL are morphologically indistin-
guishable, and immunophenotype as well as genetic abnor-
malities of the cells are similar. The sensitive and specific 
methodologies used for MRD monitoring in T-ALL, such as 
PCR amplification of specific genetic abnormalities and 
clonal IG/TCR gene rearrangements, can be used to detect 
submicroscopic disseminated disease also in patients with 
T-LBL. Like IG genes, T-cell receptor (TCR) genes consist 
of variable, constant, and junctional regions. After screening 
for these rearrangements at diagnosis in each case with iden-
tification of lymphoma-specific junctional sequences, junc-
tional region-specific oligonucleotides need to be designed 
which will be used as primers for the PCR assay for MRD 
evaluation. These methods require the identification of a 
clone-specific molecular target in each patient through the 
initial analysis of tumor cells [37]. To bypass this problem 
multiparametric FCM could be used for MDD/MRD analy-

sis [38, 39] that can detect one T-LBL cell among 10,000 
normal cells. The immunophenotype of LBL tumor cells at 
diagnosis is classified according to the European Group for 
the Immunological Characterization of Leukemias (EGIL) 
classification [40]. Firstly, as for the blasts in ALL, lym-
phoma cells are identified using an immunological gate, 
based on a lineage-defined antigen (CD7 or CD19) expres-
sion associated with light scatter (Side Scatter or SSC). LBL 
cells are recognized for co-expression of cell markers not 
found in normal lymphocytes or typical of lymphocytes nor-
mally confined to the thymus. PCR assay and FCM results 
were compared for T-ALL and the investigators obtained a 
very good correlation between these two methods [39].

Of note, standardized procedures are warranted to apply 
MDD/MRD evaluation within multicenter therapeutic trials 
or to introduce new more sensitive molecular assay (e.g. 
next-generation sequencing analysis).

In 2012, five university laboratories from about 15 
European and extra-European countries designed a joint 
project to develop standardization and quality control analy-
sis for MDD/MRD studies in pediatric lymphoma patients. 
For example, for ALCL, a common set of primers was estab-
lished, and standard operating procedures were imple-
mented; quality control is performed regularly.

 Clinical Impact of MDD and MRD 
in Lymphoblastic Lymphoma

FCM and RQ-PCR for TCR gene rearrangements have been 
shown to identify minimal disseminated disease in T-LBL 
with a sensitivity of 0.01%. A retrospective study of 17 stage 
III T-LBL patients, analyzed at diagnosis, showed MRD pos-
itivity in the BM of 88% and 80% of the cases when evalu-
ated by FCM and RQ-PCR, respectively [37]. The 
concordance between the two methods was 67% at the high-
est sensitivity level, with 5/17 cases with discordant results. 
The first data on the prognostic impact of minimal disease at 
diagnosis, evaluated by FCM, was reported by Coustan- 
Smith et  al. in 99 pediatric T-LBL patients [38]. 
Submicroscopic disease was detected in 72% of BM studied 
(71/99), with T-LBL blasts ranging from 0.01% to about 
32%. Detection of T-LBL cells in BM was more frequent 
among younger patients (<10 years; p = 0.046) and among 
patients with lower LDH (p = 0.0027), but was not signifi-
cantly related to other features, such as gender, CNS involve-
ment, or stage. In 90/99 patients a PB sample at diagnosis 
was also studied. Every patient with detectable disease in the 
BM had also detectable disease in blood (r  =  0.86, 
p < 0.0001). In eight T-LBL patients, cells were found in PB 
but not in BM, suggesting that examination of PB might 
allow a more sensitive detection of disseminated disease. 
Two-year EFS was 52% for patients with >5% T-LBL cells 
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by FCM in BM versus 89% for the remaining patients 
(p = 0.009). Using a cut-off level of 1%, the 2-year EFS was 
68% for patients with higher levels of disease dissemination 
versus 91% for those with lower levels. The 2-year EFS of 
patients with 0.001–0.1% did not differ from the EFS of 
patients with negative MDD. In multivariate analysis, detec-
tion of T-LBL cells by FCM or stage IV did not retain an 
independent prognostic value.

The AIEOP study group examined BM and PB samples 
from a series of 65 children affected by T- (52) and 
B-lineage (13) LBL using FCM.  MDD was detected in 
49% (32/65) of BM samples, whereas only 21% (14/65) 
were positive by standard morphological evaluation. 
Findings from FCM analyses of paired BM and PB samples 
were highly concordant [39]. Using an MDD cut-off level 
of 3% by FCM (75th percentile), 5-year event-free survival 
(EFS) was 60 ± 22% for patients with MDD >3% LBL cells 
versus 83 ± 6% for the remaining patients (p = 0.04). No 
statistically significant difference in EFS was observed 
among LBL patients considering the following parameters 
at diagnosis: sex, median age, B and T immunophenotype, 
mediastinal involvement, serum lactate dehydrogenase, 
morphological infiltration of BM, CNS involvement, stage 
of disease, and treatment protocol. These results cumula-
tively indicate that MDD assessment in LBL by FCM is at 
least 100-fold more sensitive compared to cytology. FCM 
can be performed faster and is less expensive compared to 
a RQ-PCR assay and does not necessarily need initial 
tumor tissue. However, in the studies reported so far, the 
MDD cutoff was at the level of 3–5%, whereas cytological 
BM infiltration has not been shown to have a prognostic 
meaning in several trials [41, 42]. Therefore, whether MDD 
could be used for patient stratification in clinical studies 
needs to be investigated in a larger patient cohort together 
with other risk factors like the molecular profile [43–45].

 Clinical Impact of MDD and MRD in Burkitt 
Lymphoma and Leukemia

The Italian Association of Pediatric Hematology-Oncology 
Group (AIEOP) used a LD-PCR-based assay for the MYC- 
IGH fusion to prospectively study 78 BL patients [46, 47]. A 
specific MYC-IGH@ PCR marker could be established in 52 
patients. MDD was positive in 36% of the patients. The study 
of a larger cohort of patients (134 BL specimens; 84 of them 
had both a MYC-IGH breakpoint and BM available) con-
firmed that more than 30% of patients were MDD positive 
whereas only 12 patients (14%) were positive by morphol-
ogy. Most of the patients with molecular detection of disease 
in the bone marrow at diagnosis (22/26, 85%) belonged to 
the R4 Risk Group according to the BFM definition (stage III 
or stage IV according to St. Jude staging classification and 

LDH >1000 U/l). The 3-year progression-free survival (PFS) 
was 68 ± 10% for MRD-positive R4 patients compared with 
93 ± 5% for MRD-negative R4 patients (p = 0.03) (Fig. 10.1) 
[47], whereas there was no significant difference in PFS 
between children with morphological BM involvement at 
diagnosis and those who had negative BM (PFS 67 ± 14% 
vs. 87 ± 6%, respectively, p = 0.12). By multivariate analysis 
only MDD was predictive of higher risk of failure among R4 
patients (hazard ratio, 4.7; P  =  0.04) [47]. Busch et  al. 
reported on 18 patients with t(8;14)-positive BL without 
cytological BM infiltration using a PCR assay that combined 
the LD-PCR with a nested PCR [48]. The sensitivity range of 
this approach was 10−3–10−5. In eight patients the specific 
C-MYC-IGH@ rearrangement was detected either in BM 
(4/18) or in PB samples (6/15). In two of the four BM-positive 
cases, the blood was also positive; in the remaining two 
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cases, no blood was available. In contrast, in three of the 
six PB-positive cases the BM was negative, thus suggesting 
that analysis of both BM and blood might be relevant for 
MRD monitoring in BL patients.

The application of the LD-PCR assay has some limita-
tions. The sensitivity limit does not exceed 10−4 in most 
patients [47]. It is applicable in about 80% of patients with 
t(8;14) but not for patients with t(2;8) or t(8;22). The latter 
obstacle can be at least in part overcome using clone-specific 
immunoglobulin gene rearrangements as MDD target [19]. 
Overall, 36 B-AL and 19 BL cases were analyzed by this 
method in an AIEOP study. In 88% of the cases, a sensitivity 
of at least 10−4 was achieved. Molecular BM involvement at 
diagnosis was detected in 6/19 BLs using this assay. MRD 
positivity persisted during chemotherapy in 6/36 children 
affected by B-AL.  In most patients, LD-PCR and IG gene 
rearrangement-based methods detected MRD with similar 
results. Thus, both methods can be used for MDD/MRD 
analysis in mature B-AL and BL patients and each has 
advantages and disadvantages. The LD-PCR method is fast 
and relatively inexpensive, but the t(8;14) translocation can-
not be detected in all the cases. IG rearrangements are near- 
universal targets for MRD studies in B-cell malignancies and 
provide accurate quantification of MRD, but their detection 
is laborious, can be expensive, and requires initial tumor 
material [49].

Agsalda et al. studied MRD on follow-up specimens from 
B-NHL cases, relying on monoclonality defined by IGVH 
gene rearrangements, rather than on the identification of 
lymphoma clone-specific IG rearrangements that needs the 
availability of primary tumor tissue [21]. They hypothesized 
that MRD could be screened in specimens using primer 
pools made up of IGVH oligomers from respective VH1 to VH7 
families. The study was limited to 14 patients, but their find-
ings support the feasibility of this approach to analyze MRD 
because a previous study using patient-specific primers on 
the same cohort of children gave concordant results.

MDD/MRD was assessed by real-time polymerase chain 
reaction at the end of induction and consolidation with 
patient-specific primers from 10 children/adolescents with 
B-AL  ±  central nervous system disease who were treated 
with French-British-American/Lymphome Malins de Burkitt 
(FAB/LMB) 96 C1 therapy augmented with rituximab. MRD 
after induction and consolidation was positive in 7/10 and 
5/7 patients, respectively. However, there was no relapse in 
this small cohort and subsequent therapy appeared to elimi-
nate MRD [22].

Despite the large number of MRD studies conducted in 
childhood ALL, there is very limited information on the 
prognostic relevance of MRD in B-AL, possibly due to the 
rarity of B-AL as compared with B-cell precursor ALL and 
to the difficulty to conduct prospective studies on a signifi-
cant number of cases. The AIEOP group studied 68 BM at 

diagnosis from children affected by B-AL for the presence of 
t(8;14) by LD-PCR [50]. Sixty-nine percent were positive. 
MRD response was determined in 39 patients. The 3-year 
relapse-free survival (RFS) was 38 ± 7% for patients who 
were MRD-positive after the first chemotherapy cycle com-
pared with 84 ± 7% for MRD-negative patients (p = 0.0005). 
An extension of this study with 128 patients confirmed these 
results. MRD positivity after the first course of chemother-
apy remained the only unfavorable prognostic factor for 
progression-free survival in multivariate analysis [51].

In conclusion, the analysis of MDD and MRD in BL and 
B-AL may contribute to design better risk-adapted therapies 
for high-risk subgroups of BL and B-AL patients.

 Clinical Experiences of MDD/MRD in ALK- 
Positive Anaplastic Large Cell Lymphoma 
(ALCL)

MDD and MRD in ALK-positive ALCL have been studied 
using the sensitive and specific detection of NPM-ALK tran-
scripts by RT-PCR in BM and blood cells. Initial fresh frozen 
tumor material often is not available to screen for NPM-ALK 
transcripts. However, the presence of NPM-ALK can reli-
ably be determined using immune histology or FISH using 
dual-color probes. NPM-ALK is expressed in the cytoplasm 
as well as the nucleus, whereas all variant ALK (X-ALK) 
fusion proteins described so far are expressed exclusively in 
the cytoplasm or at the cell membrane (MSN-ALK) [23, 25, 
52, 53]. Since more than 80% of pediatric ALK-positive 
ALCL are positive for NPM-ALK, a nuclear and cytoplasmic 
ALK stating or a t(2;5)-specific positive dual-color fluores-
cence in situ hybridisation  ascertain NPM-ALK positivity 
thereby allowing for the investigation of MDD without the 
need of fresh tumor [23, 25].

The first analysis of MDD in ALCL using a qualitative 
NPM-ALK RT-PCR with a sensitivity of 10−6 was reported 
by the AIEOP group in 2005 [34]. 25/41 (61%) of analyzed 
patients had MDD detectable in the BM at the time point of 
diagnosis, whereas only 15% of the corresponding BM 
smears were positive by microscopy. Outcome analysis was 
performed in 35 of the analyzed patients. PFS at 5 years 
was 41 ± 11% for the MDD-positive patients compared to 
100% for the MDD-negative patients (p = 0.001) [34]. The 
prognostic meaning of MDD evaluation in the BM was 
confirmed by the BFM group in an analysis of 80 NPM-
ALK-positive ALCL patients. Forty-eight percent of these 
patients were MDD positive in the BM.  The cumulative 
incidence of relapses (CI-R) was 50  ±  10% for MDD-
positive patients compared to a 15 ± 7% for MDD-negative 
patients (p < 0.001). The detection of MDD in the BM was 
associated with higher stage, visceral or mediastinal organ 
involvement, and a not common histological subtype [32]. 
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MDD could be compared between bone marrow and blood 
in 52 of those patients. The results correlated well with 
concordant result obtained in both media in 45/52 patients. 
Six of the seven remaining patients were positive in blood 
but not in bone marrow, one patient was positive in bone 
marrow but not blood [32]. A collaborative study of the 
AIOP and BFM group evaluated MDD by qualitative PCR 
for NPM-ALK in either blood or BM in 180 uniformly 
treated NPM-ALK- positive ALCL patients [54, 55]. Fifty-
seven percent of the analyzed patients were MDD positive. 
The association of a positive MDD with not common histo-
morphology and clinical risk factors could be confirmed. 
The prognostic meaning of MDD analyzed by RT-PCR for 
the fusion gene transcript could be validated with an EFS at 
5 years of 51  ±  5% for MDD-positive and 83  ±  5% for 
MDD-negative patients (p  <  0.001) (Fig.  10.2). In multi-
variate analysis, only MDD, histological subtype, and 
ALK-antibody titers retained an independent prognostic 
value. These studies cumulatively established MDD as the 
most powerful and independent prognostic factor in ALK-
positive ALCL.

To enable stratification of patients according to MDD as 
measured by qualitative RT-PCR for NPM-ALK, five refer-
ence laboratories for MDD in the EICNHL started a quality 
control system. Standard operating procedures (SOPs) were 
established and common sets of reagents, PCR primers, and 
controls were introduced. Blinded test samples are distrib-
uted centrally twice yearly. Until 2014, five NPM-ALK 
RT-PCR quality control rounds were performed. All partici-
pating laboratories detected NPM-ALK transcripts with sen-
sitivities between 10−5 and 10−6 by using the SOP-RT-PCR 
protocol [56]. Inter-laboratory quality control as an indis-

pensable prerequisite for patient stratification according to 
MDD in international studies could be successfully 
established.

The level of MRD predicts the risk of relapse in patients 
with ALL. With the aim to investigate whether a group of 
patients with a so-called “high” MDD load might have a 
very high risk of relapse, the BFM group quantified NPM-
ALK transcripts using an NPM-ALK-specific RQ-PCR 
assay with ABL as control gene [32]. Quantification of 
transcripts was performed in BM samples of 74 patients, 
and blood of 52 of them. A cutoff of 10 copies NPM-ALK 
transcript per 10,000 copies of ABL (normalized copy 
numbers  =  NCN) was applied for outcome analysis and 
only samples with adequate copy numbers of the control 
gene (2000 copies ABL) were called quantifiable. 16/74 
patients (22%) had more than 10 NCN detectable in BM. 
They had a cumulative incidence of relapse of 71 ± 14% 
compared to 18  ±  6% of the remaining 58 patients 
(p < 0.001). Quantification in blood showed a comparable 
result [32]. In summary, quantitative RQ-PCR allowed 
identifying patients with a very high risk of relapse 
already at diagnosis in this study. The Japanese NHL 
study group investigated the prognostic impact of NPM-
ALK transcript quantification in blood and/or BM apply-
ing the same cutoff in 59 patients. The percentage of 
patients with more than 10 NCN in blood or BM was 
higher compared to the study of the BFM group (37% ver-
sus 22%) approaching the percentage of MDD-positive 
patients detectable by RT-PCR in the BFM group (50–
55%). The PFS for the 22 patients with more than 10 NCN 
in blood and BM was 57.8 ± 12% compared to 84.9 ± 6% 
for patients with <10NCN (p = 0.0016) [57]. The differ-
ence between the studies of the BFM and Japanese study 
group emphasizes the need of international quality control 
for quantitative RQ-PCR to enable comparison of results 
in multinational studies. The quantitative PCR assay is 
not only expensive and difficult to perform with quality 
control in several laboratories. The most important chal-
lenge for its widespread use is the low cutoff of 10 NCN, 
which would imply reliable measurement of NPM-ALK 
copies at the detection limit of the quantitative PCR assay.

The prognostic meaning of MRD in NPM-ALK-positive 
ALCL was evaluated in a collaborative AIEOP and BFM 
group analysis. MRD was assessed before the second course 
of BFM-type chemotherapy using the qualitative NPM-ALK 
RT-PCR [54]. MRD could be analyzed in 52 of 103 MDD- 
positive patients. The 26 MRD-positive patients had a 5-year 
CI-R of 81 ± 6% compared to 31 ± 9% for MDD-positive/
MRD-negative patients and 16  ±  5% for MDD-negative 
patients (p  <  0.0001) (Fig.  10.3). The overall survival of 
MRD-positive patients was significantly lower compared to 
both other groups (OS 65 ± 9% compared to 92 ± 5% and 
91  ±  4% for MDD-positive/MRD-negative and MDD- 
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negative patients, respectively; p < 0.001). MRD was asso-
ciated with non-common histopathological subtype.

Quantitative MRD measurement for the longitudinal eval-
uation of very high-risk patients as tool to detect a relapse 
early or to judge the efficacy of a therapeutic element has not 
been analyzed systemically so far but reported in single 
cases. Quantitative PCR for NPM-ALK was used to monitor 
disease progression in two patients with relapsed ALCL after 
discontinuation of treatment with the ALK kinase inhibitor 
Crizotinib who had reached a clinical remission with MRD 
negativity. Rapid increase of MRD confirmed clinical pro-
gression and further MRD demonstrated the efficacy of a 
second treatment with Crizotinib [58]. In another case report 
of a patient with a very high-risk ALCL progressing during 
initial treatment, longitudinal MRD assessment allowed to 
estimate the efficacy of different therapeutic approaches 
(crizotinib, brentuximab, or nivolumab) and confirmed dis-
ease progression at occasions at which differentiation 
between infection and tumor progression was clinically not 
possible [59]. Kalinova et al. reported the course of MRD by 
NPM-ALK-specific RQ-PCR in ten ALCL patients. Five of 
these patients relapsed, with one patient having four relapses, 
and one patient experienced two relapses. All investigated 
samples of relapsed patients had detectable NPM-ALK copy 
numbers in the BM at the time point of relapse or closely 
before with five relapses showing an increase of at least half 
a log level of normalized NPM-ALK copy numbers. 
Measurement of CD30 transcripts by RQ-PCR did not prove 
suitable for MRD monitoring in that study [60].

Measuring NPM-ALK transcripts in blood or BM cells 
currently is the standard method to assess circulating tumor 
cells in ALK-positive ALCL.  Two other techniques of 
quantitative minimal disease measurement for ALK-
positive ALCL have been compared to the standard 
RQ-PCR method. Krumbholz et al. assessed the possibility 

to use the patient- specific NPM-ALK fusion on the DNA 
level for minimal disease measurement. Analysis of the 
genomic NPM-ALK fusion sequence by a multiplex PCR 
assay allowed establishing individual fusion site-specific 
droplet digital (dd)-PCR assays for eight NPM-ALK-
positive ALCL patients. Parallel quantification of NPM-
ALK on 45 blood or BM samples with the fusion site-specific 
dd-PCR assay (DNA) and the established NPM-ALK-
specific RQ-PCR assay (RNA), respectively, showed a high 
concordance between DNA and RNA-based MDD and 
MRD measurement. The DNA-fusion site dd-PCR assay 
was additionally applied to parallel plasma samples to 
quantify circulating tumor-specific DNA of the same 
patients. A significant correlation of the ctDNA values with 
the cellular NPM-ALK values on both the RNA and DNA 
level was observed [61]. Measurement of MDD/MRD 
using cellular or cell-free DNA as an additional tool for 
MRD monitoring may allow the detection of transcriptional 
quiescent ALCL cells. However, DNA-based MRD mea-
surement needs initial tumor material for the establishment 
of the individual fusion site. Secondly, a flow cytometric 
assay to detect circulating ALCL cells in blood or BM has 
been developed and compared to quantitative PCR for 
NPM- ALK fusion transcripts [35]. Simultaneous measure-
ment of intracellular ALK protein and surface CD30 
expression allowed for the detection of one ALCL cell in 
100,000 normal cells in serial dilutions of NPM-ALK-
positive cell lines in blood. Despite concordance of the 
results in 11 patients, RQ-PCR for NPM-ALK was one log 
level more sensitive compared to FCM.  Advantages of 
FCM MDD measurement over RQ-PCR would be the 
applicability to all ALK-positive ALCL. A possible prog-
nostic meaning of the DNA-based and the FCM-based min-
imal disease quantification in addition to the standard 
technique needs to be analyzed prospectively in a larger 
cohort of ALK-positive ALCL patients.

 Summary: Present Status of Minimal 
Disseminated and Minimal Residual Disease 
in Childhood NHL

The following tables (Tables 10.1 and 10.2) summarize the 
established techniques for the detection of MDD and MRD 
in childhood Non-Hodgkin lymphomas and the prognostic 
meaning of MDD and MRD during first-line treatment 
according to the NHL subtypes. Currently, no studies have 
been published on the prognostic value of MDD and MRD in 
PTCL or relapsed NHL.  Since the studies on MRD in 
relapsed acute lymphoblastic leukemia also included sys-
temic relapses of lymphoblastic lymphomas, the poor prog-
nostic meaning of a high MRD after re-induction and before 
as well as after stem cell transplantation can likely be 
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Fig. 10.3 5-year event-free survival of patients with NPM-ALK- 
positive anaplastic large cell lymphoma ALCL according to minimal 
residual disease (MRD) in bone marrow or blood measured by qualita-
tive PCR for NPM-ALK before the second course of chemotherapy. 
(From Damm-Welk et al. [54], with permission)
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 transferred from ALL to LBL [1, 2, 4, 5]. The potential appli-
cation of MRD for disease monitoring at the end of therapy 
and as surveillance after therapy has not been studied sys-
tematically so far so that this is not included in the tables. 
Furthermore, NGS-based techniques for MDD and MRD 
measurement have not yet been studied in children.

 Future Directions

Considered their method-specific pitfalls, MDD and MRD 
provide highly sensitive and specific assessments of subclin-
ical minimal disease in lymphoma.

Technically, NGS-based methods for the detection of 
patient-specific or disease-specific markers bare the potential 
for broader applicability, especially for DLBCL and BL, but 
also for LBL and definition of the DNA breakpoints in ALK- 
positive ALCL and BL.  In addition, preliminary data indi-

cate the potential use of circulating tumor-derived DNA in 
plasma or serum as minimal disease marker.

Quality control must be established for each method 
among minimal disease laboratories to enable comparability 
and inclusion of MDD and MRD measurements into multi-
national clinical trials. Also, tissue, blood, and bone marrow 
samples have to be collected, processed, and stored in a com-
parable optimized fashion in clinical trials.

So far, the prognostic meaning of MDD only has been 
validated for patients with ALK-positive ALCL and is, there-
fore, ready to be used for stratification in clinical trials. 
Further trials need to establish the clinical meaning of MDD 
for the other lymphoma entities in children, especially BL 
and T-LBL.

The possible use of early MRD for a change of treatment 
for individual patients (either intensification or reduction) 
should be validated for both B-AL and ALCL. Furthermore, 
end-of-treatment MRD, MDD at diagnosis of relapse, and 

Table 10.1 Techniques established to detect minimal disease in childhood Non-Hodgkin lymphoma and their sensitivities

LBL BL/B-AL ALCL PTCL
NHL-specific marker – 67% t(8;14) with 

MYC-IgH
>85% t(2;5) with 
NPM-ALK

–

PCR for Ig/TCR rearrangement (DNA)

Initial tumor?

+
(10−5–10−6)
Needed

+a

(10−4)
Needed

– +
(10−5–10−6)
Needed

FCM for aberrant immunophenotype

Initial tumor?

+b

(10−4)
Not needed

– +b

(10−4)
Not needed

–

LD-PCR for MYC-IgH (DNA)

Initial tumor?

+
(10−3–10−5)
Needed

RT/RQ-PCR for NPM-ALK transcripts

Initial tumor?

+b

(10−5–10−6)
Not needed

Multiplex PCR followed by patient-specific primers for 
NPM-ALK (DNA)
Initial tumor?

+b

(10−5–10−6)
Needed

FCM flow cytometry, LBL lymphoblastic lymphoma, BL Burkitt lymphoma, B-AL Burkitt leukemia, ALCL anaplastic large cell lymphoma, PTCL 
peripheral T-cell lymphoma, LD-PCR long-distance PCR
aIgV(H) primer pools may eliminate the need for initial tumor material
bblood can substitute for bone marrow

Table 10.2 Clinical data on the prognostic impact of minimal disseminated disease (MDD) and minimal residual disease (MRD) in childhood 
Non-Hodgkin lymphoma

T-LBLa BL/B-AL ALCL
NHL-specific marker 67% t(8;14) with MYC-IgH >85% t(2;5) with NPM-ALK

MDD MRD MDD MRD MDD MRD
PCR for Ig/TCR rearrangement (DNA) n.d. n.d. n.d. (+) − −
FCM for aberrant immunophenotype + (+) − − (+) n.d.

LD-PCR for MYC-IgH (DNA) − − + +b

RT/RQ-PCR for NPM-ALK transcripts − − − − ++ +b

Multiplex PCR for NPM-ALK (DNA) − − − − n.d. n.d.
aThere are no data on pB-LBL
bmeasurement before the second course of BFM-type chemotherapy
n.d. no data, − not applicable, (+) hints toward a possible prognostic impact, + at least one study demonstrating a prognostic meaning, ++ validated 
independent prognostic factor
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MRD as potential substitute for radiological disease moni-
toring are areas of minimal disease measurement which still 
need to be explored for pediatric NHL. Preemptive MRD- 
guided therapy of an impending relapse and MRD as end-
point for clinical studies are unexplored areas for MRD in 
pediatric NHL.
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 Introduction

Non-Hodgkin lymphoma (NHL) represents the third most 
common tumor in children less than 15 years of age in North 
America and Western Europe. The prognosis has improved 
dramatically over the past 40 years and more than 85% of 
patients in North America and Western Europe are cured 
with upfront multiagent chemotherapy. The four most com-
mon histologies that occur in children and adolescents 
include anaplastic large cell lymphoma (ALCL), lympho-
blastic lymphoma (LL), Burkitt lymphoma (BL), and diffuse 
large B-cell lymphoma (DLBCL). A number of risk or prog-
nostic factors have been identified in each of these subtypes 
including histology, stage, extent of disease, minimal dis-
seminated disease (MDD), minimal residual disease (MRD), 
disease burden, cytogenetics, and molecular genetics, among 
others. In this chapter, we will outline the known prognostic 
factors in each of the common histologies, including ALCL, 
LL, BL, and DLBCL.

 Prognostic Factors in T-Cell Lymphomas

 Anaplastic Large Cell Lymphoma

Anaplastic large cell lymphoma (ALCL) is one of the most 
common pediatric T-cell malignancies [1]. First described in 
1985, ALCL is characterized by large pleomorphic tumor 
cells that tend to grow cohesively, consistently expressing 
CD30  in their surface and Golgi region [2, 3]. Previously 
named Ki-1, CD30 is an activation-induced antigen that 
belongs to the tumor necrosis factor (TNF) receptor super-
family [4–6]. Stimulation of CD30 in ALCL has been shown 
to trigger competing cellular effects, including activation of 
caspase and NK-κB-mediated cell survival pathways [6, 7]. 
Furthermore, the majority of pediatric ALCL cases are asso-
ciated with nonrandom chromosomal rearrangements involv-
ing the anaplastic lymphoma kinase (ALK), a tyrosine kinase 
gene localized to chromosome 2p23 [2, 8]. Juxtaposition of 
ALK and other gene coding regions result in gene fusion and 
the generation of novel chimeric proteins, an oncogenic 
mechanism not very common in lymphomas. Most fre-
quently, the chimeric protein includes the catalytic domain 
of ALK and the oligomerization motif of nucleophosmin 
(NPM1, localized to 5q35), a nuclear phosphoprotein [9]. 
The presence of NPM1/ALK protein leads to ectopic expres-
sion of ALK and has shown to mediate malignant transfor-
mation in  vitro and in  vivo, by activation of different 
downstream effectors [10, 11]. The importance of ALK is 
underlined by the fact that its expression defines two separate 
ALCL entities (ALK-positive and ALK-negative ALCL) 
according to the most recent edition of the WHO Classification 
of Tumors of Haematopoietic and Lymphoid Tissues [3].

Although insights into disease biology have expanded in 
recent years, still about one-third of the pediatric patients 
with ALCL will have an unfavorable outcome, regardless of 
the treatment strategy used [12–15]. Understanding the het-
erogeneity of this group of patients, and predicting which 
subset of patients will not respond to primary treatment or 
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will suffer a relapse, in the context of standard or new treat-
ment approaches are crucial. It may help us contextualize 
results of previous and experimental interventions and iden-
tify patients who will have a favorable outcome or the ones 
for whom novel therapies should be immediately offered. A 
variety of lymphoma- and host-related factors that may inter-
fere with the prognosis of patients with ALCL will be dis-
cussed here (Table 11.1).

 Lymphoma-Related Prognostic Factors

Morphology
Under the same broad category, ALCL patients may differ 
according to morphologic features. The WHO classification 
recognizes five different histological patterns: “common 
pattern,” “lymphohistiocytic pattern,” “small cell pattern,” 
“Hodgkin-like pattern,” and “composite pattern” (Fig. 11.1) 
[3]. In all subtypes, cells with eccentric horseshoe- or 
reniform- shaped nucleus with prominent nucleoli, or “hall-
mark cells,” can be found. The “common pattern” is charac-
terized by the presence of cells with abundant cytoplasm 
with multiple irregular nuclei, which sometimes resemble 
Hodgkin’s lymphoma (HL) Reed-Sternberg cells. The “lym-
phohistiocytic pattern” is a mixture of CD30+ lymphoma 
cells in a large background of reactive histiocytes, while the 
“small cell pattern” is characterized by the presence of 

small/medium-sized lymphoma cells with irregular nuclei, 
similar to morphologic features of peripheral T-cell lym-
phoma (PTCL). Bone marrow (BM) involvement seems to 
be more common in patients with “small cell variant.” Less 
commonly, histological findings resemble nodular sclerosis 
HL in the “Hodgkin-like pattern,” and patients with the 
“composite pattern” will have a combination of more than 
one morphological subtype [3]. ALK-positive and ALK-
negative ALCL share the same morphological features, 
being distinguishable only by the presence or absence of 
ALK expression [3].

Some studies have tried to tie morphologic pattern to 
prognosis [16–20]. Patients with “small cell variant” are 
thought to present with more aggressive lymphoma with 
multi-organ involvement and guarded prognosis [17, 18]. In 
a large series of 375 pediatric patients with ALK-positive 
ALCL, not only the “small cell variant” but the “lymphohis-
tiocytic subtype” was linked to outcome (Fig.  11.2) [16]. 
Both variants accounted for 32% of the cases, and their pres-
ence was significantly associated with a high risk of failure 
(hazard ratio, 2.0; 95% CI, 1.3–3.0; p = 0.002) in the multi-
variate analysis controlling for clinical characteristics [16]. 
There seems to be an association between detection of 
NPM1/ALK fusion protein by polymerase chain reaction 
(PCR) in the BM and non-“common pattern” histology, in 
addition to the presence of clinical risk features of  mediastinal 

Table 11.1 Prognostic factors in children and adolescents with anaplastic large lymphoma

Prognostic factor Impact Risk/outcome Frequency Reference
Lymphoma-related
“Non-common” morphology Unfavorable HRc 2.0 (95% CI 1.3–3.0) P = 0.002 30% [16]
ALK protein expression Favorable 5y OS 78.8% vs. 32.9%, P < 0.01 >90% [27]
DUSP22 rearrangementsa Favorable 5y OS 90%, P < 0.0001 30% [35]
TP63 rearrangementsa Unfavorable 5y OS 17%, P < 0.0001 8% [35]
CD8 expression Unfavorable HR 2.6 (95% CI 1.43–7.65) P < 0.01 5–35% [39]
CD56 expression Unfavorable P = 0.02 18% [29]
Survivin expression Unfavorable 5y FFSd 34% vs. 100%, P = 0.009g 50%b [42]
Clinical characteristics
Visceral, skin, mediastinal involvement Unfavorable 3y EFS < 45%, P < 0.01 30–40% [19]
Advanced stage Unfavorable 3y EFS 94% vs. 55%, P = 0.006 70% [19]
B symptoms Unfavorable 5y EFS 67%, P = 0.04 50% [14]
Bone marrow involvement Unfavorable P = 0.03 13% [13]
MDD positivee Unfavorable CI-Rf 50% vs. 15%, P < 0.001 47% [20]
Patient immune status
Elevated ALK antibody titers Favorable CI-R 11% vs. 31% vs. 63%, P < 0.001h Variable [59]
Elevated cytokine (IL6) levels Favorable EFS 85.7% vs. 44.6%, P < 0.001 N/A [58]

aDUSP22 and TP63 rearrangements have been described in ALK-negative ALCL only
bAdult data only
cHR hazard ratio
dFFS failure-free survival
eMDD minimal disseminated disease detected by PCR (NPM-ALK transcripts)
fCI-R cumulative incidence of relapse
gFS for patients with ALK-positive ALCL. Surviving expression seems to be prognostic independent of ALK expression [42]
hNumbers correspond to lower CI-R for ALK antibody titers ≥1/60,750 (11% ± 6%); titers 1/2025–1/60,750 (31% ± 8%); and titers ≤1/750 
(63% ± 10%)
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a b

c d

Fig. 11.1 (a) ALCL, common variant. Predominant population of 
large cells. Note: hallmark cells, with eccentric, horseshoe, or kidney- 
shaped nuclei, with a juxtanuclear eosinophilic region (arrow; hema-
toxylin and eosin [HE]; magnification, ×400). (b) ALCL, small cell 
variant. Predominant population of small cells with irregular nuclei and 
scattered hallmark cells (arrow; HE; magnification, ×200). (c) ALCL, 

lymphohistiocytic variant. Malignant cells (arrow) are admixed with a 
predominant population of reactive histiocytes (arrowhead) and are 
sometimes difficult to defect (HE; magnification, ×400). (d) Composite 
ALCL. Association in a single biopsy of areas of common pattern (left 
side) and small cell pattern (right side; HE; magnification, ×400). 
(Reprinted from Lamant et al. [16], with permission)
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Fig. 11.2 Time to treatment 
failure curve according to the 
presence of a small cell (SC) 
and/or lymphohistiocytic 
(LH) component. SC-LH 
component was associated 
with high risk of failure (HR 
2.0, 95% C.I. 1.3–3.0, 
P = 0.02). (Reprinted from 
Lamant et al. [16], with 
permission)
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and visceral organ involvement, and advanced-stage disease, 
resulting in worse outcomes in non-“common pattern” of 
pediatric ALCL [20]. However, such association was not 
confirmed in another study [19]. Instead, visceral or medias-
tinal involvement and higher lactic dehydrogenase (LDH) 
were shown to be predictive of a higher risk of failure among 
82 children treated in two consecutive trials [19].

It is possible that the different morphologic patterns 
described in patients with ALCL represent variants of the 
same disease and are not related to outcome [21]. 
Interestingly, however, ALK-positive ALCL have been 
shown to have distinct molecular signatures according to its 
morphologic features [22]. Lamant et  al. found 248 genes 
that were overexpressed in morphologic variants compared 
with common pattern ALCL, including genes involved in 
cell adhesion and migration [22]. In this series, patients with 
a morphologic variant of ALCL had advanced-stage disease, 
and a significant proportion of them experienced early 
relapse [22].

Anaplastic Lymphoma Kinase Protein Expression
In normal tissues, the ALK protein function is still somewhat 
obscure, although its expression in neural and endothelial 
cells, and pericytes suggest a role in neurodevelopment [23]. 
When rearranged, the entire ALK intracellular domain at the 
3′-end is fused to various 5′-end partner genes, leading to 
ligand-independent constitutive activation of the downstream 
ALK pathway. The most recurrent ALK partner in ALCL is 
NPM1 [10]. Other partners include tropomyosin 3 (TPM3, 
1q25) and less commonly TRK-fused gene (TGF, 3q21) and 
clathrin heavy chain like 1 (CLTC, 17q23), among others 
[10]. The different ALK fusion proteins seem to have a direct 
oncogenic effect as their transfection into xenograft models 
led to tumor development via multiple oncogenic mecha-
nisms [10, 11]. Immunohistochemistry is routinely used to 
detect ALK expression in lymphoid neoplasms [24]. Its sub-
cellular labeling pattern is informative as nuclear and diffuse 
cytoplasmic ALK staining is typical of NPM-ALK versus 
other patterns such as granular cytoplasmic (CTCL-ALK) or 
diffuse cytoplasmic (other fusion proteins) [24]. 
Translocations involving the ALK gene are usually detected 
by different techniques, including conventional cytogenetics, 
fluorescent in situ hybridization (FISH), or polymerase chain 
reaction (PCR) [25, 26]. There is no relationship between 
different ALK fusion proteins and morphologic subtypes [2].

ALK expression has been recognized as having a prog-
nostic value in ALCL. In 1995, Shiota et al. retrospectively 
analyzed 105 ALCL cases using immune-stained paraffin- 
embedded sections with ALK antibody [27]. They not only 
found that ALK-positive cases were more common among 
children and adolescents with lymphoma but also a sharp 
contrast in outcome, with a 5-year survival rate of 80% 
among ALK-positive cases, versus 33% in the ALK-negative 

group [27]. Subsequent cohort of adult patients with ALCL 
confirmed the favorable outcome of ALK-positive cases, 
with long-term overall survival superior to 70% [28–30].

The poor prognosis associated with lack of ALK expres-
sion in ALCL is less understood. ALK-positive and ALK- 
negative ALCL have highly similar genome-wide DNA 
methylation profiles for genes involved in T-cell differentia-
tion and immune response [31]. Until recently, no recurrent 
cytogenetic abnormality had been identified in ALK-negative 
ALCL cases. However, the use of next-generation sequenc-
ing uncovered the presence of significant genetic heteroge-
neity, including the presence of numerous rearrangements 
[32, 33]. About 30% of adults with ALK-negative cases have 
rearrangements involving the DUSP22 (dual-specificity 
phosphatase) and IRF4 (interferon regulatory factor 4) locus 
(6p25.3), and 10% have abnormalities involving a p53- 
related gene, TP63 (localized to 3q28) [33–35]. Lymphoma 
cases having ALK-negative expression and DUSP22 rear-
rangements have survival curves similar to ALK-positive 
patients, while patients with ALK-negative and TP63 rear-
rangements have guarded outcomes [35–37]. The presence 
of DUSP22, TP63 rearrangements, or any other form of pre-
dictive biomarker has not been described in pediatric ALK- 
negative ALCL.

Immunophenotyping
ALK-positive ALCL cells express T-cell antigens and have 
T-cell receptor gene rearrangements, including cytotoxic 
molecules (perforin and/or granzyme B) [38]. A smaller pro-
portion of ALK-positive cases do not express T-cell antigens 
(null phenotype) [38]. The large presence of inflammatory 
cells in the tissue makes the immunophenotype characteriza-
tion of this lymphoma challenging, making the association 
between specific immunophenotypic expression and out-
come difficult to prove [16]. In a large cohort of pediatric 
patients with ALK-positive ALCL, the investigators used 
immunofluorescence multi-staining combining antibodies 
for ALK to specifically identify lymphoma cells with anti-
bodies against CD30, CD3, CD5, CD8, Ki67, and phosphor-
ylated STAT3 [39]. CD8 expression was more frequent 
among non-common patterns of ALCL, and it was associ-
ated with a poorer outcome. Interestingly, CD8 expression 
was independently associated with prognosis in a multivari-
ate analysis (hazard ratio for survival 3.38, p = 0.042) [39]. 
Expression of CD56, a cell adhesion molecule (OMIN 
116930) normally expressed in NK cells and in a small pro-
portion of T cell, has been detected in ALCL cases, more 
specifically in morphologic variant subtypes [29, 38]. CD56 
expression has been investigated as a potential prognostic 
marker in ALCL. In a cohort of 143 patients (58% ALK posi-
tive), 25 (18%) expressed CD56. This subgroup of patients 
had a significantly inferior outcome overall in both ALK- 
positive and ALK-negative cases, and CD56 expression was 
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independently associated with prognosis by multivariate 
analysis [29]. No correlation with outcome was found in a 
pediatric cohort of patients, but the number of CD56-positive 
cases was very small (7% of the cases) [40].

In addition, activation and subsequent cytoplasmic 
expression of the signal transduce and activator of transcrip-
tion 3 (stat3) has been demonstrated in ALCL [40]. Persistent 
activation of stat3 signaling induces survivin and tissue 
inhibitor of metalloprotease 1 (TIMP1) gene expression and 
apoptosis inhibition in cancer [41, 42]. Survivin expression 
has been detected in about half of ALCL sample tumors and 
has been independently correlated with worse prognosis in 
ALCL [42]. In a cohort of pediatric patients from the 
Pediatric Oncology Group with predominantly ALK-positive 
ALCL, stat3 activation was demonstrated in the majority of 
tumors. However, cytoplasmic localization of survivin and 
TIMP1 was not frequent, suggesting that these features may 
explain the good prognosis of pediatric ALCL [40].

Disease Staging and Clinical Presentation
Most patients with ALCL present with B symptoms and 
extranodal involvement [12–15, 19, 24, 29, 43, 44]. Pediatric 
lymphomas are usually staged using the St. Jude staging 
system, instead of the Ann Arbor staging system, widely 
used in adult non-Hodgkin lymphoma (NHL) [45, 46]. The 
St. Jude staging system was developed taking into account 
the fact that children with NHL most commonly present 
with disseminated disease including extranodal, central ner-
vous system (CNS), BM involvement by morphology, and 
noncontinuous spread of the disease [47]. Interestingly, cer-
tain clinical features at presentation seem to be related to 
risk of progression and prognosis in ALCL. However, there 
is variation among different studies of which clinical fea-
tures are of prognostic relevance in ALCL. In a large study 
of pediatric ALCL conducted by the European Intergroup 
for Childhood Non-Hodgkin Lymphoma, St. Jude stage III 
or IV (presence of extensive intra-thoracic or intra-abdomi-
nal disease, presence of disease in both sides of the dia-
phragm, presence of central nervous system (CNS), and/or 
BM involvement by morphology) was significantly associ-
ated with visceral involvement but was independent of skin 
lesions [43]. Ann Arbor stage III or IV (presence of disease 
in both sides of the diaphragm or presence of any extra- 
lymphatic organ involvement) was by definition associated 
with visceral involvement but was not significantly associ-
ated with mediastinal involvement [43]. B symptoms; medi-
astinal mass; spleen, liver, or lung involvement; skin lesions; 
elevated LDH; and advanced stage (by Ann Arbor or St. 
Jude) significantly increased the risk of relapse in univariate 
analysis [43]. However, in multivariate analysis, only vis-
ceral involvement (lung, liver, or spleen), skin lesions, and 
mediastinal mass correlated with risk of progression/relapse. 
Advanced stage had no additional prognostic value when 

the three factors were taken into account [43]. Mediastinal 
mass, any visceral involvement, and elevated LDH were 
also associated with high risk of failure among 82 children 
treated on two consecutive studies conducted by the French 
Society of Pediatric Oncology [19]. In fact, the combination 
of those three parameters allowed the definition of two risk 
groups: patients who presented with none of those features 
had a very high 3-year event-free survival (EFS; 95%, 
75–99%) versus those with at least one feature who had sig-
nificantly reduced 3-year EFS (47%, 32–62%). Staging at 
presentation also correlated with outcome (stage I and II, 
3-year EFS 94%, 74–99%; stage III and IV, 3-year EFS 
55%, 41–68%) [19]. The prognostic significance of skin 
involvement was not demonstrated in the French cohort 
[19]. The United Kingdom Children’s Cancer Study Group 
found only visceral involvement and mediastinal involve-
ment to correlate with prognosis among 72 children with 
ALCL [48]. Among 89 pediatric patients treated with short 
pulse B-NHL-type chemotherapy, only presence of B symp-
toms at presentation was proved to be significantly associ-
ated with high risk of failure [14]. Bone marrow involvement 
by morphology was the only predictor of poor EFS in 
another cohort of 86 pediatric ALCL patients treated with 
intensive chemotherapy (by univariate analysis only) [13]. 
The impact of CNS disease in the outcome of pediatric 
ALCL is less understood as those patients are either 
excluded from the analysis or are present in very small num-
bers [13, 14, 19, 43, 48].

Bone marrow involvement in ALCL is considered uncom-
mon at presentation, although conventional BM evaluation 
for lymphoma detection lacks sensitivity in this subtype of 
lymphoma [49]. The presence and extent of circulating lym-
phoma cells in the BM and peripheral blood (minimal dis-
seminated disease, MDD) by reverse transcriptase (RT)-PCR 
or flow cytometry are more sensitive and specific as diagnos-
tic tools and have also been evaluated for possible prognostic 
significance in ALCL.  In 2005, the Italian Association of 
Paediatric Haematology and Oncology (AIEOP) used 
RT-PCR to validate this technique as a valuable tool to detect 
MDD [50]. With a level of detection of 10−6 tumor cells, the 
authors detected presence of MDD in 61% of ALCL patients 
at diagnosis, while conventional microscopy detected pres-
ence of marrow disease in only 15% of the cases [50]. In 
another cohort of 80 pediatric patients with ALCL, lym-
phoma cells were detected in the BM by PCR for NPM1/
ALK transcripts in nearly half of the patients, and findings 
significantly correlated with clinical stage, mediastinal and 
visceral involvement, and histologic subtype (non-common 
subtypes) [20]. There was a strong correlation between 
detection of lymphoma cells in the BM and peripheral blood, 
and BM PCR positive was associated with a higher cumula-
tive incidence of relapse. Detection of MDD by quantitative 
PCR in BM or peripheral blood allowed the identification of 
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20% of patients experiencing 60% of all relapses,  representing 
the group with the lowest EFS in that cohort [20]. In addi-
tion, there seems to be a good correlation between detection 
of MDD by PCR and flow cytometry and CD30 or ALK 
expression in ALCL [51]. Interestingly, the combined use of 
MDD by RT-PCR and anti-ALK immune response (see 
Figs. 11.3 and 11.4) has been used for risk stratification in a 
cohort of 128 pediatric patients with ALK-positive ALCL 

[52]. Patients with MDD-positive and antibody titer ≤1/750 
had a progression-free survival (PFS) of only 28% (biologi-
cal high-risk group), while patients with MDD-negative and 
antibody titer >1/750 (biological low-risk group) and all 
remaining (biological intermediate risk group) had PFS of 
93% and 68%, respectively [52]. Larger studies are neces-
sary to confirm if detection of MDD can be used to stratify 
newly diagnosed patients.
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Fig. 11.3 Five-year 
progression-free survival of 
patients with NPM-ALK- 
positive ALCL according to 
(a) MDD in blood or BM and 
(b) anti-ALK antibody titer at 
diagnosis. (Reprinted from 
Mussolin et al. [52], with 
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 Host-Related Prognostic Factors

Age, Gender, and Ethnicity
Age may be an important factor contributing to survival dif-
ferences between ALK-positive and ALK-negative cases. 
ALK-positive ALCL mostly occurs in the first three decades 

of life with most of the affected patients being between 10 
and 19 years of age at presentation [24, 28, 30, 32, 53]. ALK- 
negative ALCL patients are typically much older with peak 
incidence around the sixth decade of life [24, 28, 30, 32, 53]. 
In addition, survival was similar between ALK-positive and 
ALK-negative patients with higher international prognostic 
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index (IPI; one point assigned for each category: age greater 
than 60 years; stage III or IV disease; elevated serum LDH; 
Eastern Cooperative Oncology Group (ECOG) performance 
status of 2, 3, or 4; and more than one extranodal site) [30]. 
The majority of pediatric patients with ALCL have expres-
sion of ALK protein. In a large cohort of childhood ALCL, 
ALK-negative lymphoma accounted for only about 10% of 
the cases [43]. In analyzing risk of progression or relapse, 
the authors found no correlation with ALK positivity by mul-
tivariate analysis, suggesting that age indeed is driving the 
outcome discrepancies in this condition [43]. ALCL progno-
sis does not seem to correlate with gender [13]. A Surveillance 
Epidemiology and End Results (SEER) study of 1604 adult 
patients with ALCL found higher mortality among Blacks by 
multivariate analysis (HR, 1.37; 95% CI, 1.14–1.65; 
p < 0.01) [54].

Patient Immune Status
The development of an anti-tumor immune response with 
generation of anti-ALK autoantibodies and cytokine release 
has been demonstrated in ALK-positive ALCL patients [55–
57]. Knorr et al. studied pretreatment concentrations of 25 
cytokines in 119 pediatric patients with ALCL and found 
elevation of interleukin (IL)-9, IL-10, IL17a, hepatocyte 
growth factor, soluble IL-2 receptor, and soluble CD30 in the 
initial sera in comparison to the controls [58]. In addition, 
levels of IL-6, interferon-γ, interferon γ-induced protein, and 
soluble IL-2 receptor correlated with stage, initial general 
condition, MDD, ALK-antibody titers, and risk of relapse, 
suggesting a correlation between cytokine levels, tumor bur-
den, and patient’s immune response [58]. The greatest differ-
ence in survival was seen in patients with elevated levels of 
IL-6 vs. no detectable IL-6 (EFS 85.7% [95% CI 77.5–94.8] 
vs. 44.6% [95% CI 33.4–59.8], p < 0.001) and IL-6 indepen-
dently correlated with prognosis in multivariate analyzes 
[58]. Additional studies are necessary to confirm those 
findings.

The prognostic significance of anti-ALK autoantibodies 
has also been investigated. Pretreatment levels of ALK auto-
antibodies were analyzed in 95 patients treated between 
1996 and 2007 [59]. The ALK autoantibodies were detected 
in the majority of patients. Interestingly, the titers inversely 
correlated with stage and amount of circulating tumor cells. 
High antibody titers correlated with significantly lower 
cumulative incidence of relapse, suggesting that ALK auto-
antibodies may be a surrogate marker for the degree of 
immune-mediated destruction of lymphoma cells [59]. The 
combined use of biological markers such as MDD and ALK 
autoantibodies has been used to stratify pediatric ALCL 
patients according to risk of relapse, including patients with 
very low risk of relapse (Figs.  11.3 and 11.4) [52]. 
Interestingly, patients with high levels of ALK autoantibod-
ies before treatment and whose levels persisted during and 

after completion of therapy represented a group of patients 
with higher EFS [60].

High amounts of soluble CD30 antigen have been demon-
strated to be present in the serum of patients with CD30- 
positive lymphomas including ALCL [61–63]. In a cohort of 
24 ALCL cases, soluble CD30 antigen values returned to 
normal range in patients in complete remission (CR), while 
it remained elevated in one patient who achieved only partial 
remission (PR). Subsequent increases in levels of soluble 
CD30 were subsequently detected in patients who relapsed 
[63]. Pretreatment levels of soluble CD30 were significantly 
higher in patients with ALCL in comparison to patients with 
Hodgkin lymphoma or normal controls and correlated with 
lower relapse-free survival rates, suggesting that soluble 
CD30 antigen is of prognostic significance in ALCL [64].

 T-Cell Lymphoblastic Lymphoma

Lymphoblastic (or precursor) lymphoma (LL) is one of the 
most common types of pediatric lymphomas, with T-cell 
subtype being more common than the B-cell counterpart in 
children [1, 3]. T-cell LL (T-LL) is characterized by small- to 
medium-sized lymphoblast cells with scant cytoplasm, mod-
erately condensed to dispersed chromatin and inconspicuous 
nucleoli [3]. T-LL is believed to originate in the thymus with 
potential to disseminate to any tissue including the bone 
marrow [65]. In fact, T-LL and T-cell acute lymphoblastic 
leukemia (T-ALL) are morphologically considered the same 
disease differentiated by the degree of bone marrow involve-
ment (≥25% lymphoblast bone marrow infiltration defines 
ALL). The immature nature of those neoplastic cells is 
defined by the expression of non-lineage-specific markers, 
such as TdT, CD99, CD34, or CD1a, while the lineage of 
origin is defined by variable expression of T-cell markers 
such as CD2, CD3, CD4, CD5, CD7, and CD8 [3]. In fact, 
cell marker expression patterns can indicate the stage of 
T-cell differentiation from which the neoplasm originated: 
[1] early or pro-T cell (cytoplasmic CD3+, CD7+, CD2-, 
CD1a-, CD4-, CD8-, and CD34±), [2] pre-T (cytoplasmic 
CD3+, CD7+, CD2+, CD1a-, CD4-, CD8-, and CD34±), [3] 
cortical-T (cytoplasmic CD3+, CD7+, CD2+, CD1a+, 
CD4+, CD8+, and CD34-), and [4] medullary (cytoplasmic 
CD3+, CD7+, CD2+, CD1a-, CD4±, CD8+, and CD34- and 
surface CD3+) [65]. Myeloid markers such as CD13 and 
CD33 can also be expressed in up to 30% of the cases, as 
well as NK-related antigens such as CD16 and CD57 [3]. 
The genetic background of T-LL is complex. In over half of 
the cases, abnormal karyotype with pseudodiploidy, hypo-
diploidy, chromosomal deletions, or translocations can be 
found [66]. Abnormalities involving chromosome 14 (to 
include the T-cell receptor alpha [TCRA]/delta [TCRD]), in 
addition to abnormalities involving chromosomes 9, 10, and 
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11, are present in the majority of T-LL cases [65]. Similar to 
clonal rearrangements involving immunoglobulin (Ig) heavy 
and light chain in B-LL, T-LL is also characterized by T-cell 
receptor (TCR) clonal gene rearrangements [67]. 
Interestingly, additional analysis of the genetic background 
of T-LL has exposed distinctive patterns from T-ALL. Gene 
expression profile studies have suggested the presence of a 
signature profile for pediatric patients with T-LL with upreg-
ulation of genes that are associated with angiogenesis and 
chemotaxis, among other alterations [68–71].

Differently from T-ALL, a few clinical or laboratory fea-
tures have been found to be of prognostic significance in 
pediatric T-LL. In the following section, we will review the 
current knowledge in prognostication of T-LL (Table 11.2).

 Biology-Related Prognostic Factors

Genetics
Activating mutations involving NOTCH1 (localized to 
9q34.3; OMIN 190198) and FBXW7 (localized to 4q31.3, 
OMIN 606278) has been described in patients with T-cell 
malignancies [72]. In fact, activation of NOTCH1, a gene 
encoding a transmembrane receptor that regulates normal 
T-cell development, has been directly implicated in the 
pathogenesis of T-ALL, while inactivation of FBXW7 causes 
premature depletion of hematopoietic cells and development 
of T-cell leukemia [73, 74]. In T-ALL, presence of NOTCH1 
and/or FBXW7 has been associated with good prognosis 
[75]. A cohort of 116 pediatric patients with T-LL treated 
with Berlin-Frankfurt-Münster (BFM)-type treatment were 
analyzed for NOTCH1 and FBXW7 mutations and their 
prognostic significance [72]. NOTCH1 mutations were found 
in 60% of the patients and were associated with favorable 
prognosis [probability of EFS (pEFS) 84%  ±  5% vs. 
66% ± 7%, p = 0.021]. FBXW7 mutations were found in 18% 
of the cohort, but only NOTCH1 mutation was independently 
associated with prognosis [72].

In addition, the same BFM cohort of patients was evalu-
ated for the presence of loss of heterozygosity (LOH) at 

chromosome 6q (LOH6q). Presence of LOH6q has been 
linked to possible deletion of FLASH (localized to 6q15–
16.1), a gene that encodes an apoptosis-mediating protein 
determinant of glucocorticoid signaling [75]. Presence of 
LOH6q had been previously associated with higher risk of 
relapse in children with T-LL, while FLASH mutations have 
been associated with poor prognosis in T-ALL [75, 76]. 
LOH6q was found in 12% of the cases and was associated 
with a significantly inferior 5-year pEFS (27% ± 9% com-
pared with 86% ± 3% for LOH6q-negative cases, p < 0.0001) 
[72]. Interestingly, LOH6q was rarely found among patients 
with NOTCH1 mutations [72]. Another study investigating 
the frequency and prognostic value of NOTCH1/FBXW7, 
FLASH deletions, and TCR rearrangements in pediatric 
T-LL also found NOTCH1/FBXW7 to be associated with 
improved EFS and OS [75]. FLASH mutations were found 
in 18% of the patients and were associated with inferior 
prognosis [75]. In a cohort of adult patients with T-LL, anal-
ysis of NOTCH1/FBXW7, RAS/PTEN, and TRC rearrange-
ment (four-gene oncogenetic classifier) was found to be an 
independent prognostic indicator of EFS, OS, and disease-
free survival (DFS) [77].

Balbach et al. studied the prognostic relevance of NRAS, 
KRAS, PTEN, PIK3R1, and PIK3CA mutations in a cohort of 
114 pediatric T-LL treated as per NHL-BFM [78]. PTEN 
mutations were found in 15% of the patients, while NRAS, 
KRAS, PIK3R1, and PIK3CA mutations were present in 7%, 
3%, 4%, and 6% of the cases, respectively. PTEN mutations 
were associated with poorer prognosis (pEFS 59% ± 12% vs. 
82% ± 4%, P = 0.014). Interestingly, the prognostic impact 
of mutations involving PI3K-AKT pathway (other than 
PTEN mutations) was weaker (pEFS 64%  ±  10% vs. 
82% ± 4%, P = 0.025). In addition, NRAS and KRAS muta-
tions did not have a statistically significant impact on pEFS 
(Fig. 11.5) [78].

There is some evidence in the literature supporting an 
association between clinical course and TCR rearrangement 
displayed in the malignant clone. In analyzing 41 pediatric 
and adult T-LL samples, Baleydier et al. found 3 subgroups 

Table 11.2 Prognostic factors in children and adolescents with T-cell lymphoblastic lymphoma

Prognostic factor Impact Risk/outcome Frequency References
Biology-related
NOTCH1/FBXW7 mutation Favorable pEFSb 84% vs. 66%, P < 0.021 60% [72]
LOH6q (FLASH) mutation Unfavorable pEFS 27% vs. 86%, P < 0.001 12% [72]
TCR rearrangementsc Unfavorable P = 0.02 7% [75]
PTEN mutations Unfavorable pEFS 59% vs. 82%, P = 0.014 15% [78]
PIK3R1/PIK3CA mutations Unfavorable pEFS 64% vs. 82%, P = 0.025 4%/6% [78]
Treatment-related
MDDa >1% unfavorable EFS 68.1% vs. 90.7%; P = 0.031 Variable [86]

aMDD minimal disseminated disease detected by flow cytometry
bpEFS: probability of event-free survival
cBiallelic TCRγ deletion
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Fig. 11.5 Probability of event-free survival according to PTEN muta-
tional status (a), to the combined genotype of PTEN and NOTCH1 (b), 
to PTEN mutation and LOH6q (c), and to the mutational status of 

NRAS and KRAS (d). CIR according to the published classifier for adult 
T-ALL (e) and to the authors proposed classifier (f). (Reprinted from 
Balbach et al. [78], with permission)
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of patients: “immature” group characterized by no TCR or 
incomplete TCRD rearrangement, “mature” group that 
showed biallelic TCRD deletion and both TCR gamma 
(TCRG) and TCR beta (TCRB) rearrangements (consistent 
with TCR alpha/beta lineage restriction), and an “intermedi-
ate” group with TCRD, TCRG, and TCRB rearrangements 
[79]. Overexpression of HOX11/TLX1 and HOXA9 was also 
found in the intermediate group [79]. TCR immature immu-
nophenotyping was only found in adult patients with extra- 
thymic disease and bone marrow involvement, while the 
other subsets were found among children and adults with 
predominantly thymic disease [79]. Adult patients (n  =  6) 
with intermediate genotype had superior outcome; the addi-
tion of pediatric patients with intermediate subtype rein-
forced the improved OS [79]. In another cohort of pediatric 
T-LL, the absence of biallelic TCRD deletion was present in 
about 7% of the cases (all patients had NOTCH1/FBXW7 
mutations) and was associated with poor prognosis [75].

 Clinical-Related Prognostic Factors

Disease Staging and Clinical Characteristics
Differently from other lymphoma subtypes, the large major-
ity of patients with T-LL will present with advanced stage, 
making disease staging a not so helpful tool to stratify treat-
ment. In a BFM cohort of 105 pediatric patients with T-LL, 
only 4 patients had either stage I or stage II [80]. Patients 
received ALL-type therapy, and the pEFS was 90% ± 3% and 
95% ± 5% for patients with stage III and IV, respectively. 
Staging did not define a group with superior or inferior EFS 
[80]. Another study of almost 100 pediatric LL patients (80% 
T-LL, 10% null type, 10% B-LL) conducted at the Memorial 
Sloan-Kettering Cancer Center using LSA2-L2 type of ther-
apy investigated the staging as a prognostic marker [81]. 
Patients with stage I–II disease (n = 8) were treated with a 
cumulative dose of 8400  mg/m2 of cyclophosphamide and 
240 mg/m2 of daunorubicin for 2 years, while stage III or IV 
patients received up to 15,600 mg/m2 of cyclophosphamide 
and 300 mg/m2 of daunorubicin for 2–3 years (depending on 
the era of treatment) [81]. The OS and EFS rates for patients 
with stage I/II disease were 87% and 87%, respectively. 
Patients with stage III disease had an OS of 90% and EFS of 
85%. Patients with stage IVA disease (bone marrow involve-
ment <25%) had an OS and EFS of 79% and 73%, respec-
tively, while patients with stage IVB (bone marrow 
involvement >25%) had OS of 74% and EFS of 70%. 
Univariate analysis did not link survival to presence of stage 
III/IV, in addition to other characteristics, such as age, gen-
der, LDH level, duration of induction therapy, mediastinal 
involvement, primary tumor size, or phenotype [81]. Stage at 
diagnosis, LDH levels, and age did not influence the out-
come of 27 adult patients with T-LL treated as per LMT-89 
protocol [82]. However, bone marrow involvement was asso-

ciated with a more guarded prognosis, with OS of 37% ± 30% 
vs. 85%  ±  20% among patients without bone marrow 
involvement [82].

 Treatment-Related Prognostic Factors
Speed of tumor resolution or assessment of early response to 
treatment has been investigated for potential prognostic sig-
nificance. Among 101 evaluable pediatric patients with T-LL 
treated with ALL-type of therapy, 64 patients had a complete 
tumor response (TR), 35 patients had partial but 70% or 
more TR, and 2 patients had less than 70% TR [80]. Complete 
tumor response at day 33 of induction (in a 9-week induction 
course) was associated with a trend toward better survival 
with 5-year pEFS (95% ± 2%) in comparison with patients 
with residual tumor (5-year pEFS 89% ± 5%, p = 0.37) [80]. 
pEFS at 5 years was 95% ± 2% for the 80 patients with com-
plete TR at the end of induction and 89% ± 5% for the 19 
patients with residual tumor after completion of induction 
(p = 0.58), suggesting that incomplete tumor regression may 
not indicate poor prognosis [80]. However, another study 
investigating early resolution of mediastinal mass by chest 
radiography in pediatric T-LL found significant differences 
in both EFS and OS when the chest radiograph of 50 patients 
returned to normal within the 60 days of induction treatment 
compared with the 18 patients with persistent mediastinal 
mass [83]. In T-ALL patients, residual mediastinal mass by 
chest radiograph has not been shown to be of prognostic 
value [84].

More recently, assessment of early response to treatment 
by measuring levels of minimal residual disease (MRD) in 
BM or peripheral blood (PB) has become an important prog-
nostic tool in the management of hematological malignancies. 
Stark et al. evaluated the feasibility of using real-time quanti-
tative PCR (RQ-PCR) for TCR B/G/D gene rearrangement 
and flow cytometry (FC) in a cohort of 17 pediatric patients 
with stage III T-LL [85]. Bone marrow MDD at diagnosis of 
≥0.01% was detected by FC and RQ-PCR in 88% and 80% of 
patients, respectively. MRD levels significantly decreased to 
very low levels on day 33 in nine out of ten patients studied. 
The only patient that remained MRD positive relapsed. 
Although a high prevalence of microscopic BM involvement 
was found, no prognostic correlation could be determined 
[85]. A larger series from Children’s Oncology Group reported 
the use of FC to detect MDD (1 lymphoma cell among 10,000 
normal cells) in the BM and PB of 99 children with T-LL at 
diagnosis and/or during therapy [86]. T-LL cells were detected 
in 71.7% of the BM samples obtained at diagnosis (level of 
detection from 0.01% to 31.3%); the majority of samples were 
from patients with stage II/III disease. Importantly, the 2-year 
EFS was 68% ± 11.1% for patients with ≥1% T-LL cells in 
BM vs. 90.7% ± 4.4% for those with lower levels of involve-
ment (p = 0.031). The EFS for patients with ≥5% MDD was 
51.9% ± 18% (p = 0.009), suggesting that MDD at diagnosis 
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may represent an important prognostic tool for T-LL patients 
[86]. More recently, similar results were found in a cohort of 
65 pediatric patients with LL (T-LL in 52 patients) [87]. Using 
a MDD cutoff level of 3% by FC, 5-year EFS was 60% ± 22% 
for patients with MDD > 3% vs. 83% ± 6% for patients with 
lower levels of MDD (p = 0.04). No other analyzed clinical 
characteristic was found to be of prognostic significance [87].

 Prognostic Factors in B-Cell Lymphomas

B-cell NHL is the most common subgroup of NHL in child-
hood and adolescence. Among B-NHLs, the most frequent 
histological subtypes are represented by Burkitt lymphoma 
(BL), diffuse large B-cell lymphoma (DLBCL), and primary 
mediastinal large B-cell lymphoma (PMBCL), which 
account for approximately 80%, 15%, and 5% of the cases, 
respectively [88–90]. Over the last few decades, B-NHL 
therapies have achieved substantial improvements in terms 
of survival. In the USA, SEER data have shown significant 
survival increase among NHL patients younger than 19 years: 
from 1975 to 2000, OS has improved from 42% to 79% in 
males and from 60% to 82% in females [91]. In some thera-
peutic groups, treatment has resulted in 100% survival, as 
reported by different studies [90, 92–94]. Stratification of 
treatment protocol in risk groups, defined on the basis of 
some clinical and pathological characteristics, was aimed not 
only at optimizing the treatment but also at reducing acute 
and long-term effects of chemotherapy, especially for 
patients with localized disease. To this goal, high-intensity 
and short-duration therapeutics blocks of chemotherapy 
were used, CNS prophylaxis was reduced, and cranial radio-
therapy (RT) was abolished.

The therapeutic strategy of many international study 
groups, including BFM, Société Francaise d’Oncologie 
Pédiatrique (SFOP), the United Kingdom Children’s Cancer 
Study Group (UKCCSG), Children’s Cancer Group (CCG), 
and Associazione Italiana di Ematologia Oncologia 
Pediatrica (AIEOP), was to treat all subtypes of mature 
B-cell NHL with the same therapy, with the exception of 
PMBCL, a rather rare histology in children in which a worse 
prognosis has been demonstrated [88]. Thus, pediatric and 
adolescent patients with DLBCL and BL are currently 
treated with the same therapeutic regimens and are based on 
a stratified polychemotherapy strategy according to risk 
group. Although relapses usually occur at a later time in 
DLBCL, the outcome of patients with DLBCL was similar 
to the outcome of patients with BL.  Many international 
studies had, in fact, confirmed that the histological subtype 
did not represent an unfavorable prognostic factor. Although 
the risk group definition is slightly different among study 
groups, the current overall strategy is based on the extent of 
the disease at diagnosis and the value of LDH [93, 95].

Complete staging is essential for optimal therapy. 
Numerous staging systems have been used for pediatric NHL 

over time. The St. Jude Children’s Research Hospital staging 
system, described by Murphy in 1980 is the staging system 
currently used in the care of pediatric NHL patients [47]. It 
considers the sites commonly involved in pediatric NHL, i.e., 
extranodal involvement, metastatic spread to the BM and 
CNS, and involvement of noncontiguous sites. However, St. 
Jude staging system does not clearly define the extent of pri-
mary disease, especially if the disease is completely removed 
at diagnosis. To better define the stage of pediatric patients 
with NHL, a new risk group classification was subsequently 
proposed by French-American-British/Lymphoma Malins B 
(FAB/LMB) and subsequently adopted by CCG, SFOP, and 
UKCCSG [96–98]. This staging system expanded to include 
outcome from surgery in three groups A, B, and C.  Other 
prognostic features used to stratify therapy include LDH lev-
els at diagnosis, rapid response to therapy, and extension of 
disease (localized vs. disseminated), as in the risk classifica-
tion used by the BFM and AIEOP groups [94, 99, 100].

In the last 30 years, the advances in the field of pediatric 
NHL diagnosis, especially through the use of cytogenetics and 
molecular and immunophenotypic characterization, as well as 
determination of the MDD and MRD, and the adoption of 
modern radiological techniques have highlighted additional 
limitations to the St. Jude staging system [101–105]. An inter-
national group of experts met in 2009 in Frankfurt, during the 
Third International Symposium of Childhood, Adolescent, 
and Young Adult Non-Hodgkin Lymphoma, to develop a new 
international staging system, the International Pediatric NHL 
Staging System (IPNHLSS) [106]. In the IPNHLSS, the 
authors recognized the prognostic role of some specific dis-
ease characteristics, including MDD, and suggested new tech-
niques for the quantification of MDD in BM and cerebrospinal 
fluid (CSF) for some subtypes of NHL [107]. In the future, the 
IPNHLSS could allow the stratification of patients according 
to MDD levels, in order to potentially enhance therapy for 
high-risk and reduce toxicity for low-risk patients [106]. In 
this section, we will review the main prognostic factors in 
aggressive B-cell lymphomas (Table 11.3).

 Preexisting Diseases

Constitutional molecular defects may play a role in oncogene-
sis. In particular, in patients with immunodeficiency, both con-
genital and acquired, there is an increased risk to develop 
B-NHL, and their outcome resulted to be worse than the patients 
without cancer predisposition syndrome [108]. Intensity of ther-
apy should be adjusted to individual risk factors and tolerance.

 Histology and Biology

No differences in survival have been observed between BL 
and DLBCL patients. Patients have been treated with the 
same treatment protocols. The exception is represented by 
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PMBCL subtype that has an inferior outcome with the stan-
dard B-cell treatment regimens. The rarity of PMBCL has 
not allowed identification of prognostic factors in pediatric 
patients [88]. Phenotypically, pediatric DLBCL has a 
higher proliferation index and is more frequently positive 
for MYC, CD10, and BCL6 expression in comparison to 
adult DLBCL [95, 109]. This profile justified the clear 
prevalence of GBC (germinal center B-cell) forms with 
GBC/ABC (activated B-cell like) ratio variable ration from 
3:1 to 5:1 [95, 110]. Unlike in adults, the stratification GBC 
vs. ABC did not seem to have a prognostic impact, with 
excellent survival curves for both forms [111].

Few data are available on cytogenetic abnormalities in 
childhood B-NHL and their prognostic value. The major 
review on this topic was performed by GAB/LMB 
International Study Committee which highlighted that the 
BL and DLBCL gain of 7q or deletion of 13q and more 
than four abnormalities appeared to have an inferior EFS 
[112]. The BFM group showed that the TNF-308 (G → A) 
and the lymphotoxin alpha [LT-a + 252 (A → G)] polymor-
phism had a negative impact on the outcome of BL 
(Fig. 11.6) [113].

 Age at Diagnosis

The role of age at diagnosis still remains controversial. Some 
studies highlighted that adolescents had outcomes inferior to 
those of younger children [89, 98, 100, 114]. However, for 
patients with BL who were treated on the FAB/LMB-96 clin-
ical trial, adolescent age (≥15 years) was not a predictor for 

poor outcome. In the AIEOP LNH-97 for B-NHL, both in 
BL and DLBCL, the age was not confirmed to be of prognos-
tic value [94].

 Primary Site of Disease

Patients with localized disease have very good prognosis, 
whereas patients with advanced disease (stage III and IV) 
have outcomes that still need to be improved. In pediatric 
NHL literature, it is possible to find evidence that some sites 
of disease appear to have prognostic value (Table 11.4) [114].

 Central Nervous System and Bone Marrow 
Involvement
The reported percentage of CNS-positive patients with 
BL/B-ALL and DLBCL was 8.8% and 2.6%, respectively 
[115]. Many studies have shown inferior outcomes in patients 
with CNS involvement, alone or in combination with BM 
involvement, for newly diagnosed pediatric B-NHL.  BFM 
group analyzed the data of three consecutive trials (NHL- 
BFM86, NHL-BFM90, and NHL-BFM95) and pointed out 
that CNS-positive patients with BL/B-ALL had worse out-
come than CNS-negative patients with stage IV BL/B-ALL 
(60% vs. 81%, respectively) [115]. In the LMB89 protocol, 
among the 123 patients belonging to risk group C, the only 
bad prognostic factor was CNS involvement [98]. 
Collaborative FAB/LMB96 study highlighted that patients 
with B-NHL with combined BM/CNS involvement had a 
significantly inferior EFS (60%) compared to patients with 
isolated CNS disease at presentation (83%) [96].

Table 11.3 Prognostic factors in children and adolescents with B-cell non-Hodgkin lymphomas

Prognostic factor Impact Risk/outcome Frequency References
Preexisting diseases
Immunodeficiency Unfavorable pEFS 37% 8.5–10% [108]
Cancer predisposition syndrome Unfavorable pEFS 40% 8.5–10% [108]
Histology/biology
PMBCL subtype Unfavorable pEFS 70% 5% [88]
7q gain Unfavorable pEFS 72.2% vs. 83.6% 15% [112]
13q deletion Unfavorable pEFS 63.6% vs. 84.9% 14% [112]
More than three cytogenetic abnormalities Unfavorable pEFS 72.1% vs. 87.4% 37% [112]
TNF-308 (G → A) and LT-a + 252 (A → G) 
polymorphisms

Unfavorable pEFS 81% vs. 92%, P = 0.018 35% [113]

Increased LDH at diagnosis Unfavorable RFR 2.0 (95% CI 1.3–3.2) P = 0.003 41% [114]
Age
Adolescent Unfavorable RR 6.7 (95% CI 2.2–20.4), P = 0.01 5.3% [98]
Primary site at diagnosis
CNS and/or BM involvement Unfavorable pEFS 60% vs. 81% P = 0. 001 8.8% [115]
Mediastinal involvement Unfavorable RFR 4.5 (95% CI 1.2–17) P = 0.012 2–19% [114]
MDD at diagnosis Unfavorable HR 2.6 (95% CI 1.1–6.5) 30% [94]
Response to CT
Poor response after pre-phase Unfavorable RR 12.3 (3.2–47.1), P = 0.006 4.4% (98)

pEFS probability of event-free survival, PMBCL primary mediastinal B-cell lymphoma, LDH lactate dehydrogenase, RFR relative failure rate, 
CNS central nervous system, BM bone marrow, MDD minimal disseminated disease, HR hazard ratio, RR relative risk, CT computed 
tomography
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Fig. 11.6 Prognostic 
significance of individual 
cytogenetic abnormalities. 
(Reprinted from Poirel et al. 
[118], with permission)

Table 11.4 Significant risk factors associated with relapse/progression on FAB/LMB96 Study: univariate and multivariate analysis

Univariate analysis Multivariate analysis
Risk factor 3-year EFS (% ± SE) Log-rank P RFR 95% CI P
Age, years 0.15 0.58
<15 89 ± 1.0 1.0
≥15 84 ± 3.4 1.2 0.70–1.9
Prognostic group <0.001 0.90
A 99 ± 0.75 1.0
B 89 ± 1.2 2.0 0.38–11
C 79 ± 2.7 2.6 0.36–19
Stage (Murphy) <0.001 0.082
I/II 98 ± 1.1 1.0
III/IV 84 ± 1.4 2.4 0.90–6.4
Primary site <0.001 0.012
Peripheral node 97 ± 2.0 1.0
Mediastinal 72 ± 6.2 4.5 1.2–17
Abdominal/retroperitoneal 87 ± 1.4 2.7 0.83–9.0
Head and neck 94 ± 2.0 1.2 0.32–4.4
Other 85 ± 2.8 1.2 0.35–4.3
Pathology 0.92 0.24
BL/BLL 89 ± 1.1 1.0
DLBCL 87 ± 2.5 1.6 0.92–2.7
Other 87 ± 4.2 1.0 0.49–2.1
BM/CNS <0.001
BM −/CNS − 91 ± 1.1 1.0 <0.001
BM +/CNS − 88 ± 2.6 1.1 0.43–2.7
BM −/CNS + 83 ± 5.6 1.8 0.50–6.6
BM +/CNS + 61 ± 6.0 4.9 1.6–15
LDH <0.001 0.003
<2 × institutional ULN 94 ± 1.1 1.0
≥2 × institutional ULN 81 ± 1.9 2.0 1.3–3.2

FAB/LMB96 French-American-British Mature B-Cell Lymphoma 96, SE standard error, RFR relative failure rate, CI confidence interval, BL/BLL 
Burkitt lymphoma/Burkitt-like lymphoma, DLBCL diffuse large B-cell lymphoma, BM bone marrow, CNS central nervous system, ULN upper 
limit of normal
Reprinted from Cairo et al. [114], with permission
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 Mediastinum
Patients with large mediastinal masses are at risk of compli-
cations related to compression of the trachea, upper vena 
cava syndrome, and pleural and/or pericardial effusions. 
Among B-cell NHL patients, the vast majority that presented 
primary mediastinal involvement at diagnosis were in fact 
PMBCL [88, 116]. In the most recent NHL-BFM95 study, 
the 3-year EFS once again showed inferiority of outcome for 
this subgroup of patients (53%). Also in the FAB/LMB96 
international protocol, patients with PMBCL showed lower 
survival than patients with non-mediastinal DLBCL (4-year 
EFS 72% vs. 93%, respectively) [97, 114]. A small percent-
age of pediatric B-NHL with mediastinal involvement at 
diagnosis is represented by BL subtype. Despite the rarity of 
mediastinal BL, the few published cohorts reported higher 
risk of failure compared to non-mediastinal BL [117].

 Lactate Dehydrogenase (LDH) Levels

It is well known that LDH levels are of prognostic impor-
tance in B-cell lymphomas. LDH levels have been correlated 
with dissemination of disease and have been used to identify 
different risk groups among patients with same lymphoma 
stage. In recent decades, the role of LDH value has been 
evaluated by the major European groups. In particular, the 
BFM group in the NHL-BFM90 study divided the patients 
into three risk groups, R1, R2, and R3, based on the stage 
and LDH. For patients in the R3 group, a predictor of disease 
progression turned out to be an LDH pretreatment value of 
≥1000 IU/L. This parameter was the basis for further strati-
fication of the R3 group into two new risk groups, R3 and 

R4, in the NHL-BFM95 study [100]. The excellent results 
confirmed the prognostic role of LDH. The LMB89 trial, 
conducted from 1989 to 1996, stratified a total of 561 pediat-
ric patients in 3 therapeutic risk groups (A, B, and C) based 
exclusively on the sites involved at diagnosis [98]. Compared 
to other international groups, the value of LDH was not con-
sidered in the assignment of the risk group. Although this 
study did not stratify therapy based on the LDH value, the 
results showed a lower 5-year EFS for patients with elevated 
LDH, i.e., > 2 times the upper limit of normal value (87% vs. 
95%, p < 0.001). In multivariate analysis, the high value of 
LDH together with age ≥15 years and poor response to cyto-
reductive chemotherapy with COP (cyclophosphamide, vin-
cristine, prednisone) were independent prognostic factors for 
a worse outcome in the LMB89 study [98]. In multivariate 
analysis performed on a cohort of 442 patients treated in the 
AIEOP LNH-97 study, the higher LDH value above median 
confirmed to be the only clinical parameter significantly 
associated with increased risk of failure [94].

 Minimal Disseminated Disease (MDD)

BL is characterized by the presence of chromosomal translo-
cations involving MYC on chromosome 8 and the immuno-
globulin (Ig) heavy- or light-chain genes on chromosome 14, 
22, or 2 [102]. The t(8;14)(q24;q32) chromosomal transloca-
tion is detectable in almost 75% of BL/B-ALL samples and 
thus can be used as a marker to study minimal BM infiltra-
tion and identify a poor prognostic subgroup among BL 
patients (Table  11.5) [50, 102–105]. Refer to Chap. 9 for 
more details on MDD in pediatric NHL.

Table 11.5 Univariate and multivariate analysis restricted to patients studied for MDD

Characteristics Categories # Pts Events 5-year PFS % (SE%)
Univariate
p-value

Multivariate
p-value

Hazard ratio
(95% CI)

Age <7.9 years
≥7.9 years

 64
 64

7
12

89 (4)
81 (5)

0.20 n.s.

Gender Male
Female

113
 15

15
4

87 (3)
73 (11)

0.16 n.s.

Median LDH ≤1009 IU/L
>1009 IU/L

 64
 64

6
13

91 (4)
79 (5)

0.08 n.s.

Stage I + II
III + IV

 26
102

2
17

92 (5)
83 (4)

0.27

Risk group R1 + R2
R3 + R4

 34
 94

2
17

94 (4)
82 (4)

0.09 n.s.

BM involvement Yes
No

 10
118

3
16

70 (14)
86 (3)

0.14 n.s.

CNS involvement Yes
No

  7
121

2
17

71 (17)
86 (3)

0.22

MDD Pos
Neg

 39
 89

10
9

74 (7)
90 (3)

0.03 0.04 2.6 (1.1–6.5)

MDD minimal disseminated disease, SE standard error, CI confidence interval, ns not significant, LDH lactate dehydrogenase, BM bone marrow, 
CNS central nervous system
Reprinted from Pillon et al. [94], with permission
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 Response to Chemotherapy

Poor response to chemotherapy or refractory disease was 
associated with unfavorable OS and EFS. Patte et al. reported 
that poor response to cytoreductive chemotherapy with COP 
(defined as less than 20% tumor reduction) was associated 
with inferior outcome in multivariate analysis (p  =  0.006) 
[98]. The FAB/LMB96 analysis of results confirmed that the 
probability of 4-year EFS was only 30% for non-responder 
patients [96, 97]. Refer to Chap. 8 for more details on 
response to therapy in pediatric NHL.

 Conclusions

In the field of pediatric B-NHL, conventional diagnostic 
techniques had identified clinical significant prognostic 
markers such as CNS involvement at diagnosis, elevated 
LDH, cytogenetics, extent of disease (stage), and poor 
response after pre-phase chemotherapy. Recently, by adopt-
ing innovative diagnostic tools, it is possible to provide phy-
sicians with new important tools to stage and monitor those 
patients, such as MDD. International collaboration and addi-
tional studies on molecular biology and gene expression will 
improve the treatment of pediatric and adolescence NHL.
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Lymphoblastic Lymphoma

Birgit Burkhardt and Birte Wistinghausen

 Introduction

Great strides have been made in the treatment of lympho-
blastic lymphoma (LBL) with event-free and overall surviv-
als exceeding 80% [2, 3]. The vast majority is of 
T-lymphoblastic origin (70–80%) with only 20–25% arising 
from B-lymphoblasts and mixed myeloid/lymphoblastic 
phenotypes being very rare [4, 5]. Current research efforts 
aim to increase cure rates, to identify high-risk patients in 
need of more intensive or novel therapies, and to avoid 
unnecessary exposure to excessive toxicity, especially of 
low-risk patients. Essential steps in achieving these aims are 
a better understanding of the molecular drivers of the dis-
ease, the development of robust risk stratifications and the 
identification of novel therapies that retrieve relapsed 
patients, can be brought to front line therapy quickly and 
reduce toxicity.

 Epidemiology and Clinical Presentation

The median age of diagnosis is around 9 years of age and not 
significantly different between B-LBL (8 years) and T-LBL 
(8.8  years) [4]. T-LBL affects males 2.5 times more often 
than girls, but there are no differences in gender distribution 
for B-LBL [4].

Adolescent and young adult (AYA) T-LBL patients most 
commonly present with an anterior mediastinal mass arising 
from the thymus that can cause airway compression or supe-

rior vena cava (SVC) syndrome and is frequently accompa-
nied with pleural or pericardial effusions. T-LBL can arise in 
any lymph node of the body, but the majority of patients have 
involvement of mediastinum (52%) and cervical nodes 
(31%) [6]. Symptoms of airway include shortness of breath, 
cough, stridor, dyspnea, and acute respiratory distress. 
Edema of the neck and face and jugular venous distension 
should raise the suspicion of SVC syndrome. Most patients 
with T-LBL present with disseminated disease (Murphy 
stage III). About 15–20% of patients exhibit bone marrow 
infiltration. Less than 5% show central nervous system 
(CNS) involvement.

B-LBL patients are more likely to present with limited 
stage (Murphy stage I and II) compared to T-LBL patients; 
however, they have a higher incidence of bone marrow 
involvement of about 30–40% [4, 7]. The most frequent sites 
of involvement in B-LBL are in the head and neck area and 
include the bone, skin, lymph nodes, and soft tissue [7, 8]. 
CNS involvement was detected in about 5%. Depending on 
the site of manifestation, clinical presentations vary. Bulky 
lymphadenopathy and respiratory and systemic symptoms 
are uncommon in B-LBL.

 Pathology

Histologically, LBL shows an infiltrate of small, round blue 
cells. Further evaluation either by flow cytometry of malig-
nant effusions and fresh tissue or immunohistochemical 
analysis of paraffin embedded biopsies is needed to confirm 
the diagnosis. The European Group established guidelines 
for Immunophenotyping of Leukemias (EGIL) and the 
World Health Organization (WHO). EGIL published criteria 
for flow cytometric diagnosis of acute lymphoblastic leuke-
mia (ALL) in 1995 which were updated by the European 
LeukemiaNet in 2011 [9, 10]. The WHO revised the fourth 
edition of the classification of tumors of the hematopoietic 
and lymphoid lineage in 2016 which incorporates new 
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 information, especially genetic and molecular findings [11]. 
The International BFM-FLOW network published AIEOP-
BFM consensus guidelines for immunophenotyping by flow 
cytometry in 2016 designed to fulfill EGIL and WHO 
2008/2016 requirements for ALL subtyping including early- 
T- cell (ETP) and mixed phenotype acute leukemia (MPAL) 
[12]. The recurrent genetic and molecular changes seen in 
ALL have been very well characterized for B-ALL and are 
important prognostic predictors [13]. There is an ongoing 
debate whether ALL and LBL are distinct entities or a spec-
trum of the same disease, but they share similar molecular 
alterations [14–16].

 Immunophenotypic and Immunohistochemical 
Analysis

The AIEOP-BFM consensus antibody panel includes man-
datory markers to satisfy WHO, EGIL, and ETP classifica-
tions and recommendations for optional markers 
(Table 12.1) [12].

Lymphoblastic lymphomas of precursor B-cell lineage 
express a combination of B-cell markers including CD19, 
cCD79a, and cCD22 which are not specific by themselves 
but in combination strongly support the diagnosis (Fig. 12.1) 
[11]. In addition, PAX5, surface CD22, CD24, CD10, and 
TdT are expressed in most cases. Expression of CD20, a 
mature B-cell marker, and/or CD34, a stem cell marker, can 
be less commonly seen. Co-expression of the myeloid- 

associated antigens CD13 and 33 can occur but does not 
indicate mixed lineage. The degree of maturation can vary. 
In early precursor B-ALL/B-LBL, expression of CD19, 
cCD79A, cCD22, and nuclear TdT is seen. During the com-
mon ALL phenotypic stage, expression of CD10 is found. In 
more mature pre-B- or early B-cell lymphomas with L1/2 
morphology, expression of cytoplasmic μ chain with occa-
sional expression of surface heavy chain is seen but without 
any light chain expression.

T-LBL express cytoplasmic or membrane bound CD3, 
which is lineage specific (Fig.  12.2). In addition, they are 
mostly positive for TdT and variably positive for CD1a, 
CD2, CD4, CD5, CD7, and CD8. They are further subclassi-
fied by the differentiation stage of T-lymphoblasts on their 
passage through the thymus [17]. In addition to TdT, the 
most specific markers to indicate the precursor nature of 
T-lymphoblasts are CD99, CD34, and CD1a. Oschlies and 
colleagues published an easily followed algorithm for the 
diagnosis of lymphoblastic lymphomas using immunohisto-
chemical staining based on the analysis of 188 patients [17]. 
TdT expression has been identified as the best marker for 
determining the precursor cell nature of a lymphoma. In 
TdT-negative lymphoma with typical lymphoblastic mor-
phology, either expression of CD1a or CD34, co-expression 
of CD79a and CD3, or co-expression of CD4 and CD8 can 
be used to determine the precursor cell nature of 
lymphoma.

The Children’s Oncology Group (COG) reported immu-
nophenotypic characteristics of T-lymphoblastic lymphoma 
in 180 children and adolescents enrolled on the COG trial 
A5971, which showed that the immunoprofile was similar to 
T-ALL but with a higher incidence of CD4/CD8 double posi-
tivity pointing to a more mature phenotype [6]. Diagnostically 
useful immunophenotypic features of T-LBL were identified 
as well as distinct immunophenotypic subgroups, but none 
were statistically related to event-free or overall survival. As 
previously published by Oschlies et al., the majority of cases 
demonstrated subcapsular or cortical thymocyte phenotypes 
[17]. Smock et al. reported that a majority of LBL samples 
expressed MIB1 (59%) and cMyc (77%) in greater than 50% 
of analyzed cells by immunohistochemistry [18]. It is 
unknown if the c-Myc overexpression is due to NOTCH- 
signaling perturbation or if other NOTCH-independent 
mechanisms are involved.

The St. Jude’s group in collaboration with the Italian 
AIEOP group first recognized a T-ALL phenotype of very 
early differentiation that occurs in 10–15% of patients with 
T-ALL, termed early T-precursor acute lymphoblastic leuke-
mia (ETP-ALL) and defined by the expression of CD7 and 
low level CD5 (and occasionally cytoplasmic CD3) but lack-
ing expression of CD1a, CD4, and CD8 [19, 20]. 
Co-expression of at least one of the stem cell markers CD34 
or CD117 or myeloid-related antigens such as CD33 or 

Table 12.1 The AIEOP-BFM consensus antibody panel for pediatric 
ALL

Recommendation Marker
Mandatory Mandatory and optional markers (each 

combined with CD45)
  Intracellulara,b iCD3, iCD22, iCD79a, iIgM (μ-chain), 

iLysozyme, iMPO
  Surfacea CD2c, CD3, CD5, CD7; CD10, CD19, CD20; 

CD11c, CD11b, CD13, CD14, CD15, CD33, 
CD64, CD65d, CD117; CD34, (CD45), CD56, 
HLA-DR
If T-ALL: CD1a, CD4, CD8, TCRa,b, TCRd,e

If B-IV suspected: λ-chain, Ƙ-chain
(surface staining after pre-washing or 
intracellular)

Optional/
recommended

All cases: NG2f, CD371c,g

If BCP-ALL: CD11ac, CD22, CD24,CD38, 
CD44, CD58, CD66c, CD123c, CRLF2c,e

If T-ALL: CD99, iTdT
If BAL according to general panel: CD24, iTdT

aMandatory markers for WHO, EGIL, and ETP classifications
bPrefix “i” stands for intracellular staining
cPhycoerythrin conjugate (PE) recommended
dAvailable only labelled with fluorescein isothiocyanate (FITC)
eClone 1D3
fClone 7.1
gClone 50C1
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CD13 is present [19, 21]. In concordance with the frequently 
found aberrant expression of myeloid- or stem cell-related 
antigens such as CD13, CD33, CD34, or CD117, ETP-ALL 

is associated with increased incidence of AML-type muta-
tions rather than T-ALL-/T-LBL-associated NOTCH muta-
tions [22]. ETP-ALL was originally described being 

a b

c d

e f

Fig. 12.1 B-lymphoblastic lymphoma of the skin. Infiltration of the 
dermis and subcutis by blasts (a, h, and e) showing a monoform popula-
tion of small round blue cells (b, h, and e) that is negative for CD20 

expression (c) but positive for CD19 on the surface and TdT in the 
nucleus (e) and a high proliferative index (MIB1 expression, f); cour-
tesy of Ilske Oschlies and Wolfram Klapper
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associated with increased rate of induction failures, but with 
current treatment protocols there is no significant difference 
in prognosis [23]. The ETP phenotype appears to occur in 
T-LBL with similar frequency with 14% of T-LBL patients 

enrolled on the COG study 5971 classified as the ETP phe-
notype [6].

Mixed phenotype acute leukemia (MPAL) phenotype 
has been reported in LBL with or without limited bone 

a b

c d

e f

Fig. 12.2 Nodal T-lymphoblastic lymphoma. Complete infiltration 
and replacement of normal lymph node architecture by dense blast infil-
tration (a, Giemsa) with high proliferative index (MIB1 expression, b). 
Blasts are positive for the T-cell marker CD3 (c) with aberrant expres-

sion of CD79a (d) but negative for other B-cell markers (Pax5, e) and 
partial expression of TdT (f); courtesy of Ilske Oschlies and Wolfram 
Klapper
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marrow involvement [24]. Of 188 LBL patients enrolled on 
EURO-LB 02, 7% of the cases were classified as MPAL by 
central review of pathology [17]. There are no current treat-
ment recommendations for this rare entity, but there is 
some evidence that outcomes are better with ALL-type 
therapy [25].

 Recurrent Genetic and Molecular Alterations

The recurrent molecular alterations have been well charac-
terized and associated with prognosis for B-ALL [13], but 
much less is known about the molecular makeup of LBL due 
to the lack of available fresh tissue for molecular typing.

The poor-risk cytogenetic markers BCR-ABL1 and 
KMT2A rearrangements have been described in B-LBL, but 
the incidence and prognostic significance are unknown [26, 
27]. The most commonly described cytogenetic abnormali-
ties are alterations in chromosome 21 (trisomy or duplica-
tions of 21q22) [28, 29]. More recently, Meyer et  al. 
compared copy number alterations in cohorts of B-ALL ver-
sus B-LBL using formalin-fixed tissue and found some sig-
nificant differences [30]. While the incidence of CDKN2A/B, 
IKZF1, and PAX5 deletions were similar, ETV6 and EBF1 
deletions were less common in B-LBL. In addition, hyper-
diploidy is common in both B-ALL and B-LBL, but the clas-
sic triple trisomy of chromosomes 4, 10, and 17 associated 
with favorable prognosis in B-ALL was not found in 
B-LBL.  Interestingly, all cases of hyperdiploidy presented 
in localized stages.

Due to the recombination processes of T-cell receptor 
rearrangement, the T-cell receptor (TCR) genes are predis-
posed to recombination with oncogenes or genes involved in 
thymocyte development through chromosomal transloca-
tions. These recurrent translocations are found in 50% of 
pediatric T-ALLs. The prevalence of these translocations in 
pediatric T-LBL is not exactly known. The current literature 
shows that most cytogenetic abnormalities reported in T-LBL 
are also seen in T-ALL [15, 16, 31, 32].

While there are no characteristic translocations in T-ALL/
T-LBL correlating with prognosis as in B-ALL, recent 
molecular studies have identified candidate genes of prog-
nostic relevance for T-LBL including NOTCH1 and FBXW7. 
Mutations in NOTCH1 and/or FBXW7 at recurrent hotspots 
within the genes are observed in approximately 50% of pedi-
atric T-ALL patients and have been associated with an 
improved treatment response or outcome [33, 34]. 
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, respec-
tively [15, 35–38]. In the larger series, NOTCH1 and/or 
FBXW7 mutations are associated with a favorable response 
to treatment and/or outcome.

In descriptive retrospective analyses of pediatric 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 [31, 35, 
39]. 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 gene PTEN have been 
reported in different types of solid and hematological malig-
nancies and were associated with unfavorable outcome of 
patients. A report of the NHL-BFM study group identified a 
significant association of PTEN mutations with adverse out-
come of analyzed T-LBL patients [40]. PTEN mutations 
were detected in 15% of 114 pediatric T-LBL patients and 
were associated with a poor pEFS at 5 years of 59 ± 12% 
compared to 82 ± 4 for PTEN non-mutated cases (p = 0.014). 
Although biological data suggest that any PTEN mutation 
leads to hyperactivated PI3K-AKT signaling, the prognostic 
impact is weaker when other PI3K-AKT pathway mutations 
are included in the analysis, indicating that the negative 
prognostic impact mostly depended on PTEN mutations. 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 
expression of PTEN was transcriptionally repressed by active 
NOTCH1 in T-ALL cell lines, as well as normal mouse thy-
mocytes [41, 42]. 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 regimens revealed the opposite: the unfavorable prog-
nostic effect of PTEN mutations seems to be abrogated by 
the favorable prognostic impact of NOTCH1 mutations, as 
this group of patients presented with a pEFS of 91 ± 9% [40]. 
Similar associations and interactions of NOTCH1 and PTEN 
mutations with outcome have recently been described in 
pediatric T-ALL treated with BFM-type regimens [43]. An 
analysis of 271 pediatric patients treated on AIEOP-BFM 
protocols confirmed the negative prognostic significance of 
PTEN showing the worst prognosis in patients with PTEN 
mutations combined with unmutated NOTCH1 [44]. In con-
trast to these findings, pediatric T-ALL patients treated 
according to DCOG and COALL regimens without NOTCH1 
and PTEN mutations showed a significantly lower cumula-
tive incidence of relapse at 5 years compared with the rest of 
the cohort [45].

Absence of biallelic T-cell receptor gene gamma (TRG) 
locus deletion (ABD), which is characteristic for early thy-
mocyte precursors before V(D)J recombination, correlates 
statistically significantly with the failure to induction chemo-
therapy of pediatric T-ALL patients but also poorer outcomes 
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[46, 47]. 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 [36]. All four 
patients had mutations in NOTCH1 and/or FBXW7. ABD 
was in this cohort associated with a poor pEFS of 0% com-
pared to 80 ± 6% for non-ABD patients (p = 0.01).

SIK1, an anti-metastatic protein, is a direct target of miR- 
223 and consequently is significantly reduced in miR- 223- 
overexpressing tumor cells. Overexpression of miR-223 
promotes tumor T-LBL cell growth, migration, and invasion 
in  vitro. To evaluate the clinical relevance in T-LBL, the 
expression levels of miR-223 was measured in tumor biop-
sies from 67 T-LBL pediatric patients and correlated with 
clinical data. Multivariate analysis confirmed that only a 
high level of miR-223 was an independent factor for worse 
prognosis [48].

 Risk Classification and Prognostic Factors

Prognostic predictors of therapy are needed for pediatric 
LBL patients to prevent overtreatment and subsequent 
acute and long-term toxicities such as osteonecrosis in low-
risk patients but also to identify patients at highest risk of 
often fatal relapse and thus in need of novel therapies [49]. 
The prognostic relevance of clinical characteristics, such as 
age, sex, stage, presence of mediastinal mass, and level of 
serum lactate dehydrogenase, has been described [49]. 
Tubergen et al. reported an unfavorable prognosis for chil-
dren older than 14 years based on the results of the CCG502 
trial [50]. Analysis of the outcome of T-LBL patients treated 
within different NHL-BFM trials revealed a lower pEFS in 
adolescent females compared to males with comparable 
clinical characteristics [51]. Analysis of the EORTC 58881 
trial led to the identification of response to therapy as a 
prognostic factor  [52]. Non-response after 7 days of pre-
phase with prednisolone and one intrathecal injection with 
MTX was associated with very poor outcome. But these 
data have not been confirmed uniformly across cooperative 
groups.

Traditionally, patients were stratified according to 
stage. In the NHL-BFM 90, NHL-BFM 95, and EURO-LB 
02 trials, patients with limited stage I/II disease did not 
receive re-induction treatment protocol II. Outcome anal-
ysis of the trial EURO-LB 02 supported stage of disease 
as stratification criterion for pB-LBL resulting in favor-
able pEFS for pB- LBL with limited disease, representing 
almost half of pB- LBL patients [3]. However, for pB-LBL 
patients with advanced stage III/IV disease, pEFS and 
cumulative incidence of relapse were poor even with 
intensified treatment including protocol II [3]. In the COG 
protocol A5971, patients with localized stages (Murphy 
stage I and II) received similar therapy to patients with 

disseminated disease but were not included in the ran-
domization to intensify therapy. Patients with localized 
disease had a 5-year EFS of 90% compared to patients 
with disseminated stage who achieved a 5-year EFS of 
82% [2, 53]. However, since 74% of patients with local-
ized stage had a B-LBL phenotype and 86% of patients 
with disseminated disease had T-LBL, no analysis by phe-
notype was possible. 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 param-
eter to identify low-risk T-LBL patients potentially avail-
able for treatment de-escalation. In the EURO-LB 02 trial, 
only 8 out of 233 T-LBL patients (3%) were diagnosed 
with stage I/II disease [3]. Importantly, there was no rel-
evant difference in pEFS for T-LBL stage III compared to 
stage IV disease. On A5971, T-LBL patients with CNS 
involvement had a significantly poorer outcome with 
5-year EFS of 62% compared to 82% for patients with 
disseminated T-LBL but no CNS disease [2].

 Minimal Disseminated (MDD) and Minimal 
Residual Disease (MRD)

Risk stratification in ALL is primarily based on the detec-
tion of MRD in the peripheral blood and bone marrow 
using either quantitative polymerase chain reaction (PCR)-
based patient-specific TCR gene rearrangements or flow 
cytometric analysis. Both methods have also been used for 
detection of MDD in the peripheral blood and bone marrow 
at diagnosis [54, 55]. Coustan-Smith et al. showed that flow 
cytometric analysis of peripheral blood samples can be 
used to detect evidence of disseminated T-LBL, rendering 
it a valuable method to monitor blast clearance during ther-
apy [55]. Out of 99 pediatric T-LBL patients, 72% had 
detectable levels (>0.01%) of T-lymphoblasts in their bone 
marrow. The level of detectable disease correlated with out-
come with a 2-year EFS of 68% for patients with >1% lym-
phoblasts in the bone marrow versus 91% for patients with 
<1% involvement (p = 0.031) [55]. In a more recent study 
conducted by the Italian AIEOP study group, the prognos-
tic 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 with T- and 
B-lineage lymphoblastic lymphoma. MDD was detected in 
49% (32/65) of BM samples, whereas only 21% (14/65) 
were positive at standard morphological evaluation. Using 
an MDD cutoff level of 3% by FCM, the 5-year EFS is 60% 
for patients with MDD >3% LBL cells versus 83% for the 
remaining patients (p = 0.04) [56]. Additional prospective 
trials are needed to determine the level of significant MDD 
and the role of bone marrow MRD in pediatric T-LBL as 
prognostic markers.
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 Staging

The work-up of newly diagnosed patients consists of a com-
plete medical history, physical examination including testic-
ular examination in boys, and basic laboratory tests including 
a complete blood count with differential, electrolytes, lactate 
dehydrogenase (LDH), uric acid, and assessment of kidney 
(creatinine and blood urea nitrogen (BUN)) and liver func-
tion. Staging and extent of disease are evaluated by imaging 
of the neck, chest, abdomen and pelvis, lumbar puncture 
with cerebrospinal fluid (CSF) cytology, bone marrow aspi-
rate, and possible bone marrow biopsy. Imaging modalities 
vary between centers and countries but at a minimum need to 
include ultrasound of the neck, abdomen, pelvis, and lymph 
nodes, but more commonly patients are staged with comput-
erized tomography (CT), magnetic resonance imaging (MRI) 
and fluoro-deoxy-glucose (FDG) positron emission tomog-
raphy (PET) CT/MRI scanning, although published data for 
the use of PET scans in pediatric patients is limited [57–61]. 
The role of PET imaging to document response as a prognos-
tic marker is also still under investigation. Magnetic reso-
nance imaging (MRI) can be used for imaging of the neck, 
head, abdomen, and pelvis but is not as good for the chest 
because of motion artefacts due to breathing. The modified 
Murphy or St. Jude staging classification is used in lympho-
blastic lymphomas [62]. 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 has been intro-
duced [63].

 Treatment

 Frontline Therapy

Using ALL-type treatment regimens, event-free survival 
rates of 75–90% have been achieved as summarized in 
Table 12.2. Current protocols are mostly derived from either 
the LSA2L2 regimen that was established in the USA 
(Memorial Sloan-Kettering Cancer Center) or the NHL- 
BFM protocol based on the ALL-BFM strategy that achieved 
the first durable cure rates in pediatric patients with LBL 
[64–67]. Almost all subsequently developed treatment regi-
mens in Western Europe and the USA use the backbone of 
one of these pioneer protocols. There is limited published 
data about Asian studies on pediatric LBL [68–70]. Results 
of a small retrospective Chinese cohort study on pediatric 
T-LBL patients treated with one of three treatment protocols 
revealed outcomes in the range of 64% for all patients [71]. 
Recently, data on 136 analyzed Japanese pediatric LBL 
patients with advanced disease were published [72] confirm-

ing by univariate analysis results of a previous Japanese 
report that showed an inferior outcome of T-LBL patients 
presenting with stage III compared to stage IV [69].

In contrast to ALL treatment regimens, stage at diagnosis 
is the only parameter for risk group stratification of patients 
with LBL classifying patients into limited stage (stage I and 
II) versus advanced stage (stage III and IV). Published EFS 
for patients with limited stage disease ranges from 73 ± 8% 
(LMT81) to 100% (LNH92). These results may be achiev-
able with relevant dose reductions in anthracyclines and 
alkylators, as indicated by the NHL-BFM 90 trial, which 
administered no re-induction for patients with limited dis-
ease [67]. Treatment durations for patients with limited dis-
ease range from 12 to 24 months.

To improve CNS directed treatment, several protocol 
modifications of methotrexate (MTX) administration are 
evaluated. The French LMT81 trial modified the LSA2L2 
protocol by the addition of ten courses of high-dose MTX 
(HD-MTX) with a resultant EFS of 75% [73]. The US trial 
POG 9404 analyzed 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 [74]. The subsequent COG trial A5971 tested a 
COG BFM-type regimen with different schedules of CNS 
directed treatment where HD-MTX without additional intra-
thecal MTX in interim 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 significant differences in EFS, and the authors con-
cluded that either IT-MTX or HD-MTX effectively pre-
vented CNS relapse [2]. A recent report from the I-BFM 
group showed that escalating methotrexate (Capizzi MTX) 
in combination with the BFM backbone had an EFS of 
90.8% in 58 LBL patients. CNS-directed treatment was 
mainly based on frequent intrathecal injections without rou-
tine cranial radiation [75]. Results from the COG protocol 
AALL0434 were recently released [76, 77]. The protocol 
enrolled pediatric and young adults patients with T-ALL and 
T-LBL and had a double randomization between Capizzi and 
HD MTX and the addition of nelarabine, a nucleoside ana-
logue, respectively. T-LBL patients did not participate in the 
methotrexate randomization, and only high-risk (HR) T-LBL 
patients, defined as having more than 1% T-lymphoblasts in 
the bone marrow detected by MMD flow cytometry, were 
eligible for the nelarabine randomization. Most patients 
received prophylactic cranial radiation. The Capizzi metho-
trexate arm showed significantly improved outcome in 
T-ALL patients with an estimated 4-year disease-free sur-
vival (DFS) of 92% versus 85% in the HD MTX arm 
(p  =  0.005). More importantly, the addition of nelarabine 
improved outcome in T-ALL patients with a 4-year DFS of 
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90% versus 83% (p  =  0.0332). One hundred eighteen HR 
T-LBL were enrolled, and nelarabine did not improve their 
outcome with a 4-year DFS 85.0 ± 5.6% versus 89.0 ± 4.7% 
for nelarabine (N  =  60) versus no nelarabine (N  =  58), 
p = 0.2788. The ongoing COG protocol AALL1231 is ran-
domizing patients to the addition of bortezomib, a protea-
some inhibitor on a COG BFM backbone.

 Treatment Strategies at Relapse

Relapsed lymphoblastic lymphoma (LBL) still has a 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 [78]. Among 19 patients who underwent allogeneic 
hematopoietic stem cell transplant (HSCT), 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 HSCT, four suf-
fered relapse and died, while two survived. The Center for 
International Blood and Marrow Transplant Research of 
North America (CIBMTR) summarized 53 pediatric LBL 
patients who received HSCT between 1990 and 2005. The 
EFS for 39 patients treated with allo-HSCT was 40% com-
pared with 4% in the 14 patients who underwent autologous 
HSCT [79]. The EORTC focused on LBL of B-cell pheno-
type 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 patients of 
disease progression, and three of TRM [7]. 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-HSCT, 5 survived, 6 
suffered relapse, and 2 died of TRM.  Two patients under-
went autologous HSCT and both died of disease progression 
[80]. Overall, available data in relapsed LBL show that 
patients without high-dose treatment followed by autologous 
(auto) or allogeneic HSCT have almost no chance of cure. 
Concerning the ongoing discussion whether auto or allo- 
HSCT is superior, the available data indicate a trend for 
higher TRM but also higher probability of disease-free sur-
vival after allogeneic HSCT compared to autologous 
SCT. However the absolute numbers of cases in the literature 
is too small to draw definite conclusions.

 Novel and Targeted Therapies

Because of the poor retrieval rates at relapse, new targeted 
and less toxic drugs are needed. Nelarabine was FDA 
approved based on two phase II trials in pediatric and adult 

patients with relapsed or refractory T-ALL or T-LBL [81]. 
Complete remission was achieved in 5/39 pediatric patients.

Further identification and implementation 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 path-
ways like Notch, PI3K-Akt-mTOR, JAK-STAT, and MAPK 
pathways, the cell cycle regulation, the proteasome, or epi-
genetic targets or using approaches derived from the immu-
notherapy [82]. Despite the long list, only a limited number 
of substances are under investigation in T-ALL and none in 
T-LBL. Delgado-Martin et al. published preclinical data of 
JAK-STAT pathway inhibition with ruxolitinib, which can 
overcome intrinsic glucocorticoid resistance in T-ALL [83]. 
Preclinical data in a panel of patient-derived T-ALL xeno-
graft showed robust expression of CD38 even after chemo-
therapy and striking efficacy of daratumumab, a CD38 
antibody in T-ALL [84]. Recently, it was reported that PIM1, 
a serine/threonine kinase involved in cell cycle progression, 
transcription, and apoptosis, has oncogenic activity in T-cell 
lymphoblastic neoplasms and might act as an attractive 
molecular target. PIM1 is activated in a significant fraction 
of human T-ALL and T-LBL patient samples, by rare TCR 
driven translocations or aberrant activation of the JAK-STAT 
signaling pathway. Therefore second-generation pan-PIM 
inhibitors represent a new class of substances that might be 
evaluated in clinical trials for PIM1 expressing T-LBL 
patients [85].

 Conclusions

Cure rates for pediatric patients with lymphoblastic lym-
phoma have dramatically improved. However, important 
challenges remain including identification of prognostic fac-
tors and a robust risk classification, increasing the survival of 
high-risk groups, reduction of acute and long-term toxicity, 
and developing more targeted treatment approaches with less 
toxicities.

References

 1. Schmidt E, Burkhardt B. Lymphoblastic lymphoma in childhood 
and adolescence. Pediatr Hematol Oncol. 2013;30(6):484–508.

 2. Termuhlen AM, Smith LM, Perkins SL, Lones M, Finlay JL, 
Weinstein H, et  al. Disseminated lymphoblastic lymphoma in 
children and adolescents: results of the COG A5971 trial: a 
report from the Children’s Oncology Group. Br J Haematol. 
2013;162(6):792–801.

 3. Landmann E, Burkhardt B, Zimmermann M, Meyer U, Woessmann 
W, Klapper W, et  al. Results and conclusions of the European 
Intergroup EURO-LB02 trial in children and adolescents with lym-
phoblastic lymphoma. Haematologica. 2017;102(12):2086–96.

12 Lymphoblastic Lymphoma



162

 4. Burkhardt B, Zimmermann M, Oschlies I, Niggli F, Mann G, 
Parwaresch R, et al. The impact of age and gender on biology, clini-
cal features and treatment outcome of non-Hodgkin lymphoma in 
childhood and adolescence. Br J Haematol. 2005;131(1):39–49.

 5. Oschlies I, Burkhardt B, Salaverria I, Rosenwald A, d’Amore ES, 
Szczepanowski M, et al. Clinical, pathological and genetic features 
of primary mediastinal large B-cell lymphomas and mediastinal gray 
zone lymphomas in children. Haematologica. 2011;96(2):262–8.

 6. Patel JL, Smith LM, Anderson J, Abromowitch M, Campana D, 
Jacobsen J, et al. The immunophenotype of T-lymphoblastic lym-
phoma in children and adolescents: a Children’s Oncology Group 
report. Br J Haematol. 2012;159(4):454–61.

 7. Ducassou S, Ferlay C, Bergeron C, Girard S, Laureys G, Pacquement 
H, et al. Clinical presentation, evolution, and prognosis of precursor 
B-cell lymphoblastic lymphoma in trials LMT96, EORTC 58881, 
and EORTC 58951. Br J Haematol. 2011;152(4):441–51.

 8. Neth O, Seidemann K, Jansen P, Mann G, Tiemann M, Ludwig 
WD, et al. Precursor B-cell lymphoblastic lymphoma in childhood 
and adolescence: clinical features, treatment, and results in trials 
NHL-BFM 86 and 90. Med Pediatr Oncol. 2000;35(1):20–7.

 9. Bene MC, Castoldi G, Knapp W, Ludwig WD, Matutes E, Orfao A, 
et al. Proposals for the immunological classification of acute leuke-
mias. European Group for the Immunological Characterization of 
Leukemias (EGIL). Leukemia. 1995;9(10):1783–6.

 10. Bene MC, Nebe T, Bettelheim P, Buldini B, Bumbea H, Kern W, 
et al. Immunophenotyping of acute leukemia and lymphoprolifera-
tive disorders: a consensus proposal of the European LeukemiaNet 
Work Package 10. Leukemia. 2011;25(4):567–74.

 11. Borowitz MJC, J KC, Downing JR, Le Beau MM, Arber 
DA. Precursor lymphoid neoplasms. In: Swerdlow SH, Campo E, 
Harris NL, Jaffe ES, Plieri SA, Stein H, Thiele J, editors. WHO 
classification of tumours of haematopoietic and lymphoid tissue. 
Lyon: International Agency for Research on Cancer (IARC); 2017. 
p. 200–13.

 12. Dworzak MN, Buldini B, Gaipa G, Ratei R, Hrusak O, Luria D, 
et al. AIEOP-BFM consensus guidelines 2016 for flow cytometric 
immunophenotyping of Pediatric acute lymphoblastic leukemia. 
Cytometry B Clin Cytom. 2018;94(1):82–93.

 13. Roberts KG, Mullighan CG. Genomics in acute lymphoblastic leu-
kaemia: insights and treatment implications. Nat Rev Clin Oncol. 
2015;12(6):344–57.

 14. Burkhardt B.  Paediatric lymphoblastic T-cell leukae-
mia and lymphoma: one or two diseases? Br J Haematol. 
2010;149(5):653–68.

 15. Basso K, Mussolin L, Lettieri A, Brahmachary M, Lim WK, 
Califano A, et  al. T-cell lymphoblastic lymphoma shows differ-
ences and similarities with T-cell acute lymphoblastic leukemia 
by genomic and gene expression analyses. Genes Chromosomes 
Cancer. 2011;50(12):1063–75.

 16. Uyttebroeck A, Vanhentenrijk V, Hagemeijer A, Boeckx N, Renard 
M, Wlodarska I, et al. Is there a difference in childhood T-cell acute 
lymphoblastic leukaemia and T-cell lymphoblastic lymphoma? 
Leuk Lymphoma. 2007;48(9):1745–54.

 17. Oschlies I, Burkhardt B, Chassagne-Clement C, d’Amore ES, 
Hansson U, Hebeda K, et al. Diagnosis and immunophenotype of 
188 pediatric lymphoblastic lymphomas treated within a random-
ized prospective trial: experiences and preliminary recommenda-
tions from the European childhood lymphoma pathology panel. Am 
J Surg Pathol. 2011;35(6):836–44.

 18. Smock KJ, Nelson M, Tripp SR, Sanger WG, Abromowitch 
M, Cairo MS, et  al. Characterization of childhood precursor 
T-lymphoblastic lymphoma by immunophenotyping and fluores-
cent in situ hybridization: a report from the Children’s Oncology 
Group. Pediatr Blood Cancer. 2008;51(4):489–94.

 19. Coustan-Smith E, Mullighan CG, Onciu M, Behm FG, Raimondi 
SC, Pei D, et  al. Early T-cell precursor leukaemia: a subtype of 

very high-risk acute lymphoblastic leukaemia. Lancet Oncol. 
2009;10(2):147–56.

 20. Zhang J, Ding L, Holmfeldt L, Wu G, Heatley SL, Payne-Turner D, 
et al. The genetic basis of early T-cell precursor acute lymphoblas-
tic leukaemia. Nature. 2012;481(7380):157–63.

 21. You MJ, Medeiros LJ, Hsi ED.  T-lymphoblastic leukemia/lym-
phoma. Am J Clin Pathol. 2015;144(3):411–22.

 22. Haydu JE, Ferrando AA. Early T-cell precursor acute lymphoblas-
tic leukaemia. Curr Opin Hematol. 2013;20(4):369–73.

 23. Patrick K, Wade R, Goulden N, Mitchell C, Moorman AV, Rowntree 
C, et al. Outcome for children and young people with Early T-cell 
precursor acute lymphoblastic leukaemia treated on a contempo-
rary protocol, UKALL 2003. Br J Haematol. 2014;166(3):421–4.

 24. Swerdlow SH, Campo E, Harris NL, Jaffe E, Pileri S, Stein H, 
et  al., editors. WHO classification of tumours of haematopoietic 
and lymphoid tissue. Lyon: IARC; 2008.

 25. Matutes E, Pickl WF, Van’t Veer M, Morilla R, Swansbury J, Strobl 
H, et al. Mixed-phenotype acute leukemia: clinical and laboratory 
features and outcome in 100 patients defined according to the WHO 
2008 classification. Blood. 2011;117(11):3163–71.

 26. Boddu P, Yin CC, Kanagal-Shamanna R, Tang G, Thakral B, 
Kadia T, et al. An Unsuspected Finding of t(9;22): a rare case of 
Philadelphia chromosome-positive b-lymphoblastic lymphoma. 
Case Rep Hematol. 2017;2017:2413587.

 27. Ahlmann M, Meyer C, Marschalek R, Burkhardt B, Koehler G, 
Klapper W, et al. Complex MLL rearrangement in non-infiltrated 
bone marrow in an infant with stage II precursor B-lymphoblastic 
lymphoma. Eur J Haematol. 2014;93(4):349–53.

 28. Maitra A, McKenna RW, Weinberg AG, Schneider NR, Kroft 
SH.  Precursor B-cell lymphoblastic lymphoma. A study of nine 
cases lacking blood and bone marrow involvement and review of 
the literature. Am J Clin Pathol. 2001;115(6):868–75.

 29. Geethakumari PR, Hoffmann MS, Pemmaraju N, Hu S, Jorgensen 
JL, O’Brien S, et  al. Extramedullary B lymphoblastic leuke-
mia/lymphoma (B-ALL/B-LBL): a diagnostic challenge. Clin 
Lymphoma Myeloma Leuk. 2014;14(4):e115–8.

 30. Meyer JA, Zhou D, Mason CC, Downie JM, Rodic V, Abromowitch 
M, et  al. Genomic characterization of pediatric B-lymphoblastic 
lymphoma and B-lymphoblastic leukemia using formalin-fixed 
tissues. Pediatr Blood Cancer. 2017;64(7) https://doi.org/10.1002/
pbc.26363.

 31. Burkhardt B, Bruch J, Zimmermann M, Strauch K, Parwaresch R, 
Ludwig WD, et al. Loss of heterozygosity on chromosome 6q14-q24 
is associated with poor outcome in children and adolescents with 
T-cell lymphoblastic lymphoma. Leukemia. 2006;20(8):1422–9.

 32. Lones MA, Heerema NA, Le Beau MM, Sposto R, Perkins SL, 
Kadin ME, et  al. Chromosome abnormalities in advanced stage 
lymphoblastic lymphoma of children and adolescents: a report 
from CCG-E08. Cancer GenetCytogenet. 2007;172(1):1–11.

 33. Breit S, Stanulla M, Flohr T, Schrappe M, Ludwig WD, Tolle G, 
et al. Activating NOTCH1 mutations predict favorable early treat-
ment response and long term outcome in child-hood precursor 
T-cell lymphoblastic leukemia. Blood. 2006;108(4):1151–7.

 34. Kox C, Zimmermann M, Stanulla M, Leible S, Schrappe M, 
Ludwig WD, et  al. The favorable effect of activating NOTCH1 
receptor mutations on long-term outcome in T-ALL patients treated 
on the ALL-BFM 2000 protocol can be separated from FBXW7 
loss of function. Leukemia. 2010;24(12):2005–13.

 35. Bonn BR, Rohde M, Zimmermann M, Krieger D, Oschlies I, Niggli 
F, et  al. Incidence and prognostic relevance of genetic variations 
in T-cell lymphoblastic lymphoma in childhood and adolescence. 
Blood. 2013;121(16):3153–60.

 36. Callens C, Baleydier F, Lengline E, Ben Abdelali R, Petit A, 
Villarese P, et  al. Clinical impact of NOTCH1 and/or FBXW7 
mutations, FLASH deletion, and TCR status in pediatric T-cell 
lymphoblastic lymphoma. J Clin Oncol. 2012;30(16):1966–73.

B. Burkhardt and B. Wistinghausen

https://doi.org/10.1002/pbc.26363
https://doi.org/10.1002/pbc.26363


163

 37. Park MJ, Taki T, Oda M, Watanabe T, Yumura-Yagi K, Kobayashi 
R, et al. FBXW7 and NOTCH1 mutations in childhood T cell acute 
lymphoblastic leukaemia and T cell non-Hodgkin lymphoma. Br J 
Haematol. 2009;145(2):198–206.

 38. Baleydier F, Decouvelaere AV, Bergeron J, Gaulard P, Canioni 
D, Bertrand Y, et  al. T cell receptor genotyping and HOXA/
TLX1 expression define three T lymphoblastic lymphoma sub-
sets which might affect clinical outcome. Clin Cancer Res. 
2008;14(3):692–700.

 39. Burkhardt B, Moericke A, Klapper W, Greene F, Salzburg J, 
Damm-Welk C, et al. Pediatric precursor T lymphoblastic leukemia 
and lymphoblastic lymphoma: differences in the common regions 
with loss of heterozygosity at chromosome 6q and their prognostic 
impact. LeukLymphoma. 2008;49(3):451–61.

 40. Balbach ST, Makarova O, Bonn BR, Zimmermann M, Rohde M, 
Oschlies I, et  al. Proposal of a genetic classifier for risk group 
stratification in pediatric T-cell lymphoblastic lymphoma reveals 
differences from adult T-cell lymphoblastic leukemia. Leukemia. 
2016;30(4):970–3.

 41. Song MS, Salmena L, Pandolfi PP.  The functions and regula-
tion of the PTEN tumour suppressor. Nat Rev Mol Cell Biol. 
2012;13(5):283–96.

 42. Hales EC, Taub JW, Matherly LH. New insights into Notch1 regu-
lation of the PI3K-AKT-mTOR1 signaling axis: targeted therapy 
of gamma-secretase inhibitor resistant T-cell acute lymphoblastic 
leukemia. Cell Signal. 2014;26(1):149–61.

 43. Bandapalli OR, Zimmermann M, Kox C, Stanulla M, Schrappe 
M, Ludwig WD, et  al. NOTCH1 activation clinically antago-
nizes the unfavorable effect of PTEN inactivation in BFM-treated 
children with precursor T-cell acute lymphoblastic leukemia. 
Haematologica. 2013;98(6):928–36.

 44. Paganin M, Grillo MF, Silvestri D, Scapinello G, Buldini B, 
Cazzaniga G, et  al. The presence of mutated and deleted PTEN 
is associated with an increased risk of relapse in childhood T cell 
acute lymphoblastic leukaemia treated with AIEOP-BFM ALL pro-
tocols. Br J Haematol. 2018;182(5):705–11.

 45. Zuurbier L, Homminga I, Calvert V, te Winkel ML, Buijs-Gladdines 
JG, Kooi C, et al. NOTCH1 and/or FBXW7 mutations predict for 
initial good prednisone response but not for improved outcome in 
pediatric T-cell acute lymphoblastic leukemia patients treated on 
DCOG or COALL protocols. Leukemia. 2010;24(12):2014–22.

 46. Gutierrez A, Dahlberg SE, Neuberg DS, Zhang J, Grebliunaite R, 
Sanda T, et al. Absence of biallelic TCRgamma deletion predicts 
early treatment failure in pediatric T-cell acute lymphoblastic leu-
kemia. J Clin Oncol. 2010;28(24):3816–23.

 47. Yang YL, Hsiao CC, Chen HY, Lin KH, Jou ST, Chen JS, et  al. 
Absence of biallelic TCRgamma deletion predicts induction failure 
and poorer outcomes in childhood T-cell acute lymphoblastic leu-
kemia. Pediatr Blood Cancer. 2012;58(6):846–51.

 48. Pomari E, Lovisa F, Carraro E, Primerano S, D’Amore ESG, Bonvini 
P, et al. Clinical impact of miR-223 expression in pediatric T-Cell 
lymphoblastic lymphoma. Oncotarget. 2017;8(64):107886–98.

 49. Burkhardt B, Mueller S, Khanam T, Perkins SL. Current status and 
future directions of T-lymphoblastic lymphoma in children and 
adolescents. Br J Haematol. 2016;173(4):545–59.

 50. Tubergen DG, Krailo MD, Meadows AT, Rosenstock J, Kadin M, 
Morse M, et  al. Comparison of treatment regimens for pediatric 
lymphoblastic non-Hodgkin’s lymphoma: a Childrens Cancer 
Group study. J Clin Oncol. 1995;13(6):1368–76.

 51. Burkhardt B, Oschlies I, Klapper W, Zimmermann M, Woessmann 
W, Meinhardt A, et al. Non-Hodgkin’s lymphoma in adolescents: 
experiences in 378 adolescent NHL patients treated according to 
pediatric NHL-BFM protocols. Leukemia. 2011;25(1):153–60.

 52. Uyttebroeck A, Suciu S, Laureys G, Robert A, Pacquement H, 
Ferster A, et al. Treatment of childhood T-cell lymphoblastic lym-
phoma according to the strategy for acute lymphoblastic leukaemia, 

without radiotherapy: long term results of the EORTC CLG 58881 
trial. Eur J Cancer. 2008;44(6):840–6.

 53. Termuhlen AM, Smith LM, Perkins SL, Lones M, Finlay JL, 
Weinstein H, et  al. Outcome of newly diagnosed children and 
adolescents with localized lymphoblastic lymphoma treated on 
Children’s Oncology Group trial A5971: a report from the Children’s 
Oncology Group. Pediatr Blood Cancer. 2012;59(7):1229–33.

 54. Stark B, Avigad S, Luria D, Manor S, Reshef-Ronen T, Avrahami 
G, et al. Bone marrow minimal disseminated disease (MDD) and 
minimal residual disease (MRD) in childhood T-cell lymphoblastic 
lymphoma stage III, detected by flow cytometry (FC) and real-time 
quantitative polymerase chain reaction (RQ-PCR). Pediatr Blood 
Cancer. 2009;52(1):20–5.

 55. Coustan-Smith E, Sandlund JT, Perkins SL, Chen H, Chang M, 
Abromowitch M, et al. Minimal disseminated disease in childhood 
T-cell lymphoblastic lymphoma: a report from the children’s oncol-
ogy group. J Clin Oncol. 2009;27(21):3533–9.

 56. Mussolin L, Buldini B, Lovisa F, Carraro E, Disaro S, Nigro LL, 
et al. Detection and role of minimal disseminated disease in chil-
dren with lymphoblastic lymphoma: the AIEOP experience. Pediatr 
Blood Cancer. 2015;62(11):1906–13.

 57. Bardi E, Csoka M, Garai I, Szegedi I, Muller J, Gyorke T, et al. Value 
of FDG-PET/CT examinations in different cancers of children, 
focusing on lymphomas. Pathol Oncol Res. 2014;20(1):139–43.

 58. Nakatani K, Nakamoto Y, Watanabe K, Saga T, Higashi T, Togashi 
K.  Roles and limitations of FDG PET in pediatric non-Hodgkin 
lymphoma. Clin Nucl Med. 2012;37(7):656–62.

 59. Riad R, Omar W, Kotb M, Hafez M, Sidhom I, Zamzam M, et al. 
Role of PET/CT in malignant pediatric lymphoma. Eur J Nucl Med 
Mol Imaging. 2010;37(2):319–29.

 60. Riad R, Omar W, Sidhom I, Zamzam M, Zaky I, Hafez M, et al. 
False-positive F-18 FDG uptake in PET/CT studies in pediatric 
patients with abdominal Burkitt’s lymphoma. Nucl Med Commun. 
2010;31(3):232–8.

 61. Sioka C.  The utility of FDG PET in diagnosis and follow-up of 
lymphoma in childhood. Eur J Pediatr. 2013;172(6):733–8.

 62. Murphy SB. Classification, staging and end results of treatment of 
childhood non-Hodgkin’s lymphomas: dissimilarities from lym-
phomas in adults. Semin Oncol. 1980;7(3):332–9.

 63. Rosolen A, Perkins SL, Pinkerton CR, Guillerman RP, Sandlund 
JT, Patte C, et  al. Revised International Pediatric Non-Hodgkin 
Lymphoma Staging System. J Clin Oncol. 2015;33(18):2112–8.

 64. Wollner N, Burchenal JH, Lieberman PH, Exelby P, D’Angio G, 
Murphy ML. Non-Hodgkin’s lymphoma in children. A compara-
tive study of two modalities of therapy. Cancer. 1976;37(1):123–34.

 65. Wollner N, Exelby PR, Lieberman PH. Non-Hodgkin’s lymphoma 
in children: a progress report on the original patients treated with 
the LSA2-L2 protocol. Cancer. 1979;44(6):1990–9.

 66. Reiter A, Schrappe M, Parwaresch R, Henze G, Muller-Weihrich 
S, Sauter S, et  al. Non-Hodgkin’s lymphomas of childhood and 
adolescence: results of a treatment stratified for biologic subtypes 
and stage--a report of the Berlin-Frankfurt-Munster Group. J Clin 
Oncol. 1995;13(2):359–72.

 67. Reiter A, Schrappe M, Ludwig WD, Tiemann M, Parwaresch R, 
Zimmermann M, et  al. Intensive ALL-type therapy without local 
radiotherapy provides a 90% event-free survival for children with 
T-cell lymphoblastic lymphoma: a BFM group report. Blood. 
2000;95(2):416–21.

 68. Jin L, Zhang R, Huang S, Yang J, Duan YL, Zhang YH. Clinical 
features and prognosis of children with lymphoblastic lymphoma. 
Zhonghua Zhong Liu Za Zhi. 2012;34(2):138–42.

 69. Kobayashi R, Takimoto T, Nakazawa A, Fujita N, Akazai A, Yamato 
K, et al. Inferior outcomes of stage III T lymphoblastic lymphoma 
relative to stage IV lymphoma and T-acute lymphoblastic leukemia: 
long-term comparison of outcomes in the JACLS NHL T-98 and 
ALL T-97 protocols. Int J Hematol. 2014;99(6):743–9.

12 Lymphoblastic Lymphoma



164

 70. Sun XF, Xia ZJ, Zhen ZJ, Xiang XJ, Xia Y, Ling JY, et al. Intensive 
chemotherapy improved treatment outcome for Chinese children 
and adolescents with lymphoblastic lymphoma. Int J Clin Oncol. 
2008;13(5):436–41.

 71. Gao YJ, Pan C, Tang JY, Lu FJ, Chen J, Xue HL, et  al. Clinical 
outcome of childhood lymphoblastic lymphoma in Shanghai China 
2001-2010. Pediatr Blood Cancer. 2014;61(4):659–63.

 72. Sunami S, Sekimizu M, Takimoto T, Mori T, Mitsui T, Fukano 
R, et al. Prognostic impact of intensified maintenance therapy on 
children with advanced lymphoblastic lymphoma: a report from 
the Japanese Pediatric Leukemia/Lymphoma Study Group ALB- 
NHL03 study. Pediatr Blood Cancer. 2016;63(3):451–7.

 73. Patte C, Kalifa C, Flamant F, Hartmann O, Brugieres L, Valteau- 
Couanet D, et  al. Results of the LMT81 protocol, a modified 
LSA2L2 protocol with high dose methotrexate, on 84 children 
with non-B-cell (lymphoblastic) lymphoma. Med Pediatr Oncol. 
1992;20(2):105–13.

 74. Asselin BL, Devidas M, Wang C, Pullen J, Borowitz MJ, Hutchison 
R, et al. Effectiveness of high-dose methotrexate in T-cell lympho-
blastic leukemia and advanced-stage lymphoblastic lymphoma: a 
randomized study by the Children’s Oncology Group (POG 9404). 
Blood. 2011;118(4):874–83.

 75. Sterba J, Kovacs G, Matus M, Bubanska E, Kyr M, Krenova Z, 
et  al. Capizzi methotrexate with BFM backbone without cranio-
spinal irradiation is effective treatment for pediatric lymphoblastic 
lymphoma: results from 5 countries with I-BFM LL 09 protocol. Br 
J Haematol. 2015;171(Suppl. 1):33.

 76. Winter SS, Dunsmore KP, Devidas M, Wood BL, Esiashvili N, 
Chen Z, et  al. Improved survival for children and young adults 
with T-lineage acute lymphoblastic leukemia: results from the 
Children’s Oncology Group AALL0434 methotrexate randomiza-
tion. J Clin Oncol. 2018;36(29):2926–34. https://doi.org/10.1200/
JCO.2018.77.7250.

 77. Dunsmore KP, Winter S, Devidas M, Wood BL, Esiashvili N, 
Eisenberg N, Briegel N, Hayashi RJ, Gastier-Foster JM, Carroll AJ, 
Heerema N, Asselin B, Rabin KR, Zweidler-McKay P, Raetz RA, 
Loh ML, Winick NJ, Carroll WL, Hunger S. COG AALL0434: a 
randomized trial testing nelarabine in newly diagnosed t-cell malig-
nancy. J Clin Oncol. 2018;36:10500.

 78. Mitsui T, Mori T, Fujita N, Inada H, Horibe K, Tsurusawa 
M. Retrospective analysis of relapsed or primary refractory child-
hood lymphoblastic lymphoma in Japan. Pediatr Blood Cancer. 
2009;52:591.

 79. Gross TG, Hale GA, He W, Camitta BM, Sanders JE, Cairo MS, 
et  al. Hematopoietic stem cell transplantation for refractory or 
recurrent non-Hodgkin lymphoma in children and adolescents. Biol 
Blood Marrow Transplant. 2009;16(2):223–30.

 80. Burkhardt B, Zimmermann M, Oschlies I, Klapper W, Meinhardt 
A, Landmann E, et al., editors. Outcome of adolescents with non- 
Hodgkin lymphoma in the BFM studies: relevance of gender and 
histological subtype. In: 3rd international symposium on childhood, 
adolescent and young adult non-Hodgkin’s Lymphoma, Frankfurt: 
Hematology meeting reports; June 2009.

 81. Cohen MH, Johnson JR, Justice R, Pazdur R.  FDA drug 
approval summary: nelarabine (Arranon) for the treatment 

of T-cell lymphoblastic leukemia/lymphoma. Oncologist. 
2008;13(6):709–14.

 82. Raetz EA, Teachey DT.  T-cell acute lymphoblastic leukemia. 
Hematology Am Soc Hematol Educ Program. 2016;2016(1):580–8.

 83. Delgado-Martin C, Meyer LK, Huang BJ, Shimano KA, Zinter MS, 
Nguyen JV, et  al. JAK/STAT pathway inhibition overcomes IL7- 
induced glucocorticoid resistance in a subset of human T-cell acute 
lymphoblastic leukemias. Leukemia. 2017;31(12):2568–76.

 84. Bride KL, Vincent TL, Im SY, Aplenc R, Barrett DM, Carroll WL, 
et al. Preclinical efficacy of daratumumab in T-cell acute lympho-
blastic leukemia. Blood. 2018;131(9):995–9.

 85. De Smedt R, Peirs S, Morscio J, Matthijssens F, Roels J, Reunes 
L, et al. Preclinical evaluation of second generation PIM inhibitors 
for the treatment of T-cell acute lymphoblastic leukemia and lym-
phoma. Haematologica. 2019;104(1):e17–20.

 86. Amylon MD, Shuster J, Pullen J, Berard C, Link MP, Wharam 
M, et al. Intensive high-dose asparaginase consolidation improves 
survival for pediatric patients with T cell acute lymphoblastic leu-
kemia and advanced stage lymphoblastic lymphoma: a Pediatric 
Oncology Group study. Leukemia. 1999;13(3):335–42.

 87. Burkhardt B, Woessmann W, Zimmermann M, Kontny U, Vormoor 
J, Doerffel W, et al. Impact of cranial radiotherapy on central ner-
vous system prophylaxis in children and adolescents with central 
nervous system-negative stage III or IV lymphoblastic lymphoma. 
J Clin Oncol. 2006;24(3):491–9.

 88. Abromowitch M, Sposto R, Perkins S, Zwick D, Siegel S, Finlay 
J, et al. Shortened intensified multi-agent chemotherapy and non- 
cross resistant maintenance therapy for advanced lymphoblastic 
lymphoma in children and adolescents: report from the Children’s 
Oncology Group. Br J Haematol. 2008;143(2):261–7.

 89. Abromowitch M, Termuhlen A, Chang M, Perkins S, Gross T, 
Weinstein H, et al. High-dose methotrexate and early intensification 
of therapy do not improve 3 year EFS in children and adolescents 
with disseminated lymphoblastic lymphoma. Results of the ran-
domized arms of COG A5971. Blood. 2008;12:Abstract No. 3610.

 90. Pillon M, Piglione M, Garaventa A, Conter V, Giuliano M, 
Arcamone G, et al. Long-term results of AIEOP LNH-92 protocol 
for the treatment of pediatric lymphoblastic lymphoma: a report 
of the Italian Association of pediatric hematology and oncology. 
Pediatr Blood Cancer. 2009;53(6):953–9.

 91. Sandlund JT, Pui CH, Zhou Y, Behm FG, Onciu M, Razzouk BI, 
et al. Effective treatment of advanced-stage childhood lymphoblas-
tic lymphoma without prophylactic cranial irradiation: results of St 
Jude NHL13 study. Leukemia. 2009;23(6):1127–30.

 92. Uyttebroeck A, Suciu S, Plat G, Laureys G, Costa V, Rohrlich P, 
et al. Dexamethasone (DEX) versus prednisone (PRED) in T-cell 
non Hodgkin lymphoma (T-NHL): results of the randomized phase 
III trial 58951 of the EORTC Children Leukemia Group. Br J 
Haematol. 2012;159(Suppl. 1):37.

 93. Bergeron C, Coze C, Segura C, Pacquement H, Gandemer V, 
Ducassou S, et  al. Treatment of childhood T-cell lymphoblastic 
lymphoma-long-term results of the SFOP LMT96 trial. Pediatr 
Blood Cancer. 2015;62(12):2150–6.

B. Burkhardt and B. Wistinghausen

https://doi.org/10.1200/JCO.2018.77.7250
https://doi.org/10.1200/JCO.2018.77.7250


Part V

Mature B- Non-Hodgkin’s Lymphomas



167© Springer Nature Switzerland AG 2019
O. Abla, A. Attarbaschi (eds.), Non-Hodgkin’s Lymphoma in Childhood and Adolescence, 
https://doi.org/10.1007/978-3-030-11769-6_13

Burkitt Lymphoma and Diffuse  
Large B-Cell Lymphoma

Grace Egan, Sheila Weitzman, and Sarah Alexander

 Introduction

Mature B-cell lymphomas account for 50–60% of pediatric 
NHL. This chapter will focus on the two most common sub-
types, Burkitt lymphoma (BL) and diffuse large B-cell lym-
phoma (DLBCL). Rarer subtypes, including primary 
mediastinal B-cell lymphoma (PMBCL), will be discussed 
elsewhere.

The survival of children and adolescents with BL and 
DLBCL has improved dramatically over the past 60 years. 
Despite the differences in biology, childhood BL and DLBCL 
have been treated similarly [15]. Success has been driven by 
sequential clinical trials of multi-agent intensive chemother-
apy based on disease risk features, as well as the incorpora-
tion of immunotherapy in recent trials.

This chapter will review epidemiology, biology, and clini-
cal presentation of BL and DLBCL and discuss treatment 
strategies for these diseases.

 Burkitt Lymphoma

 Epidemiology

There are three subgroups of BL, namely, endemic, sporadic, 
and immunodeficiency-associated.

 Endemic Burkitt Lymphoma

Denis Burkitt was the first to describe BL in equatorial Africa 
in the late 1950s in children presenting with jaw tumors and/

or abdominal tumors [12]. BL accounts for approximately 
30–50% of all pediatric cancers in equatorial Africa [50], 
and BL most commonly affects children ages 4–7 years, with 
a male-female ratio of 2:1.

 Sporadic Burkitt Lymphoma

By contrast, sporadic BL accounts for less than 5% of all 
pediatric cancers in the developed countries, though it is the 
most common subtype of NHL. There is a striking male pre-
dominance with an incidence of 3.2 new cases per million in 
boys compared to 0.7 cases per million in girls less than 
20  years of age [82], with 5–14-year-olds being the most 
common age group affected [82].

 Immunodeficiency-Related Burkitt Lymphoma

In the early 1980s, patients with human immunodeficiency 
virus (HIV) infection were noted to have a propensity to 
develop NHL including BL [118]. This observation led to the 
inclusion of immunodeficiency-related BL in the subsequent 
WHO classification of hematological malignancies [106]. In 
adults, BL is commonly associated with immunodeficiency, 
particularly HIV related. Children with primary and second-
ary immunodeficiencies, including solid organ transplant- 
related immunosuppression, are also at increased risk of 
developing mature B-NHL [28, 40, 98].

 Morphology

Endemic and sporadic BL are morphologically indistin-
guishable [53] with both forms exhibiting a diffuse pattern of 
infiltration by intermediate-sized undifferentiated homoge-
nous cells with round to oval nuclei with multiple, variably 
prominent, basophilic nucleoli [85] (Table  13.1). On 
 cytological preparations, the narrow rim of cytoplasm is 
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basophilic and appears vacuolated because of the presence of 
lipid droplets [85]. Given the tumors extremely high rate of 
proliferation and apoptosis, tissue sections often show a 
“starry sky” appearance that results from reactive macro-
phages which spread among the rapidly dividing clonal lym-
phoid cells and phagocytose cellular debris [83]. This 
appearance is not specific for BL and can be seen with other 
rapidly dividing tumors [83].

 Immunophenotype 
and Immunohistochemistry

Immunophenotypic analysis of BL demonstrates an expres-
sion of B-cell-related antigens including CD19, CD20, 
CD22, CD79a, and PAX5 [37] as well as clonal immuno-
globulin heavy and light chain antigens and the leukocyte 

antigens CD45 and CD43. Reflecting the germinal center 
subtype of BL, the surface antigen CD10 is usually expressed 
in BL, as is the protein product of the B-cell lymphoma 6 
(BCL6) gene [59]. BL cells are negative for terminal deoxy-
nucleotidyl transferase (TdT) [19].

The high mitotic rate (>90%) [19] makes staining with 
proliferative markers Ki-67 and/or MIB1 a useful tool in dif-
ferentiation of BL from other intermediate- and high-grade 
mature B-NHL. The presence of antigens such as the multi-
ple myeloma antigen, MUM1/IRF4, and BCL2 by immunos-
taining is occasionally seen in sporadic BL [8].

 Pathogenesis of BL

EBV infection at a young age on a background of intense 
malaria infection has been suggested to be an important fac-

Table 13.1 Morphology, immunophenotype, and cytogenetic characteristics of pediatric mature B-NHL

Disease Histology Immunophenotype Cytogenetics
Burkitt 
Lymphoma

Intermediate-sized homogenous cells with round nuclei. Multiple 
prominent basophilic nucleoli [106]. Basophilic cytoplasm with lipid 
vacuoles

Usually positive for 
B-cell-associated 
antigens [85]:
CD10, CD19, CD20, 
CD22, BCL6, CD38, 
CD43
Membrane IgM and 
light chain restriction
Ki-67 or MIB-1 >90%
Negative for TdT

cMYC translocations:
t(8, 14) (q24;q32) in 80%
Others:
t(2, 8) (p11;q24)
t(8, 22) (q24;q11)

DLBCL Variable but with large lymphoid cells that in nodal tissue efface nodal 
architecture

Usually positive for 
B-cell-associated 
antigens:
CD19, CD20, CD22
Positive for surface 
immunoglobulin
Ki-67 or MIB-1 <90%
Variable for:
CD10, BCL6, BCL2, 
CD30, MUM1
Negative for TdT

Can have complex 
karyotype with structural 
and numerical 
abnormalities
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tor in the development of BL in equatorial Africa [50]. The 
correlation between malaria infection and risk of BL [90] has 
been supported by in  vitro findings showing that malarial 
extracts cause proliferation of B cells and MYC immuno-
globulin rearrangements, as well as indirect in vivo evidence 
showing a decrease in incidence of BL in areas where malaria 
is controlled.

Molecular studies of BL demonstrate clonal immunoglob-
ulin gene rearrangements. BL was, in fact, the first human 
tumor in which a chromosomal translocation was found to be 
involved in its pathogenesis [20]. The immunoglobulin heavy 
chain gene, located at chromosome 14, band q32, is inter-
rupted and involved in translocations involving the cMYC 
gene which is found on chromosome 8q24, t(8;14)(q24;q32). 
This translocation, present in approximately 80% of BL cases 
[2], results in aberrant overexpression of the oncoprotein 
cMYC in BL cells. Less commonly, BL may be associated 
with translocations involving the cMYC gene and either the 
kappa light-chain gene on chromosome 2p12, t(2;8)(p12;q24), 
or the lambda light-chain gene on chromosome 22q11, t(8;22)
(q24;q11). The underlying translocation does not appear to 
affect the clinical presentation or the outcome.

Differences in the chromosome 8 and 14 breakpoint loca-
tions have been noted in endemic and sporadic BL [81]. 
Endemic tumors have breakpoints more than 100 kb upstream 
of the first coding exon of the cMYC oncogene, while the Ig 
breakpoint occurs in the VDJ region of the IgH gene [2]. 
Sporadic BL tends to have breakpoints between exon 1 and 2 
of cMYC and within the IgH gene class switch region [2, 81].

Additional chromosomal alterations can occur in pediat-
ric BL, including gains at 1q and 7q and losses at 13q [89]. 
Chromosome 22 abnormalities, independent of t(8;22), have 
also been found in pediatric BL [74]. These additional chro-
mosomal abnormalities are more common in pediatric BL 
than adult BL [89]. For pediatric BL, complex karyotypes 
appear to be associated with an inferior outcome [74, 89].

More recently, molecular diagnostics has expanded our 
understanding of the biology of NHL with gene expression 
profiling (GEP) enabling more accurate classifications of 
mature B-NHL. A molecular signature for adult BL was first 
described using GEP and matrix comparative genome 
hybridization (CGH) in 2006 [21, 38]. This molecular signa-
ture was subsequently confirmed in pediatric BL [42]. BL is 
defined molecularly by the upregulation of MYC target genes 
and germinal center (GC) B-cell genes and decreased expres-
sion of nuclear factor (NF)-κB-associated genes and MHC 
class I genes and has been shown to cluster separately from 
DLBCL [21]. This molecular signature remains stable in 
both pediatric and adult BL and confirms what was noted in 
earlier studies; that BL is a more homogenous disease with 
respect to gene expression and genetic aberrations, com-
pared to DLBCL. With regard to the distinct subtypes of BL, 
recent miRNA profiling data has demonstrated that the three 
subtypes of BL are also similar to each other and represent 

the same biologic entity, with only minor miRNA expression 
profile differences between sporadic and endemic BL [47].

In addition to MYC deregulation, high-throughput sequenc-
ing has enabled the discovery of a number of additional genetic 
mutations in BL. Pediatric BL appears to have an increased 
number of additional mutations compared to adult BL [30]. 
TP53 appears to be a common alteration [30], along with 
TCF3 and/or ID3, its negative regulator. Mutations in ID3 
have been found in 34–58% of BL cases and were associated 
with the proliferation of BL cells, indicating that ID3 might 
function as a tumor suppressor gene [49, 102]. Mutations in 
subunits of SWI/SNF, a nucleosome- remodeling complex that 
has tumor suppressor functions, have also been discovered, 
primarily in ARID1A or SMARCA4 [30, 49]. CCND3, a regu-
lator of the G1-S phase transition, was found to be mutated in 
38% of sporadic BL samples but uncommon in endemic BL 
tumors [102]. Interestingly, Giulino-Roth and colleagues 
found that EBV-negative pediatric tumors are more likely to 
have additional mutations than EBV-positive tumors [30].

Co-expression of BLC2 and cMYC (double-hit lym-
phoma) has not been associated with an adverse outcome in 
pediatric BL [54]; however when present in adults, this “dou-
ble hit” appears to infer a worse prognosis. It has been specu-
lated whether the more intensive treatment given in the 
pediatric protocols negates the prognostic implication of 
MYC-BCL2 co-expression [54].

 Diffuse Large B-Cell Lymphoma

 Epidemiology

DLBCL is less common in children accounting for 10–20% 
of pediatric NHL [10], in contrast to adults where it repre-
sents the most common form of NHL. Before age 4, DLBCL 
is rarely seen; thereafter its incidence increases steadily with 
age. Similar to BL, males have a higher incidence of disease 
(M/F = 1.4), although this is not as striking as the male pre-
ponderance in BL [82]. DLBCL is a heterogenous group of 
lymphoid neoplasms [93], particularly in adults, as opposed 
to the homogeneity exhibited with BL.  The current WHO 
classification of DLBCL includes a group of clinically and 
biologically different subtypes, which is likely to increase in 
the future as molecular diagnostics evolve. Pediatric and 
adult DLBCL also show differences with respect to mor-
phology, immunophenotype, and genetics, with DLBCL in 
children appearing to have a more homogenous genomic 
landscape based on recent studies [41].

Preexisting cancer predisposition syndromes are now rec-
ognized as a significant risk factor for developing NHL [6]. 
Defects in DNA repair, particularly in patients with ataxia- 
telangiectasia (AT), result in an increased risk of developing 
mature B-cell NHL, with DLBCL nearly three times more 
frequent than BL. Inherited immune deficiency may also be 
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more common in DLBCL compared to BL, with data from 
the BFM group indicating a rate of 6% of immune deficiency 
syndromes in those with DLBCL compared to 1% in patients 
with BL [93].

 Morphology

DLBCL is composed of large cells with a variety of morpho-
logic appearances that have vesicular nuclei, prominent nucle-
oli, basophilic cytoplasm, and a moderate-to-high proliferation 
fraction [19, 37]. The nuclei are larger than the size of a tissue 
histiocyte or twice the size of a small lymphocyte [83]. The 
cytoplasm is more abundant than in BL and varies from pale to 
plasmacytoid. The WHO guidelines classify DLBCL into mor-
phological variants including centroblastic, immunoblastic, 
anaplastic, and plasmablastic variants [106] with the centroblas-
tic morphology predominating in pediatric DLBCL [75].

 Immunophenotype 
and Immunohistochemistry

Immunophenotypic analysis of DLBCL demonstrates a 
mature B-cell phenotype with expression of CD20 and 
CD79a in most cases [19]. In the few cases that are CD20/
CD79a negative, expression of other B-cell markers, includ-
ing CD19, PAX5, or monoclonal immunoglobulin chains, is 
detected. They do not express TdT. The majority of DLBCL 
tumors in pediatrics demonstrate a high proliferation rate as 
demonstrated by the high expression of Ki-67 or MIB-1 [57], 
although usually not as high as BL. Most pediatric DLBCL 
are of the GC subtype and also express CD10 and BCL6 with 
a minority expressing the post-GC marker MUM1 [75]. 
Immunohistochemical staining for cMYC protein can be 
positive [25]. BCL2 protein expression is more commonly 
seen in pediatric DLBCL than BL [25] but is rarely associ-
ated with the t(14:18) translocation [57].

 Pathogenesis

Similar to BL, DLBCL involves the malignant transformation 
of mature B cells. In contrast to BL, there is no common genetic 
feature defining DLBCL.  In adult DLBCL, a multitude of 
genetic lesions and molecular events have been described, but 
these results are generally not applicable to the pediatric popula-
tion with DLBCL.  Gene expression profiling studies have 
enabled the identification of two distinct DLBCL subtypes: ger-
minal center B cell-like (GCB) or activated B cell-like (ABC) 
[96]. In adults there is a clear prognostic difference in favor of 
the GCB subtype. Pediatric DLBCL are for the most part GCB 
subtype, but in contrast to adults where t(14;18) is frequently 
seen in the GCB subtype, this translocation is rarely seen in 

childhood DLBCL [75]. The age at which the GCB subtype 
changes to the ABC subtype represents a continuous variable 
with the AYA population continuing to exhibit more GCB dis-
ease, similar to younger children [41]. Biomarkers that are prog-
nostic in adult DLBCL, including expression of BCL2 and 
BCL6, do not seem to be prognostic in pediatric DLBCL, indi-
cating DLBCL in childhood may represent a more homoge-
nous, biologically unique subgroup [75].

Pediatric patients with DLBCL have more frequent MYC 
rearrangements and copy number gains compared to adults 
[22, 89]. Some data suggests that DLBCL when defined 
molecularly may be less common in the pediatric population 
than when classification is done by standard diagnostic tech-
niques including morphology and immunohistochemistry 
[42]. One GEP study reclassified 31% of DLBCL as molecu-
lar BL [42]. Meanwhile, another GEP study had the opposite 
finding with 10/57 morphologically diagnosed BLs reclassi-
fied as molecular DLBCL and 2/13 morphologically diag-
nosed DLBCL reclassified as molecular BL.  In 
molecular-classified DLBCL, frequent abnormalities of 
8q24 were found, with MYC rearrangements in 31% of sam-
ples and gain or amplification affecting the MYC locus in 
50% of non-rearranged cases [22].

 Intermediate Lymphoma

The term “Burkitt-like lymphoma” was used in the past for 
cases that share features in common with BL but have atypi-
cal morphologic features [16]. This term was deemed obso-
lete by the most recent WHO guidelines, given the difficulty 
that even expert hematopathologists have in distinguishing 
these tumors [1]. “Atypical Burkitt lymphoma” is the current 
term used to indicate a high-grade B-cell lymphoma that is 
not readily classified as either BL or DLBCL [16].

Although there is evidence in adults to suggest that an 
“atypical Burkitt lymphoma” may represent a true interme-
diate subgroup of tumors that can have complex karyotypes, 
simultaneous t(8;14) and t(14;18) translocation, and aggres-
sive behavior [21], this may not be the case for pediatric 
BL.  Molecular intermediates in children do not appear to 
harbor a genetic “double hit” and have more BL qualities 
than adult molecular intermediates, suggesting that that the 
majority of molecular intermediates in children and young 
adults are, in fact, BL [42] and should be treated as BL.

 Clinical Presentation

 Burkitt Lymphoma

The most common signs and symptoms at the time of pre-
sentation of a patient with sporadic BL are related to disease 
in the abdomen. Symptoms may include abdominal pain, 
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distension, and symptoms related to bowel obstruction, 
intussusception, or perforation. The head and neck is 
involved in 15–20% of sporadic cases of BL [78]. Bone mar-
row disease occurs in approximately 20% of patients, and 
these children may present with signs and symptoms related 
to cytopenias including pallor, bleeding, and fevers. Children 
with CNS disease can present with symptoms of leptomenin-
geal disease including headache, cranial nerve palsies, or 
spinal cord compression.

Patients with endemic BL classically present with grow-
ing masses in the bones of the jaw or maxilla; less commonly 
the kidneys, gastrointestinal (GI) tract, and other extra-nodal 
sites are involved.

The rapid growth of these tumors often leads to children 
presenting unwell with evidence of organ dysfunction and 
with evidence of spontaneous tumor lysis.

 Diffuse Large B-Cell Lymphoma

Compared to BL patients, children with DLBCL more fre-
quently present with localized disease with focal lesions in 
the liver, spleen, lung, or mediastinum. Ascites or pleural 
effusions are not commonly seen [93]. CNS involvement in 
children is uncommon in DLBCL.  The rare cases with 
DLBCL and CNS involvement tend to have parenchymal 
disease rather than meningeal disease [99]. Bone marrow 
involvement is less common than in BL. In terms of medias-
tinal disease, DLBCL involving the mediastinum usually 
affects mediastinal lymph nodes, in comparison to PBMCL, 
which is predominantly located within the thymic area of the 
mediastinum [93]. Whether the distinct DLBCL variants as 
defined by the WHO differ with respect to their clinical pre-
sentation in children cannot be determined due to the rarity 
of non-GCB disease in the pediatric population.

 Diagnostic Evaluation

Evaluation of a child with suspected mature B-cell lym-
phoma requires a systematic approach and efficiency, given 
that many patients will present with rapidly evolving organ 
impairment from quickly growing tumor.

Obtaining an adequate pathologic sample is critical. If the 
disease is localized and complete excision is feasible, this 
should be done as the amount of chemotherapy required can 
be significantly decreased. If complete excision is not feasi-
ble, then a biopsy should be performed and more aggressive 
surgical options, which may delay chemotherapy, should be 
avoided. The diagnosis requires assessment of morphology, 
immunophenotypic features, and genetic features.

Pathologic staging includes bilateral bone marrow aspi-
rates and biopsies and an evaluation of the CSF. Radiographic 
staging should include evaluation of the chest, abdomen, and 

pelvic region. In some countries this involves chest X-ray 
and abdominal ultrasound, whereas in higher-income coun-
tries, MRI and/or CT of the neck, chest, abdomen, and pelvis 
is usually performed with or without PET FDG scanning.

Evaluation for organ dysfunction and signs/symptoms of 
potential tumor lysis syndrome is critical.

 Staging and Risk Group Allocation

Staging for children with NHL has traditionally been done 
according to the Murphy (St. Jude) staging system [61]. 
Newer pathologic and imaging modalities for disease detec-
tion including flow cytometry, molecular diagnostics, and 
functional imaging are not included in this system. The 
International Pediatric NHL Staging System published in 
2015, is a revision of the prior system that maintains the gen-
eral structure of the Murphy Staging System but offers more 
explicit descriptions with regard to site of disease and extra- 
nodal extension and incorporates recent diagnostic strategies 
including FISH analysis and PCR [97] (see Table 13.2).

Risk group allocation, which is critical for therapeutic 
decision-making, incorporates stage, disease site, surgical 
resectability, and LDH (see Table 13.3). The BFM protocols 
have incorporated both stage and LDH in risk group 

Table 13.2 Revised international pediatric non-Hodgkin lymphoma 
staging system

Stage 1 Single tumor with exclusion of the mediastinum and 
abdomen

Stage 2 1.  Single extra-nodal tumor with regional node 
involvement

2. ≥2 nodal areas on the same side of the diaphragm
3.  Primary GI tract tumor ± involvement of associated 

mesenteric nodes that is completed resected.
Stage 3 1.  ≥2 extra-nodal tumor above and/or below the 

diaphragm
2. ≥2 nodal areas above and below the diaphragm
3. Any intrathoracic tumor
4.  Any intraabdominal or retroperitoneal disease (except 

for primary GI track meeting criteria for stage 2)
5. Any paraspinal or epidural tumor
6.  Single bone lesion with concomitant extra-nodal and/

or non-regional nodal site
Stage 4 Any of the above with involvement of the central nervous 

systema or bone marrowb

Adapted from Rosolen et al. [97]
CSFm CSF positive by morphology, CSFi CSF positive by immunophe-
notype method, CSFc CSF positive by cytogenetics, CSFmol CSF posi-
tive by PCR-based assay
aCNS positivity is defined as either (1) any CNS tumor mass identified 
by imaging, (2) cranial nerve palsy that cannot be explained by extradu-
ral lesions, or (3) blasts morphologically identified in CSF. The type of 
CNS involvement should be specified
bBone marrow involvement (stage IV disease) is currently defined by 
morphologic evidence of ≥5% blasts or lymphoma cells by BM aspira-
tion. BM positivity by flow cytometry, cytogenetic, or molecular tech-
niques will be specified and the degree of BM involvement reported but 
will not change the assigned stage if BM morphology is <5% blasts
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 assignment. Patients are divided into four risk groups (R1–
R4) with approximately 50% of patients falling into the 
intermediate- risk R2 group [114].

The FAB-LMB protocols allocated patients to risk groups 
based on stage as well as resectability (Table 13.3). In the 
most recent international trial, LDH was incorporated in the 
definition of higher-risk patients [58].

Though the general principles are the same, the difference 
in the details of the risk group stratification between the two 
major cooperative groups (BFM and LMB-COG) makes it 
problematic to directly compare outcomes across the studies. 
Giulino-Roth and colleagues cite a good example of the 
problem with the following example: “a child with BL and 
10% bone marrow histological involvement (Stage IV dis-
ease) with LDH >1000 would have been classified as Group 
B (intermediate risk) in the FAB96 trial and receive interme-
diate risk therapy while the same patient would be classified 
as R4 based on BFM criteria and receive the most aggressive 
therapy” [29].

 Prognostic Factors

 Age and Gender

Historically, it was thought that BL in adolescence was an 
independent risk factor for poorer event-free survival (EFS). 
In the LMB89 study, there was an increased risk of recur-
rence in children over 15 years with mature B-NHL, com-
pared with children less than 15  years [78]. The BFM95 

study also found that female sex and age over 10 years were 
associated with an increased risk of relapse in high-risk dis-
ease (R3/R4) [113]. However, the more recent FAB96 study 
demonstrated that with more intensive therapy, age over 
15 years and gender were not associated with a worse prog-
nosis [15].

 Stage of Disease

While patients with advanced-stage disease due to bone mar-
row involvement alone did well in the FAB-96 study (90% 
survival), CNS involvement in patients with BL was associ-
ated with a particularly poor outcome. Combined BM-positive 
and CNS disease confers the worst prognosis [15]. Elevated 
LDH at diagnosis continues to remain an independent risk 
factor for inferior event-free survival [94] in patients treated 
with intermediate-risk protocols, but the effect is negated by 
intensification of therapy [13, 114].

 Poor Response to Treatment

Within the context of LMB therapy, high-risk (group C) 
patients found to be poor responders to the initial COP pre-
phase treatment (<20% reduction of measurable disease by 
day 6 of therapy) did very poorly with a 4-year EFS of 30% 
on the FAB96 trial [13]. Failure to achieve a complete remis-
sion (CR) after the consolidation phases also predicts a poor 
prognosis, and intensification of therapy (from Group B to 
group C and from Group C to autologous stem cell trans-
plant) is recommended for patients with pathologically 
proven residual disease at this time point [78]. Whether neg-
ative PET FDG uptake in a residual mass shown on CT scan 
will negate the need for surgical excision of a residual mass 
remains to be proven.

 Minimal Disseminated Disease and Minimal 
Residual Disease

The Italian group studied bone marrow minimal dissemi-
nated disease (MDD) at diagnosis among high-risk patients 
with morphologically negative bone marrows treated on a 
BFM protocol using a long-distance PCR assay that detects 
the t(8;14)(q24;q32). Patients who were MDD-positive at 
diagnosis (31% of patients) had an inferior outcome with a 
relative risk of relapse of 4.7, compared to those without 
MDD at diagnosis [63]. In contrast, MDD assessed by 
IgIGHV primer pools did not predict relapse in the Children’s 
Oncology Group pilot trial of rituximab added to intensive 
therapy for children with group B disease [104].

Table 13.3 Risk group definitions used by BFM and LMB-FAB 
recent trials

Group Definition
% of 
patients

BFM-NHL-95 [114]
R1 Stages I + II, resected 10%
R2 Stages I + II, not resected; 

stage III, LDH <500 U/L
 46%

R3 Stage III, LDH 500-999 
U/L; Stage IV and LDH 
<1000 U/L and CNS neg

 16%

R4 Stage III and IV and LDH 
>1000 U/L and/or CNS 
pos

 28%

LMB-FAB risks group and division of group B on the International 
B-NHL 2010 (study included only patients with group B, LDH > 
2× N and group C) [13, 77, 58]
A Completely resected stage 

I/II
10%

B, LDH ≤ 2× N Non-resected stage I-III 40%

B HR, LDH >2× N Stage III/IV 25%
C Leukemic (25% blasts) 

and/or CNS disease
25%
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Persistence of disease in the bone marrow, measured as 
minimal residual disease (MRD), was also found to be prog-
nostic by Mussolin and colleagues. The 3-year relapse-free 
survival in patients with continued MRD positivity after 
cycle 1 was 38% vs. 84% in patients who were MRD- 
negative [62]. In contrast, in an evaluation of MRD in 
patients enrolled on the Children’s Oncology Group Pilot 
trial that incorporated rituximab, MRD at the end of induc-
tion did not predict relapse [105]. It is possible that these 
conflicting results reflect the addition of rituximab to inten-
sive therapy, differences in the sensitivity of the assays, and 
small patient and event numbers [29]. Further research is 
needed on this topic.

 Cancer Predisposition Syndromes

Outcomes for patients with certain cancer predisposition 
syndromes associated with lymphoma (AT, Nijmegen break-
age syndrome, and constitutional mismatch repair disease) 
were poor in one study with a 5-year EFS of 40% [6]. 
Approximately 50% of deaths were due to therapy-related 
toxicity. In contrast, patients with X-linked lymphoprolifera-
tive syndrome and Wiskott-Aldrich syndrome with mature 
B-cell NHL had a comparatively good outcome with 70–90% 
of the patients remaining in first complete remission [6].

 Treatment for Mature B-Cell Lymphoma

 History

Prior to the 1970s, children with NHL faced a dismal 
prognosis.

The initial experience in the use of chemotherapy in treat-
ing BL was described by Denis Burkitt, who treated patients 
in Africa with single-agent therapy, initially with cyclophos-
phamide given at a dose of 40 mg/kg, orally or intravenously 
[11]. After single-agent therapy, approximately 20% of 
patients achieved long-term remissions [60].

Over the next decade, researchers in Uganda, Kenya, and 
Nigeria investigated the use of available drugs including 
cyclophosphamide, methotrexate, nitrogen mustard, and 
melphalan [66, 69, 70]. Although dosing, routes of adminis-
tration, and schedules differed within and between studies, 
there was clear evidence of tumor responsiveness.

In the late 1960s, the National Cancer Institute (NCI) and 
the Uganda Cancer Institute of Makerere University 
described the importance of using multiple agents that were 
non-cross-resistance [120].

Subsequent studies confirmed the favorable results with 
combination chemotherapy [72, 73, 119] and demonstrated 

the importance of intrathecal chemotherapy as CNS-directed 
treatment and prophylaxis [51, 67, 71].

The cyclophosphamide, vincristine, and methotrexate 
(COM) regimen, initially developed in Africa, was subse-
quently adopted by the NCI as a backbone for further therapy 
[117] and was the foundation for future studies in North 
America.

 Separation from Leukemia Protocols

In the early 1980s, the Children’s Cancer Study Group 
(CCG-551) performed a randomized trial designed to study 
the relative effectiveness of two therapy programs for the 
treatment of childhood and adolescent NHL. They compared 
a COMP regimen (cyclophosphamide, vincristine, metho-
trexate, and prednisone) to a ten-drug regimen (modified 
LSA2-L2) [4]. Patients were divided into lymphoblastic 
lymphoma versus non-lymphoblastic lymphoma. The four- 
drug regimen was more effective than the ten-drug program 
in those with advanced non-lymphoblastic disease (57% ver-
sus 28% 2-year disease-free survival) [3]. Shorter, more 
intensive therapy also improved survival in extensive B-NHL 
patients in BFM studies, when compared to a protocol 
designed for acute lymphoblastic leukemia [26].

 Role of Surgery

Initial studies in Africa suggested that the extent of surgical 
resection impacted outcome, with a retrospective review dem-
onstrating improved EFS >90%, with complete tumor resec-
tion, whereas partial resection resulted in similar outcomes to 
no resection at all [52]. To determine the appropriate role of 
surgical intervention in NHL primaries in the abdomen, the 
CCG performed a multivariate analysis on 84 patients with 
abdominal lymphoma and found that only the extent of dis-
ease, but not complete surgical resection, was an independent 
predictor of outcome [46]. The current  guidelines suggest that 
a complete resection should be done if feasible as adjuvant 
chemotherapy can be minimized, but that attempts at incom-
plete resection simply delay the start of chemotherapy.

 Role of Radiation

The role of radiotherapy in treating mature B-NHL had been 
evaluated in early trials in Africa where craniospinal radia-
tion proved to have no benefit when administered prophylac-
tically [71]. A randomized study conducted by the St. Jude 
research group demonstrated no benefit but increased toxic-
ity when 30–35 Gy of involved field radiotherapy was added 
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to combination chemotherapy for patients with advanced 
stage III–IV NHL [61]. Additionally it was demonstrated 
that the addition of involved field radiation in children receiv-
ing cyclophosphamide, vincristine, prednisone, and doxoru-
bicin followed by a 24-week maintenance had no impact on 
disease-free survival [48].

Radiotherapy for the treatment of CNS disease has been 
replaced by intensive systemic multi-agent therapy and IT 
chemotherapy. The FAB96 study found that by intensifying 
IT administration and incorporating an additional dose of 
systemic high-dose methotrexate, similar outcomes in 
patients with CNS disease could be achieved without the use 
of radiation [13], compared to earlier trials where radiation 
was incorporated [78]. This is not surprising since BL 
remains at least four times as common as DLBCL, and early 
trials in Africa showed that radiation therapy given in single 
fractions or even two fractions per day is ineffective against 
the very rapidly cycling BL cells [68, 88].

 Current Treatment Approach

The substantial progress in improving the outcomes of chil-
dren with mature B-NHL has evolved through sequential 
cooperative groups with international collaborations.

General therapeutic strategies have included matching 
intensity of the regimen with disease risk and the use of non- 
cross- resistant agents with fractionated administration 
schedules. These regimens are associated with substantial 
acute toxicities including infection and mucositis but with 
limited risks of long-term side effects of infertility and car-
diotoxicity, as well as low treatment-related mortality in 
countries with good supportive care.

 Therapy for Low-Risk Disease

Low-risk disease as defined by both the FAB and BFM 
as resected stage I or completely resected abdominal stage II 
disease. Both groups have adopted similar therapeutic 
approaches, and with contemporary treatment, the outcomes 
for these patients are excellent with minimal long-term 
sequelae. Over the years, therapy has gradually been 
decreased to two cycles of multi-agent chemotherapy for 
both cooperative groups: the main difference being that the 
BFM continues to administer IT chemotherapy to low-risk 
patients, while the FAB have excluded IT chemotherapy in 
this group. In the FAB LMB 96 study, low-risk patients had 
a 4-year EFS of 98.3% and OS of 99.2%, after two cycles of 
COPAD (fractioned cyclophosphamide, doxorubicin, vin-
cristine, prednisone) [27]. The BFM95 study reported a 
3-year EFS of 94% with two cycles of chemotherapy which 
included dexamethasone, ifosfamide, methotrexate, cytara-

bine, etoposide (cycle 1) and dexamethasone, cyclophospha-
mide, methotrexate, doxorubicin (cycle 2), and IT therapy 
[79, 114] (see Table 13.4).

 Therapy for Intermediate-Risk B-NHL

The intermediate-risk group is the largest and most heter-
ogenous and is defined by the FAB and BFM slightly dif-
ferently. FAB group B includes all patients that neither 
meet criteria for group A (stage 1 or completed resected 
abdominal stage 2) or group C (any CNS involvement or 
>25% blast cells in the bone marrow). Group B encom-
passes approximately 70% of the children and adolescents 
with B-NHL [77].

Attempts have been made by both the FAB and BFM 
groups to decrease intensity while maintaining excellent out-
comes. The FAB group successfully decreased therapy for 
good responders (defined as good response to COP and a CR 
after the first consolidation cycle) by reducing the dose of 
cyclophosphamide in COPADM2 by 50% and removing a 
maintenance cycle, thus establishing a new standard of care 
for this group consisting of COP reduction and four cycles of 
chemotherapy [77].

Importantly, a delay between the two induction courses in 
this intermediate group of patients was prognostic, with an 
interval longer than 21 days between COPADM1 and 
COPADM2 associated with an 8% lower EFS [79].

Contemporaneously with the LMB-FAB96 study, the 
BFM group decreased therapy from six to four cycles in 
BFM90  in those with non-resected stage I/II and stage III 
with LDH <500 IU/L [94] and decreased methotrexate dos-
ing (from 5 gm/m2 to 1 gm/m2) and infusion time (from 24 h 
to 4 h) in BFM95 [114], maintaining excellent survival rates 
(94% vs 96%) with significantly decreased toxicity.

 Therapy for High-Risk B-NHL

The highest-risk groups are defined differently by BFM and 
FAB. The BFM R3 group initially included all patients with 
LDH >500  U/L who have had either no resection or an 
incomplete resection of abdominal lymphoma, along with all 
patients with BM involvement and/or CNS disease, and/or 
multifocal bone involvement [94] (see Table 13.3). Based on 
previous results indicating an especially poor prognosis for 
patients with LDH ≥1000 IU/L, the NHL BFM95 study sub-
divided this group into an even higher-risk group, R4, which 
includes patients with stages III and IV disease and LDH 
≥1000IU/L with/without CNS disease [113]. The updated 
FAB high-risk classification now includes a subset of group 
B patients with LDH greater than twice the normal value 
(LDH >2N) [58]. Group C patients who have >25% blast 
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cells in the bone marrow are considered C1, while C3 repre-
sents patients with the highest risk (i.e., leptomeningeal CNS 
involvement) [58].

Both the FAB and BFM groups realized the importance of 
intensifying therapy for high-risk patients while simultane-
ously trying to avoid excessive toxicity. In the BFM 90 study, 
patients with high-risk disease received two cycles of inten-
sive therapy and then had assessment of response. Patients in 
remission received another four cycles of intensive therapy, 
while those with incomplete responses who achieved a CR 
had even further treatment intensification with four cycles of 
therapy, including high-dose ARAC or autologous transplant 
for those with persistent viable tumor [94]. Six-year EFS for 
this patient subgroup increased to 78% [94] and also 
improved to 65% for those with CNS involvement. The LMB 
group in their LMB81 study recognized the poor survival in 
CNS-positive patients [80] and succeeded in improving the 
5-year EFS to 79% in this group in LMB89 by giving eight 
cycles of therapy which included high-dose methotrexate, 
high-dose ARAC, etoposide, and cranial irradiation [78].

Toxicity remained a significant problem on both treat-
ment protocols, so attempts were made by both study groups 
to decrease either the dose of chemotherapy or the length of 
administration. The BFM 95 study tested a reduction of the 
high-dose methotrexate infusion time (5 g/m2 over 24 h vs. 
4 h) ([113]. An interim analysis revealed that treatment fail-
ure was five times higher in the shorter methotrexate infusion 
arm resulting in discontinuation of the randomization in the 
high-risk groups. The 3-year EFS for the 40 CNS-positive 
patients in this study was 69% [114].

Similarly, the FAB96 study randomized high-risk (Group 
C) patients to a reduced-intensity consolidation (33% reduc-
tion in ARAC dosing and 50% reduction of etoposide) and 
also removed three maintenance cycles [13]. Although toxic-
ity was reduced, there was a 10% decrease in EFS; standard 
FAB/LMB therapy resulted in a 90% 4-year EFS, while 
reduced therapy resulted in an EFS of 80% [13]. Both study 
groups therefore demonstrated that reduced therapy was fea-
sible and effective in the intermediate but not in the highest- 
risk group patients. Another important finding of the FAB-96 

Table 13.4 Treatment stratification and results in contemporary cooperative group trials of pediatric mature B-cell neoplasms

Group Definition N EFS,% (year)
Chemotherapy courses (randomized study 
questions) Comments

FAB-LMB 96 Trial [13, 77, 27]
A Stage I, resected; 

stage II, abdominal, 
resected

132 98 (4 years) COPAD-COPAD 2 courses of therapy and no intrathecal 
treatment is curative in patients with 
resected localized disease

B Stage I+II not 
resected; Stage III
Stage IV with bone 
marrow blasts  
< 25%

657 90 (4 years) COP-COPADM1-COPADM2-CYM-
CYM- M1 (randomization for complete 
responders after COPADM1 to therapy 
reduction versus standard)

Therapy reductions of 50% dose of 
cyclophosphamide and omission of 
M1 was equally efficacious than the 
standard regimen

C >25% BM blasts 
and/or CNS+
Nonresponder to 
COP of group B

235 79 (4 years) COP-COPADM1-COPADM2-CYVE1-
CYVE2- M1-M2-M3-M4 (randomization 
for complete responders after 
COPADM1 + 2)

Therapy reductions of reduced- 
intensity “mini-CYVE” and omission 
of M2, M3, M4 resulted in inferior 
outcome

International B-NHL 2010 [58]
B, high 
LDH 
and C

Stage III with LDH 
level >2N, stage IV, 
and B-AL

310 94 (with 
Rituxan) vs 
82% (without) 
(1 year)

Group B: COP-COPADM1-COPADM2- 
CYM-CYM-M1 ± rituximab × 6 courses
Group C: COP-COPADM1-COPADM2- 
CYVE1-CYVE2-M1-M2 ± rituximab 
(with additional IT and MTX for 
CNS-positive patients

Study terminated early based on 
superiority of rituximab arm

BFM-NHL-95 [113]
R1 Stages I + II, 

resected
 48 94 (3 years) A-B (randomization: MTX IV over 24 h 

vs. 4 h)
MTX over 4 h less toxic, equally 
efficacious

R2 Stages I + II, not 
resected; stage
III, LDH < 500/U/L

233 94 (3 years) p-A-B A-B
(randomization: MTX IV over 24 h vs. 
4 h)

MTX over 4 h less toxic, equally 
efficacious

R3 Stage III, LDH 
500–999 U/L;
Stage IV and LDH 
<1000U/L and CNS 
neg

 82 85 (3 years) p-AA-BB-CC-AA- BB (randomization: 
MTX in AA, BB IV over 24 h vs. 4 h)

MTX over 4 h less toxic BUT in this 
group less effective

R4 Stage III + IV and 
LDH ≥ 1000 U/L 
and/or CNS+

142 81 (3 years) p-AA-BB-CC-AA-BB-CC 
(randomization: MTX in AA, BB IV 
over 24 h vs. 4 h)

MTX over 4 h less toxic BUT in this 
group less effective
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study was that a poor response to the COP prephase therapy 
was the poorest prognosticator, followed by leptomeningeal 
involvement. CNS disease defined by cranial nerve palsy or 
spinal cord compression did not imply the same poor out-
come. This has led to the LMB group further intensifying the 
methotrexate dosing by increasing the infusion time of the 
8 gm/m2 MTX from 4 h to 24 h, a strategy that was adopted 
for CSF-positive patients in the international rituximab trial.

 Rituximab in the Therapy of Pediatric  
Mature B-NHL

CD20 is expressed on 100% of BL and 98% of DLBCL in 
childhood [84]. Rituximab is a chimeric antibody directed at 
CD20 that is a component of standard therapy combined 
with CHOP for adults with DLBCL [86]. Evidence to inform 
the safety and efficacy of rituximab for the treatment of chil-
dren with B-NHL has been established over the last decade. 
A BFM phase II study that administered rituximab as mono-
therapy in newly diagnosed pediatric B-NHL before chemo-
therapy was started, reported response rates of 41% [56]. A 
single-arm pilot COG study demonstrated the safety of addi-
tion of six doses of rituximab to LMB therapy for children 
with group B and C disease [33, 34].

Based on the results of this trial, the intergroup B-NHL Ritux 
2010 trial was conducted. This was an international prospective 
phase III randomized trial of LMB chemotherapy with and 
without rituximab for patients with group B disease with high 
LDH and those with group C disease. The study was closed to 
accrual after approximately 50% of the planned patients were 
enrolled because of superiority of the rituximab arm. In this 
study, including only higher-risk patients, the event-free sur-
vival at 1 year was 94% in those patients randomized to receive 
rituximab versus 86% in the standard arm [58].

Ongoing studies evaluating the role of rituximab in chil-
dren with mature B-NHL include the BFM and NOPHO trial 
in which higher-risk patients are randomized to one versus 
seven doses of rituximab, in addition to standard intensive 
BFM therapy. For lower-risk patients, the study addresses 
whether excellent outcomes can be preserved with rituximab 
replacing anthracycline. Similarly in the United States, 
REBOOT (reduced burden of oncologic therapy in advanced 
B-cell lymphoma) is a multicenter, nonrandomized trial 
investigating whether the addition of rituximab can maintain 
excellent outcomes with reduced anthracycline dosing in 
selected lower-risk patients [32].

 Summary of BFM/FAB-LMB trials

Summarizing the results of the study group trials, it was 
found that in patients with localized and completely excised 
disease, chemotherapy could be significantly reduced while 
maintaining excellent outcomes. For intermediate-risk 

patients as defined by the BFM and FAB study groups, the 
length and intensity of chemotherapy could be safely reduced 
without compromising results. In the highest-risk groups, 
attempts at reduction of doses and length of conventional 
chemotherapy were not successful. Addition of rituximab to 
higher-risk patients has now been shown to be effective in 
improving the outcome in this group.

Ongoing trials described above are studying whether with 
the addition of rituximab, further reductions in therapy will 
be safe and feasible.

 Surveillance Post Completion of Therapy

Of the patients treated with contemporary therapy, the majority 
of relapses will occur within 1 year of diagnosis [77, 78, 114]. 
Relapse tends to occur earlier in BL than DLBCL (5 months in 
BL vs 27 months in DLBCL) [39]. Surveillance imaging for 
disease recurrence is generally not recommended for children 
with mature B-NHL, given that the risk of recurrence is small 
[39]. Additionally, the use of PET/CT is not recommended 
based on lack of evidence of utility along with the risk of false-
positive results and unnecessary radiation exposure [9].

 Relapsed and Refractory Disease

Excellent outcomes have now been achieved with intensive, 
risk-adapted therapy. For the small percentage of patients 
with refractory or relapsed disease, the outcomes remain 
very poor. The 5-year OS for all patients with relapsed/
refractory mature B-NHL is approximately 30% [39].

Ifosfamide, carboplatin, and etoposide (ICE) have been 
commonly employed for salvage therapy for pediatric refrac-
tory/relapsed lymphoma [14, 44]. A COG single-arm study 
evaluated the toxicity and efficacy of ICE combined with 
rituximab in children with recurrent or refractory mature 
B-NHL [35]. Of 20 evaluable patients, there were 12 
responders and 6 proceeded to HSCT. Patients that did not 
respond to R-ICE had a very short survival [35]. It should be 
noted, however, that none of these patients would have 
received rituximab as frontline therapy. Patients with BL 
who relapse after the current rituximab-containing intensive 
protocols are likely to continue to have very poor salvage 
rates, and alternative strategies need to be sought.

 Hematopoietic Stem Cell Transplant

For patients with chemotherapy responsive disease, evidence 
suggests that proceeding to HSCT is an essential component 
of curative therapy. Given that many of the earlier studies 
describing the role of transplant in patients with relapsed 
 disease included patients treated with less intensive upfront 
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regimens, there needs to be caution when interpreting the 
findings described below. Most contemporary patients will 
have received more intensive primary regimens [23]. The 
SFOP reported on 27 patients with relapsed mature B-NHL 
treated as per LMB84. Twelve patients received conventional 
chemotherapy without HSCT and no patient survived. 
Overall survival for the 15 patients receiving HSCT was 
27%. All survivors were in complete remission prior to trans-
plant [87], emphasizing the importance of chemo-sensitive 
disease. The European Lymphoma Bone Marrow 
Transplantation Registry reported 5-year EFS of 40% for 89 
pediatric patients with refractory/recurrent mature B-NHL 
who survived to get to autologous HSCT from 1979 to 1991. 
Again, no patient with chemoresistant disease survived [45].

The choice of autologous versus allogeneic HSCT remains 
controversial for relapsed mature B-NHL.  The Center for 
International Blood and Marrow Transplant Research assessed 
their results retrospectively and found that 5-year EFS were 
similar after allogeneic and autologous HSCT for DLBCL 
(50% vs. 52%) and BL (31% vs. 27%). Patients who received 
autologous transplant died mostly of recurrent disease, while 
death from transplant-related complications was more com-
mon after allogeneic HSCT. This suggests some graft vs. lym-
phoma effect in those receiving allogeneic transplant, albeit 
with an increased risk of mortality [36].

In patients with NHL who have failed an autologous HSCT, 
a second allogeneic transplant has been attempted [100]. 
Sequential transplants have been examined in a small cohort of 
patients. In this setting patients undergo myeloablative regimens 
prior to autologous HSCT as a debulking therapy. This is then 
followed by reduced-intensity conditioning regimen (busulfan/
cytarabine) and allogeneic HSCT, which can result in engraft-
ment of donor cells to achieve a graft vs. lymphoma effect with 
less toxicity compared to an upfront myeloablative regimen and 
allogeneic HSCT [101]. In a prospective multicenter study in 
children with poor-risk refractory/recurrent HL and NHL, this 
approach appeared tolerable. The study included 14 patients 
with NHL; 8 had B-cell NHL. Three of these patients (37%) 
relapsed after the autologous HSCT; however the other five had 
long-term CR (1.9–8.8 years) [101].

 Novel Therapies

There are numerous agents that show promise, most of which 
to date have not been studied in children with mature 
B-NHL. Categories of novel therapies include monoclonal 
antibodies, cellular therapy, and small-molecule inhibitors.

 Monoclonal Antibodies

New generations of anti-CD20 monoclonal antibodies 
(mAbs) have been developed with increased antibody- 

dependent cellular cytotoxicity (ADCC) and increased Fc 
binding affinity for the FcγRIIIa receptor (CD16) on immune 
effector cells, resulting in enhanced tumor killing [95]. 
Obinutuzumab is a third-generation humanized type II anti-
body. A preclinical study comparing the in vitro and in vivo 
efficacy of obinutuzumab to the chimeric antibody ritux-
imab, in rituximab-sensitive and rituximab-resistant BL, 
found significantly increased cell death with obinutuzumab 
[7]. However, in a randomized trial of adult patients with 
newly diagnosed DLBCL, obinutuzumab was not superior to 
rituximab when combined with CHOP chemotherapy [110].

Polatuzumab vedotin (PV) is an antibody-drug conjugate 
containing an anti-CD79B monoclonal antibody conjugated 
to monomethyl auristatin E, a microtubule-disrupting agent. 
It is well tolerated in adults with refractory NHL with 14 of 
25 patients with DLBCL (56%) responding to the recom-
mended phase II dose [76]. Preclinical studies have indicated 
that PV combined with obinutuzumab significantly enhances 
cell death in both rituximab-sensitive and rituximab-resistant 
CD79B/CD20 BL lines compared to either therapy alone, 
indicating a possible synergistic effect [107].

Blinatumomab is a bispecific single-chain antibody con-
struct of the BiTE (bispecific T-cell engager) class. It binds 
with one arm to CD19 on both benign and malignant B cells, 
while the other arm binds CD3 present on T cells. This trig-
gers the signaling cascade of the T-cell receptor complex and 
can redirect cytotoxic T cells to target tumor cells at very low 
concentrations of the BiTE antibody [64]. Blinatumomab 
has proven efficacy in both adult and pediatric patients with 
relapsed or refractory ALL [108, 111]. In a phase I study, 6 
of 11 patients with refractory and/or relapsed DLBCL (55%) 
responded to blinatumomab monotherapy including 4 CRs 
(36%), with a median response duration of 404 days [31]. 
The phase II portion of this study resulted in responses in 
43% of evaluable patients (9 of 21 patients were from the 
original phase I study) with a CR rate of 19% [109].

 Cellular Therapy

Chimeric antigen receptor (CAR) T-cell therapy offers 
another cell-based therapy, which has proven highly success-
ful in the treatment of children and young adults with refrac-
tory ALL [55] and is currently being investigated for its 
applicability to lymphomas. T cells expressing CARs 
directed at CD19 and CD20 offer potential benefits over 
rituximab including active trafficking to tumor sites, in vivo 
expansion, and long-term persistence [91]. In contrast to 
conventional T cells, which rely on their native TCRs for 
tumor antigen recognition, CAR-T cells recognize unpro-
cessed antigen and therefore kill tumor cells independently 
of their expression of major histocompatibility complex 
(MHC) antigens; thus they can circumvent some of the major 
mechanisms by which tumors avoid MHC-restricted T-cell 
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recognition [91]. A recent clinical study demonstrated com-
plete response rates of 43% (6/14 patients) with relapsed 
and/or refractory DLBCL in those that received CD19 CAR 
T cells, with sustained remissions lasting up to 3 years after 
a single dose [103]. A multicenter, phase II trial enrolled 111 
adult patients with refractory B-cell lymphoma, including 
patients with DLBCL and PMBCL, and treated them with 
autologous anti-CD19 CARs with similarly promising 
results. Eighty-two percent of patients who were treated with 
the anti-CD19 CARs had an objective response and 54% had 
a complete response. The overall rate of survival at 18 months 
was 52% [65].

CAR T cells targeting alternative lymphoma-associated 
antigens are also being assessed in adult populations. Clinical 
studies of anti-CD20 CAR T cells have been conducted. 
Results of a phase II study of an anti-CD20 CAR in 11 
patients with DLBCL or indolent NHL demonstrated a CR 
rate of 55%. Complete responses occurred in four of eight 
patients with DLBCL [116]. The immunoglobulin kappa (κ) 
light chain antigen also offers a novel target for CAR-T-cell 
therapy because complete B-cell aplasia could be avoided. In 
a phase I trial, seven patients with various NHL subtypes that 
expressed κ light chains, including DLBCL, were treated 
with anti-κ-light-chain CAR T cells. Overall, three of nine 
patients (33%) had an objective response; however these 
responses were in patients with either lymphoplasmacytic 
lymphoma or transformed follicular lymphoma and not in 
patients with DLBCL [92].

 Immune Checkpoint Inhibitors

Immune checkpoint inhibitors have also been investigated in 
DLBCL, primarily in adults. By blocking the cytotoxic T 
lymphocyte-associated protein 4 (CTLA-4) and programmed 
death 1 (PD-1) pathways, which function as breaks on the 
immune system, immune checkpoint inhibitors enable resto-
ration of T-cell effector function and enhanced tumor killing. 
Pidilizumab was the first humanized IgG1 monoclonal anti-
body directed against PD-1 used in adult patients with 
DLBCL, with at least partial disease response [5]. In a phase 
II study, pidilizumab given after autologous transplant was 
found to be well tolerated [5]. Pembrolizumab, an IgG4 anti-
body against PD-1, and ipilimumab, a fully humanized IgG1 
monoclonal antibody targeting the CTLA-4 pathway, are 
currently being investigated in clinical trials in patients with 
B-NHL, either alone or in combination with rituximab 
(NCT02362997, NCT01729806).

An interesting combination therapy involves combining 
CAR T cells with immune checkpoint inhibitors. Following 
anti-CD19 CAR T-cell infusion, it has been noted that the 
CARs can acquire a more exhausted phenotype associated 
with increased expression of PD-1 [43]. In vitro mouse mod-

els have found that interruption of the PD-L1/PD-1 axis 
using anti-PD-1 antibodies can restore CAR-T-cell function 
and may be an effective way to improve the efficacy of CAR 
T-cell therapies [17]. In the clinical context, this was tested 
in one patient with refractory PMBCL that progressed 
through CAR T-cell infusion and had a subsequent response 
to pembrolizumab, a PD-1 blocking antibody [18]. Both the 
percentage of CAR T cells and IL6 increased after the initial 
pembrolizumab infusion and the patient had significant clini-
cal improvement and was alive and well 1-year post initial 
infusion. Although pembrolizumab may have had activity 
independent of CART19 cells, these findings suggest the 
combination may induce more potent tumor killing. A phase 
I clinical trial is currently underway in which patients with 
refractory/relapsed lymphoma, including DLBCL, are 
treated with pembrolizumab following anti-CD19 CAR-T- 
cell infusion in an attempt to reactivate exhausted CAR T 
cells (NCT02650999). Another phase I/II study is evaluating 
the safety and efficacy of CD 19 CARs in combination with 
atezolizumab, a humanized monoclonal IgG1 antibody 
against PD-L1 (NCT02926833).

 Molecular-Targeted Therapies

Novel therapies that target key cell-signaling pathways in 
B-cell development represent another area of potential tar-
geted therapy.

Bruton’s tyrosine kinase (BTK) is essential to the B-cell 
antigen receptor-signaling cascade. Ibrutinib is a small- 
molecule inhibitor of BTK that has demonstrated activity in 
relapsed/refractory DLBCL in adults [112]. When combined 
with R-CHOP, it was tolerable and efficacious in a phase Ib 
study of adult patients with DLBCL [115]. It should be noted 
however that higher responses are observed in patients with 
the ABC subtype of DLBCL, compared with the GCB subtype 
[112, 115], potentially decreasing the applicability of this 
agent in the pediatric population. This is because active BCR 
signaling appears to be more important for the ABC subtype 
of DLBCL than the GCB subtype [24]. Research indicates that 
BL appears to rely on tonic BCR signaling networks for lym-
phomagenesis; therefore targeting the PI3K/Akt/mTOR path-
way  may offer a more promising therapeutic target [102]. 
Pharmacologic inhibition of PI3K or treatment with the mTOR 
inhibitor rapamycin has been shown to kill BL cells, and thus, 
small-molecule inhibitors, including PI3K inhibitors, may be 
a useful targeted therapy for BL in the future [102].

 Summary

Outcomes for children with mature B-NHL receiving opti-
mal contemporary therapy are excellent with an overall sur-
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vival over 90% for even those in the highest-risk groups. 
Short-term toxicity remains substantial for current intensive 
regimens and outcomes for those with relapsed disease 
remain poor. Highly effective therapy in resource-limited 
settings remains challenging. Better understanding of dis-
ease biology and genetics and the development and applica-
tion of novel and targeted therapies will hopefully allow for 
the substitution of cytotoxic therapy by more specific and 
less toxic agents for all patients, as well as improvement of 
outcomes for those with refractory disease. Well-designed 
collaborative clinical trials will be critical in building on the 
successes made to date in the treatment of children with 
mature B-NHL.

References

 1. A clinical evaluation of the International Lymphoma Study Group 
classification of non-Hodgkin’s lymphoma. The Non-Hodgkin’s 
Lymphoma Classification Project. Blood. 1997;89(11):3909–18.

 2. Allday MJ. How does Epstein-Barr virus (EBV) complement the 
activation of Myc in the pathogenesis of Burkitt’s lymphoma? 
Semin Cancer Biol. 2009;19(6):366–76.

 3. Anderson JR, Jenkin RD, Wilson JF, Kjeldsberg CR, Sposto R, 
Chilcote RR, Coccia PF, Exelby PR, Siegel S, Meadows AT, et al. 
Long-term follow-up of patients treated with COMP or LSA2L2 
therapy for childhood non-Hodgkin’s lymphoma: a report of 
CCG-551 from the Childrens Cancer Group. J Clin Oncol. 
1993;11(6):1024–32.

 4. Anderson JR, Wilson JF, Jenkin DT, Meadows AT, Kersey 
J, Chilcote RR, Coccia P, Exelby P, Kushner J, Siegel S, 
Hammond D. Childhood non-Hodgkin’s lymphoma. The results 
of a randomized therapeutic trial comparing a 4-drug regimen 
(COMP) with a 10-drug regimen (LSA2-L2). N Engl J Med. 
1983;308(10):559–65.

 5. Armand P, Nagler A, Weller EA, Devine SM, Avigan DE, Chen 
YB, Kaminski MS, Holland HK, Winter JN, Mason JR, Fay 
JW, Rizzieri DA, Hosing CM, Ball ED, Uberti JP, Lazarus HM, 
Mapara MY, Gregory SA, Timmerman JM, Andorsky D, Or R, 
Waller EK, Rotem-Yehudar R, Gordon LI. Disabling immune tol-
erance by programmed death-1 blockade with pidilizumab after 
autologous hematopoietic stem-cell transplantation for diffuse 
large B-cell lymphoma: results of an international phase II trial. J 
Clin Oncol. 2013;31(33):4199–206.

 6. Attarbaschi A, Carraro E, Abla O, Barzilai-Birenboim S, Bomken 
S, Brugieres L, Bubanska E, Burkhardt B, Chiang AK, Csoka M, 
Fedorova A, Jazbec J, Kabickova E, Krenova Z, Lazic J, Loeffen J, 
Mann G, Niggli F, Miakova N, Osumi T, Ronceray L, Uyttebroeck 
A, Williams D, Woessmann W, Wrobel G, Pillon M.  Non- 
Hodgkin lymphoma and pre-existing conditions: spectrum, clini-
cal characteristics and outcome in 213 children and adolescents. 
Haematologica. 2016;101(12):1581–91.

 7. Awasthi A, Ayello J, Van de Ven C, Elmacken M, Sabulski A, Barth 
MJ, Czuczman MS, Islam H, Klein C, Cairo MS. Obinutuzumab 
(GA101) compared to rituximab significantly enhances cell 
death and antibody-dependent cytotoxicity and improves over-
all survival against CD20+ rituximab-sensitive/-resistant Burkitt 
lymphoma (BL) and precursor B-acute lymphoblastic leukaemia 
(pre-B-ALL): potential targeted therapy in patients with poor risk 
CD20+BL and pre-B-ALL. Br J Haematol. 2015;171(5):763–75.

 8. Ayers LW, Tumwine LK.  Burkitt’s lymphoma. New  York: 
Springer; 2013.

 9. Bhojwani D, McCarville MB, Choi JK, Sawyer J, Metzger ML, 
Inaba H, Davidoff AM, Gold R, Shulkin BL, Sandlund JT. The role 
of FDG-PET/CT in the evaluation of residual disease in paediatric 
non-Hodgkin lymphoma. Br J Haematol. 2015;168(6):845–53.

 10. Burkhardt B, Zimmermann M, Oschlies I, Niggli F, Mann G, 
Parwaresch R, Riehm H, Schrappe M, Reiter A. The impact of age 
and gender on biology, clinical features and treatment outcome 
of non-Hodgkin lymphoma in childhood and adolescence. Br J 
Haematol. 2005;131(1):39–49.

 11. Burkitt D. Long-term remissions following one and two-dose che-
motherapy for African lymphoma. Cancer. 1967;20(5):756–9.

 12. Burkitt DP.  The discovery of Burkitt’s lymphoma. Cancer. 
1983;51(10):1777–86.

 13. Cairo MS, Gerrard M, Sposto R, Auperin A, Pinkerton CR, 
Michon J, Weston C, Perkins SL, Raphael M, McCarthy K, Patte 
C, FAB LMB96 International Study Committee. Results of a ran-
domized international study of high-risk central nervous system B 
non-Hodgkin lymphoma and B acute lymphoblastic leukemia in 
children and adolescents. Blood. 2007;109(7):2736–43.

 14. Cairo MS, Shen V, Krailo MD, Bauer M, Miser JS, Sato 
JK, Blatt J, Blazar BR, Frierdich S, Liu-Mares W, Reaman 
GH. Prospective randomized trial between two doses of granu-
locyte colony- stimulating factor after ifosfamide, carboplatin, 
and etoposide in children with recurrent or refractory solid 
tumors: a children’s cancer group report. J Pediatr Hematol 
Oncol. 2001;23(1):30–8.

 15. Cairo MS, Sposto R, Gerrard M, Auperin A, Goldman SC, 
Harrison L, Pinkerton R, Raphael M, McCarthy K, Perkins SL, 
Patte C.  Advanced stage, increased lactate dehydrogenase, and 
primary site, but not adolescent age (≥ 15 years), are associated 
with an increased risk of treatment failure in children and adoles-
cents with mature B-cell non-Hodgkin’s lymphoma: results of the 
FAB LMB 96 study. J Clin Oncol. 2012;30(4):387–93.

 16. Campo E, Swerdlow SH, Harris NL, Pileri S, Stein H, Jaffe 
ES.  The 2008 WHO classification of lymphoid neoplasms and 
beyond: evolving concepts and practical applications. Blood. 
2011;117(19):5019–32.

 17. Cherkassky L, Morello A, Villena-Vargas J, Feng Y, Dimitrov DS, 
Jones DR, Sadelain M, Adusumilli PS. Human CAR T cells with 
cell-intrinsic PD-1 checkpoint blockade resist tumor-mediated 
inhibition. J Clin Invest. 2016;126(8):3130–44.

 18. Chong EA, Melenhorst JJ, Lacey SF, Ambrose DE, Gonzalez 
V, Levine BL, June CH, Schuster SJ. PD-1 blockade modulates 
chimeric antigen receptor (CAR)–modified T cells: refueling the 
CAR. Blood. 2017;129(8):1039–41.

 19. Chu PG, Chang KL, Arber DA, Weiss LM. Practical applications 
of immunohistochemistry in hematolymphoid neoplasms. Ann 
Diagn Pathol. 1999;3(2):104–33.

 20. Dalla-Favera R, Bregni M, Erikson J, Patterson D, Gallo RC, 
Croce CM. Human c-myc onc gene is located on the region of 
chromosome 8 that is translocated in Burkitt lymphoma cells. 
Proc Natl Acad Sci U S A. 1982;79(24):7824–7.

 21. Dave SS, Fu K, Wright GW, Lam LT, Kluin P, Boerma EJ, 
Greiner TC, Weisenburger DD, Rosenwald A, Ott G, Muller-
Hermelink HK, Gascoyne RD, Delabie J, Rimsza LM, Braziel 
RM, Grogan TM, Campo E, Jaffe ES, Dave BJ, Sanger W, Bast 
M, Vose JM, Armitage JO, Connors JM, Smeland EB, Kvaloy 
S, Holte H, Fisher RI, Miller TP, Montserrat E, Wilson WH, 
Bahl M, Zhao H, Yang L, Powell J, Simon R, Chan WC, Staudt 
LM. Molecular diagnosis of Burkitt’s lymphoma. N Engl J Med. 
2006;354(23):2431–42.

 22. Deffenbacher KE, Iqbal J, Sanger W, Shen Y, Lachel C, Liu Z, 
Liu Y, Lim MS, Perkins SL, Fu K, Smith L, Lynch J, Staudt LM, 
Rimsza LM, Jaffe E, Rosenwald A, Ott GK, Delabie J, Campo E, 
Gascoyne RD, Cairo MS, Weisenburger DD, Greiner TC, Gross 
TG, Chan WC.  Molecular distinctions between pediatric and 

13 Burkitt Lymphoma and Diffuse Large B-Cell Lymphoma



180

adult mature B-cell non-Hodgkin lymphomas identified through 
genomic profiling. Blood. 2012;119(16):3757–66.

 23. El-Mallawany NK, Cairo MS.  Advances in the diagnosis and 
treatment of childhood and adolescent B-cell non-Hodgkin lym-
phoma. Clin Adv Hematol Oncol. 2015;13(2):113–23.

 24. Fowler N, Davis E.  Targeting B-cell receptor signaling: chang-
ing the paradigm. Hematology Am Soc Hematol Educ Program. 
2013;2013:553–60.

 25. Frost M, Newell J, Lones MA, Tripp SR, Cairo MS, Perkins 
SL.  Comparative immunohistochemical analysis of pediatric 
Burkitt lymphoma and diffuse large B-cell lymphoma. Am J Clin 
Pathol. 2004;121(3):384–92.

 26. Gadner H, Muller-Weihrich S, Riehm H.  Treatment strategies 
in malignant non-Hodgkin lymphomas in childhood. Onkologie. 
1986;9(2):126–30.

 27. Gerrard M, Cairo MS, Weston C, Auperin A, Pinkerton R, 
Lambilliote A, Sposto R, McCarthy K, Lacombe MJ, Perkins 
SL, Patte C. Excellent survival following two courses of COPAD 
chemotherapy in children and adolescents with resected localized 
B-cell non-Hodgkin’s lymphoma: results of the FAB/LMB 96 
international study. Br J Haematol. 2008;141(6):840–7.

 28. Gibson TM, Engels EA, Clarke CA, Lynch CF, Weisenburger 
DD, Morton LM.  Risk of diffuse large B-cell lymphoma after 
solid organ transplantation in the United States. Am J Hematol. 
2014;89(7):714–20.

 29. Giulino-Roth L, Goldman S.  Recent molecular and therapeu-
tic advances in B-cell non-Hodgkin lymphoma in children. Br J 
Haematol. 2016;173(4):531–44.

 30. Giulino-Roth L, Wang K, MacDonald TY, Mathew S, Tam Y, 
Cronin MT, Palmer G, Lucena-Silva N, Pedrosa F, Pedrosa M, 
Teruya-Feldstein J, Bhagat G, Alobeid B, Leoncini L, Bellan C, 
Rogena E, Pinkney KA, Rubin MA, Ribeiro RC, Yelensky R, 
Tam W, Stephens PJ, Cesarman E.  Targeted genomic sequenc-
ing of pediatric Burkitt lymphoma identifies recurrent altera-
tions in antiapoptotic and chromatin-remodeling genes. Blood. 
2012;120(26):5181–4.

 31. Goebeler M-E, Knop S, Viardot A, Kufer P, Topp MS, Einsele H, 
Noppeney R, Hess G, Kallert S, Mackensen A, Rupertus K, Kanz 
L, Libicher M, Nagorsen D, Zugmaier G, Klinger M, Wolf A, 
Dorsch B, Quednau BD, Schmidt M, Scheele J, Baeuerle PA, Leo 
E, Bargou RC.  Bispecific T-cell engager (BiTE) antibody con-
struct blinatumomab for the treatment of patients with relapsed/
refractory non-Hodgkin lymphoma: final results from a phase I 
study. J Clin Oncol. 2016;34(10):1104–11.

 32. Goldman S, Barth MJ, Oesterheld JE, Heym K, Harrison L, 
Nickerson B, El-Mallawany N, Hochberg J, Cairo MS. Preliminary 
results of a reduced burden of therapy trial by incorporation of 
rituximab and intrathecal liposomal cytarabine in children, ado-
lescents and young adults with intermediate (FAB Group B) and 
high risk (FAB Group C) mature B-cell lymphoma/leukemia. J 
Clin Oncol. 2016;34(15_suppl):10534.

 33. Goldman S, Smith L, Anderson JR, Perkins S, Harrison L, Geyer 
MB, Gross TG, Weinstein H, Bergeron S, Shiramizu B, Sanger 
W, Barth M, Zhi J, Cairo MS.  Rituximab and FAB/LMB 96 
chemotherapy in children with Stage III/IV B-cell non-Hodgkin 
lymphoma: a Children’s Oncology Group report. Leukemia. 
2013;27(5):1174–7.

 34. Goldman S, Smith L, Galardy P, Perkins SL, Frazer JK, Sanger 
W, Anderson JR, Gross TG, Weinstein H, Harrison L, Shiramizu 
B, Barth M, Cairo MS. Rituximab with chemotherapy in children 
and adolescents with central nervous system and/or bone marrow- 
positive Burkitt lymphoma/leukaemia: a Children’s Oncology 
Group Report. Br J Haematol. 2014;167(3):394–401.

 35. Griffin TC, Weitzman S, Weinstein H, Chang M, Cairo M, 
Hutchison R, Shiramizu B, Wiley J, Woods D, Barnich M, Gross 
TG. A study of rituximab and ifosfamide, carboplatin, and eto-

poside chemotherapy in children with recurrent/refractory B-cell 
(CD20+) non-Hodgkin lymphoma and mature B-cell acute lym-
phoblastic leukemia: a report from the Children’s Oncology 
Group. Pediatr Blood Cancer. 2009;52(2):177–81.

 36. Gross TG, Hale GA, He W, Camitta BM, Sanders JE, Cairo 
MS, Hayashi RJ, Termuhlen AM, Zhang MJ, Davies SM, Eapen 
M.  Hematopoietic stem cell transplantation for refractory or 
recurrent non-Hodgkin lymphoma in children and adolescents. 
Biol Blood Marrow Transplant. 2010;16(2):223–30.

 37. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML, 
Delsol G, De Wolf-Peeters C, Falini B, Gatter KC, et al. A revised 
European-American classification of lymphoid neoplasms: a pro-
posal from the International Lymphoma Study Group. Blood. 
1994;84(5):1361–92.

 38. Hummel M, Bentink S, Berger H, Klapper W, Wessendorf S, Barth 
TF, Bernd HW, Cogliatti SB, Dierlamm J, Feller AC, Hansmann 
ML, Haralambieva E, Harder L, Hasenclever D, Kuhn M, Lenze 
D, Lichter P, Martin-Subero JI, Moller P, Muller-Hermelink HK, 
Ott G, Parwaresch RM, Pott C, Rosenwald A, Rosolowski M, 
Schwaenen C, Sturzenhofecker B, Szczepanowski M, Trautmann 
H, Wacker HH, Spang R, Loeffler M, Trumper L, Stein H, Siebert 
R. A biologic definition of Burkitt’s lymphoma from transcriptional 
and genomic profiling. N Engl J Med. 2006;354(23):2419–30.

 39. Jourdain A, Auperin A, Minard-Colin V, Aladjidi N, Zsiros J, Coze 
C, Gandemer V, Bertrand Y, Leverger G, Bergeron C, Michon J, 
Patte C.  Outcome of and prognostic factors for relapse in chil-
dren and adolescents with mature B-cell lymphoma and leuke-
mia treated in three consecutive prospective “Lymphomes Malins 
B” protocols. A Societe Francaise des Cancers de l’Enfant study. 
Haematologica. 2015;100(6):810–7.

 40. Kersey JH, Shapiro RS, Filipovich AH. Relationship of immuno-
deficiency to lymphoid malignancy. Pediatr Infect Dis J. 1988;7(5 
Suppl):S10–2.

 41. Klapper W, Kreuz M, Kohler CW, Burkhardt B, Szczepanowski 
M, Salaverria I, Hummel M, Loeffler M, Pellissery S, Woessmann 
W, Schwanen C, Trumper L, Wessendorf S, Spang R, Hasenclever 
D, Siebert R. Patient age at diagnosis is associated with the molec-
ular characteristics of diffuse large B-cell lymphoma. Blood. 
2012;119(8):1882–7.

 42. Klapper W, Szczepanowski M, Burkhardt B, Berger H, 
Rosolowski M, Bentink S, Schwaenen C, Wessendorf S, Spang 
R, Moller P, Hansmann ML, Bernd HW, Ott G, Hummel M, Stein 
H, Loeffler M, Trumper L, Zimmermann M, Reiter A, Siebert 
R.  Molecular profiling of pediatric mature B-cell lymphoma 
treated in population-based prospective clinical trials. Blood. 
2008;112(4):1374–81.

 43. Kochenderfer JN, Dudley ME, Kassim SH, Somerville RP, 
Carpenter RO, Stetler-Stevenson M, Yang JC, Phan GQ, Hughes 
MS, Sherry RM, Raffeld M, Feldman S, Lu L, Li YF, Ngo LT, 
Goy A, Feldman T, Spaner DE, Wang ML, Chen CC, Kranick 
SM, Nath A, Nathan DA, Morton KE, Toomey MA, Rosenberg 
SA. Chemotherapy-refractory diffuse large B-cell lymphoma and 
indolent B-cell malignancies can be effectively treated with autol-
ogous T cells expressing an anti-CD19 chimeric antigen receptor. 
J Clin Oncol. 2015;33(6):540–9.

 44. Kung FH, Harris MB, Krischer JP.  Ifosfamide/carboplatin/eto-
poside (ICE), an effective salvaging therapy for recurrent malig-
nant non-Hodgkin lymphoma of childhood: a Pediatric Oncology 
Group phase II study. Med Pediatr Oncol. 1999;32(3):225–6.

 45. Ladenstein R, Pearce R, Hartmann O, Patte C, Goldstone T, Philip 
T. High-dose chemotherapy with autologous bone marrow rescue 
in children with poor-risk Burkitt’s lymphoma: a report from the 
European Lymphoma Bone Marrow Transplantation Registry. 
Blood. 1997;90(8):2921–30.

 46. LaQuaglia MP, Stolar CJ, Krailo M, Exelby P, Siegel S, Meadows 
A, Hammond D. The role of surgery in abdominal non-Hodgkin’s 

G. Egan et al.



181

lymphoma: experience from the Childrens Cancer Study Group. J 
Pediatr Surg. 1992;27(2):230–5.

 47. Lenze D, Leoncini L, Hummel M, Volinia S, Liu CG, Amato 
T, De Falco G, Githanga J, Horn H, Nyagol J, Ott G, Palatini J, 
Pfreundschuh M, Rogena E, Rosenwald A, Siebert R, Croce CM, 
Stein H.  The different epidemiologic subtypes of Burkitt lym-
phoma share a homogenous micro RNA profile distinct from dif-
fuse large B-cell lymphoma. Leukemia. 2011;25(12):1869–76.

 48. Link MP, Donaldson SS, Berard CW, Shuster JJ, Murphy 
SB.  Results of treatment of childhood localized non-Hodgkin’s 
lymphoma with combination chemotherapy with or without radio-
therapy. N Engl J Med. 1990;322(17):1169–74.

 49. Love C, Sun Z, Jima D, Li G, Zhang J, Miles R, Richards KL, 
Dunphy CH, Choi WW, Srivastava G, Lugar PL, Rizzieri DA, 
Lagoo AS, Bernal-Mizrachi L, Mann KP, Flowers CR, Naresh 
KN, Evens AM, Chadburn A, Gordon LI, Czader MB, Gill JI, Hsi 
ED, Greenough A, Moffitt AB, McKinney M, Banerjee A, Grubor 
V, Levy S, Dunson DB, Dave SS. The genetic landscape of muta-
tions in Burkitt lymphoma. Nat Genet. 2012;44(12):1321–5.

 50. Magrath I.  Epidemiology: clues to the pathogenesis of Burkitt 
lymphoma. Br J Haematol. 2012a;156(6):744–56.

 51. Magrath I. Towards curative therapy in Burkitt lymphoma: the role 
of early African studies in demonstrating the value of combination 
therapy and CNS prophylaxis. Adv Hematol. 2012b;2012:130680.

 52. Magrath IT, Lwanga S, Carswell W, Harrison N. Surgical reduc-
tion of tumour bulk in management of abdominal Burkitt’s lym-
phoma. Br Med J. 1974;2(5914):308–12.

 53. Mann RB, Jaffe ES, Braylan RC, Nanba K, Frank MM, 
Ziegler JL, Berard CW.  Non-endemic Burkitts’s lymphoma. 
A B-cell tumor related to germinal centers. N Engl J Med. 
1976;295(13):685–91.

 54. Masque-Soler N, Szczepanowski M, Kohler CW, Aukema SM, 
Nagel I, Richter J, Siebert R, Spang R, Burkhardt B, Klapper 
W. Clinical and pathological features of Burkitt lymphoma show-
ing expression of BCL2--an analysis including gene expression 
in formalin-fixed paraffin-embedded tissue. Br J Haematol. 
2015;171(4):501–8.

 55. Maude SL, Laetsch TW, Buechner J, Rives S, Boyer M, 
Bittencourt H, Bader P, Verneris MR, Stefanski HE, Myers GD, 
Qayed M, De Moerloose B, Hiramatsu H, Schlis K, Davis KL, 
Martin PL, Nemecek ER, Yanik GA, Peters C, Baruchel A, Boissel 
N, Mechinaud F, Balduzzi A, Krueger J, June CH, Levine BL, 
Wood P, Taran T, Leung M, Mueller KT, Zhang Y, Sen K, Lebwohl 
D, Pulsipher MA, Grupp SA.  Tisagenlecleucel in children and 
young adults with B-cell lymphoblastic leukemia. N Engl J Med. 
2018;378(5):439–48.

 56. Meinhardt A, Burkhardt B, Zimmermann M, Borkhardt A, Kontny 
U, Klingebiel T, Berthold F, Janka-Schaub G, Klein C, Kabickova 
E, Klapper W, Attarbaschi A, Schrappe M, Reiter A.  Phase II 
window study on rituximab in newly diagnosed pediatric mature 
B-cell non-Hodgkin’s lymphoma and Burkitt leukemia. J Clin 
Oncol. 2010;28(19):3115–21.

 57. Miles RR, Raphael M, McCarthy K, Wotherspoon A, Lones MA, 
Terrier-Lacombe MJ, Patte C, Gerrard M, Auperin A, Sposto R, 
Davenport V, Cairo MS, Perkins SL. Pediatric diffuse large B-cell 
lymphoma demonstrates a high proliferation index, frequent 
c-Myc protein expression, and a high incidence of germinal center 
subtype: report of the French-American-British (FAB) interna-
tional study group. Pediatr Blood Cancer. 2008;51(3):369–74.

 58. Minard-Colin V, Auperin A, Pillon M, Burke A, Anderson 
JR, Barkauskas DA, Wheatley K, Delgado R, Alexander S, 
Uyttebroeck A, Bollard C, Zsiros J, Csoka M, Goma G, Tulard 
A, Patte C, Gross TG. Results of the randomized Intergroup trial 
Inter-B-NHL Ritux 2010 for children and adolescents with high- 
risk B-cell non-Hodgkin lymphoma (B-NHL) and mature acute 
leukemia (B-AL): evaluation of rituximab (R) efficacy in addi-

tion to standard LMB chemotherapy (CT) regimen. J Clin Oncol. 
2016;34(15_suppl):10507.

 59. Molyneux EM, Rochford R, Griffin B, Newton R, Jackson G, 
Menon G, Harrison CJ, Israels T, Bailey S. Burkitt’s lymphoma. 
Lancet. 2012;379(9822):1234–44.

 60. Morrow RH, Pike MC, Kisuule A.  Survival of Burkitt’s lym-
phoma patients in Mulago Hospital, Uganda. Br Med J. 
1967;4(5575):323–7.

 61. Murphy SB, Hustu HO. A randomized trial of combined modal-
ity therapy of childhood non-Hodgkin’s lymphoma. Cancer. 
1980;45(4):630–7.

 62. Mussolin L, Pillon M, Conter V, Piglione M, Lo Nigro L, 
Pierani P, Micalizzi C, Buffardi S, Basso G, Zanesco L, Rosolen 
A. Prognostic role of minimal residual disease in mature B-cell 
acute lymphoblastic leukemia of childhood. J Clin Oncol. 
2007;25(33):5254–61.

 63. Mussolin L, Pillon M, d’Amore ES, Conter V, Piglione M, Lo Nigro 
L, Garaventa A, Buffardi S, Arico M, Rosolen A. Minimal dissem-
inated disease in high-risk Burkitt’s lymphoma identifies patients 
with different prognosis. J Clin Oncol. 2011;29(13):1779–84.

 64. Nagorsen D, Bargou R, Ruttinger D, Kufer P, Baeuerle PA, 
Zugmaier G.  Immunotherapy of lymphoma and leukemia with 
T-cell engaging BiTE antibody blinatumomab. Leuk Lymphoma. 
2009;50(6):886–91.

 65. Neelapu SS, Locke FL, Bartlett NL, Lekakis LJ, Miklos DB, 
Jacobson CA, Braunschweig I, Oluwole OO, Siddiqi T, Lin Y, 
Timmerman JM, Stiff PJ, Friedberg JW, Flinn IW, Goy A, Hill 
BT, Smith MR, Deol A, Farooq U, McSweeney P, Munoz J, 
Avivi I, Castro JE, Westin JR, Chavez JC, Ghobadi A, Komanduri 
KV, Levy R, Jacobsen ED, Witzig TE, Reagan P, Bot A, Rossi 
J, Navale L, Jiang Y, Aycock J, Elias M, Chang D, Wiezorek J, 
Go WY. Axicabtagene ciloleucel CAR T-cell therapy in refractory 
large B-cell lymphoma. N Engl J Med. 2017;377(26):2531–44.

 66. Ngu VA.  Chemotherapy of Burkitt’s tumor at the University of 
Ibadan, Nigeria. JAMA. 1972;222(9):1166.

 67. Nkrumah FK, Perkins IV, Biggar RJ. Combination chemotherapy 
in abdominal Burkitt’s lymphoma. Cancer. 1977;40(4):1410–6.

 68. Norin T, Onyango J.  Radiotherapy in Burkitt’s lymphoma con-
ventional or superfractionated regime—early results. Int J Radiat 
Oncol Biol Phys. 1977;2(5):399–406.

 69. Oettgen HF, Burkitt D, Burchenal JH.  Malignant lymphoma 
involving the jaw in African children: treatment with Methotrexate. 
Cancer. 1963a;16:616–23.

 70. Oettgen HF, Clifford P, Burkitt D. Malignant lymphoma involving 
the jaw in African children: treatment with alkylating agents and 
actinomycin D. Cancer Chemother Rep. 1963b;28:25–34.

 71. Olweny CL, Atine I, Kaddu-Mukasa A, Katongole-Mbidde E, 
Lwanga SK, Johansson B, Onyango J, Host H, Norin T, Willey 
B.  Cerebrospinal irradiation of Burkitt’s lymphoma. Failure in 
preventing central nervous system relapse. Acta Radiol Ther Phys 
Biol. 1977;16(3):225–31.

 72. Olweny CL, Katongole-Mbidde E, Kaddu-Mukasa A, Atine 
I, Owor R, Lwanga S, Carswell W, Magrath IT.  Treatment of 
Burkitt’s lymphoma: randomized clinical trial of single-agent ver-
sus combination chemotherapy. Int J Cancer. 1976;17(4):436–40.

 73. Olweny CL, Katongole-Mbidde E, Otim D, Lwanga SK, Magrath 
IT, Ziegler JL. Long-term experience with Burkitt’s lymphoma in 
Uganda. Int J Cancer. 1980;26(3):261–6.

 74. Onciu M, Schlette E, Zhou Y, Raimondi SC, Giles FJ, Kantarjian 
HM, Medeiros LJ, Ribeiro RC, Pui CH, Sandlund JT. Secondary 
chromosomal abnormalities predict outcome in pediatric and adult 
high-stage Burkitt lymphoma. Cancer. 2006;107(5):1084–92.

 75. Oschlies I, Klapper W, Zimmermann M, Krams M, Wacker HH, 
Burkhardt B, Harder L, Siebert R, Reiter A, Parwaresch R. Diffuse 
large B-cell lymphoma in pediatric patients belongs predominantly 
to the germinal-center type B-cell lymphomas: a clinicopathologic 

13 Burkitt Lymphoma and Diffuse Large B-Cell Lymphoma



182

analysis of cases included in the German BFM (Berlin-Frankfurt- 
Munster) Multicenter Trial. Blood. 2006;107(10):4047–52.

 76. Palanca-Wessels MCA, Czuczman M, Salles G, Assouline S, Sehn 
LH, Flinn I, Patel MR, Sangha R, Hagenbeek A, Advani R, Tilly 
H, Casasnovas O, Press OW, Yalamanchili S, Kahn R, Dere RC, 
Lu D, Jones S, Jones C, Chu Y-W, Morschhauser F. Safety and 
activity of the anti-CD79B antibody–drug conjugate polatuzumab 
vedotin in relapsed or refractory B-cell non-Hodgkin lymphoma 
and chronic lymphocytic leukaemia: a phase 1 study. Lancet 
Oncol. 2015;16(6):704–15.

 77. Patte C, Auperin A, Gerrard M, Michon J, Pinkerton R, Sposto 
R, Weston C, Raphael M, Perkins SL, McCarthy K, Cairo 
MS.  Results of the randomized international FAB/LMB96 trial 
for intermediate risk B-cell non-Hodgkin lymphoma in children 
and adolescents: it is possible to reduce treatment for the early 
responding patients. Blood. 2007;109(7):2773–80.

 78. Patte C, Auperin A, Michon J, Behrendt H, Leverger G, Frappaz 
D, Lutz P, Coze C, Perel Y, Raphael M, Terrier-Lacombe MJ. The 
Societe Francaise d’Oncologie Pediatrique LMB89 protocol: 
highly effective multiagent chemotherapy tailored to the tumor 
burden and initial response in 561 unselected children with B-cell 
lymphomas and L3 leukemia. Blood. 2001;97(11):3370–9.

 79. Patte C, Gerrard M., Auperin A, et  al. (2003). Early treatment 
intensity has a major prognostic impact in the “intermediate risk” 
childhood and adolescent B-cell lymphoma: results of the inter-
national FAB LMB 96 trial. Abstract of the American Society of 
Hematology.

 80. Patte C, Philip T, Rodary C, Bernard A, Zucker JM, Bernard 
JL, Robert A, Rialland X, Benz-Lemoine E, Demeocq F, et  al. 
Improved survival rate in children with stage III and IV B cell 
non-Hodgkin’s lymphoma and leukemia using multi-agent che-
motherapy: results of a study of 114 children from the French 
Pediatric Oncology Society. J Clin Oncol. 1986;4(8):1219–26.

 81. Pelicci PG, Knowles DM 2nd, Magrath I, Dalla-Favera 
R.  Chromosomal breakpoints and structural alterations of the 
c-myc locus differ in endemic and sporadic forms of Burkitt lym-
phoma. Proc Natl Acad Sci U S A. 1986;83(9):2984–8.

 82. Percy, C.  L., M.  A. Smith, M.  Linet, L.  A. Gloeckler Ries and 
D.  L. Friedman (1999). Lymphomas and reticuloendothelial 
neoplasms. Cancer incidence and survival among children and 
adolescents: United States SEER Program 1975-1995, National 
Cancer Institute, SEER Program L Ries, MA Smith, JG Gurney 
et  al. National Cancer Institute, SEER Program. NIH Pub. No. 
99-4649. Bethesda, MD, 35–50.

 83. Perkins SL.  Work-up and diagnosis of pediatric non-Hodgkin’s 
lymphomas. Pediatr Dev Pathol. 2000;3(4):374–90.

 84. Perkins SL, Lones MA, Davenport V, Cairo MS.  B-Cell non- 
Hodgkin’s lymphoma in children and adolescents: surface antigen 
expression and clinical implications for future targeted bioim-
mune therapy: a children’s cancer group report. Clin Adv Hematol 
Oncol. 2003;1(5):314–7.

 85. Perkins SL, Morris SW. Biology and pathology of pediatric non- 
Hodgkin lymphoma pediatric lymphomas. H.  J. H.  Weinstein, 
M. M.; Link, M. P. Berlin Heidelberg: Springer; 2007.

 86. Pfreundschuh M, Trumper L, Osterborg A, Pettengell R, Trneny 
M, Imrie K, Ma D, Gill D, Walewski J, Zinzani PL, Stahel R, 
Kvaloy S, Shpilberg O, Jaeger U, Hansen M, Lehtinen T, Lopez- 
Guillermo A, Corrado C, Scheliga A, Milpied N, Mendila M, 
Rashford M, Kuhnt E, Loeffler M.  CHOP-like chemotherapy 
plus rituximab versus CHOP-like chemotherapy alone in young 
patients with good-prognosis diffuse large-B-cell lymphoma: a 
randomised controlled trial by the MabThera International Trial 
(MInT) Group. Lancet Oncol. 2006;7(5):379–91.

 87. Philip T, Hartmann O, Pinkerton R, Zucker JM, Gentet JC, 
Lamagnere JP, Berhendt H, Perel Y, Otten J, Lutz P, et  al. 
Curability of relapsed childhood B-cell non-Hodgkin’s lym-

phoma after intensive first line therapy: a report from the 
Societe Francaise d’Oncologie Pediatrique. Blood. 1993;81(8): 
2003–6.

 88. Pilecki B, Kopiec P, Zajusz A, Podworski H, Szelc S, Skladowski 
K, Maciejewski B.  Hyperfractionated radiotherapy for 
Burkitt-type lymphoma. Radiobiological aspects. Neoplasma. 
1991;38(6):609–15.

 89. Poirel HA, Cairo MS, Heerema NA, Swansbury J, Auperin 
A, Launay E, Sanger WG, Talley P, Perkins SL, Raphael M, 
McCarthy K, Sposto R, Gerrard M, Bernheim A, Patte C. Specific 
cytogenetic abnormalities are associated with a significantly infe-
rior outcome in children and adolescents with mature B-cell non- 
Hodgkin’s lymphoma: results of the FAB/LMB 96 international 
study. Leukemia. 2009;23(2):323–31.

 90. Rainey JJ, Mwanda WO, Wairiumu P, Moormann AM, Wilson 
ML, Rochford R.  Spatial distribution of Burkitt’s lymphoma in 
Kenya and association with malaria risk. Trop Med Int Health. 
2007;12(8):936–43.

 91. Ramos CA, Heslop HE, Brenner MK.  CAR-T cell therapy for 
lymphoma. Annu Rev Med. 2016a;67:165–83.

 92. Ramos CA, Savoldo B, Torrano V, Ballard B, Zhang H, Dakhova 
O, Liu E, Carrum G, Kamble RT, Gee AP, Mei Z, Wu MF, Liu H, 
Grilley B, Rooney CM, Brenner MK, Heslop HE, Dotti G. Clinical 
responses with T lymphocytes targeting malignancy-associated 
kappa light chains. J Clin Invest. 2016b;126(7):2588–96.

 93. Reiter A, Klapper W. Recent advances in the understanding and 
management of diffuse large B-cell lymphoma in children. Br J 
Haematol. 2008;142(3):329–47.

 94. Reiter A, Schrappe M, Tiemann M, Ludwig WD, Yakisan E, 
Zimmermann M, Mann G, Chott A, Ebell W, Klingebiel T, Graf 
N, Kremens B, Muller-Weihrich S, Pluss HJ, Zintl F, Henze 
G, Riehm H.  Improved treatment results in childhood B-cell 
 neoplasms with tailored intensification of therapy: a report of 
the Berlin-Frankfurt-Munster Group Trial NHL-BFM 90. Blood. 
1999;94(10):3294–306.

 95. Robak T, Robak E.  New anti-CD20 monoclonal antibodies 
for the treatment of B-cell lymphoid malignancies. BioDrugs. 
2011;25(1):13–25.

 96. Rosenwald A, Wright G, Chan WC, Connors JM, Campo E, 
Fisher RI, Gascoyne RD, Muller-Hermelink HK, Smeland EB, 
Giltnane JM, Hurt EM, Zhao H, Averett L, Yang L, Wilson WH, 
Jaffe ES, Simon R, Klausner RD, Powell J, Duffey PL, Longo DL, 
Greiner TC, Weisenburger DD, Sanger WG, Dave BJ, Lynch JC, 
Vose J, Armitage JO, Montserrat E, Lopez-Guillermo A, Grogan 
TM, Miller TP, LeBlanc M, Ott G, Kvaloy S, Delabie J, Holte H, 
Krajci P, Stokke T, Staudt LM. The use of molecular profiling to 
predict survival after chemotherapy for diffuse large-B-cell lym-
phoma. N Engl J Med. 2002;346(25):1937–47.

 97. Rosolen A, Perkins SL, Pinkerton CR, Guillerman RP, Sandlund 
JT, Patte C, Reiter A, Cairo MS.  Revised international pedi-
atric non-Hodgkin lymphoma staging system. J Clin Oncol. 
2015;33(18):2112–8.

 98. Salavoura K, Kolialexi A, Tsangaris G, Mavrou A. Development 
of cancer in patients with primary immunodeficiencies. Anticancer 
Res. 2008;28(2b):1263–9.

 99. Salzburg J, Burkhardt B, Zimmermann M, Wachowski O, 
Woessmann W, Oschlies I, Klapper W, Wacker HH, Ludwig 
WD, Niggli F, Mann G, Gadner H, Riehm H, Schrappe M, Reiter 
A. Prevalence, clinical pattern, and outcome of CNS involvement 
in childhood and adolescent non-Hodgkin’s lymphoma differ by 
non-Hodgkin’s lymphoma subtype: a Berlin-Frankfurt-Munster 
Group Report. J Clin Oncol. 2007;25(25):3915–22.

 100. Sandlund JT, Bowman L, Heslop HE, Krance R, Mahmoud H, Pui 
C, Hale G, Benaim E. Intensive chemotherapy with hematopoietic 
stem-cell support for children with recurrent or refractory NHL. 
Cytotherapy. 2002;4(3):253–8.

G. Egan et al.



183

 101. Satwani P, Jin Z, Martin PL, Bhatia M, Garvin JH, George D, 
Chaudhury S, Talano J, Morris E, Harrison L, Sosna J, Peterson 
M, Militano O, Foley S, Kurtzberg J, Cairo MS.  Sequential 
myeloablative autologous stem cell transplantation and reduced 
intensity allogeneic hematopoietic cell transplantation is safe and 
feasible in children, adolescents and young adults with poor-risk 
refractory or recurrent Hodgkin and non-Hodgkin lymphoma. 
Leukemia. 2015;29(2):448–55.

 102. Schmitz R, Young RM, Ceribelli M, Jhavar S, Xiao W, Zhang 
M, Wright G, Shaffer AL, Hodson DJ, Buras E, Liu X, Powell 
J, Yang Y, Xu W, Zhao H, Kohlhammer H, Rosenwald A, Kluin 
P, Muller-Hermelink HK, Ott G, Gascoyne RD, Connors JM, 
Rimsza LM, Campo E, Jaffe ES, Delabie J, Smeland EB, Ogwang 
MD, Reynolds SJ, Fisher RI, Braziel RM, Tubbs RR, Cook JR, 
Weisenburger DD, Chan WC, Pittaluga S, Wilson W, Waldmann 
TA, Rowe M, Mbulaiteye SM, Rickinson AB, Staudt LM. Burkitt 
lymphoma pathogenesis and therapeutic targets from structural 
and functional genomics. Nature. 2012;490(7418):116–20.

 103. Schuster SJ, Svoboda J, Chong EA, Nasta SD, Mato AR, Anak 
O, Brogdon JL, Pruteanu-Malinici I, Bhoj V, Landsburg D, 
Wasik M, Levine BL, Lacey SF, Melenhorst JJ, Porter DL, June 
CH. Chimeric antigen receptor T cells in refractory B-cell lym-
phomas. N Engl J Med. 2017;377(26):2545–54.

 104. Shiramizu B, Goldman S, Kusao I, Agsalda M, Lynch J, Smith 
L, Harrison L, Morris E, Gross TG, Sanger W, Perkins S, Cairo 
MS.  Minimal disease assessment in the treatment of children 
and adolescents with intermediate-risk (Stage III/IV) B-cell non- 
Hodgkin lymphoma: a children’s oncology group report. Br J 
Haematol. 2011;153(6):758–63.

 105. Shiramizu B, Goldman S, Smith L, Agsalda-Garcia M, Galardy 
P, Perkins SL, Frazer JK, Sanger W, Anderson JR, Gross TG, 
Weinstein H, Harrison L, Barth MJ, Mussolin L, Cairo MS. Impact 
of persistent minimal residual disease post-consolidation therapy 
in children and adolescents with advanced Burkitt leukaemia: a 
Children’s Oncology Group Pilot Study Report. Br J Haematol. 
2015;170(3):367–71.

 106. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, 
Thiele J, Vardiman JW, editors. WHO classification of tumours of 
haematopoietic and lymphoid tissues. Lyon: WHO; 2008.

 107. Tiwari A, Edani D, Ayello J, Klein C, Lee DA, Cairo 
MS.  Polatuzumab vedotin alone or in combination with obinu-
tuzumab synergistically enhances in-vitro cytotoxicity and cyto-
kine release against CD20+/ CD79b+ Burkitt lymphoma (BL) /
primary mediastinal large B cell lymphoma (PMBL). Blood. 
2017;130(Suppl 1):1540.

 108. Topp MS, Gokbuget N, Stein AS, Zugmaier G, O’Brien S, 
Bargou RC, Dombret H, Fielding AK, Heffner L, Larson RA, 
Neumann S, Foa R, Litzow M, Ribera JM, Rambaldi A, Schiller 
G, Bruggemann M, Horst HA, Holland C, Jia C, Maniar T, Huber 
B, Nagorsen D, Forman SJ, Kantarjian HM. Safety and activity 
of blinatumomab for adult patients with relapsed or refractory 
B-precursor acute lymphoblastic leukaemia: a multicentre, single- 
arm, phase 2 study. Lancet Oncol. 2015;16(1):57–66.

 109. Viardot A, Goebeler ME, Hess G, Neumann S, Pfreundschuh M, 
Adrian N, Zettl F, Libicher M, Sayehli C, Stieglmaier J, Zhang 
A, Nagorsen D, Bargou RC. Phase 2 study of the bispecific T-cell 
engager (BiTE) antibody blinatumomab in relapsed/refractory dif-
fuse large B-cell lymphoma. Blood. 2016;127(11):1410–6.

 110. Vitolo U, Trneny M, Belada D, Burke JM, Carella AM, Chua N, 
Abrisqueta P, Demeter J, Flinn I, Hong X, Kim WS, Pinto A, Shi 
YK, Tatsumi Y, Oestergaard MZ, Wenger M, Fingerle-Rowson G, 
Catalani O, Nielsen T, Martelli M, Sehn LH.  Obinutuzumab or 

rituximab plus cyclophosphamide, doxorubicin, vincristine, and 
prednisone in previously untreated diffuse large B-cell lymphoma. 
J Clin Oncol. 2017;35(31):3529–37.

 111. von Stackelberg A, Locatelli F, Zugmaier G, Handgretinger 
R, Trippett TM, Rizzari C, Bader P, O’Brien MM, Brethon 
B, Bhojwani D, Schlegel PG, Borkhardt A, Rheingold SR, 
Cooper TM, Zwaan CM, Barnette P, Messina C, Michel G, 
DuBois SG, Hu K, Zhu M, Whitlock JA, Gore L. Phase I/Phase 
II study of blinatumomab in pediatric patients with relapsed/
refractory acute lymphoblastic leukemia. J Clin Oncol. 
2016;34(36):4381–9.

 112. Wilson WH, Gerecitano JF, Goy A, de Vos S, Kenkre VP, Barr 
PM, Blum KA, Shustov AR, Advani RH, Lih J, Williams M, 
Schmitz R, Yang Y, Pittaluga S, Wright G, Kunkel LA, McGreivy 
J, Balasubramanian S, Cheng M, Moussa D, Buggy JJ, Staudt 
LM. The Bruton’s tyrosine kinase (BTK) inhibitor, ibrutinib (PCI- 
32765), has preferential activity in the ABC subtype of relapsed/
refractory de novo diffuse large B-cell lymphoma (DLBCL): 
interim results of a multicenter, open-label, Phase 2 study. Blood. 
2012;120(21):686.

 113. Woessmann W, Seidemann K, Mann G, Zimmermann M, 
Burkhardt B, Oschlies I, Ludwig WD, Klingebiel T, Graf N, 
Gruhn B, Juergens H, Niggli F, Parwaresch R, Gadner H, Riehm 
H, Schrappe M, Reiter A. The impact of the methotrexate admin-
istration schedule and dose in the treatment of children and ado-
lescents with B-cell neoplasms: a report of the BFM Group Study 
NHL-BFM95. Blood. 2005a;105(3):948–58.

 114. Woessmann W, Seidemann K, Mann G, Zimmermann M, 
Burkhardt B, Oschlies I, Ludwig WD, Klingebiel T, Graf N, 
Gruhn B, Juergens H, Niggli F, Parwaresch R, Gadner H, Riehm 
H, Schrappe M, Reiter A, BFM Group. The impact of the metho-
trexate administration schedule and dose in the treatment of chil-
dren and adolescents with B-cell neoplasms: a report of the BFM 
Group Study NHL-BFM95. Blood. 2005b;105(3):948–58.

 115. Younes A, Thieblemont C, Morschhauser F, Flinn I, Friedberg JW, 
Amorim S, Hivert B, Westin J, Vermeulen J, Bandyopadhyay N, 
de Vries R, Balasubramanian S, Hellemans P, Smit JW, Fourneau 
N, Oki Y.  Combination of ibrutinib with rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone (R-CHOP) for 
treatment-naive patients with CD20-positive B-cell non-Hodgkin 
lymphoma: a non-randomised, phase 1b study. Lancet Oncol. 
2014;15(9):1019–26.

 116. Zhang WY, Wang Y, Guo YL, Dai HR, Yang QM, Zhang YJ, 
Zhang Y, Chen MX, Wang CM, Feng KC, Li SX, Liu Y, Shi FX, 
Luo C, Han WD. Treatment of CD20-directed Chimeric Antigen 
Receptor-modified T cells in patients with relapsed or refractory 
B-cell non-Hodgkin lymphoma: an early phase IIa trial report. 
Signal Transduct Target Ther. 2016;1:16002.

 117. Ziegler JL.  Treatment results of 54 American patients with 
Burkitt’s lymphoma are similar to the African experience. N Engl 
J Med. 1977;297(2):75–80.

 118. Ziegler JL, Beckstead JA, Volberding PA, Abrams DI, Levine AM, 
Lukes RJ, Gill PS, Burkes RL, Meyer PR, Metroka CE, et al. Non- 
Hodgkin’s lymphoma in 90 homosexual men. Relation to gener-
alized lymphadenopathy and the acquired immunodeficiency 
syndrome. N Engl J Med. 1984;311(9):565–70.

 119. Ziegler JL, Bluming AZ, Magrath IT, Carbone PP. Intensive che-
motherapy in patients with generalized Burkitt’s lymphoma. Int J 
Cancer. 1972;10(2):254–61.

 120. Ziegler JL, Morrow RH Jr, Fass L, Kyalwazi SK, Carbone 
PP. Treatment of Burkitt’s tumor with cyclophosphamide. Cancer. 
1970;26(2):474–84.

13 Burkitt Lymphoma and Diffuse Large B-Cell Lymphoma



185© Springer Nature Switzerland AG 2019
O. Abla, A. Attarbaschi (eds.), Non-Hodgkin’s Lymphoma in Childhood and Adolescence, 
https://doi.org/10.1007/978-3-030-11769-6_14

Primary Mediastinal  
and Gray Zone Lymphomas

Lisa Giulino-Roth and Kieron Dunleavy

 Introduction

Primary mediastinal B-cell lymphomas (PMBCL) make up 
approximately 10% of all diffuse large B-cell lymphomas 
(DLBCL). Unlike DLBCL where the median age at diagno-
sis is over 60 years, PMBCL is almost exclusively seen in the 
adolescent and young adult (AYA) population. Although his-
torically categorized as a subtype of DLBCL, PMBCL is 
demographically, clinically, and biologically very distinct 
from other subtypes of DLBCL. In fact, its clinical and bio-
logical features are much more closely related to those of 
nodular sclerosing Hodgkin lymphoma (NSHL). PMBCL 
and NSHL have similar clinical presentations and share 
approximately a third of their genes as well as common 
driver mutations, which have been recently identified [1, 2]. 
There is now a recognition that aggressive mediastinal B-cell 
lymphomas lie on a continuum of diseases with NSHL and 
PMBCL on opposite ends, and in between are mediastinal 
B-cell lymphomas with features intermediate between 
PMBCL and NSHL that have been termed mediastinal gray 
zone lymphomas (MGZL). These are rare and interestingly 
affect males more than females (in contrast to PMBCL), and 
studies that have focused on their biology suggest that MGZL 
is a unique molecular entity and distinct from the parent enti-
ties of PMBCL and NSHL [3].

The optimal therapy for PMBCL is controversial due to the 
rarity of this entity and the very recent recognition of it being a 
distinct entity [4]. In the past, most approaches included con-
solidation mediastinal radiation as early studies demonstrated 
that it was very effective when combined with chemotherapy. 

However, recently, the long-term toxicities of mediastinal radi-
ation in a young population have been realized, and attempts 
have been made in this disease to develop approaches that obvi-
ate the need for radiation and eliminate the risk of its long-term 
side effects. Recently, increased dose intensity approaches, 
both in single-center and multicenter settings, have obviated 
the need for radiation while maintaining excellent cure rates. 
Novel insights into tumor biology have identified that medias-
tinal lymphomas harbor several unique targetable pathways, 
and ongoing studies are focused on targeting these molecular 
aberrations and critical pathways for lymphomagenesis.

 Biology

In the WHO Classification of Tumours of Haematopoietic 
and Lymphoid Tissues, PMBCL is recognized as a distinct 
entity based on its clinical presentation, immunophenotypic 
characteristics, and molecular profile that is markedly differ-
ent from the germinal center B-cell (GCB) and activated 
B-cell (ABC) subtypes of DLBCL [5]. Mediastinal B-cell 
lymphomas, originating from a thymic B-cell, can be consid-
ered to lie on a pathobiological continuum of diseases with 
NSHL and PMBCL lying on either end and MGZL – with 
features intermediate and transitional between the PMBCL 
and NSHL – lying in between (Fig. 14.1) [6]. Recently, many 
insights into the biology of PMBCL have paved the way for 
investigating novel agents and new approaches in this dis-
ease. We now have improved understanding of genetic alter-
ations and perturbations in the JAK-STAT and NFκB 
pathways and additionally recognition that mediastinal lym-
phomas are “immune privileged” with the ability to avoid 
immune destruction [7]. These recently elucidated genetic 
alterations underpin phenotypic characteristics of these lym-
phomas and are at play across the aforementioned pathobio-
logical continuum, providing evidence that these entities are 
molecularly related and likely derived from a common thy-
mic B-cell [2, 8].
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 JAK-STAT Pathway

Several functional genomic studies have identified that JAK- 
STAT signaling activation is a critical pathway in these two 
entities [9]. In PMBCL, JAK-STAT signaling likely depends 
on both IL13 receptor-mediated signaling and constitutive 
activation, resulting from various somatic gene mutations – 
among these are JAK2 amplifications, deletions or inactivat-
ing mutations of the negative regulators SOCS1 and PTPN1, 
and mutations of STAT6 [10]. More than half of PMBCL 
cases have genomic gains of chromosome 9p containing a 
locus for JAK2, and the minimally amplified region contains 
multiple genes including JAK2 and the programmed death 
ligands CD274 (PDL1), PDCD1LG2 (PDL2), and JMJD2C 
[11] that contribute synergistically to the pathogenesis of 
PMBCL [7]. Somatic mutations of SOCS1 have a similar fre-
quency in PMBCL and are also found in a significant propor-
tion of classical Hodgkin lymphoma (CHL) cases [12–14]. 
PTPN1 also negatively regulates JAK-STAT signaling, and 
mutations in this gene have been found in approximately 20% 
of PMBCL and CHL [2]. Point mutations in STAT6 may tran-
scriptionally contribute to the pathogenesis of PMBCL, and 
these have been reported in 36% of PMBCL cases [15]. 
NF-kappa B genes are typically activated in PMBCL with 
nuclear translocation of c-REL in most cases [16].

 Tumor Microenvironment in PMBCL

The role of non-tumor cells in cross-talk and signaling to 
tumor cells is well recognized in the lymphoma microenviron-
ment [17]. In PMBCL, this microenvironment can be highly 
variable, closely resembling NSHL (high cell diversity and 

sparse tumor cells) at one end of the continuum and DLBCL 
(high tumor cell content with sheeting out of these cells) at the 
other end [17]. “Immune privilege” in PMBCL likely results 
from downregulation of MHC class I and II molecules, as well 
as increased expression of programmed death ligands – this 
results in reduced immunogenicity and T-cell anergy [18, 19]. 
The genetic basis of these expression phenotypes has recently 
been partly elucidated, and many of these genetic features are 
also present in DLBCL arising in classic immune-privilege 
sites such as primary testicular DLBCL and primary central 
nervous system lymphoma  – this suggests biologic overlap 
between PMBCL and classic IP-DLBCL.

PDL2 and PDL1 are both critical target genes of chromo-
some 9p gains and amplifications that are found in over 50% of 
PMBCL cases [20, 21]. Next-generation sequencing and FISH 
analysis demonstrated that 20% of PMBCL cases harbor recur-
rent genomic rearrangements involving the 9p locus, resulting 
in PDL1 and PDL2 gene fusions [21, 22]. Interestingly, PDL1/
PDL2 expression is higher in the rearranged cases compared to 
cases with gains or amplifications [21]. In PMBCL, the co-
amplification of JAK2 and the programmed death ligand locus 
on chromosome 9p24 suggest that JAK-STAT signaling and 
acquired immune privilege are synergistic in lymphomagenesis 
and strategies that combine JAK-STAT and immune check-
point inhibition may be particularly effective.

 Initial Chemotherapy

 Primary Mediastinal B-Cell Lymphoma

Since PMBCL is a rare diagnosis, there are few prospective 
trials designed specifically for this NHL subtype. Rather, 
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pediatric patients with PMBCL have historically been treated 
on protocols designed for mature B-NHL which includes 
Burkitt lymphoma (BL), diffuse large B-cell lymphoma 
(DLBCL), and PMBCL (Table  14.1). Outcomes among 
patients with PMBCL have been inferior compared to 
patients with DLCBL and BL treated on the same protocols. 
For example, the Berlin-Frankfurt-Munster (BFM) Group 
reported outcomes among 30 pediatric patients with PMCBL 
treated on NHL-BFM trials between 1986 and 1999 [23]. 
Patients received 4–6 courses of multi-agent chemotherapy 
that included systemic dexamethasone, vincristine, ifos-
famide, cyclophosphamide, methotrexate, cytarabine, etopo-
side, doxorubicin, and intrathecal methotrexate, cytarabine, 
and prednisolone. Patients did not receive rituximab or radia-
tion therapy. PMBCL represented 1.8% of all patients treated 
on these trials. The 5-year event-free survival among patients 
with PMBCL was 70% (SE 8%) which was inferior to out-
comes among other histologic subtypes (5-year EFS 84%, 
p = 0.04). Similar outcomes were reported in a subset analy-
sis of the French-American-British/Lymphome Malins de 
Burkitt (FAB/LMB) 96 clinical trial. This trial enrolled 
patients from 1996 to 2001. Patients with stage III PMBCL 
were assigned to Group B treatment, consisting of 4–5 cycles 
of multi-agent chemotherapy including cyclophosphamide, 
vincristine, prednisone, high-dose methotrexate, doxorubi-
cin, cytarabine, and intrathecal methotrexate, hydrocorti-
sone, and cytarabine [24]. Patients with an inadequate 
response to treatment were changed to more intensive Group 
C therapy which included of additional cycles of therapy as 
well as high-dose cytarabine and etoposide [25]. Patients did 

not receive rituximab or RT.  In a subset analysis, patients 
with stage III mediastinal large B-cell lymphoma (n = 42) 
were compared to patients with non-mediastinal stage III 
DLBCL (n = 69). The 5-year EFS in the mediastinal large 
B-cell lymphoma and non-mediastinal DLBCL groups were 
66% (95% CI 49%–78%) and 85% (95% CI 71%–92%), 
respectively (p < 0.001) [26]. The largest report of pediatric 
patients with PMBCL is from a pooled database that merged 
the data from patients enrolled in the AIEOP trials 92 and 97 
(n = 24) [27]; the BFM trials 86, 90, and 95 (n = 40) [28–30]; 
the SFOP LMB89 trial (n  =  8) [31]; and the international 
FAB/LMB96 trial (n  =  42) [26]. Among 114 pediatric 
patients with PMBCL, EFS and OS were 67% and 79%, 
respectively. Outcome did not differ based on national group 
trial, suggesting that the various regimens used in pediatrics 
result in similar outcomes [32].

Adult treatment for PMBCL has historically consisted of 
rituximab + an anthracycline-containing chemotherapy regi-
men with radiation. Common regimens include R-CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine, 
prednisone), R-MACOP-B (rituximab, methotrexate, doxo-
rubicin, cyclophosphamide, vincristine, prednisone, and 
bleomycin), and R-VACOP-B (rituximab, etoposide, doxo-
rubicin, cyclophosphamide, vincristine, prednisone, and 
bleomycin). These regimens have not been prospectively 
compared to each other to determine the optimal frontline 
approach. Event-free survival using these regimens ranges 
from 62% to 84% in different reports (Table 14.2) [33–40]. 
More recently, efforts have been made to reduce the expo-
sure to radiation in this young, predominantly female 

Table 14.1 Selected studies of PMBCL and GZL in children and adolescents

Reference Study type Histologies n Treatment EFS
Seidemann et al. [23] Prospective, subgroup analysis 

pooled from three studies
PMBCL  28 NHL-BFM 86, 90, 95 70% (5 years)

Gerrard et al. [26] Prospective, subgroup analysis Mediastinal B-cell 
lymphoma

 42 FAB/LMB 96 66% (5 years)

Patte et al. [32] Prospective, pooled data from 
multiple trials

PMBCL 114 AIEOP 92, 97; BFM/GPOH 86, 90, 
95; SFOP LMB89; FAB LMB 96

67%

Burke et al. [44] Prospective PMBCL  47 DA-EPOCH-R 72% (2 years)
Giulino-Roth et al. [42] Retrospective PMBCL  38 DA-EPOCH-R 81% (3 years)
Wössmann et al. [73] Prospective PMBCL  15 DA-EPOCH-R 92 ± 8% 

(2 years)

Table 14.2 Selected studies of PMCBL and GZL in adults

Reference Study Type Histologies n Treatment EFS
Savage et al. [36] Retrospective PMBCL 153 (R)-CHOP, M/VACOP-B +/− RT 75% (5 years)
Zinzani et al. [39] Retrospective PMBCL 74 R-MACOP-B +/− RT 88% (10 years)
Gleeson et al. [34] Prospective – subgroup analysis PMBCL 50 R-CHOP 14 (n = 22) +/− RT

R-CHOP 21 (n-28) +/− RT
84% (5 years)
80% (5 years)

Dunleavy et al. [41] Prospective PMBCL 51 DA-EPOCH-R 93% (3 years)
Giulino-Roth et al. [42] Retrospective PMBCL 118 DA-EPOCH-R 87% (3 years)
Wilson et al. [45] Prospective GZL 24 DA-EPOCH-R 62% (5 years)
Evens et al. [47] Retrospective GZL 112 Various regimens 40% (2 years)
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population. One such approach is the infusional 
DA-EPOCH-R regimen (dose-adjusted etoposide, predni-
sone, vincristine, cyclophosphamide, doxorubicin, and ritux-
imab), which is given for 6–8 cycles without consolidative 
radiation. A phase II trial of DA-EPOCH-R among patients 
at the NCI reported a 5-year EFS of 93% among 51 patients 
[41]. In the multicenter setting, outcomes with DA-EPOCH-R 
are not as high as reported in the single-center phase II trial 
but remain encouraging. In a retrospective study of 118 
adults with PMCBL treated across 24 centers, the 3-year 
EFS was 87% [42]. Similar results have been reported in 
smaller retrospective series [41, 43].

Given the encouraging adult data with DA-EPOCH-R as 
well as the understanding that PMBCL is likely biologically 
similar in children and adults, the most recent international 
pediatric mature B-NHL trial studied the DA-EPOCH-R regi-
men for patients with PMBCL (NCT01516567). The prelimi-
nary results of this phase II trial were recently reported [44]. 
Among 47 patients enrolled on trial, the 2-year EFS was 72% 
(95% CI 57%–84%). This was disappointing compared with 
the single-center NCI adult data, however did not differ from 
the outcome among pediatric patients with PMBCL treated 
on historical trials (p  =  0.71). The DA-EPOCH-R regimen 
has also been evaluated in pediatric patients with PMBCL in 
a multicenter retrospective study [42]. Among 38 patients 
under age 21 years, the 3-year EFS was 81% (95 CI 67–94%). 
Although the EFS in the retrospective series is higher than 
seen in the prospective trial, the confidence intervals are over-
lapping, suggesting that the true EFS may lie between the 
numbers observed in the two studies.

In summary, pediatric patients with PMBCL have been 
treated with mature B-NHL regimens as well as the 
DA-EPOCH-R regimen. These approaches include multi- 
agent chemotherapy (+/− rituximab) without radiation. 
There is no evidence to suggest that a particular regimen is 
superior, and all are reasonable first-line approaches to 
PMBCL.

 Gray Zone Lymphoma

Gray zone lymphoma is extremely rare in pediatrics, and 
patients are typically excluded from clinical trials. As a result 
there are no pediatric trials to guide initial therapy in gray 
zone lymphoma. Management decisions in GZL are based 
on data in pediatric mature B-NHL and a small number of 
studies of GZL in adults. Interestingly, gray zone lymphoma 
is much more common in males than females compared to 
the cases with PMBCL and NSHL, which are predominantly 
diseases of females.

The NCI evaluated the DA-EPOCH-R regimen in adoles-
cents and adults with mediastinal gray zone lymphoma 
(MGZL) [45]. This prospective trial included 24 patients 
with a median age of 33  years (range 14–59). Patients 

received 6–8 cycles of DA-EPOCH-R without radiation ther-
apy. At 59 months of median follow-up, the EFS was 62%. 
This was significantly lower than the EFS observed at the 
same center in PMBCL (EFS 93%, p = 0.0005). Similar out-
comes were reported in a large retrospective series from the 
Lymphoma Study Association (LYSA) which included 
patients treated with a variety of initial regimens [46]. In this 
series 99 adult patients with MGZL received treatment 
including HL-like therapy (ABVD and escalated BEACOPP) 
or DLBCL-like therapy (R-CHOP and high-dose R-CHOP). 
The 3-year EFS in the entire cohort was 63%. Patients treated 
with more intensive approaches (escalated BEACOPP and 
high-dose R-CHOP) had superior outcomes compared to 
patients treated with less-intensive regimens (ABVD and 
R-CHOP) (p  =  0.003). Another large retrospective series 
reported outcomes among adult patients with mediastinal 
and non-mediastinal GZL [47]. Common first-line regimens 
included CHOP +/− R (46%), ABVD +/−R (30%), and 
DA-EPOCH-R (10%). The 2-year PFS among the entire 
cohort was 40%. Outcome did not differ between patients 
with MGZL and non-mediastinal GZL. Patients treated with 
ABVD +/− R had a substantially inferior outcome compared 
to those treated with CHOP +/− R or DA-EPOCH-R (2-year 
PFS 22% vs. 52%, p = 0.03). Rituximab was associated with 
improved PFS on multivariate analysis (HR 0.35). MD 
Anderson Cancer Center has also reported disparities in out-
come based on initial treatment regimen [48]. In this smaller 
series of 16 patients with GZL, the 2-year PFS for patients 
treated with ABVD, R-CHOP/R-HCAVD, and 
DA-EPOCH-R were 0%, 25%, and 100%, respectively. 
Cumulatively, these reports suggest that intensive therapy is 
required in GZL and that outcomes with ABVD are unac-
ceptably low.

 Consolidative Radiation and the Role of End- 
of- Therapy PET

 Primary Mediastinal B-Cell Lymphoma

The role for radiation in PMBCL is not well defined. In pedi-
atric trials, patients have not been treated with consolidative 
RT.  In contrast, this has historically been considered the 
standard of care for adults with PMBCL. Recognition of the 
long-term sequelae of radiation, including secondary malig-
nancy and cardiac disease, has driven more recent adult pro-
tocols to eliminate radiation or restrict its use to only those 
patients predicted to have an inferior outcome. One approach 
is to use a dose-intensive upfront regimen (such as 
DA-EPOCH-R or dose-dense R-CHOP followed by ICE) 
without radiation [41, 49, 50]. Another approach is to use a 
less-intensive upfront regimen (such as R-CHOP) and 
administer consolidative RT to a subset of patients based on 
end-of-therapy (EOT) FDG-PET scan.
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End-of-therapy FDG-PET is predictive of outcome in 
PMBCL [41, 42, 51], however must be interpreted with cau-
tion. Inflammation in the mediastinum after therapy is com-
mon in PMCBL and can lead to false positives. The positive 
and negative predictive value of FDG-PET after 
DA-EPOCH-R have been evaluated in a prospective and ret-
rospective series [42, 51]. In both studies EOT FDG-PET 
had a high negative predictive value (98% and 96%, respec-
tively) but a low positive predictive value (20% and 42%, 
respectively). Both studies used a Deauville score of >3 to 
define a positive PET scan.

The question of whether FDG-PET can be used to iden-
tify patients for whom RT can be safely omitted has been 
evaluated in retrospective series. The BCCA reported their 
experience using R-CHOP followed by an EOT FDG-PET. 
RT was only administered to patients with a positive EOT 
PET-scan (not defined by Deauville score). The 5-year time- 
to- progression was 83%, which was not different than a his-
torical control in the “pre-PET” era where all patients 
received R-CHOP followed by RT [52]. Similar outcomes 
were reported using this approach with a R-MACOP-B che-
motherapy backbone [39]. The ongoing IELSG-37 trial will 
be evaluating the omission of RT among patients with a neg-
ative EOT-PET  [53]. In this study patients with PMCBL 
treated with a rituximab- and anthracycline-containing regi-
men will be evaluated by FDG-PET at the completion of 
therapy. Patients with a negative scan (defined by Deauville 
1–3) will be randomized to consolidative RT vs. no further 
therapy.

 Gray Zone Lymphoma

Studies evaluating radiation in GZL are extremely limited, 
and most treatment decisions mirror that of PMBCL. In the 
prospective trial of DA-EPOCH-R in GZL, patients did not 
receive consolidative radiation [45]. In a large adult retro-
spective series of GZL, radiation was administered to 33% of 
patients, most of whom had early-stage and/or bulky disease 
[47]. In this series, response rates did not differ by the admin-
istration of RT; however, given the retrospective nature of 
this study, interpretations are limited. Given the limited data 
in GZL, an appropriate approach to RT is to use a PMCBL- 
like protocol.

 Management of Relapsed and Refractory 
Disease

The majority of relapses and progressions in PMBCL and 
GZL occur early, with most events occurring within 1 year of 
diagnosis [23, 26, 42]. Disease can be localized to the medi-
astinum or can spread to distant sites including extranodal 

sites and the central nervous system. In pediatrics, given the 
rarity of the disease, there are no retrospective or prospective 
trials on relapsed disease to guide management.

In adults with relapsed/refractory PMBCL or GZL that is 
confined to the mediastinum, radiation therapy alone can be 
curative [41, 42, 45]. Patients with disseminated disease are 
typically treated with high-dose chemotherapy followed by 
autologous or allogeneic stem cell transplantation. A retro-
spective series of 44 adults with relapsed/refractory PMBCL 
who underwent auto-SCT reported a 4-year PFS of 61% 
[54]. Similar outcomes have been reported in smaller series 
[55–57]. A multicenter retrospective series of adults with 
GZL who underwent auto-SCT has also been reported [58]. 
Among 33 patients, the 3-year PFS and OS were 69% and 
78%, respectively. Outcomes for patients with PMCBL or 
GZL that does not respond to second-line chemotherapy 
therapy are poor. In these cases, novel agents should be 
considered.

 Novel Therapies

With the recent advances in our understanding of the biology 
of PMBCL and GZL, several novel therapeutic targets have 
been identified and studied in clinical trials (Fig.  14.2). 
Considering the close clinical and biologic overlap between 
PMBCL, GZL, and cHL, agents with activity in one lym-
phoma subtype may be of benefit in others; however, this is 
not always the case, and prospective trials including these 
rare subtypes are needed.

The anti-CD30 antibody-drug conjugate brentuximab 
vedotin, which is known to have activity in cHL, was recently 
studied in a phase II trial in adults with relapsed/refractory 
PMBCL. Despite the encouraging results in cHL, responses 
in PMCBL were only observed in only 2 of 15 patients 
(13%), and the trial was terminated [59]. In contrast, patients 
with GZL were included in a separate phase II trial of bren-
tuximab in B-cell NHL [60]. Among six patients with GZL, 
responses were observed in three, one CR and two PRs. 
Similar activity was observed in a case series of patients with 
GZL treated with brentuximab where responses were 
observed in three of four patients [61].

The majority of PMBCL and GZL cases harbor molecular 
alterations in 9p24 which include the programmed death 
ligands 1 and 2 (PD-L1 and PD-L2) and Janus kinase 2 
(JAK2), both of which can be therapeutically targeted [11, 
20, 62]. Amplification of PD-L1 and PD-L2 likely contrib-
utes to tumor immune evasion which could potentially be 
reversed with monoclonal antibodies targeting the PD-1 
checkpoint pathway. The PD-1 inhibitor pembrolizumab has 
been studied in adults with relapsed/refractory PMCBL in 
the phase I and phase II settings. In the phase I trial, responses 
were observed in 7 of 17 patients (41%) including 2 patients 
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who remained in remission beyond the 2-year maximum 
treatment duration [63]. An interim analysis of the ongoing 
phase II trial reported a similar response rate (41%) among 
49 patients including 4 CRs and 8 PRs [64]. Case reports of 
GZL also suggest activity for PD-1 blockade [65], and addi-
tional checkpoint inhibitors are being developed in B-cell 
lymphomas [66, 67]. Inhibitors of JAK2, such as ruxolitinib, 
and others may also have activity in PMBCL and GZL; how-
ever too few patients have been treated at this time to draw 
definitive conclusions [68, 69].

T-cells engineered to express chimeric antigen receptors 
(CARs) directed at CD-19 have demonstrated activity in 
adults with refractory B-cell lymphoma including 
PMBCL. In a phase II trial of the CD-19 CAR axicabtagene 
ciloleucel, an objective response rate of 84% and a complete 
response rate of 54% were observed among 111 patients 
with B-NHL [70]. Twenty-four patients in this trial had 

PMBCL or transformed follicular lymphoma, among which 
the ORR was 83%. Other CAR-CD19 platforms have also 
been evaluated in trials that include PMCBL with similar 
encouraging results [71, 72]. Two CD-19 CAR-T therapies 
(axicabtagene ciloleucel and tisagenlecleucel) are now FDA 
approved in adults with high-grade B-cell lymphoma after 
two or more lines of systemic therapy.

 Summary

PMBCL (and MGZL) represent distinct clinicopathologic 
entities. Emerging data suggest that they should have a dis-
tinct management approach, different to that of other sub-
types of DLBCL. These diseases have a high cure rate, but 
considering the young population they afflict, it is critical to 
develop strategies that are highly effective but remove the 
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need for mediastinal radiation which causes significant long- 
term toxicities. Our understanding of the critical molecular 
pathways in these lymphomas has advanced significantly 
over recent times, and, in particular, realizing the role of PD1 
ligands and JAK-STAT pathways has paved the way for the 
novel approaches in PMBCL and MGZL.
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Epstein-Barr Virus-Associated  
Post- Transplantation 
Lymphoproliferative Disease

Ashley V. Geerlinks, Thomas G. Gross, 
and Angela S. Punnett

 Introduction

Post-transplantation lymphoproliferative disorders (PTLD) 
encompass a diverse spectrum of pathologic and clinical 
entities that may develop in the setting of decreased T-cell 
function and altered immune surveillance following haema-
topoietic stem cell transplantation (HSCT) and solid organ 
transplantation (SOT). PTLD is most commonly of B-cell 
origin and EBV-associated, particularly among those patients 
post HSCT or early after SOT. Late-onset disease in the solid 
organ transplant population is increasingly described and is 
more likely to be EBV-negative and of monomorphic pathol-
ogy. In spite of growing consensus on diagnosis and manage-
ment, PTLD continues to be a major cause of morbidity and 
mortality following transplantation. This chapter will review 
the pathobiology, epidemiology, presentation and therapy for 
EBV-associated B-cell PTLD.

 Pathobiology

EBV infection is identified in many cases of PTLD and 
appears to play an important role in the etiology of these 
disorders [35, 153]. Post-transplant immunosuppression in a 
patient who carries EBV reduces the activity of the patient’s 
EBV-specific cytotoxic T-cell surveillance, which increases 
the chances of uncontrolled proliferation of EBV-infected B 
cells and subsequent progression to PTLD [35]. Patients who 
experience primary EBV infection, either via allograft or 
natural route of transmission via oral secretions from a EBV- 

infected individual, appear to be particularly susceptible to 
developing EBV-positive PTLD [168], presumably due to 
inability to develop an adequate anti-EBV immune response 
soon enough to control B-cell proliferation.

However, EBV is not found in all PTLD, and there is 
some evidence that the incidence of EBV-negative PTLD 
may be increasing [100]. EBV-negative PTLD is rare follow-
ing haematopoietic stem cell transplantation (HSCT), is 
more common in adults and in late-onset PTLD (>2 years 
post-transplant) [35]. The pathobiology of EBV-negative 
PTLD is less clear. Transplantation increases the risk of can-
cer of all types [66]. The chronicity and/or intensity of 
immunosuppression certainly may decrease the anti-tumour 
immune surveillance, but some immunosuppressants, e.g. 
anti-metabolites such as azathioprine or mycophenolate 
mofetil, may cause DNA damage. In support of this hypoth-
esis, EBV-negative PTLD appears to have more genomic 
alterations, including alterations in known genes in lym-
phoma genesis, i.e. c-MYC, TP53, BCL6 and RAS [47, 109].

Classification of PTLD is difficult as it refers to a het-
erogeneous group of lymphoproliferative diseases that can 
range from uncomplicated, self-limiting disease to wide-
spread nodal and often extranodal disease. The most widely 
used classification system is the WHO classification, which 
is based on histology; the latest revision was in 2016 [153]. 
This classification includes an expansion of “early lesions” 
defined as lesions that despite cellular proliferation, retain 
their normal histologic architecture. Such lesions now 
include: plasmacytic hyperplasia PTLD, infectious mono-
nucleosis PTLD and florid follicular hyperplasia 
PTLD.  These are rarely monoclonal and often EBV-
positive, though plasmacytic hyperplasia can be EBV-
negative. Next is polymorphic PTLD, defined by disruption 
of normal architecture but containing a heterogenous 
admixture of cells. Polymorphic PTLD is often monoclonal 
and EBV- positive. Monomorphic PTLD is defined as PTLD 
that is histologically identical to Non-Hodgkin lymphoma 
(NHL), i.e. diffuse large B-cell lymphoma (DLBCL), 
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Burkitt lymphoma (BL), plasma cell PTLD (myeloma-like 
or plasmacytoma- like), peripheral T-cell lymphoma or hep-
atosplenic T-cell lymphoma. Monomorphic PTLD is almost 
always monoclonal. B-cell and T-cell PTLD are often EBV-
positive, but plasma cell PTLD is rarely EBV-positive. And 
finally, there is classical Hodgkin lymphoma (cHL)-like 
PTLD. This has the same immunophenotype as cHL, i.e. 
CD45(−), CD15(+). Some polymorphic PTLD can have 
Reed-Sternberg-like cells, but the immunophenotype is 
CD45(+) and CD15(−) and should be verified before mak-
ing the diagnosis of cHL- like PTLD.  This classification 
appears to have no clinical role for PTLD following HSCT, 
and it is unclear how clinically relevant this histologic clas-
sification is for prognosis or treatment decisions for PTLD 
following SOT. A biopsy from a single lesion can have a 
mix of histologies, and there can be a discordance in histol-
ogy between different lesions in the same patient [63]. In 
general, early lesions tend to respond to less aggressive 
therapy, i.e. reduction of immunosuppression. Polymorphic 
lesions also tend to respond more often to less aggressive 
therapies [71]. Unfortunately, histology has been difficult 
to correlate with outcome [63].

 Epidemiology

With the increasing number of solid organ transplants per-
formed and improved long-term survival, PTLD has become 
the most common cancer following SOT during childhood 
and adolescence [48, 145]. It is a significant contributor to 
the burden of NHL (specifically DLBCL and BL) in this age 
group with a risk 100 to 200 times that of the general popula-
tion [178]. A bimodal distribution of presentation is described 
with early disease diagnosed within the first 1–2  years of 
transplantation and predominantly EBV-associated with 
B-cell histology. A later peak of presentation occurs at 
3–5  years from transplant with ongoing risk noted out to 
10 years from transplant [43, 116, 140, 170]. This later dis-
ease is not necessarily associated with EBV and is more 
likely to include BL, cHL and T-cell lymphoma. With clini-
cal experience in monitoring and titrating immunosuppres-
sive medications, and pre-emptive management with new or 
rising blood EBV titres, the incidence of early disease may 
be decreasing [24, 111] while, as already noted, that of later 
disease may be increasing [100]. PTLD following HSCT is 
the most common de novo malignancy occurring early after 
HSCT, typically within 3–4 months, and is relatively uncom-
mon thereafter. Rates of disease are also noted to be decreas-
ing in the most recent treatment eras [94].

The assessment of risk factors for PTLD is compli-
cated by the complex nature of the disease and the vari-
ability among studies with respect to disease definitions, 
immunosuppression protocols and the length of follow 

up. Identified risk factors include EBV status at the time 
of transplant, host factors including age, and the degree of 
immunosuppression as determined primarily by the organ 
transplanted or donor source for hematopoietic stem cell 
transplant and cumulative exposure to immunosuppres-
sive medications.

 EBV Status

Among SOT recipients, the highest risk for PTLD results 
from transplant of an EBV-positive donor to an EBV-naïve 
recipient [24, 33, 78, 135, 136]. The similar serological EBV 
mismatch is an established risk factor for PTLD following 
HSCT [161]. Newly detected and/or rapidly rising EBV load 
is used by most SOT and HSCT centres as an indication to 
reduce immunosuppression (RI) and/or begin rituximab, 
respectively (see below). The association between degree 
and duration of EBV load and development of PTLD after 
SOT is less clear with chronic high load EBV carriers post 
liver and kidney transplant not necessarily at increased risk 
of disease and, conversely, EBV-PTLD reported in the con-
text of low EBV load [59, 78]. Chronic high load EBV carri-
ers may be at increased risk following heart transplant [13], 
however, illustrating the interplay of allograft, degree of 
immunosuppression and perhaps other risk factors for the 
development of disease.

The role of co-infection in PTLD risk with other viruses, 
including CMV and other herpes viruses, is controversial 
[124, 136, 176] though may be more significant after HSCT 
[176].

 Host Factors

Age at transplant is a significant risk factor for PTLD post 
SOT with younger children at increased risk in most studies 
[24, 172], likely reflecting the proportion of patients who are 
EBV naïve. A history of an autoimmune condition may be 
associated with increased risk of PTLD reflecting the role of 
chronic immunologic stimulation in the disease process and/
or degree of immunosuppression [144, 179]. Prior malig-
nancy has also been associated with increased risk among 
SOT recipients [113].

Cytokine gene polymorphisms affecting synthesis of 
IFN gamma, IL-10, TNF alpha and TGF beta have been 
identified to correlate with EBV-PTLD risk in small stud-
ies and may represent disturbances in the innate immune 
system response with alterations in the Th1/Th2 balance 
[6, 97, 104]. HLA gene polymorphisms in both recipient 
and donor may  similarly be associated with the risk of 
PTLD risk but require further study in larger cohorts [78, 
87, 126].
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 Immunosuppression

The incidence of PTLD differs by organ transplanted and 
by stem cell source reflecting both the intensity of immuno-
suppression required to prevent rejection and graft versus 
host disease (GvHD) respectively, and the potential number 
of EBV-carrying donor B cells in associated lymphoid tissue 
within the allograft.

 Solid Organ Transplantation

The reported incidences of PTLD post SOT in children by 
transplanted organ include: 2–3% for kidney [48, 78], 2–10% 
for liver [110, 111], up to 6–7% for heart [24, 72, 170], up to 
15% for lung [110] and 10–15% for intestinal transplant 
[112, 125].

The increased incidence of PTLD among recipients of 
SOT with history of rejection [111] and among HSCT recipi-
ents with GvHD [94] supports the concern for intensity and 
cumulative exposure of immunosuppression for risk of 
PTLD [51]. It is difficult to appreciate the absolute risks 
associated with specific immunosuppressive agents. A 
‘learning curve’ with new agents has been described such 
that the incidence of PTLD may be higher when such agents 
are first introduced to clinical care [111, 124]. Registry data 
is limited in detail and a universally accepted measure of 
intensity of immunosuppression does not exist, although an 
analysis of type, dosage and trough levels has been proposed 
[78]. Historically, the use of monoclonal anti-T-cell antibod-
ies (OKT3 and antithymocyte globulin (ATG)) have been 
associated with the highest risk of PTLD [88, 115]. However, 
recent registry data describe no increased risk or lower risk 
of PTLD following induction immunosuppression [51, 72], 
and a systematic review did not find an association between 
ATG dose and risk of PTLD, with the lowest risk reported for 
those receiving antiviral prophylaxis [103]. The highest risk 
was reported with the use of OKT3, likely due to its long-
lasting depletional effects on T lymphocytes. IL-2 receptor 
inhibitor antibodies (daclizumab, basiliximab) do not appear 
to significantly increase PTLD risk [56]. Alemtuzumab, tar-
geting both T and B cells, has not been associated with an 
increased risk [88]. Belatacept selectively blocks T-cell co-
stimulation and has been associated with a greater risk of 
PTLD in the central nervous system (CNS) among EBV-
seronegative kidney transplant recipients [61].

The use of calcineurin inhibitors (CNI) seems to confer 
the next highest risk for PTLD. Although early studies sug-
gested the use of tacrolimus increases the risk of PTLD com-
pared with cyclosporine, this risk may be mitigated with 
close monitoring of serum levels with dose adjustment and 
the use of additional CNI-sparing immunosuppressive agents 
[32, 78, 171]. Higher trough tacrolimus levels have been 

reported in the 2 months preceding PTLD diagnosis among 
paediatric liver transplant recipients compared with those 
with asymptomatic EBV infection or other viral infections 
[50]. The MTOR inhibitor sirolimus has been unexpectedly 
associated with increased risk of PTLD in kidney transplant 
recipients, particularly among those recipients who are EBV- 
naïve [88, 113]. The use of antimetabolites, including myco-
phenolate mofetil, in maintenance immunosuppression does 
not appear to be associated with increased risk of PTLD and 
indeed may decrease risk by decreasing CNI exposure [32, 
51].

 Haematopoietic Stem Cell Transplantation

The frequency of PTLD after HSCT has been reported at 
3.2% in a retrospective review of adult and paediatric data 
from the European Bone Marrow Transplant (EBMT) regis-
try [149] and in keeping with rates of 2–4% reported in sin-
gle institution series [82, 161]. Donor source and T-cell 
depletion strategies have been identified as the most impor-
tant risk factors for development of PTLD following HSCT 
in a large Centre for International Blood and Marrow 
Transplant Research (CIBMTR) database study [94]. The 
incidence of PTLD ranged from 1% in matched related 
donor recipients to 11% in mismatched unrelated donor 
recipients in the EBMT study [149]. Although a similar 
increase in incidence with increasing mismatch was found in 
the CIMBTR study, there was a strong interaction with T-cell 
depletion and ATG use [94]. Selective T-cell depletion con-
ferred the highest risk for PTLD followed by ATG use for 
prophylaxis or treatment of GvHD. One solution proposed to 
mitigate this risk is the use of a TCR alpha beta-/CD19- 
depleted graft and the use of rituximab in conditioning [92].

The presence of acute or chronic GvHD is associated with 
a moderate risk for development of PTLD [94]. Initial reports 
of the use of T-cell replete grafts with post-transplant cyclo-
phosphamide for GvHD prophylaxis are very favourable 
with no reported cases of PTLD in the early transplant 
period. Investigators hypothesize that this approach destroys 
both donor and recipient EBV-infected B cells, preserves 
viral immunity with relative sparing of specific memory T 
cells and allows for rapid immune recovery [83, 155].

 Clinical Presentation

The clinical presentation of PTLD is highly variable, 
depending on the underlying pathology, the type of trans-
plant and the time since transplant. It is important to main-
tain a high index of suspicion because the onset of PTLD 
can be insidious and nonspecific. Frequently, patients pres-
ent with relatively benign findings (episodic and unex-
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plained fever, weight loss, fatigue) before developing more 
significant symptomatology. Fulminant PTLD is relatively 
rare, presenting as a rapidly progressive disease resulting 
in multiorgan failure and is more commonly seen follow-
ing HSCT [64]. Other EBV-associated diseases must be 
differentiated from PTLD, although the initial manage-
ment is similar. Early-onset disease is more likely to be 
extranodal and involve the allograft [140]. The major dif-
ferential diagnostic considerations for early-onset PTLD 
include allograft rejection and infection [89]. Late-onset 
disease is more likely to involve nodal sites or present with 
dissemination [140].

Outside the allograft, common areas affected by PTLD 
include lymphoid tissues, GI tract, lung and liver [3]. Disease 
classified pathologically as early lesions often presents with 
adenotonsillar involvement [1] with associated obstructive 
symptoms (new-onset snoring or mouth breathing). 
Involvement of the GI tract may present with vomiting, diar-
rhoea, bleeding, intussusception or obstruction. Perforation 
may occur at presentation or immediately following initia-
tion of therapy in the presence of transmural lesion necrosis. 
Chronic ulceration in intestinal transplant recipients should 
prompt a biopsy to rule out PTLD with samples from the 
ulcer edge and the intervening mucosa [142]. New-onset 
anaemia or hypoalbuminaemia may indicate GI involve-
ment. Lung disease may result in respiratory insufficiency or 
asymptomatic nodules. Although bronchoalveolar lavage 
fluid analysis for EBV was initially proposed to be predictive 
for PTLD of the lung, this has not been replicated in a larger 
study [119]. Liver disease may present as diffuse hepatitis or 
nodular lesions. PTLD of the central nervous system (CNS), 
isolated or as part of multiorgan disease, has been described 
and is often a late presentation with monomorphic and EBV- 
positive pathology. CNS PTLD appears to be more frequent 
in renal transplant recipients [45]. Patients may present with 
headache, seizures or focal neurologic findings. Examination 
of the CSF may be helpful to differentiate CNS PTLD from 
encephalitis [54, 175].

The use of EBV viral load monitoring has provided a 
powerful tool for surveillance and pre-emptive management 
of patients at risk for PTLD. Such monitoring shows high 
sensitivity but is limited by poor specificity for determining 
PTLD risk. In addition, the optimal sample type, reporting 
units, trigger points and monitoring algorithms have yet to be 
defined, though there is a newly developed reference stan-
dard for inter-laboratory calibration for EBV NAT assays 
and some clinical recommendations exist [49, 119, 134, 146, 
147]. Complementary biomarkers have been proposed to 
refine risk prediction and diagnosis but remain under study. 
The most promising to date include plasma levels of IL-6 
and IL-10 [77], sCXCL13[139], markers of B-cell activation 
including sCD30 and immunoglobulin-free light chains [44, 
67] and potentially functional NK cell changes including 

PD1 expression [173]. Given the heterogeneity of the dis-
ease, a single predictive model may not be realistic [40].

Algorithms for diagnostic and staging evaluations have 
been published and mirror the evaluation for suspected NHL 
(see for example the NCCN Guidelines 2019  available at 
https://www.nccn.org/professionals/physician_gls/default.
aspx). Initial assessment includes a full physical examina-
tion, screening blood tests, including a complete blood count 
with differential, chemistry panel to assess for tumour lysis 
syndrome, allograft function screening, and EBV viral-load 
studies. Bone marrow evaluation and diagnostic lumbar 
puncture may be deferred in the absence of monomorphic 
disease if clinical, laboratory and imaging studies do not 
support their involvement. Ultrasound seems to be effective 
for initial imaging in patients with suspected abdominal or 
soft-tissue PTLD [128]. PET-CT is increasingly used to fol-
low up equivocal findings, to guide biopsy site selection, for 
staging and for response assessment [8, 163].

 PTLD Therapy

Treatment strategies for PTLD must be tailored to individual 
patient contexts and take into consideration multiple factors 
including disease presentation and pathology, patient comor-
bidities and performance, risk of rejection, organ graft func-
tion and immunosuppressive regimen. Clinical 
decision-making requires input from the interdisciplinary 
team including an oncologist, a transplant specialist, and an 
infectious disease specialist. While there is no universally 
accepted standard treatment for PTLD, both a risk-adapted 
and response-adapted approach are increasingly being used.

Existing studies examining prognostic factors are based 
on small numbers and heterogeneous patient populations 
with sometimes conflicting results. Most of these studies 
point to EBV-negative, monomorphic, fulminant disease, 
late-onset and CNS disease as poor prognostic factors [20, 
34, 37, 39, 62, 71, 101, 159, 170]. Interestingly, Gross et al. 
in their prospective multicentre Phase II paediatric therapeu-
tic study did not identify any difference in outcome for pae-
diatric patients with polymorphic versus monomorphic 
disease [63]. Poor performance status, increased number of 
involved sites and CD20-negative PTLD have also been sug-
gested to be poor prognostic markers [96, 107].

 Reduction of Immunosuppression (RI)

The initial approach to managing patients with PTLD after 
SOT is RI when graft function allows, with the goal to restore 
EBV-reactive cytotoxic T lymphocytes (CTL) function. 
There is no standard definition of RI, including how much 
and which agents to reduce or discontinue and decisions are 
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based on the type of allograft, time from transplant and pre-
vious history of rejection. Generally, the recommendation is 
first to reduce immunosuppression by 25–50% with the 
expectation of clinical response within 2–4  weeks [129]. 
Recent prospective clinical studies evaluating second-line 
therapies define failed RI as greater than or equal to 50 per 
cent reduction for greater than 1  week [63, 157]. RI is 
described as most effective for early lesions, for polymor-
phic disease, and for those patients diagnosed early follow-
ing transplantation; however success with monomorphic 
PTLD has been described [71, 170].

Reported response rates for RI vary greatly, ranging from 
20% to 89% [5, 71, 127, 170]. However, any amount of RI 
appears to be beneficial as Aull et al. described in adult car-
diac transplant patients prescribed RI as a component of 
treatment had significantly higher survival compared with 
those not prescribed RI as a part of therapy [5]. For HSCT 
recipients, RI may not allow for timely recovery of the new 
immune system to manage PTLD, and current recommenda-
tions include the use of rituximab as first-line therapy with 
RI if possible [132, 150]. Styczynski et al. found that HSCT 
patients that had RI as part of their therapy for PTLD experi-
enced significantly less PTLD-related mortality compared to 
those who received rituximab alone [149].

Mammalian target of rapamycin (mTOR) inhibitors siro-
limus (rapamycin) and everolimus have been proposed to 
have a role in both prevention and treatment PTLD. Use of 
these agents allows for CNI use for primary immunosuppres-
sion and they are known to have both antiproliferative and 
antineoplastic activity [73]. Given the increased risk 
described among EBV-naïve kidney transplant recipients 
receiving sirolimus as part of their immunosuppression regi-
men, more studies are needed to understand the role of 
mTOR inhibitors for patients with PTLD.

The decision around reduction versus complete with-
drawal of immunosuppression for those patients also receiv-
ing chemotherapy is allograft and patient specific. The 
lymphodepleting effects of most chemotherapy regimens 
should protect the allograft, but rejection during chemother-
apy treatment does occur. Although kidney transplant recipi-
ents have been reported to tolerate complete withdrawal 
while receiving chemotherapy [154], Serre et  al. identified 
better allograft outcomes when maintaining CNI at a reduced 
level [143]. Thus maintaining some immunosuppression 
during therapy may be best for managing PTLD and the risk 
of allograft rejection.

 Surgery and Radiation

Complete resection of a solitary lesion may be curative, but 
is usually combined with RI [4]. Paediatric patients with 
localized adenotonsillar disease treated with RI and surgery 

were shown to have promising responses without the need 
for additional therapy [91]. Radiation is rarely used but may 
be considered when rapid local responses are required (e.g. 
airway compression) and in CNS PTLD [45, 129].

 Antivirals

The role of antivirals, including acyclovir and ganciclovir, in 
the treatment of PTLD is controversial. Antivirals inhibit 
lytic EBV DNA replication by targeting viral tyrosine kinase, 
however PTLD and other EBV-driven lymphomas develop 
in the latent stage of EBV infection when thymidine kinase 
is no longer expressed. One small study investigating the use 
of arginine butyrate to induce EBV thymidine kinase activity 
in latently infected B cells did demonstrate complete remis-
sion in 4 out of 15 patients and partial response in an addi-
tional 6 patients [120]. However, arginine butyrate is no 
longer available for use in clinical settings.

 Rituximab

Monoclonal B-cell antibody therapy alone is the standard of 
care for PTLD after HSCT and is used as a single agent or 
part of combined therapy for PTLD after SOT. Monoclonal 
B-cell antibodies were first demonstrated to be useful in 
PTLD following HSCT and SOT, using anti-CD21 and anti-
 CD24 antibodies in 1998 [12]. Benkerrou et al. showed 61% 
of patients achieved complete response with limited toxicity 
in this paediatric and adult multicentre study. After this study 
anti-CD21 and anti-CD24 antibodies were not developed 
commercially and studies instead started using rituximab, a 
chimeric anti-CD20 IgG monoclonal antibody consisting of 
human constant regions linked to murine variable domains. 
The first case report of single-agent rituximab achieving 
complete remission (CR) in a paediatric patient with tonsil-
lar PTLD post HSCT was described in 1998 [46].

There are a growing number of adult and paediatric 
studies using rituximab as a single agent or part of multi-
modal treatment (Table  15.1) since rituximab has been 
demonstrated to be efficacious and well tolerated after 
HSCT and SOT [152]. As a single agent rituximab has 
been associated with  CR rates of 44–71% in paediatric 
SOT recipients and is less toxic than systemic chemother-
apy [106, 169]. Rituximab combined with chemotherapy 
has been examined in an attempt to improve initial 
response rates. Gross et al. conducted the first paediatric 
multicentre, prospective, single- arm study, COG 
ANHL0221, combining low-dose chemotherapy with 
rituximab for patients with PTLD post SOT and reported 
a 2-year event-free survival (EFS) of 71% and overall sur-
vival (OS) of 83% [63]. This study demonstrated that 
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rituximab was well tolerated when combined with low-
dose chemotherapy [63]. Gupta et  al., in a single- centre 
retrospective chart review study, demonstrated significant 
improvement with this rituximab and low-dose chemo-
therapy regimen including higher complete response rate 
and lower risk of recurrence and mortality when com-
pared to historical treatment regimens [65].

Newer studies are demonstrating that disease response 
after rituximab may be used to risk stratify patients to more 
aggressive or less aggressive treatments. Trappe et al. studied 
152 adult SOT recipients that failed RI and were started on 
rituximab induction [157]. These patients were then strati-
fied to receive single-agent rituximab consolidation if CR 
was achieved or rituximab with conventional chemotherapy 
if there was less than CR [157]. The proportion without pro-
gression and OS at 3 years were 75% and 70%, respectively, 

and 25% of patients were treated with rituximab alone with a 
3-year proportion without progression of 89% [157]. A simi-
lar paediatric study using disease response after rituximab to 
risk stratify patients is still being conducted in Europe (Ped- 
PTLD Pilot 2005) with the use of moderate-dose chemother-
apy for those patients without a CR [102]. Preliminary results 
for the first 49 patients show 64% were treated with single 
agent rituximab and the 2-year EFS was 67% and OS was 
86% [102].

Monoclonal antibody use in paediatric HSCT recipients 
dates back to 1988 in which a case report describes two pae-
diatric HSCT recipients successfully treated for PTLD with 
anti-CD21 and anti-CD24 antibodies [14]. In HSCT recipi-
ents, rituximab is a recommended first-line therapy for 
biopsy-proven PTLD [150]. A recent analysis by the 
European Group for Blood and Bone Marrow Transplantation 

Table 15.1 Chemotherapy and Rituximab Studies in PTLD

Author Age
Study 
size Therapy

Transplant 
type Pathology

EBV 
status Outcome

Webber 
et al. [169]

Ped 40 Rituximab 375 mg/m2 IV × 4 doses SOT (40) Polymorphic (27)
Monomorphic (10)
Hodgkin like (2)
Nonspecific (1)

Positive 
(38)
Negative 
(2)

CR 71%
1.5-yr OS 
76%

Gross et al. 
[62]

Ped 36 Cyclophosphamide 600 mg/m2 IV day 
1 × 6 cycles
Prednisone 2 mg/kg PO day 1–5 × 6 cycles

SOT (36) Not reported Positive 
(36)

CR 75%
2-yr EFS 67%
2-yr OS 73%

Messahel 
et al. [106]

Ped 18 Rituximab 375 mg/m2 IV × 1–4 doses HSCT 
(8)
SOT (10)

Polymorphic (13)
Monomorphic (9)

Positive 
(18)

CR 44%
2-yr OS 61%

Gross et al. 
[63]

Ped 55 Cyclophosphamide 600 mg/m2 IV day 
1 × 6 cycles
Prednisone 2 mg/kg PO day 1–5 × 6 cycles
Rituximab 375 mg/m2 day 1, 8, 15 each cycle, 
total of 6 doses

SOT (55) Polymorphic (8)
Monomorphic (29)
Poly- and 
monomorphic (3)

Positive 
(55)

CR 69%
2-yr EFS 71%
2-yr OS 83%

Trappe et al. 
[158]

Adult 70 Rituximab 375 mg/m2 IV weekly × 4 doses 
then
4 week break with no treatment then
CHOP 21 × 4 cycles (cyclophosphamide 
750 mg/m2 IV day 1, doxorubicin 50 mg/m2 
IV day 1, vincristine 1.4 mg/m2 IV day 1, and 
prednisone 50 mg/m2 PO days 1–5)

SOT (70) Polymorphic (3)
Monomorphic (67)

Positive 
(29)
Negative 
(37)

CR 57%
3-yr PFS 54%
3-yr OS 61%

Maecker- 
Kolhoff 
et al. [102]

Ped 49 Rituximab 375 mg/m2 IV weekly × 3 doses
If CR or PR (32): Rituximab 375 mg/
m2 IV × 3 doses
If SD or PD (17): vincristinea day 1, 
prednisonea day 1, cyclophosphamidea day 1, 
methotrexatea day 15 × 6 cycles

SOT (49) Polymorphic (12)
Monomorphic (37)

Positive 
(44)

CR 73%
2-yr EFS 67%
2-yr OS 86%

Trappe et al. 
[157]

Adult 152 Rituximab 375 mg/m2 IV weekly × 4 doses
If CR(37): Rituximab 375 mg/m2 IV q21 days 
× 4 doses
If PR, SD or PD (111): R-CHOP 21 × 4 cycles 
(rituximab 375 mg/m2 IV day 1, 
cyclophosphamide 750 mg/m2 IV day 1, 
doxorubicin 50 mg/m2 IV day 1, vincristine 
1.4 mg/m2IV day 1, and prednisone 50 mg/m2 
PO days 1–5)

SOT 
(152)

Early (2)
Polymorphic (20)
Monomorphic 
(129)

Positive 
(67)
Negative 
(77)

CR 70%
3-yr PFS 75%
3-yr OS 70%

Ped paediatric study, Adult adult study, SOT solid organ transplant, HSCT hematopoietic stem cell transplant, CR complete remission, PR partial response, 
SD stable disease, PD progressive disease, EFS event-free survival, PFS progression-free survival, OS overall survival, IV intravenous, PO orally
adoses not available
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of 144 cases of PTLD, adult and paediatric, showed an over-
all survival of 69.4% after rituximab-based treatment [149].

Loss of CD20 expression on tumour cells (CD20- tumour 
cells) has been described with rituximab use [28, 177]. 
Clinicians needs to be aware of this potential especially in 
patients who have progression or refractory disease with 
rituximab-based treatment.

 Chemotherapy

Historically, conventional lymphoma treatment protocols 
were used for upfront therapy of PTLD. Adult patients expe-
rienced significant toxicities with these regimens including 
infections and multiorgan failure causing significant 
treatment- related mortality [27, 37, 42]. Although paediatric 
patients tolerate conventional lymphoma regimens better 
compared to adults, myelotoxicity and organ toxicity are still 
major concerns [71]. Current treatment approaches include 
initial low-dose chemotherapy, salvage chemotherapy after 
failed treatment with rituximab or initial conventional lym-
phoma regimens for aggressive PTLD subtypes (such as 
Burkitt lymphoma). See Table  15.1 for a summary of 
studies.

Low-dose chemotherapy regimens have been developed 
and studied in paediatric SOT recipients based on the hypoth-
esis that these regimens would be effective by simultane-
ously controlling the lymphoproliferative process, preventing 
allograft rejection, and minimizing treatment-related mortal-
ity. Gross et  al. demonstrated that paediatric patients with 
EBV-positive PTLD who failed to respond to RI can be 
treated with low-dose chemotherapy with CR rate of 75% 
and relapse reported in only 19% [62]. Treatment included 
cyclophosphamide and prednisone every 3  weeks for six 
cycles. COG ANHL 0221, which combined low-dose che-
motherapy and rituximab, achieved a similar CR rate of 69% 
and only 6% relapsed [63]. These low-dose regimens are 
well tolerated and easy to administer. Interestingly, Gross’ 
COG study identified some patients at the end of treatment 
who did not achieve a CR but were eventually in CR 28 weeks 
later without further therapy suggesting some patients may 
respond at a slower rate [63]. There are no studies directly 
comparing low-dose chemotherapy versus rituximab.

It is controversial if patients that progress or relapse post 
rituximab may have benefited from more aggressive chemo-
therapy regimens upfront. Trappe et  al. initially reported 
favourable OR rates after chemotherapy in adults and con-
cluded PTLD generally remains chemotherapy-sensitive 
after progression following first-line rituximab [156]. More 
recent studies have reported on a significant portion of 
patients that cannot be salvaged despite more aggressive che-
motherapy after rituximab [63, 157]. Better risk stratification 
is needed to provide the most appropriate therapy upfront.

Conventional cytotoxic chemotherapy continues to be 
used by many  as the first-line treatment for Burkitt lym-
phoma [36, 122]. COG ANHL 0221 did include patients 
with Burkitt lymphoma with some reported responses; how-
ever, cytogenetics and/or c-myc rearrangement status was 
not known in all of these cases [63]. Ped-PTLD 2005 trial 
data indicates that 6/7 patients with Burkitt histology 
required the moderate chemotherapy regimen; however this 
is preliminary data and long-term results from this study are 
not available [102]. It is not clear what the optimal treatment 
regimen  is for Burkitt lymphoma PTLD in both paediatric 
and adult patients [36].

 Cellular Therapy

Cytotoxic EBV-T cell therapy (EBV-CTL) targets cells 
expressing EBV viral antigens thus correcting the underly-
ing immune defect leading to the development of EBV- 
PTLD.  Cellular therapy has been shown to be associated 
with minimal toxicity and unlike rituximab and chemother-
apy, reconstitutes immunity to EBV instead of causing fur-
ther immune suppression. CTLs can be collected and 
manufactured from 3 sources (donor, autologous and third 
party) and there are a variety of manufacturing processes 
being studied, including activation with lymphoblastoid cell 
lines, rapid EBV-CTLS, multimer-selected EBV-CTLs and 
gamma capture EBV-CTLs, with the hope of decreasing the 
manufacturing time [16]. To date the cost and availability of 
EBV-CTLs have limited its used as first-line treatment, 
although this may be changing as third-party donor pools 
become more available [166, 174].

In HSCT recipients, donor lymphocyte infusions (DLI) 
were initially studied as therapy for PTLD. Patients received 
unmanipulated lymphocytes from their EBV-positive donors 
that presumably contained a small proportion of EBV-CTLs. 
This approach did result in tumour regression, however it 
was also associated with significant inflammation leading to 
death and significant GvHD due to alloreactive T cells [75, 
117]. The other limitation is the time required for the EBV- 
CTL precursors in the infused population to expand in vivo 
to an amount that would be sufficient to control lymphopro-
liferation. Although DLI is still being explored with the addi-
tion of suicide genes, attention has moved to minimizing 
GvHD risk by manufacturing EBV-CTLs in which the CD4+ 
and CD8+ T lymphocytes are expanded against EBV-specific 
antigens. An initial pilot study from 1995 demonstrated safe 
and effective control of EBV-PTLD with EBV-CTLs [130]. 
Since then larger studies (see Table  15.2) have shown CR 
rates between 68% and 85%, persistence of the EBV-CTLs 
in vivo up to 10 years and minimal toxicity including no sig-
nificant GvHD [76, 131]. The drawback of this approach is 
the time required to wait while donor-specific CTLs are 
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 generated, which is not always an option in this patient popu-
lation. Thus “off the shelf” third party EBV-CTLs closely 
matched by human leukocyte antigens (HLA) are being 
manufactured and studied since these could be readily avail-
able for patients. There are a few small, single-centre reports 
describing efficacy in HSCT recipients. Better response rates 
are noted with closer HLA matches, and no immediate or 
delayed toxicity using third-party EBV-CTLs has been 
described [10, 52, 68]. Some experts suggest reserving third 
party banked EBV-CTLs for SOT recipients and HSCT 
recipients with unrelated donors [16]. Regardless of EBV- 
CTL source, clinicians need to be proactive in procuring 
EBV-CTLs to minimize the time to therapy [166].

The implementation of CTL therapy in SOT recipients 
with PTLD is more problematic as the prolonged duration 
of immunosuppressive drugs limit the ability of CTLs to 
generate, expand and persist in vivo. Savoldo et al. demon-
strated that autologous EBV-CTLS in SOT recipients can 
be used to treat PTLD; however expansion was decreased 
to 3- to five- fold compared to 32-fold in HSCT recipients, 
there was a decrease of EBV-CTLs within 2–6 months and 
an inability to generate CTLs in two patients [137]. Despite 
these limitations, Savoldo and Comoli demonstrated infu-
sions of EBV- CTLs in SOT patients are safe and do not 
cause graft rejection [30, 137]. Due to similar concerns of 

the time limitations for generating CTLs and the added 
manufacturing challenges, “off the shelf” third-party EBV 
CTLs have been studied in SOT recipients and again found 
to be safe and efficacious [53, 68, 151]. The most recent 
publication from Chiou et al. demonstrated a median inter-
val from diagnosis to first EBV- CTL infusion of 26 days, 
shortest 14 days, and a significant 2-year OS of 89% in pae-
diatric patients who had persistent or progressive disease 
after RI and/or rituximab [25]. This significantly improved 
response is speculated to be due to high degrees of HLA 
matching between recipient and donor EBV-CTLs [25, 68]. 
Many of the patients described in these publications had 
failed multiple previous lines of therapy prior to using 
EBV-CTLs, thus leading to questions about possible 
improved outcomes if EBV-CTLs were used as upfront 
therapy. A current Children’s Oncology Group pilot study, 
ANHL1522, is studying the feasibility of using third- party 
EBV-CTLs at multiple paediatric centres for patients with 
incomplete response to three cycles of rituximab; there are 
no preliminary results yet available. These EBV-CTLs will 
be latent membrane protein (LMP)-specific T cells which 
are generated using a reproducible and standardized tech-
nology [17]. The study has excluded patients with Burkitt 
morphology, bone marrow (>25%) or CNS involvement, 
and fulminant PTLD.

Table 15.2 Treatment of EBV-related PTLD with EBV cytotoxic T lymphocytes

CTL Type Infusions (n) Study size (n) Age (years) Type of transplant Pathology Outcome Author
Donor 4 1 17 HSCT Monomorphic 8 months no 

recurrence
Rooney et al. [130]

Donor 1–4 13 Not indicated HSCT Not indicated CR 85%
PD 15%
2 yr. OS 62%

Heslop et al. [76]

Donor 1 6 19–46 HSCT Not indicated CR 50%
2 yr. OS 33%

Moosmann et al. 
[108]

Donor 1–3 19 13 (8–44) HSCT Early (1)
Monomorphic (17)
Hodgkin (1)

CR 68% Doubrovina et al. 
[38]

Donor 1–2 8 8–51 HSCT Monomorphic (3)
Unknown (5)

CR 75% Icheva et al. [80]

Autologous 2–5 5 2–14 SOT Early (1)
Monomorphic (4)

CR 100% Comoli et al. [30]

Autologous 1–4 2 1, 3.3 SOT Not indicated CR 50%
PR 50%

Savoldo et al. [137]

Third party 3 2 Not indicated SOT Monomorphic (2) CR 100% Sun et al. [151]
Third party 1–8 33 1–76 HSCT and SOT Early (7)

Polymorphic (9)
Monomorphic (12)
Hodgkin (5)

CR 42%
NR 48%
6mo OS 79%

Haque et al. [68]

Third party 1, 4, 8 3 18, 52, 58 SOT Monomorphic (3) CR 66% Gandhi et al. [53]
Third party 5, 9 2 10, 32 HSCT Monomorphic (2) CR 100%

15mo OS 100%
Barker et al. [10]

Third party 1–3 5 6–44 HSCT Monomorphic (5) CR 40% Gallot et al. [52]
Third party 1–4 10 3 (1–12) SOT Polymorphic (2)

Monomorphic (7)
Hodgkin (1)

CR 80%
2yo OS 89%

Chiou et al. [25]
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There have been no reports describing the use of other 
immunotherapies for PTLD to date. B-cell disease provides 
appropriate targets for bispecific T-cell engagers (e.g. blina-
tumomab) or chimeric antigen receptor (CAR) T cells, but 
there is a theoretical concern about their activity in the 
immunosuppressed host. Checkpoint inhibitors (e.g. 
nivolumab, pembrolizumab) and immunomodulators (e.g. 
lenalidomide) similarly may be considered for therapy but 
with significant concern for rejection and risk of GvHD. New 
immune conjugates with directed cytotoxicity and less off- 
target toxicity may be beneficial (e.g. new CD22 toxins). In 
addition, CD30 is highly expressed in PTLD samples and 
thus may be a potential therapeutic target [165].

 Exceptional Sites

CNS-PTLD following SOT and HSCT is rare, and published 
data include case reports and small retrospective studies. 
Most paediatric prospective studies have excluded patients 
with CNS involvement. PTLD with CNS involvement has 
been described to have a very poor prognosis; however 
patients with isolated CNS PTLD are described to have a 
better prognosis compared to multiple site involvement [20]. 
In addition, at initial diagnosis CNS disease is usually 
already multifocal [21]. Diagnostic biopsy is important for 
planning therapy, however complete or near complete surgi-
cal resection of brain lesions is discouraged in cases of sus-
pected CNS-PTLD [45, 93]. The use of MRI, in particular 
diffusion-weighted imaging, and the EBV-DNA load in the 
CSF may play an important role in diagnosis and function as 
biomarkers for monitoring treatment [15, 55].

Although RI alone has been shown to achieve complete 
remissions in a few patients with CNS-PTLD, the reports 
were complicated by lack of information on the WHO clas-
sification for the lesions [21]. Instead, RI is typically used in 
conjunction with other therapies [45]. Retrospective studies 
have described radiation, systemic chemotherapy, including 
high-dose methotrexate, intravenous rituximab and/or intra-
thecal chemotherapy, and all have been described to achieve 
complete remissions in some patients, but none have been 
associated with a significantly better response or survival 
when compared to the other [20, 21, 45].

Intravenous rituximab alone has been shown to result in 
CR [45, 99] even though the concentration of rituximab 
achieved in the cerebral spinal fluid is only 0.1–0.2% of 
intravenous concentration [69]. Since CNS penetration is 
poor, intrathecal rituximab, ranging between 2 and 14 doses 
of 10-40 mg/dose, has been used and shown to be safe and 
efficacious [18, 22, 31, 164]. These patients received intra-
thecal rituximab in combination with systemic therapy, 
either conventional chemotherapy or rituximab. Six of eleven 
patients have been described to achieve complete remissions 

with only intravenous and intrathecal rituximab [22, 31]. The 
most significant side effects described were grade III neu-
ropathy and seizures that were self-limited [22]. EBV-CTLs 
have also been shown to be efficacious and safe in a few 
patients with CNS-PTLD [10, 38, 80, 151]. Haque et  al. 
demonstrated two of four patients with CNS-PTLD achieved 
a complete response with EBV-CTLs alone [68]. Thus, some 
patients may achieve complete remission without systemic 
chemotherapy and whole-brain radiation even if we do not 
have a reliable means of identifying such patients upfront.

Intraocular PTLD is another very rare complication after 
transplant and as of 2018 only 20 cases have been described. 
Bilateral ocular involvement and systemic disease are com-
mon at diagnosis [81]. Described treatments included RI, 
radiation, chemotherapy and enucleation. EBV CTLs and 
intravenous rituximab have also been described to success-
fully treat patients, and it has been hypothesized that inflam-
mation caused by the PTLD leads to breakdown of the 
blood-aqueous barrier allowing effective ocular penetration 
[81]. Intraocular rituximab injections were also safely used 
in one paediatric patient with PTLD [11].

PTLD must be considered in the differential diagnosis of 
mucocutaneous ulcers in transplant recipients. Interestingly, 
multiple patients have been found to have mucocutaneous 
lesions that are EBV-positive PTLD in the absence of EBV- 
DNA in their blood [70]. Most reports describe starting with 
RI or RI with rituximab which can result in complete remis-
sion and no recurrence in some patients, including patients 
with monomorphic PTLD [70]. There are reports describing 
patients that failed both RI and rituximab, and instead required 
conventional lymphoma treatment to achieve CR [7, 90].

 Preventative Management

 Donor EBV Serologic Status

 When feasible, avoiding EBV-positive donors in EBV-naive 
recipients may prevent PTLD. In HSCT, EBV status is used 
to guide donor selection; however in SOT this is impractical 
given the very small proportion of EBV-negative donors 
(6%) [95, 150].

 Prophylactic Antivirals

The role of antiviral prophylaxis for prevention of EBV- 
related PTLD is controversial. Antiviral agents limit the lytic 
phase of EBV and thus are felt to have some importance in 
the early phase of transformation [121]. A recent systemic 
review and meta-analysis of prophylactic antiviral agents in 
paediatric and adult EBV-naïve SOT recipients found no sig-
nificant difference in the rate of EBV-associated PTLD 
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across types of organ transplants and age groups [2]. For 
HSCT recipients, antiviral agents are not recommended as 
prophylaxis [150].

 Prophylactic Passive and Active Immunization

Increasing levels of anti-Epstein-Barr nuclear antigens 
(EBNA) antibodies, including those introduced through 
transfusion, have correlated with decreasing EBV load, sug-
gesting a potential role for intravenous immunoglobulins 
(IVIG) in controlling EBV-infected cells [60]. The potential 
prophylactic benefit of CMV-IVIG against the development 
of EBV-related PTLD in paediatric liver transplant recipients 
has been evaluated in a randomized multicentre trial, and no 
statistically significant differences were observed [58]. In 
contrast, a significantly larger study including 44,828 kidney 
transplant recipients found that anti-CMV immunoglobulin 
was effective in the prevention of early-onset PTLD in kid-
ney transplant patients, but not in the prevention of late-onset 
PTLD [114]. For HSCT recipients, immunoglobulin is not 
recommended for prevention of EBV reactivation or disease 
[150].

EBV vaccination may be effective in PTLD prevention, 
especially in EBV-seronegative transplant candidates, but 
the vaccines to date have had no reliable long-lasting effects 
on immunity. This therapy is not commercially available and 
its potential is controversial [123].

 Prophylactic B-Cell Depletion

In SOT recipients, Schachtner et al. gave EBV-seronegative kid-
ney transplant recipients one dose of rituximab 4 weeks prior to 
receiving a transplant from a living EBV-seropositive donor. 
None of these patients developed EBV viremia, and 60% 
remained EBV seronegative after transplant [138]. Pretransplant 
rituximab may prove useful to prevent PTLD in patients receiv-
ing SOT from living donors but further studies are needed.

Pretransplant rituximab in the context of T-cell 
depleted graft was noted to be associated with a decreased 
risk of PTLD among HSCT recipients in one study [92]. 
Similarly, some studies have shown a low risk of PTLD in 
patients that received post transplant cyclophosphamide for 
GvHD prophylaxis [83, 155].

 Pre-Emptive Management

 Monitoring EBV-DNA Load

Development of EBV-associated PTLD is often preceded by 
increased and/or rising levels of EBV-DNA load in periph-

eral blood usually 2–16 weeks before EBV-positive PTLD 
diagnosis [133, 141, 162]. However, the sensitivity and spec-
ificity of EBV-DNA load measurements range between 
69–100% and 50–86%, respectively, depending on the study, 
the method of EBV-DNA measurement and the local cut-off 
used at individual institutions [4, 141, 160, 167].

It is common practice to perform frequent monitoring of 
EBV-PCR after both SOT and HSCT, although there is no 
consensus on the frequency of such monitoring after SOT 
[84, 85, 118]. The American Society of Transplantation 
2006 guidelines suggests all SOT recipients who are sero-
negative or less than 1  year of age should at a minimum 
have screening at baseline, every 1 month for 12 months, 
and with  presentation of symptoms [79]. For HSCT recipi-
ents, guidelines recommend at least weekly titres starting 
4 weeks after HSCT and continuing for at least 4 months 
[150]. The goal of monitoring is to start pre-emptive man-
agement as early as possible and to identify less advanced 
histiological disease. After implementation of an EBV mon-
itoring program, paediatric liver transplant recipients were 
more likely to be diagnosed with early-lesion and polymor-
phic PTLD and achieved better outcomes, when compared 
to historical controls [86]. Patients that received in  vivo 
T-cell depletion or umbilical cord transplants have been 
described as having a higher risk of EBV viremia; however 
EBV viremia and PTLD were successfully managed with 
monitoring and pre-emptive treatment [19, 41]. Clinicians 
should be aware that EBV DNA load alone cannot be used 
to exclude the diagnosis of PTLD [74].

 Pre-Emptive Therapies

The first-line approach in the management of rising EBV 
DNA measurements is RI if possible. Studies in paediatric 
liver transplant and intestinal transplant recipients have dem-
onstrated a 4–14% decrease in incidence of PTLD compared 
to historical controls; however, these studies were con-
founded by the lack of standardization of RI [57, 98, 105, 
147, 148]. This approach has also been described as effective 
and safe in other transplant recipients, including lung trans-
plant and allogeneic HSCT [9, 19, 23]. The role of antivirals 
is controversial and all studies combine this approach with 
RI, however AlDabbagh’s systemic review concluded that 
there was no significant difference in the rate of EBV- 
associated PTLD with pre-emptive antiviral therapy [2].

Rituximab has been successfully used as a pre-emptive 
treatment for PTLD in the HSCT population and is a recom-
mended practice [28, 150]. Pre-emptive rituximab has not 
been well studied in the SOT population with only one adult 
cardiac transplant study in which 9 patients received pre- 
emptive rituximab after failed RI.  One patient developed 
PTLD and there were no significant side effects described 
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[26]. More studies are needed to evaluate the efficacy and 
safety of pre-emptive rituximab in SOT recipients. As for 
EBV-CTLs, multiple studies have now demonstrated in 
HSCT recipients and a few SOT recipients that EBV-CTLs 
are safe and effective with no patients developing PTLD [28, 
29, 76, 137]. EBV-CTLs are recommended for pre-emptive 
treatment in HSCT recipients [150].

 Conclusion

PTLD is a heterogeneous disease with varied pathologies 
and presentations. Increasing knowledge of the risk factors 
associated with PTLD have led to some successful pre- 
emptive practices and a decreased incidence of early disease. 
Therapy is assuming a risk and response-based approach 
with less toxicity and improved survival [34]. However, 
PTLD remains a significant cause of morbidity and mortality 
following paediatric transplant and significant contributor to 
the paediatric NHL burden. An improved understanding of 
the molecular pathobiology of the disease and the complex 
interplay of host, EBV and tumour is necessary to better 
define high risk groups, refine pathological diagnosis and tai-
lor management of PTLD. Prevention of disease remains the 
ultimate goal.
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 Introduction

Pediatric-type follicular lymphoma (PTFL) is a rare subtype 
of Non-Hodgkin’s lymphoma (NHL) in childhood and adoles-
cence accounting for less than 2% of all cases [1–7]. However, 
it also occurs in young adults and may be sporadically seen in 
older individuals [3, 6, 8]. According to the recently updated 
2016 World Health Organization (WHO) Classification of 
Tumors of Hematopoietic and Lymphoid Tissues, PTFL is rec-
ognized as a distinct histopathological and clinical entity 
(Table 16.1) among the group of follicular lymphomas (FL), 
that is clearly separated from other lymphomas with a follicu-
lar growth pattern in childhood, such as large B-cell lym-
phoma with IRF4 rearrangement [3, 6]. This chapter will 
discuss diagnostic criteria required, differential diagnoses, 
clinical presentation, therapy, prognosis, and outcome of 
PTFL, which clearly contrast with the usual (non- pediatric- 
type) FL seen in adulthood representing the second most com-
mon subtype of NHL in that age group and usually considered 
as a chronic (incurable) disorder with an indolent disease 
course [9]. Nevertheless, optimal therapy of PTFL has not yet 
been defined, with some study groups still using intensive 
B-cell NHL-type chemotherapy according to stage of disease, 
others relying on cyclophosphamide, hydroxy- daunorubicine, 
vincristine, and prednisone (CHOP)-derived chemotherapy 
courses, and still others favoring a “watchful waiting” strategy 
after complete resection [5, 10–17]. Regardless of the type of 
therapy, cure rates exceed 95% [5, 10–18].

Of note, most reports published to date assessing clinical 
characteristics and outcome of FL in childhood and adoles-
cence have not used the current definition of the 2016 WHO 

Classification of Tumours of Hematopoietic and Lymphoid 
Tissues of PTFL for inclusion of patients [3, 6].

 Pathology

 Morphology

Pediatric-type follicular lymphoma derives from germinal 
center B-cells, and the lymph node architecture usually is 
either totally or sub-totally effaced by an entirely follicular 
growth pattern of expansile and/or serpiginous follicles 
(Fig. 16.1) [3, 6]. However, there often remains the rim of a 
normal lymph node seen in the peripheral parts of the 
resected sample indicating a “node-in-node” appearance. 
The tumor cells usually form a monotonous population of 
intermediate-sized blastoid cells, which are distinct from 
centrocytes and centroblasts. According to the 2016 WHO 
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Table 16.1 Primary diagnostic criteria for pediatric-type follicular 
lymphoma (PTFL)

Morphology At least partial effacement of nodal 
architecture (required)
Pure follicular proliferation (required)a

Expansile folliclesb

Intermediate-sized, so-called, blastoid 
cells (not centrocytes)b

Immunohistochemistry BCL6 positivity
BCL2 negativity or weak positivity
High proliferative fraction (>30%)

Genomics No BCL2, BCL6, IRF4, or aberrant IG 
rearrangement
No BCL2 amplification

Clinical features Nodal disease (required)
Stage I or II disease (required)
Patient age < 40 yearsb

Marked male predominance
aThe presence of any component of diffuse large B-cell lymphoma or 
advanced-stage disease excludes PTFL
bThese are common features of PTFL, but not required for diagnosis
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Classification of Tumours of Hematopoietic and Lymphoid 
Tissues, typical histopathological grading (1, 2, 3a, and 3b) 
is usually not needed in PTFL if all other diagnostic criteria 
are met (Table 16.1) [3, 6]. Nevertheless, most cases of PTFL 
would fall into the group of grade 3 FL. As per definition, 
components of diffuse large B-cell lymphoma (DLBCL) pre-
clude the diagnosis of PTFL [3, 6]. In addition, testicular FL 
is also excluded from the category of PTFL as it has several 
different morphological features [3, 6].

 Immunohistochemistry

Pediatric-type follicular lymphoma is a mature B-cell neo-
plasm with the neoplastic cells consistently positive for 
CD20, CD79a, and PAX5 (Fig.  16.1) [3, 6]. Moreover, 
CD10 and BCL6 are usually expressed by the cells, whereas 
BCL2 is almost always negative (Fig.  16.1) [3, 6]. 
Expression of MUM/IRF4 should be negative, whereas its 
expression should rather raise the possibility of large B-cell 
lymphoma with IRF4 rearrangement [3, 6, 19]. The neo-
plastic cells of PTFL usually demonstrate a moderate to 
high proliferation rate as revealed by Ki-67 staining (>30% 
of follicular cells).

 Genetics

Whereas 85% of cases of usual FL in adulthood are associ-
ated with the translocation t(14;18)(q32;q21), resulting in 
the IGH/BCL2 gene fusion, this chromosomal translocation 
is absent in PTFL [3, 6, 9]. According to the 2016 WHO 
Classification of Tumours of Hematopoietic and Lymphoid 
Tissues, PTFL does not carry rearrangements of BCL2, 
BCL6, IRF4, and IG loci, nor does it show amplifications of 
BCL2 (Table 16.1) [3, 6]. Although a particular recurrent 
genetic aberration seems to be missing in PTFL, abnormal-
ities involving the following chromosomal regions and 
genes have been observed in a subset of cases: gains or 
amplifications of 6pter-p24.3, deletions of 1p36, deletions 
and mutations of TNFRSF14, and mutations of MAP2K1 [3, 
6, 20, 21].

 Differential Diagnoses

Reactive follicular hyperplasia, large B-cell lymphoma 
with IRF4 rearrangement, marginal zone lymphoma as well 
as nodular lymphocyte-predominant or nodular sclerosis 
classical Hodgkin’s lymphoma represent the most impor-

a b

d e f

c

Fig. 16.1 Histopathological features (a, b), Ki-67 staining (c), and 
immunohistochemistry (d–f) of pediatric-type follicular lymphoma 
(PTFL). (a) Hematoxylin and eosin stain. (b) Hematoxylin and eosin 

stain. (c) Ki-67 staining. (d) CD20 expression. (e) CD10 expression. (f) 
Lack of BCL2 expression. (With kind permission by Prof. Dr. 
W. Klapper, Kiel, Germany)
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tant  differential diagnoses of FL in childhood and adoles-
cence [3, 6, 22].

According to the 2016 WHO Classification of Tumours of 
Hematopoietic and Lymphoid Tissues, large B-cell lym-
phoma with IRF4 rearrangement is a distinct entity of mature 
large B-cell lymphomas, even when it displays a purely fol-
licular growth pattern [3, 6, 19, 23, 24]. This very rare sub-
type of large B-cell lymphoma derives from germinal center 
B-cells with IRF4 rearrangement, resulting in IRF4/MUM1 
expression [24]. The growth pattern of the monotonous pop-
ulation of medium-sized to large neoplastic cells can be 
entirely diffuse, follicular and diffuse, or entirely follicular. 
The tumor cells are usually positive for CD20, CD79a, and 
PAX5 and, as per definition, strongly positive for IRF4/
MUM1. Moreover, CD10, BCL6, and BCL2 expression are 
also seen in large B-cell lymphoma with IRF4 rearrange-
ment. In rare cases of patients fulfilling the pathological 
diagnostic criteria required, but lacking an IRF4 transloca-
tion, BCL6 rearrangements may be detected [3, 6, 19]. 
Clinical features are very similar to PTFL with most of the 
patients being children, adolescents, or young adults, show-
ing an equal sex distribution (in contrast to PTFL), mainly 
presenting with enlarged lymph nodes in the head and neck 
region or involvement of the Waldeyer’s ring (tonsils) and 
having a good prognosis after chemotherapy [24]. 
Involvement of the gastrointestinal tract has also been occa-
sionally reported [24].

 Etiology

The etiology of PTFL remains obscure. Most importantly, in 
contrast to other rare subtypes of NHL in childhood and ado-
lescence – such as marginal zone lymphoma, primary central 
nervous system lymphoma, or peripheral T-cell lymphoma – 
PTFL is not particularly or more often seen in patients with 
pre-existing disorders, such as cancer predisposition syn-
dromes or autoimmune conditions [11, 25–27].

 Clinical Presentation

Extensive data on clinical features at initial diagnosis of 
PTFL are scarce. In principle, most cases of PTFL seem 
to involve the lymph nodes of the head and neck region, 
to present with stage I disease and to lack B-symptoms, 
such as fever, night sweats, and/or weight loss [1, 5, 10, 
11, 13].

In order to get more insight into this rare disease and 
develop uniform therapy recommendations, two of the 
largest consortia in childhood NHL, the European 
Intergroup for Childhood NHL (EICNHL) and the interna-
tional Berlin- Frankfurt- Münster (i-BFM) Group, recently 

performed a retrospective multinational study assessing the 
clinical characteristics and outcome of 63 pediatric patients 
with FL, albeit not using the 2016 WHO Classification of 
Tumours of Hematopoietic and Lymphoid Tissues of PTFL 
[3, 6, 11].

This study showed that FL in childhood and adolescence 
is usually associated with male gender (3:1), adolescent 
age (40% 10–15  years, 32% ≥15  years old), low serum 
LDH levels (<500 U/l in 75%), and limited disease (87% 
with stage I/II disease), mostly involving peripheral lymph 
nodes (nodal stage I/II disease being diagnostically required 
in the current definition of PTFL) [11]. However, as this 
study also identified stage III/IV patients (excluded from 
the current definition of PTFL), authors concluded that the 
initial diagnostic work-up should continue to follow the 
modified St. Jude staging system [28, 29]. Due to its rarity, 
only few case reports and series on FL have been published 
so far, with patient numbers ranging from 4 to 25 and also 
including patients with testicular FL or advanced-stage dis-
ease of whom none would have been classified as PTFL 
according to the 2016 WHO Classification of Tumours of 
Hematopoietic and Lymphoid Tissues [1, 3, 5, 6, 10, 12, 14, 
15, 17]. Nevertheless, most of the reports demonstrated 
similar findings concerning the initial clinical features of 
FL as found in the EICNHL/i-BFM study [1, 5, 10–12, 14, 
15, 17]. Details on patient characteristics and sites of 
involvement in the cohort of 63 patients are summarized in 
Table 16.2, showing that 50/63 patients (79%) had periph-
eral lymph node involvement only. Histopathological grad-
ing was available for 48/63 patients (76%), demonstrating 
grade 1 or 2 morphology in 6/48 (12.5%) and grade 3 mor-
phology in 42/48 patients (87.5%). Nine/42 patients (21%) 
with grade 3 FL had areas of DLBCL (excluded from the 
current definition of PTFL).

 Therapy, Prognosis, and Outcome

The prognosis and outcome of PTFL seems to be excellent 
with survival rates exceeding 95% [5, 10–12, 14, 15, 17, 18]. 
According to the EICNHL/i-BFM study, 44/63 FL patients 
(70%) received any polychemotherapy and 1 (2%) rituximab 
only, while 17 (26%) underwent a “watch-and-wait” strategy 
(all with initial complete resection) (Table 16.2) [11]. In one 
patient (2%), type of therapy received could not be ascer-
tained. Of the 39/44 patients with available information, all 
but three patients received low- or intermediate-risk B-cell 
NHL-type therapy (Table 16.2). Only one/63 patients (2%) 
relapsed (after “watch and wait”) and none of the patients 
died from the disease itself or therapy-related toxicity. The 
2-year event-free and overall survival rates were 94  ±  5% 
and 100% (Fig. 16.2), respectively, after a median follow-up 
of 2.2 years.
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Table 16.2 Clinical, laboratory, treatment characteristics, and outcome of the 63 patients with pediatric follicular lymphoma

Variable No. of pts. Variable No. of pts.
Gender Resection status
Male 47 (75%) Incomplete/biopsy 26 (41%)
Female 16 (25%) Complete 32 (51%)

n.a. 5 (8%)
Age (y)
Median 13.0 Treatment
Range 1.4–17.7 Chemotherapye 44 (70%)
<10 18 (28%) Rituximab only 1 (2%)
≥10–15 25 (40%) “watch and wait” 17 (26%)
≥15 20 (32%) n.a. 1 (2%)
 . 
sLDH level (U/l) Complete resection
Median 252 “watch and wait” 17 (53%)
Range 93–550 Chemotherapy 15 (47%)
<500 47 (75%)
≥500 5 (8%) Resection acc. to stage
n.a. 11 (17%) Stage I 36

Stage I-R 30 (83%)
Stage of disease Stage I-NR 4 (11%)
Stage I 36 (57%) Stage I-n.a. 2 (6%)
Stage II 19 (30%)
Stage III 6 (10%) Stage II 19
Stage IV 2 (3%) Stage II-R 2 (10%)

Stage II-NR 14 (74%)
Histological grading Stage II-n.a. 3 (16%)
Grade 1 4 (6%)
Grade 2 1 (2%) Stage III/IV-NR 8 (100%)
Grade 3a 27 (43%)
Grade 1 + 2 1 (2%) Radiotherapy
Grade 1 + 3a 1 (2%) Yes 1 (2%)
Grade 1 + 2 + 3a + MZL 1 (2%) No 61 (96%)
Grade 2 + 3a 2 (3%) n.a. 1 (2%)
Grade 3 + DLBCLb 9 (14%)
Grade 3a + MZL 2 (3%) Outcome
n.a. 15 (24%) Relapse 1 (2%)

Death 0
Sites of involvementc 2-year EFS 94 ± 5%
Peripheral lymph nodesd 50 (79%) 2-year OS 100%
Head and neck (extranodal) 1 (2%)
Tonsils 4 (6%) Follow-up (y)
Ear-nose-throat 4 (6%) Median 2,2
Mediastinum 0 Range 0.2–8.7
Abdomen 9 (14%)
Bone marrow 2 (3%) Lost to follow-up 1 (2%)f

Central nervous system 0
Testis 2 (3%)
Skin 1 (2%)
Bone 1 (2%)

Abbreviations: No. of pts. number of patients, y years, sLDH serum lactate dehydrogenase, n.a. not available, MZL marginal zone lymphoma, 
DLBCL diffuse large B-cell lymphoma, acc. according, R complete resection, NR no complete resection, CCR complete continuous remission, 
EFS event-free survival, OS overall survival
a13/27 with grade 3a, 10/27 with grade 3b, and 3/27 patients with no information on the 3a/3b variant
b3/9 with grade 3a and 6/9 patients with grade 3b morphology
c27/63 patients suffered from stage II, III, or IV disease and thus had >1 site of involvement
dCorresponding to cervical (submandibular), supra- and infraclavicular, pre- and retro-auricular, nuchal, parotical, axillary and inguinal lymph 
node regions
eAccording to protocols of the NHL-BFM (n = 27), AIEOP (n = 3), LMB (n = 2), JACLS (n = 5) and UKCCSG (n = 1) studies; CHOP (n = 5), CVP (n = 1)
fThis patient was lost to follow-up immediately after the primary operation
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In contrast to FL in adults, which is usually of low-grade 
morphology and an incurable disease albeit diverse treat-
ment approaches, PTFL seems to have a very good outcome 
after limited chemotherapy or complete resection followed 
by a “watch-and-wait” strategy [5, 11, 16, 30]. Importantly, 
neither higher histological grading nor initial components of 
DLBCL seem to be associated with an unfavorable progno-
sis [11]. Within the EICNHL/i-BFM study, of the 32 patients 
with initial complete resection (including 30/36 stage I 
patients), 17 (53%) children had no further treatment with 
only 1 relapse (local), suggesting no systemic disease 
in  localized FL [11]. The excellent overall outcome of the 
EICNHL/i-BFM cohort of FL patients is comparable to the 
results published in the literature showing that pediatric 
stage-adapted B-cell NHL-type chemotherapy and CHOP- 
like cycles ± rituximab are effective in (in)completely resect-
able disease [1, 5, 11, 12, 14, 15, 17, 31]. However, the exact 
role of complete resection and observation has not been vali-
dated yet. Thus, future clinical trials should aim to establish 
the least amount of effective (chemo)therapy necessary for 
the cure of PTFL. As almost all cycles of chemotherapy used 
for pediatric B-cell NHL still include anthracyclines, alkylat-
ing agents, and intrathecal therapy, low-intensity chemother-
apy for PTFL should ideally be free of the latter compounds 
usually carrying the risk for acute- and long-term morbidity 
[32–35]. A study in pediatric early-stage nodular lymphocyte 
predominant Hodgkin’s lymphoma may serve as a paradigm, 
as it has shown that low-intensity chemotherapy is successful 
in non-completely resectable disease, while more toxic ther-
apy courses used for classical Hodgkin’s lymphoma can be 
reserved for relapse [36].

 Conclusions

In conclusion, regardless of the therapy the patients with 
PTFL received, it seems that PTFL does not automatically 
require chemotherapy due to the excellent outcome. Based on 
the data gained from the EICNHL/i-BFM study on FL, one 
might infer that in case of complete resection in carefully 
evaluated stage I patients a “watchful waiting” strategy is 
possible [11]. However, it should be emphasized that patients 
may only be candidates for complete surgical resection if the 
operation can be performed easily and safely, and most 
importantly, without any mutilation. In all other patients, ini-
tial surgery should include the least invasive procedure to 
establish the diagnosis, to be then followed by limited chemo-
therapy. Given the difficulties in differentiating PTFL from 
follicular hyperplasia, evaluation by an experienced hemato-
pathologist is highly recommended before starting any ther-
apy [3, 6, 22]. As children with non- resectable FL might have 
an excellent outcome with multidrug chemotherapy, which is, 
however, associated with acute- and long-term toxicity, mul-
tinational controlled trials have yet to be performed. These 
should take into account the current definition of the 2016 
WHO Classification of Tumours of Hematopoietic and 
Lymphoid Tissues of PTFL in order to clearly establish, not 
only that no chemotherapy is a safe approach in stage I 
patients with complete resection, but also that low-intensity 
chemotherapy ± monoclonal antibodies is sufficient for 
patients with non-completely resectable disease and for pedi-
atric patients with FL, who do not fulfill the diagnostic crite-
ria of PTFL, such as children with rearrangements involving 
BCL2, BCL6, IRF4, or IG loci [11, 13, 31, 33, 37–39].
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Fig. 16.2 Two-year 
event-free and overall survival 
of the 63 patients with 
pediatric follicular lymphoma. 
Abbreviations: pEFS, 
probability of event-free 
survival; pOS, probability of 
overall survival
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Marginal Zone Lymphoma

Birgit Burkhardt

 Introduction

Marginal zone lymphoma (MZL) is a mature B-cell lym-
phoma. The classification of lymphoid tumors of the World 
Health Organization (WHO) differentiates nodal MZL 
(nMZL), extranodal MZL (enMZL), and splenic MZL [1, 2]. 
Extranodal and nodal marginal zone lymphoma is the third 
most common type of B-cell lymphoma in adults and 
accounts for 5–17% of NHL [1, 3]. Conversely, this lym-
phoma subtype is rare in children and adolescents. Data on 
clinical features, treatment, and outcome in pediatric MZL 
are limited with few reports on small patient series and sev-
eral case reports published to date [4–18]. In contrast to more 
common aggressive mature B-cell lymphoma e.g. Burkitt 
lymphoma and diffuse large B-cell lymphoma (DLBCL), 
MZL present with slow kinetics of disease progression. 
Individual courses with waxing and waning of symptoms are 
not uncommon.

Interestingly, in adults extranodal MZL is clearly more 
common than nodal MZL. For the pediatric and adolescent 
population, the number of published cases is too small to 
finally conclude on the distribution of nodal versus extrano-
dal MZL. Splenic MZL are extremely rare in children. Since 
the introduction of pediatric MZL in the WHO classification 
the incidence and/or the frequency of MZL diagnosis and 
reporting in children and adolescents is increasing.

 Epidemiology, Clinical Presentation, 
and Staging

MZL represent less than 2% of all NHL in children and ado-
lescents with a clear male predominance. MZL are more 
commonly diagnosed in adolescents than in younger chil-
dren [4, 5, 18]. Most patients present with limited or no clini-
cal symptoms, normal serum lactate dehydrogenase (LDH) 
level and limited stages of disease. Nevertheless, individual 
patients with advanced and disseminated stage disease are 
reported, emphasizing the need for complete staging.

 Nodal MZL

Pediatric nodal MZL commonly present with localized nodal 
lymphoma. Given their specific clinicopathological feature, 
“pediatric nodal MZL” were introduced into the WHO clas-
sification of lymphoid tumors in 2008 [1, 2]. Nodal MZL 
predominantly involve lymph nodes of the head and neck 
region with limited stage I or stage II disease in the vast 
majority of patients [4, 5, 9]. The diagnosis of bone marrow 
involvement remains challenging, and robust data on bone 
marrow involvement of pediatric nMZL are lacking [19]. 
The median age of the patients is about 15 years and there is 
a notable male predominance in nMZL exceeding the male 
predominance in Burkitt lymphoma. The serum LDH level, 
which represents a widely accepted surrogate for tumor cell 
load in aggressive B-NHL, is normal or slightly elevated in 
mainly all nMZL patients.

 Extranodal MZL

Extranodal marginal zone lymphoma (enMZL) are predom-
inant among adults and were reported in about 30–60% of 
pediatric and adolescent MZL cases [4, 5, 13, 18]. Typical 
sites of enMZL in children and adolescents are the 

B. Burkhardt (*) 
Pediatric Hematology and Oncology,  
University Hospital Münster, Münster, Germany
e-mail: birgit.burkhardt@ukmuenster.de

17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11769-6_17&domain=pdf
mailto:birgit.burkhardt@ukmuenster.de


222

 ear-nose- throat area, salivary glands, digestive tract, lungs, 
spleen, and conjunctiva or ocular adnexal [20, 21] often 
involving sites of acquired mucosa-associated tissues. In 
addition, manifestations in the skin [6, 14, 22, 23], orbita, 
breast, kidney, spleen, and central nervous system are 
described. Occasional involvement of the bone marrow and 
peripheral blood is reported [24–26]. Since the cells of MZL 
are difficult to recognize in bone marrow smears by cyto-
morphology, flow cytometry analysis of peripheral blood 
and bone marrow is advisable. Furthermore, at suspicion of 
bone marrow involvement, bone marrow biopsy in addition 
to bone marrow aspirates for histopathological analysis is 
indicated. Nevertheless, bone marrow infiltration by MZL 
in pediatric cases is rare, and only individual cases are 
reported [4, 5].

The median age of pediatric enMZL is between 10 and 
15 years. The male to female ratio is 2:1. An association of 
extranodal MZL of mucosa-associated lymphoid tissue 
(MALT lymphoma) with autoimmune system disorders or 
immune system dysregulation as a result of stimulation by 
chronic infection is well described [27–30]. For example, 
the incidence of MZL of salivary glands in patients with 
Sjögren syndrome is 40-fold higher than in the entire popu-
lation [7, 18, 28, 31]. Specific microorganisms have been 
considered to be associated with MALT lymphoma, such as 
Helicobacter pylori in the stomach, Chlamydia psittaci in 
the ocular adnexa, Campylobacter jejuni in the small intes-
tine, and Borrelia burgdorferi in the skin [18, 29, 30, 32, 
33]. In addition, most recently Kluin et al. reported a novel 
type of nodal marginal zone hyperplasia, which is stimu-
lated by Haemophilus influenzae [34]. Other pre-existing 
diseases described in patients with enMZL are Crigler-
Najjar syndrome, Hodgkin lymphoma [5], immunosuppres-
sion after organ transplantation [35, 36], common variable 
immunodeficiency [4, 37], systemic lupus erythematosus 
[18], squamous papilloma, and hyperandrogenism with hir-
sutism [4].

 Pathology

Pediatric nodal marginal zone lymphoma are characterized 
by obliteration of the sinuses and partial to total architec-
tural effacement by marginal zone expansion and disruption 
of reactive follicles by neoplastic cells [18, 38]. The poly-
morphic population of small- to medium-sized atypical cells 
shows predominantly interfollicular distribution with 
marked expansion of the marginal zones (Fig. 17.1). There 
is no defining immunophenotype. MZL are positive for 
CD20 and often for CD43 [13, 18]. Germinal center mark-
ers including CD10 are often negative. BCL2 is variably 
expressed. Light chain restriction and evidence of clonality 
are characteristics for nMZL. Cytogenetic abnormalities are 
reported in approximately 20% of pediatric nMZL with tri-

somy 18 being the most frequent one and rare cases with 
trisomies 3 and 18 [13]. Translocations involving MYC, 
BCL2, BCL6, and IRF4 are usually absent. A recent study of 
six cases analyzed by whole exome sequencing reported a 
low mutational burden and failed to identify recurrent muta-
tions [10, 13].

Extranodal MZL show a dense lymphoid infiltrate com-
posed of broad sheets of monocytoid cells and or centrocyte- 
like cells with glandular destruction and architectural 
distortion [18]. Extension into adjacent soft tissue structures 
is seen. As in nodal MZL, residual reactive follicles are fre-
quent. For enMZL of the skin dense dermal perivascular and 
periadnexal lymphoid infiltrates are described with exten-
sion into the subcutaneous tissue but sparing of the epider-
mis. The immunohistochemical findings are similar in nMZL 
and enMZL. Histologically enMZL in children and adoles-
cents are reported indistinguishable from enMZL in older 
patients [18]. Genetic abnormalities are identified at a 
slightly lower incidence in extranodal marginal zone lym-
phoma in children, adolescents, and young adults compared 
to nMZL [13]. For adult patient series histological transfor-
mation from enMZL to diffuse large B-cell lymphoma is 
described [39]. Analogue reports for pediatric and adolescent 
are lacking so far.

 Differential Diagnosis

Pediatric as well as adult MZL are characterized by a neo-
plastic proliferation of B-cells with a marginal zone pheno-
type. In adults, MZL mainly has to be distinguished from 
non-neoplastic inflammatory reactions and other subtypes 
of indolent B-cell lymphoma such as small lymphocytic 
lymphoma and mantle cell lymphoma. In children, the main 
differential diagnosis of MZL are pediatric-type follicular 
lymphoma and reactive inflammatory conditions like pro-
gressively transformed germinal centers and reactive expan-
sions of the marginal zone. Reactive but atypical marginal 
zone hyperplasia with light chain restriction has been 
described in younger patients arising in mucosa-associated 
lymphatic tissues and lymph nodes, which comprises a 
potentially non-neoplastic mimicker of lymphoma [18, 34, 
40]. Immunosuppression after solid organ transplantation 
might predispose pediatric patients to atypical marginal 
zone hyperplasia [41]. It is reported that lymphoid hyperpla-
sia in those patients can present with a self-limited course in 
the absence of treatment or reduction of immunosuppres-
sion. Non-neoplastic differential diagnosis is distinguish-
able from MZL by the lack of clonal rearrangement of the 
immunoglobulin genes in combination with histological and 
immunophenotypical features. Expansion of the interfollic-
ular region and destruction of follicular structures, at least 
focally, are features that favor nMZL over a reactive 
processes.
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 Staging

Initial staging for nMZL and enMZL is performed according 
to the St. Jude staging system and since 2015 according to the 
Revised International Pediatric Non-Hodgkin Lymphoma 
Staging System [42, 43]. Current recommendation for staging 
examinations included medical history, physical assessment, 
full blood count with peripheral blood smears, total serum lac-
tate dehydrogenase (LDH), bone marrow aspirates and biop-
sies, cerebrospinal fluid (CSF) cytology, chest x-ray and 
ultrasonography of lymph nodes, abdomen and testes as well 
as magnetic resonance imaging (MRI), or computed tomogra-
phy (CT) scan of involved sites. Advanced disease stages (≥ 
stage III) are observed in about one third of patients. Bone 
marrow involvement is rare but reported in adult patients with 
MZL [24, 25, 44] and pediatric patients [4, 5, 26]. Since the 
cells of MZL are difficult to recognize in bone marrow smears 
by cytomorphology, flow cytometry analysis of peripheral 

blood and bone marrow is advisable. Furthermore, at suspi-
cion of bone marrow involvement, bone marrow biopsy in 
addition to bone marrow aspirates for histopathological analy-
sis is indicated. So far only one pediatric case of MZL with 
involvement of the CNS is reported [4]; however, a recent 
series in adult patients summarized 69 cases of enMZL of the 
CNS, interestingly with female preponderance, good treat-
ment outcome and prognosis [45]. Therefore current staging 
recommendations include CNS directed staging with CSF 
evaluation and MRI in case of clinical symptoms.

 Treatment and Outcome

Prospective clinical trials recruiting pediatric and adolescent 
patients with MZL are lacking. Recent case series reported 
diagnostic and clinical characteristics [9, 18]. It became 
obvious that standard intensive polychemotherapy according 

a b

c d

Fig. 17.1 Pediatric nodal marginal zone lymphoma. Lymph node with 
an interfollicular infiltration with neoplastic cells (a, Giemsa) with the 
expansion of the B-cell areas over the follicles into the interfollicular 

spaces (b, CD20). The infiltrating cells stain negative for germinal cen-
ter markers CD10 (c, CD10) and BCL6 (d, BCL6)
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to common treatment protocols for aggressive B-NHL [46–
49] in children and adolescents results in overtreatment of 
the majority of pediatric MZL patients.

The non-Hodgkin lymphoma (NHL) Berlin-Frankfurt- 
Münster (BFM) group reported their results on pediatric 
MZL [5]. Between March 2004 and April 2015 a total of 33 
MZL (20 nMZL and 13 enMZL) with central reference- 
pathological evaluation were identified among 2032 pediat-
ric and adolescent patients with newly diagnosed NHL 
registered in the NHL-BFM data center. The NHL-BFM 
treatment protocol for mature aggressive B-NHL stratifies 
patients into four risk groups based on the resection status, 
LDH level, and stage of disease with two to six courses of 
chemotherapy [49]. Radiotherapy is not part of treatment 
protocols. Since MZL in pediatric patients is a rare condi-
tion, no standard treatment regimen is available and treat-
ment decisions are made individually after consultation of 
the NHL-BFM study center. Until 2008 patients were treated 
with B-NHL treatment protocols. NHL-BFM recommenda-
tion for MZL patients diagnosed in 2008 or later with com-
pletely resected MZL is a watch and wait (w&w) strategy 
without systemic treatment. After complete (n  =  16) and 
incomplete (n = 5) surgical resection, 21 patients received no 
systemic treatment but were followed by w&w. Eight patients 
received NHL-BFM chemotherapy for mature B-NHL [49] 
including two patients with two courses (risk group R1), five 
patients (15%) with four courses (R2), and one patient with 
six courses (R4). One patient (3%) received only systemic 
rituximab. All four patients with Helicobacter-associated 
MALT-lymphomas received therapy for eradication of 
Helicobacter spp. Afterward, endoscopic control with biopsy 
showed no lymphoma infiltration in one patient, who 
received no further treatment. Two patients received four 
doses rituximab due to persistence of MALT after 
Helicobacter spp. eradication therapy. The fourth patient 
with stage III disease received chemotherapy according to 
R2 risk group complemented with rituximab. With a median 
follow-up of 2.8 years, the probability of event-free for the 
NHL-BFM cohort is 84 ± 8% and of overall survival 100%. 
This series represents the largest population-based experi-
ence in pediatric MZL and supports the approach of com-
plete staging and a watch & wait (w&w) strategy in standard 
MZL with close clinical monitoring even for cases without 
complete surgical resection.

A retrospective cooperative study of the international 
Berlin-Frankfurt-Münster (I-BFM) Study Group and the 
European Intergroup for Childhood NHL (EICNHL) ana-
lyzed and reported the largest series comprising a total of 66 
pediatric and adolescent patients below 18 years of age with 
MZL including the above-cited series of the NHL-BFM 
group [4]. Of the 66 MZL, 44 (67%) were diagnosed as 
enMZL, 21 (32%) as nMZL and one splenic MZL. The latter 
patient, a 17-year-old female patient, was treated with sple-

nectomy and is in remission for 5  years. Among the 21 
nMZL, 17 patients underwent complete resection followed 
by w&w. One patient suffered relapse and is in remission 
after relapse treatment (see below). Four patients with 
incomplete resection of nMZL were followed by w&w in 
three patients and rituximab combined with chemotherapy in 
one patient. All four patients are in remission. Among the 44 
patients with enMZL, 20 patients received complete surgical 
resection followed by w&w in 9 patients with continuous 
remission in 6 patients. Eleven out of the 20 enMZL with 
complete resection received additional treatment with con-
tinuous remission in 4 patients, 1 patient died from alloge-
neic transplantation and 6 patients suffered relapse. One of 
those six patients died from toxicity after allogeneic bone 
marrow transplantation. Twenty-four patients received 
incomplete resection followed by w&w in 3 patients; all 3 in 
remission. Twenty-one patients received additional treat-
ment after incomplete resection with remission in 20 patients 
and relapse in one patient. The treatment and outcome of the 
44 enMZL is summarized in Fig. 17.2.

 Treatment of Gastric MALT

In the NHL-BFM series, all four patients with MALT lym-
phoma of the stomach received Helicobacter eradication 
therapy, two of them additionally received four rituximab 
courses because of persistence of the pathological findings 
[5]. One patient received systemic chemotherapy because of 
stage III disease. All four patients are event free. Especially 
in Helicobacter positive MALT lymphomas endoscopic con-
trol after eradication of Helicobacter with bioptic controls is 
advisable. Cases without evidence of further disease after 
eradication might not be in need of any further treatment. 
Radiotherapy is reported to be an effective treatment modal-
ity in gastric enMZL in adult patients [50–53]. Given the 
available alternative treatment approaches on the one hand 
and the risk of adverse acute and long-term effects of irradia-
tion in children and adolescents on the other hand, the indi-
cation for local irradiation in pediatric enMZL is usually 
considered carefully.

 Treatment of Skin Lesions

Several therapeutic approaches are in use in the treatment of 
cutaneous MZL in adult patients. Besides surgical resection 
of single lesions and antibiotics or systemic treatment with 
rituximab, local radiotherapy, interferon-alpha injections, or 
intralesional steroids are applied successfully [54–59]. Data 
on pediatric and adolescent patients are limited. In a small 
series of three pediatric patients treatment included excision 
of the MZL lesion or administration of antibiotics with com-
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plete remission in all three patients [14]. The cohort of the 
NHL-BFM group included only one patient with cutaneous 
MZL. This patient suffered relapse after complete resection 
of multiple lesions and w&w. At relapse, administration of 
intralesional rituximab achieved disease control [5]. In the 
literature intralesional administration of rituximab was 
reported in an 11-year-old boy [22] as well as in some small 
series of adult patients with favorable treatment tolerance 
and outcome [60–62].

 Treatment of Ocular and Conjunctival 
Lymphoma

Adult patients with ocular and conjunctival MZL are treated 
with local steroids, antibiotic treatment, systemic rituximab, 
or local irradiation [21, 63]. Recent reports describe the 
intraocular application of rituximab in combination with sys-
temic rituximab treatment [35, 64].

 Treatment Strategies at Relapse

Relapses of MZL in children and adolescents are more fre-
quent in enMZL than nMZL.  The interval between initial 
diagnosis and the occurrence of relapse is variable between 
weeks and years. Also the site of relapse varies; in some 
cases relapse occurs at the site of initial diagnosis while in 
other patients new sites are involved at relapse. Pediatric 
MZL respond well to relapse treatment. If possible, local 
treatment approaches seem adequate at relapse. Individual 
patients require systemic treatment. Among 33 MZL patients 

of the NHL-BFM series, 4 patients suffered relapses [5]. One 
patient with completely resected nodal MZL manifestation 
in a parotid lymph node was diagnosed with relapse in an 
inguinal lymph node 3 months after initial diagnosis. After 
complete resection the patient received no further therapy 
and remained in remission. Another patient with extranodal 
MZL of the parotid gland with pre-existing Crigler-Najjar 
syndrome, relapsed 3 years after initial diagnosis and treat-
ment with chemotherapy according to risk group R1. The 
patient was successfully treated. The third patient suffered 
relapse 2 months after complete resection of enMZL of the 
sublingual gland. Relapse was diagnosed in sublingual gland 
and in cervical and axillary lymph nodes, the patient received 
modified chemotherapy according to NHL-BFM R2 risk 
group and rituximab. This patient is alive free of progression. 
The fourth relapse was reported in a patient with cutaneous 
MZL 3 months after complete resection of the initial lesion. 
Retrospectively, this patient had a 4-year long history of 
recurrent skin lesions at the arm and submandibular area 
before the diagnosis of a cutaneous MZL was confirmed. At 
relapse, therapy with intra-lesional rituximab achieved a 
complete remission. The probability of overall survival for 
the NHL-BFM cohort is 100%.

The probability of overall survival for the EICNHL and 
I-BFM series of 66 MZL is excellent with 98 ± 2% [4]. Two 
MZL patients who underwent allogeneic bone marrow trans-
plantation for their underlying immunodeficiency died of 
transplant-associated complications. The reported relapse 
rate is 17%, predominantly in enMZL with a median interval 
of 2.1 years from initial diagnosis. Six of 10 enMZL relapses 
occurred at the initial manifestation site while four presented 
at new sites. First-line management was radiotherapy (n = 4), 
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EICNHL study. Legend: 
enMZL, extranodal marginal 
zone lymphoma; w&w, watch 
and wait; CCR, continuous 
complete remission
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w&w (n = 3), and chemotherapy in two as well as rituximab 
plus chemotherapy in one patient; all the three latter patients 
suffered from preexisting disorders. Treatment at relapsed 
enMZL was chemotherapy (n = 3), chemotherapy plus ritux-
imab (n = 1), rituximab monotherapy (n = 2), radiotherapy 
(n = 2), radiotherapy plus rituximab (n = 1), and w&w after 
complete resection in one patient. Ten of the eleven relapsed 
patients are in second remission, while one patient died from 
transplant-associated toxicity (Fig. 17.2).

 Conclusion

Pediatric MZL represent a rare subtype of NHL predomi-
nantly observed in adolescents. Nodal MZL typically occur 
in male patients without underlying disease and present with 
limited disease and excellent prognosis. For extranodal MZL 
associations with infectious, inflammatory, and autoimmune 
stimuli are known. Differential diagnosis of MZL includes 
other B-cell lymphoma, especially pediatric follicular lym-
phoma, and non-malignant marginal zone hyperplasia under-
lining the role of experienced pathologists for diagnosis. 
Light chain restriction and evidence of clonality are charac-
teristics for MZL. Individual patients with advanced and dis-
seminated stage disease are reported, emphasizing the need 
for complete staging. The available clinical data form inter-
national series support the current approach of complete 
staging followed by watch & wait strategy with close clinical 
monitoring even in cases with incomplete resection.
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Primary Central Nervous System 
Lymphoma
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 Introduction

Primary central nervous system lymphoma (PCNSL) is an 
extranodal non-Hodgkin lymphoma (NHL) restricted to 
the brain, leptomeninges, eyes, and/or spinal cord [1]. An 
estimated 1425 cases of PCNSL were diagnosed each year 
in the United States (US) from 2007 to 2011, and since 
2000 there has been a further increase in the incidence of 
PCNSL, especially in the elderly [2]. Between 1970 and 
2000, the incidence of PCNSL increased, mainly due to 
the human immunodeficiency virus (HIV) pandemic. In 
adults, the median age at diagnosis is 65 years and PCNSL 
is slightly more common among males. The 5- and 10-year 
survival rates for adult PCNSL are 29.3% and 21.6%, 
respectively [2].

PCNSL is extremely rare in childhood, accounting for 1% 
of all PCNSL cases diagnosed from 1973 to 1998 in the US 
[3]. Surveillance, Epidemiology, and End Results (SEER) 
Program Data estimates suggest that around 15–20 cases of 
childhood PCNSL are diagnosed each year in the US [4]. 
More than 100 cases have been reported so far with the larg-
est series consisting of 29 cases [3]. Although most reported 
cases were in immunocompetent patients, both acquired and 
congenital immunodeficiency syndromes increase the risk of 

PCNSL in children. The largest series reported a median age 
at diagnosis of 14  years. Although children with PCNSL 
appear to have a better prognosis than adults, the small num-
ber of cases and the lack of large clinical trials make such a 
conclusion debatable [3]. In this chapter, we will discuss 
what we have learned from adult clinical trials, and we will 
summarize data from recent pediatric case series to guide the 
treatment of PCNSL in children.

 Pathogenesis

Acquired or congenital immunodeficiency syndromes are 
major risk factors for the development of PCNSL. Infection 
with HIV increases the risk of PCNSL by 3600 fold, and this 
is thought to have accounted for the increased incidence 
from 1970 to 2000. However, the incidence of PCNSL has 
decreased in the era of highly active anti-retroviral therapy 
(HAART) [5]. Central nervous system post-transplant lym-
phoproliferative disorder (PTLD) is the second most com-
mon malignancy to be diagnosed in organ transplant 
recipients after skin cancer [6]. The time of appearance of 
PCNSL following transplantation ranges from 3  weeks to 
21 years, with a mean time of 33 months. Patients with con-
genital immunodeficiencies have a 4% risk of developing 
PCNSL.  Immunosuppressive conditions such as systemic 
lupus erythematosus and vasculitis also increase the risk of 
PCNSL.

 Histologic Features

In adults, almost 90% of PCNSL cases are diffuse large 
B-cell lymphomas (DLBCL), with the rest consisting of 
T-cell lymphomas, poorly characterized low-grade lympho-
mas or Burkitt’s lymphomas [7]. Histologically, primary 
CNS DLBCL consists of centroblasts or immunoblasts usu-
ally clustered in the perivascular space, with reactive small 
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lymphocytes, macrophages, and activated microglial cells 
intermixed with the tumor cells (Fig.  18.1a). Most tumors 
express pan-B-cell markers including CD19, CD20 
(Fig. 18.1b), CD22, and CD79a. Similar to systemic DLBCL, 
PCNSL harbors chromosomal translocations of the BCL6 
gene, deletions in 6q, and aberrant somatic hypermutation in 
proto-oncogenes including MYC and PAX5. In addition, 
PCNSL can be classified into three molecular subclasses by 
gene expression profiling: type 3 large B-cell lymphoma, 
germinal center B-cell (GCB) lymphoma, and post-germinal 
center activated B-cell lymphoma (ABC). In DLBCL cases, 
the ABC gene expression profile is associated with an infe-
rior prognosis versus the GCB profile. The ABC subclass 
accounted for >95% of primary CNS DLBCL cases in one 
series [8]. This higher prevalence of the ABC gene expres-
sion profile subtype in PCNSL is probably responsible for 
the relatively inferior prognosis of this lymphoma compared 
to systemic DLBCL.  Moreover, there are other molecular 
features that distinguish primary CNS DLBCL from sys-
temic DLBCL.  Gene expression profiles demonstrate that 
PCNSL is characterized by differential expression of genes 
related to adhesion and extracellular matrix pathways, 
including MUM1, CXCL13, and CHI3L1 [9]. Recent 
genomic analysis of adults with PCNSL showed a high fre-
quency of oncogenic gain-of-function mutations in MYD88 
(MYD88L265P), missense mutations in the immunoreceptor 
tyrosine-based activation motif domain of CD79B, and mis-
sense mutations in the coiled-coil domain of CARD11 [10]. 
These observations provide insight into potential therapeutic 
targets for future clinical trials in PCNSL.

DLBCL is also the most common histologic subtype in 
pediatric PCNSL, with an incidence ranging from 30% to 

70% [3, 11–14]. Pediatric systemic DLBCL and CNS 
DLBCL have moderate to high proliferation index, decreased 
BCL2 protein expression, and increased frequency of the 
GCB phenotype (BCL6+) which may contribute partially to 
better outcomes in children compared to adults [3, 15]. Other 
common pathological subtypes in children include anaplas-
tic large cell, Burkitt’s, and lymphoblastic lymphomas [3].

 Clinical Features

The clinical presentation of children with PCNSL is vari-
able. The most common presenting symptoms are those of 
increased intracranial pressure including headaches and 
vomiting, followed by ataxia, dysarthria, and hemiparesis. 
Blurred vision, nystagmus, diplopia, and ptosis have also 
been reported [3, 12]. Seizures are less common than with 
other types of brain tumors probably because PCNSL 
involves mainly the subcortical white matter rather than the 
epileptogenic gray matter. Other rare presentations include 
cranial polyneuropathy, Parinaud syndrome due to pineal 
location of PCNSL, and diabetes insipidus with a thickened 
pituitary stalk mimicking Langerhans cell histiocytosis [3]. 
Neuropsychiatric signs can also occur [12] but are more 
common in adults (43%). Unlike patients with systemic 
NHL, PCNSL patients rarely manifest B symptoms.

In adults, prognostic scoring systems have been devel-
oped specifically for PCNSL [16, 17]. The International 
Extranodal Lymphoma Study Group (IELSG) identified 
age  >60  years, Eastern Cooperative Oncology Group 
(ECOG) performance status >1, elevated serum lactate dehy-
drogenase (LDH) level, elevated cerebrospinal fluid (CSF) 

a b

Fig. 18.1 Fourth ventricle biopsy showing diffuse large B-cell PCNSL: 
(a) neoplastic cells arranged in patternless sheets; the nuclei are vesicu-
lar with ~20% immunoblast-like nuclei demonstrating prominent 
nucleoli. Apoptotic bodies are frequent and a small area of necrosis is 

seen. Some cells have abundant cytoplasm; the tumor cells are diffusely 
immunopositive for CD45, CD79a, and CD20. (b) The MIB-1 prolif-
erative index is almost 100%. (Courtesy of Dr Cynthia Hawkins, 
Hospital for Sick Children, Toronto)
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protein concentration, and involvement of deep regions of 
the brain as independent predictors of poor prognosis. In 
patients with 0–1 factors (low risk), 2–3 factors (intermedi-
ate risk), and 4–5 factors (high risk), the 2-year survival rates 
were 80%, 48%, and 15%, respectively [16]. In another 
prognostic model, adult PCNSL patients were divided into 
three groups based on age and performance status: (1) 
<50 years old; (2) ≥50 years old with a KPS ≥70; and (3) 
≥50 years old with a KPS <70. Based on these three divi-
sions, significant differences in overall and failure-free sur-
vival were observed [17].

In the largest pediatric PCNSL series, an ECOG perfor-
mance status of 0–1 was the only prognostic factor associ-
ated with better outcomes with hazard ratios of 0.136 
(p = 0.017) and 0.073 (p = 0.033) for progression-free sur-
vival (PFS) and overall survival (OS), respectively; while 
age, serum LDH, CSF protein, and involvement of deep 
brain lesions were not significant likely due to the small 
number of patients [3].

 Diagnostic Evaluations

The International PCNSL Collaborative Group (IPCG) has 
developed guidelines for initial diagnostic assessment of 
PCNSL patients [18]. A gadolinium-enhanced brain mag-
netic resonance imaging (MRI) scan is the optimal radio-
graphic study for the detection of PCNSL.  If MRI is not 
possible or is contraindicated, a contrast-enhanced brain 
computed tomography (CT) scan is recommended. Most 
children with PCNSL present with a single brain mass, while 
around 40% present with multiple lesions. The lesions are 
usually isointense to hypointense on T2-weighted MRI scan 
sequences (Fig.  18.2). Since PCNSL is characterized by a 
high nuclear:cytoplasmic ratio and high cell density, there 
may be regions of restricted diffusion observed on diffusion- 
weighted MRI sequences, and apparent diffusion coefficient 
imaging was found to be a useful biomarker of response to 
chemotherapy in adults [19], but has never been evaluated in 
children. Involvement of cerebral hemispheres occurs in 
almost 50% of children, while involvement of deep brain 
structures (basal ganglia, cerebellum, or brain stem) occurs 
in at least 40% [3]. The diagnosis of PCNSL is usually made 
by stereotactic brain biopsy. Occasionally, if a brain biopsy 
is not safe then a lumbar puncture with CSF analysis (flow 
cytometry, cytology, and immunoglobulin heavy-chain gene 
rearrangement), or analysis of vitreous fluid aspirate (with 
MYD88 PCR) [10] in patients with ocular involvement could 
be diagnostic. Concurrent leptomeningeal and ocular 
involvement occurs in approximately 15%–20% and 
5%–25% of adult PCNSL patients, respectively. Concurrent 
leptomeningeal involvement occurred in 17% of patients in 

the largest pediatric series [3], while isolated leptomeningeal 
disease was reported in 18% of cases in a previous review 
[12]. Isolated spinal cord involvement is rare and observed in 
<1% of cases; therefore spinal MRI is only necessary based 
on clinical suspicion or to screen for leptomeningeal involve-
ment if a lumbar puncture cannot be safely performed.

A thorough diagnostic work-up is needed to establish the 
extent of the disease and to confirm isolated CNS involve-
ment. Physical examination should include lymph node 
examination, a testicular examination in males, and a com-
prehensive neurological examination. A lumbar puncture 
should be performed if not contraindicated, and CT/PET 
scans of the chest, abdomen, and pelvis, and a bone marrow 
aspirate and biopsy are recommended to exclude occult sys-
temic lymphoma. A slit lamp examination and a comprehen-
sive eye evaluation by an ophthalmologist are required to 
exclude involvement of the optic nerve, retina, or vitreous 
humor. Blood tests should include complete blood count, 
basic metabolic panel, serum LDH, and HIV serology [16].

 Treatment

The optimal therapy for children with PCNSL has not yet 
been determined. Most pediatric centers routinely treat 
PCNSL patients with either an LMB-96/BFM-based proto-
cols or with regimens derived from the adult experience but 
with some pediatric adaptation, as shown in the Toronto 
treatment algorithm (Fig. 18.3).

Kaplan-Meier curve for OAS

1.0

0.8

0.6

0.4

S
ur

vi
va

l d
is

tr
ib

ut
io

n 
fu

nc
tio

n

0.2

0.0

0 5 10

Relapse time in years

15 20

Fig. 18.2 Two-year overall survival curve for 29 children and adoles-
cents with PCNSL [3]
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 Surgery

Due to the multifocal nature of PCNSL, surgical resection 
is not usually part of the standard treatment [20]. In both 
adults and children, the role of neurosurgery is to establish 
a diagnosis through a stereotactic brain biopsy or, in rare 
cases, to relieve an impending brain herniation via emer-
gent debulking. Although in one report there was a possible 
benefit of gross total resection in adult PCNSL patients, 
this was a retrospective study and subset analysis was prob-
ably limited by selection bias [21]. Adults with PCNSL 
have a median survival of 1–4  months following surgery 
alone [22]. Thus, the recommendation in childhood PCNSL 
is to restrict surgery to a diagnostic stereotactic biopsy.

 Corticosteroids

Corticosteroids should be avoided prior to a stereotactic 
biopsy if possible, due to the risk of altering cellular mor-
phology which can lead to a non-diagnostic pathology sam-
ple. Steroids can decrease tumor-associated edema and may 
result in partial radiographic regression of PCNSL. However, 
after an initial response, almost all patients quickly relapse. 
Nevertheless, one study showed that initial radiographic 
response to corticosteroids in newly diagnosed adult PCNSL 

patients was a favorable prognostic marker, with survival of 
117  months in responders versus 5.5 months in non- 
responders [23].

 Whole-Brain Radiation Therapy

Historically, PCNSL was treated in adults with whole-brain 
radiation therapy (WBRT) alone at doses ranging from 36 to 
45 Gy which resulted in a high proportion of radiographic 
responses, but the responses were not durable. In a multi-
center phase II trial, 41 adults were treated with WBRT at 
40-Gy plus a 20-Gy tumor boost and achieved a median OS 
of 12 months and a 2-year OS of 25% [24]. A historical pedi-
atric review reported similar outcomes in children treated 
with WBRT alone or in combination with low-dose chemo-
therapy with a median OS of 17  months [25]. Due to the 
early relapses after radiation and the associated risk of neu-
rotoxicity, WBRT alone is not a recommended treatment for 
children with newly diagnosed PCNSL, except in the pallia-
tive care setting.

 Chemo-Radiotherapy Combinations

Prior to the establishment of methotrexate as the foundation 
of chemotherapy for PCNSL, regimens that were standard of 
care for systemic NHL were adopted. A randomized trial of 
WBRT versus WBRT and cyclophosphamide, doxorubicin, 
vincristine, and prednisone (CHOP) in adults was terminated 
early due to poor accrual, although results suggested that 
WBRT and CHOP was not superior to WBRT alone [26]. 
Given that the agents in the CHOP regimen poorly penetrate 
the blood-brain barrier, and can be quite toxic if adminis-
tered at high doses, this treatment regimen was abandoned 
for patients with PCNSL. One adult study reported improved 
outcomes when WBRT was combined with high-dose meth-
otrexate (HD-MTX)-based chemotherapy regimens [27]. A 
more recent randomized adult study evaluated HD-MTX 
with or without WBRT in patients who achieve a complete 
response after chemotherapy. There was improved PFS 
among patients treated with chemotherapy plus WBRT, 
although there was no difference in OS [28].

In childhood PCNSL, WBRT has not been evaluated in a 
randomized fashion, but there are retrospective reports of 
patients having favorable outcomes with chemotherapy 
alone [3, 11, 13]. A small retrospective series of 12 patients 
from 2006 reported a 5-year event-free survival (EFS) of 
70% among the 10 patients who were treated with chemo-
therapy alone [11]. The largest childhood PCNSL series of 
29 patients failed to show a benefit from WBRT, and response 
rates were higher in patients who received frontline chemo-
therapy alone possibly because of the increased doses of che-

INDUCTION 

HD-MTX (8 g/m2) IV over 3 hours + LCV + VCR 1.5 mg/m2  IV x 1 +
Dexamethasone 10 mg/m2 PO x 5 days x 4 cycles

Evaluation: CR or VGPR/PR SD/PD

salvage

ASCT + CRT

CONSOLIDATION

HD-MTX (3.5 g/m2) IV over 3 hours + LCV -day 1

+ HD-ARA-C (3 g/m2) days 4 & 5

X 2 cycles

Evaluation: CR or VGPR

INTENSIFICATION

Cytarabine/Etoposide X 2 cycles

¯

¯

¯

¯
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Fig. 18.3 Toronto treatment protocol for pediatric primary CNS 
lymphoma
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motherapy given in the absence of WBRT [3]. A more recent 
pediatric series from the Berlin-Frankfurt-Munster (BFM) 
group suggested that most children with PCNSL can poten-
tially be cured without WBRT [13]. Considering these results 
together with the adult data, and due to the potential for 
 serious neurocognitive dysfunction from WBRT in children 
[29], this modality should be ideally reserved for patients 
with refractory or relapsed disease.

 Systemic Chemotherapy

Given the treatment-related neurotoxicity of WBRT, sys-
temic chemotherapy is the most important part in the treat-
ment of PCNSL.  Chemotherapeutic agents such as 
anthracyclines and cyclophosphamide with poor penetration 
into the blood-brain barrier (BBB), and with potential toxic-
ity when given at high doses, are not as effective as in sys-
temic lymphomas. CHOP regimens, which are highly active 
in systemic DLBCL, have indeed shown little activity in 
adult PCNSL [30]. Methotrexate is the most active agent in 
the treatment of PCNSL. In adults, HD-MTX has been given 
at variable doses and schedules but in general, doses ≥3 g/m2 
delivered as an initial bolus followed by an infusion over 
3 hours, and administered every 21 days is recommended for 
optimal outcomes and adequate CSF concentrations [31]. 
Multiple, phase 2 studies have demonstrated the safety, effi-
cacy, and relatively preserved cognition of HD-MTX-based 
chemotherapy regimens [32, 33]. Moreover, longer duration 
of induction chemotherapy with HD-MTX (>6 cycles) has 
been associated with higher complete response (CR) rates 
[32, 34]. Prospective randomized trials in adults have shown 
better response rates and PFS when HD-MTX was combined 
with thiotepa and HD-Ara-C, both of which have high CNS 
penetration [35, 36].

Although large trials for PCNSL are lacking in children, 
small case series and case reports demonstrated that multia-
gent chemotherapeutic regimens including HD-MTX and 
HD-Ara-C are effective in most patients. The first large 
series of pediatric PCNSL consisted of 12 children diag-
nosed between 1995 and 2003; 10 were treated with chemo-
therapy alone and 90% of them had HD-MTX and/or 
HD-Ara-C as part of their treatment, and their 5-year EFS 
was at 70% [11]. The largest pediatric series included 29 
patients treated by either adult or pediatric oncologists, and 
93% of them were treated with MTX-containing regimens 
and mostly with HD-MTX and HD-Ara-C combinations. 
FAB/LMB 96 protocol was the most common regimen used 
in this series, and consisted of HD-MTX (3–8  g/m2), 
HD-Ara-C (3  g/m2), and triple intrathecal chemotherapy. 
The overall response rate was 86%, while the 2-year OS 
(Fig.  18.2) and PFS (Fig.  18.4) rates were 86% and 61%, 
respectively; the 3-year OS was 82%. Primary treatment 

with chemotherapy alone was associated with better overall 
response rates, and there was a marginally significant rela-
tionship between higher doses of MTX and response 
(p  =  0.06) [3]. We have had an anecdotal experience with 
HD-MTX at 8 g/m2 (for 4 cycles) inducing a rapid CR in a 
teenage boy with multifocal PCNSL (Fig. 18.5a, b) [37]. In 
the largest pediatric series, an ECOG performance score of 
0–1 was the only factor associated with better PFS and 
OS. Five of the six patients who relapsed after chemotherapy 
alone regimens responded to salvage therapies and were in 
CR at the time of report [3]. Similarly, a smaller series of six 
patients treated with LMB96-like regimens showed favor-
able outcomes with a 5-year OS of 83% [14]. More recently, 
the BFM group published a series of 17 children (both 
immunocompetent and immunocompromised) with PCNSL 
treated according to three consecutive BFM-NHL protocols 
between 1990 and 2011. Treatment included six cycles of 
HD-MTX, HD-Ara-C and triple, intrathecal chemotherapy 
but also with anthracyclines and alkylating agents. Only 
ALCL patients (n = 5) received WBRT (24 Gy) as an addi-
tional part of their therapy. After a median follow-up of 
7.5 years, the 3-year OS of the entire cohort was 63%, while 
the 3-year OS among immunocompetent patients was 92% 
[13]. In addition, the Children’s Oncology Group (COG) 
published data from their rare NHL registry, which had 5 
patients with PCNSL.  There were no treatment details on 
this small cohort of PCNSL patients, but their PFS and OS 
rates were 100% at a median follow-up of 2.1 years [38]. A 
summary of all pediatric series and treatment results is 
shown in Table 18.1.
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 Intrathecal Chemotherapy

The role of intrathecal (IT) chemotherapy in pediatric 
PCNSL is not well defined, although it has been used in most 
pediatric multi-agent chemotherapeutic regimens. In adults, 
two retrospective non-randomized studies failed to show any 
added benefit from IT chemotherapy in the setting of 
HD-MTX-containing regimens [39, 40]. Consequently, due 
to the ability of HD-MTX of achieving micromolar concen-
trations in the CSF, most adult trials do not include IT che-
motherapy. There has been no comparison between the 
outcomes of children treated with high-dose chemotherapy 
with or without IT chemotherapy.

 Immunotherapy

Rituximab is a chimeric monoclonal antibody targeting the 
CD20 antigen that has been incorporated into induction che-
motherapy regimens in adult PCNSL. At an IV dose of 375–
800 mg/m2 of rituximab, CSF levels from 0.1% to 4.4% of 
serum levels are usually achieved. Despite the limited CSF 
penetration, relapsed adult PCNSL patients have achieved 
radiographic responses when treated with rituximab mono-
therapy [41]. In addition, historically, radiographic CR rates 
are higher with induction protocols that include rituximab vs 
those without rituximab [42]. An adult phase II randomized 
trial showed a superior response of the combination of 

HD-MTX/Ara-C/thiotepa/rituximab (MATRix) compared 
with HD-MTX/Ara-C alone and compared with HD-MTX/
Ara-C and rituximab [35].

In children, the Inter-B-NHL Ritux 2010 international 
trial combines a randomized phase III study testing the 
impact of adding rituximab to the LMB regimen for 
advanced-stage B-cell lymphoma. The randomization was 
terminated early due to the high probability of superiority in 
the rituximab arm. The 1-year EFS was 94.2% vs 81.5% in 
the rituximab vs no rituximab arms, respectively, and the 
hazard ratio was 0.33 (90% confidence interval, 0.16–0.69; 
P = 0.006) [43]. In pediatric patients with CD20+ PCNSL, 
rituximab has been given alone or in combination with che-
motherapy to a small number of patients [3] but the data is 
insufficient to make any definite conclusions.

 Autologous Stem Cell Transplantation (ASCT)

Given the success of high-dose chemotherapy (HDT) fol-
lowed by autologous stem cell transplantation (ASCT) in 
relapsed or refractory systemic NHL and PCNSL, this 
approach has been studied as consolidation for newly diag-
nosed adults with PCNSL [44]. Conditioning regimens 
including thiotepa have shown the most promising results. In 
a multicenter, phase II trial, 79 patients were treated with 
induction HD-MTX, cytarabine, rituximab, and thiotepa, 
followed by carmustine and thiotepa conditioning prior to 

a b

Fig. 18.5 Brain MRI of a 17–year-old immunocompetent boy with 
PCNSL: (a) sagittal T1 weighted post-gadolinium MRI demonstrates 
multiple enhancing nodules in the medulla, pituitary recess, and along 

the corpus callosum (white arrows); (b) follow-up MRI after four cycles 
of HD-MTX (8 g/m2) demonstrates complete resolution of the nodules. 
(Courtesy of Dr Helen Branson, Hospital for Sick Children, Toronto)
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ASCT. The overall response rate was 91%, and the 2-year 
OS was 87% and treatment-related deaths occurred in <10% 
of patients [44]. More recently, Ferreri et  al. reported the 
results of a randomized study that addressed the efficacy of 
myeloablative chemotherapy supported by ASCT, as an 
alternative to WBRT, as consolidation after high-dose- 
methotrexate- based chemoimmunotherapy. WBRT and 
ASCT were both equally feasible and effective as consolida-
tion therapies after high-dose methotrexate-based chemoim-
munotherapy in patients aged 70  years or younger with 
PCNSL. Therefore, the risks and implications of cognitive 
impairment after WBRT should be considered at the time of 
therapeutic decision [45]. There are three ongoing, multi-
center, randomized trials in adults comparing the efficacy of 
consolidative HDT/ASCT versus chemotherapy or WBRT 
for newly diagnosed PCNSL (NCT01011920, NCT00863460, 
NCT01511562). In the largest pediatric PCNSL series, 
ASCT was used as consolidative therapy in 2 of 29 newly 
diagnosed PCNSL; 10 of the 29 cases relapsed and 4 of these 
underwent salvage therapy followed by ASCT, with all 4 
patients being alive at the time of report [3].

 Future Perspectives and Unanswered 
Questions

Novel therapeutic agents currently under study for adult pri-
mary CNS DLBCL include ibrutinib, lenalidomide, pomalid-
omide, buparlisib, pemetrexed, everolimus, and bendamustine 
[9]. In a phase I study of dose-escalating lenalidomide, 9 
patients with relapsed or refractory CNS lymphoma were 
treated and 8/8 evaluable subjects achieved objective 
responses (4 CR, 4 PR) after 1 month of lenalidomide mono-
therapy. In a separate cohort of ten patients from the same 
study with relapsed or refractory CNS lymphoma, lenalido-
mide was administered as maintenance therapy after first- 
line salvage treatment, and five patients maintained durable 
responses ≥2 years suggesting a role for this drug in consoli-
dation or maintenance therapy [46]. Clinical trials of lenalid-
omide plus rituximab for relapsed or refractory PCNSL are 
ongoing in adults. Unanswered questions remain in PCNSL, 
such as the role of PET scans in the initial evaluation of dis-
ease response, a clear definition of a complete remission, 
role of the frontline addition of rituximab, and the optimal 
treatment of refractory and relapsed patients.

Understanding the molecular biology of pediatric PCNSL 
is challenging due to the rarity of the disease and the scarcity 
of pathology samples on brain biopsies. In addition, due to 
the rarity of PCNSL in children and the need for many years 
of follow-up to detect late relapses, it is obvious that no pro-
spective phase III trials are feasible through any of the single 
pediatric cooperative groups. It is also questionable whether 
children with PCNSL benefit from the addition of drugs with 

little penetration through the BBB, such as anthracyclines 
and alkylating agents. An international collaboration between 
the IPCG members and pediatric international groups (COG- 
NHL committee, German NHL-BFM and French-LMB 
groups) might lead to the development of longitudinal data 
registries and ultimately better treatment strategies for chil-
dren and adolescents with PCNSL.

 Conclusions

Evidence-based treatment recommendations for childhood 
and adolescent PCNSL are not well established, particularly 
in the absence of large clinical trials. Combination chemo-
therapy regimens, largely dependent on the histopathological 
subtype, are reasonable choices for most patients. Since 
higher doses of MTX have been correlated with long-term 
remissions in PCNSL and because children can tolerate 
higher doses of MTX versus adults, it is appropriate to start 
with induction therapy consisting of three or four cycles of 
MTX at 5–8 g/m2 with folinic acid rescue and, in case of a 
good early response, to give consolidation with HD-MTX 
and HD-Ara-C. However, BFM and FAB/LMB96 protocols 
have also yielded favorable outcomes and could be consid-
ered as reasonable treatment options as well. The role of IT 
chemotherapy is not established especially in the context of 
HD-MTX-containing regimens. Rituximab may be of benefit 
in mature B-cell PCNSL based on data from pediatric sys-
temic B-NHL, as well as from the adult PCNSL literature. In 
pediatric PCNSL, autologous stem cell transplant and WBRT 
are not recommended during frontline therapy and are rou-
tinely advised for refractory or relapsed cases. Of note, how-
ever, ASCT is now listed as a frontline consolidation option 
for adults with PCNSL in the most recent NCCN guidelines. 
An international case registry between the International BFM 
study group and the COG is currently enrolling children and 
adolescents with PCNSL, which could provide better thera-
peutic insights into this rare pediatric lymphoma. Lastly, a 
better understanding of the molecular signature of pediatric 
PCNSL is warranted as this might lead to novel, more effec-
tive, and possibly less toxic targeted therapies in the future.
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 Introduction

Non-Hodgkin’s lymphoma (NHL) may arise in tissues with 
no concomitant infiltration of the lymph nodes, spleen, or 
thymus; these cases are referred to as primary extra-nodal 
NHL.  It has been reported that 30–50% of B-cell NHL 
(B-NHL) cases have extra-nodal manifestations in various 
organs, such as the gastric tract, skin, bone, central nervous 
system, breast, heart, liver, kidneys, or adrenal glands [1]. 
Primary extra-nodal B-NHL are very rare. Below, primary 
pediatric B-NHL in different organs, as well as rare adult- 
type manifestations, will be described.

 Primary Renal Non-Hodgkin’s Lymphoma

 Epidemiology

Renal involvement is a common finding in patients with 
advanced stage NHL; however, primary renal NHL is a rare 
entity, with as few as 70 cases reported in the literature. 
Primary renal NHL is very uncommon in the pediatric popu-
lation [2].

 Etiology

The precise etiology of primary renal NHL is unknown, 
however, there are suggestions that it originates in the lymph 
nodes of the renal sinus or in the lymphatic network of the 
renal capsule [3]. In adult patients, primary renal NHL often 
involves one kidney, whereas in pediatric patients cases can 
be bilateral [4–7].

 Clinical Manifestations

Malbrain et al. [8] proposed criteria for primary renal lym-
phoma: (a) renal failure as initial presentation, (b) bilateral 
enlargement of kidneys without obstruction and/or other 
organ or nodal involvement, (c) diagnosis made by renal 
biopsy, (d) absence of other causes of renal failure, and (e) 
rapid improvement of renal function after therapy. More 
recently, Stallone et al. [9] proposed revised criteria: primary 
renal NHL is considered if (a) there is lymphomatous renal 
infiltration, (b) there is non-obstructive uni- or bilateral renal 
enlargement, and (c) there is no extra-renal localization of 
lymphoma at the time of diagnosis. Patients commonly pres-
ent with abdominal mass, gross hematuria, high blood pres-
sure, renal failure, flank pain, and weight loss. Flank pain has 
been described as one of the most common symptoms of 
primary renal NHL, at least in adults [10]. In the pediatric 
cases reported, renal failure is a very common feature [11].

 Diagnosis

Complete staging is essential to exclude more disseminated 
disease. [18F] fluorodeoxyglucose (FDG) positron emission 
tomography (PET) scan (FDG-PET) has been used in stag-
ing for adult and pediatric cases [6, 12]. In adults with 
Burkitt’s lymphoma, FDG-PET has been shown to increase 
the accuracy of staging [13]. Pediatric studies on the role of 
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FDG-PET in staging of B-NHL overall are lacking. The 
associated finding of thrombus in the inferior vena cava has 
been reported and careful evaluation is required to differenti-
ate primary renal lymphoma from other more common renal 
tumors in childhood leading to thrombosis, as well [14]. 
Renal biopsy is required to confirm the diagnosis of primary 
renal NHL. Reported histologies are, as expected, Burkitt‘s 
lymphoma and diffuse large B-cell NHL (DLBCL). Even 
rarer, T-cell NHL as the cause of primary renal lymphoma of 
childhood has been reported [15].

 Management

Treatment appears unsatisfactory with the majority of adult 
patients experiencing extra-renal progression despite stan-
dard B-NHL therapy and where reported, death within 1 year 
of diagnosis is seen in three-quarters of the patients [16]. 
Optimal therapy in childhood primary renal lymphoma is 
unknown, though treatment-related mortality due to renal 
dysfunction is reported [11].

 Primary Effusion Lymphoma

 Epidemiology

Primary effusion lymphoma (PEL) is a rare type of NHL that 
often presents with malignant effusions without bulky tumor 
disease. PEL is the only effusion-based lymphoma listed in 
the 2016 World Health Organization classification of tumors 
of hematopoietic tissues [17]. Most patients affected are 
human immunodeficiency virus (HIV)-positive young adults 
[18]. The presence of human herpes virus 8 (HHV8) infection 
is crucial for the diagnosis of PEL [18]. PELs are exception-
ally rare in children, with very few reported cases of pediatric 
“primary pleural lymphoma” in the literature [19, 20].

 Diagnosis

The diagnosis of PEL and PEL-like lymphomas is confirmed 
following examination of the effusion fluid for cytology and 
immunophenotyping. PEL cells commonly express CD45, 
CD138, and MUM-1 but usually lack B-cell markers (CD19, 
CD20, CD79a, surface and cytoplasmic immunoglobulin) and 
T-cell antigens (CD2, CD3, CD4, CD5, CD7, and CD8). 
Diagnosis of pediatric PEL-like lymphoma often poses diag-
nostic challenges. Differential diagnoses in children present-
ing with lymphomatous effusion include DLBCL, Burkitt’s 
lymphoma, anaplastic large cell lymphoma (ALCL), and pyo-
thorax-associated lymphoma. Increased diagnostic awareness, 
better understanding of molecular biology, and more effective 
treatment strategies are needed for these rare lymphomas.

 Management

Given the rarity of these lymphomas, there is no specific 
treatment recommendation for children. The most common 
chemotherapy regimen used in adult patients with PEL is 
CHOP-based therapy (cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone) with adult data of only 6 months 
median survival and overall survival (OS) of 40% [21]. Use 
of novel therapies such as interferon-α [22], cidofovir [23], 
and bortezomib [24] has been supported by case reports and 
small case series. Reports in the literature suggest that dis-
ease control could be achieved without any systemic chemo-
therapy, by drainage of the effusion alone [24, 25].

 Primary Cutaneous B-Cell Lymphomas

Primary cutaneous lymphomas are exceptionally rare in chil-
dren. The T-cell subtypes have similar clinical and patho-
logic features as their adult counterparts. The outcome of 
cutaneous B-cell lymphomas depends on subtype; however, 
there are insufficient data on the respective entities. 
Prospective clinical studies done on the pediatric population 
with these rare lymphomas are needed to better understand 
their biological and clinical behavior and to ultimately dis-
cover the best therapeutic strategies. Herein we will focus on 
pediatric cutaneous B-cell lymphomas only.

Primary cutaneous marginal zone B-cell lymphoma 
(PCMZL) is an indolent B-cell lymphoma which often clini-
cally presents with solitary or multifocal skin lesions, which 
include violaceous papules, plaques, or nodules, involving 
the trunk or extremities [26]. Pediatric PCMZL is commonly 
seen in teenagers, frequently with lesions involving more 
than one anatomical site, often associated with immunodefi-
ciency [27]. Association with Borrelia burgdorferi is rare, 
but seen.

Pediatric PCMZL is morphologically and immunopheno-
typically similar to adult cases, with the marginal zone 
B-cells expressing CD20, CD79a, and bcl-2, but negative for 
CD10 and bcl-6. This phenotype is useful in distinguishing 
PCMZL from primary cutaneous follicular center lymphoma 
(PCFCL). Treatment options vary depending on the extent of 
the disease. For patients presenting with one or few small 
skin lesions treatment could be a wait-and-watch approach, 
surgery, or local radiotherapy. The use of intralesional ritux-
imab in both, adults and children, has shown very promising 
results [28]. In patients with associated B. burgdorferi infec-
tion, systemic or oral antibiotics (doxycycline) can be tried 
first [29]. In patients showing frequent skin relapses, topical 
or intralesional steroids may be considered. Overall, pediat-
ric PCMZL, similar to its adult counterpart, usually follows 
an indolent course and has excellent prognosis.

Primary cutaneous follicle center lymphoma (PCFCL) 
has a distinctive clinical presentation with solitary or grouped 
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plaques and tumors, mainly involving the scalp, forehead, or 
the trunk [30, 31]. The tumor cells express the B-cell mark-
ers bcl-6 and CD10 (variable) but are negative for MUM-1/
IRF-4, consistent with its origin from germinal center 
B-cells. A common feature is the absence of t(14;18) [32]. 
PCFCL in children is exceptionally rare, with only few pedi-
atric cases reported in the literature [33, 34]. Due to its rarity, 
it is unclear if pediatric PCFCL has a worse prognosis com-
pared to its adult counterpart. The current recommended 
treatment approach is complete excision alone, deferring 
radiation for relapsed disease.

Primary cutaneous DLBCL, leg type, is a rare and aggres-
sive variant of DLBCLs, presenting with skin lesions on the 
legs in elderly patients [35]. To date, there are no reported 
pediatric cases of primary cutaneous DLBCL, leg type.

Plasmablastic lymphoma is a rare subtype of DLBCL 
commonly affecting the oral cavity of HIV-positive or post-
transplant patients. The skin is rarely involved [36]. There is 
an established association with EBV.  In adult patients, the 
disease is characterized by an aggressive course, with a mean 
survival of 6 months. Reports of pediatric cases of plasma-
blastic lymphoma are rare [37, 38].

 Lymphomatoid Granulomatosis

A rare angiocentric and angioinvasive EBV-associated 
B-cell lymphoproliferative disorder, lymphomatoid granu-
lomatosis, was first described in 40 patients by Liebow in 
1972 [39]. The disease predominantly involved the lungs 
with 20% of patients also having central nervous system 
(CNS) involvement. Among the 40 patients, there was one 
8.5-year-old female child who presented with neurological 
symptoms of ataxia and unilateral loss of vision and who 
was found to have bilateral lung lesions and subsequent 
biopsy confirmed lymphomatoid granulomatosis. The neu-
rological symptoms spontaneously improved, but the lung 
lesions were treated with prednisolone and proved respon-
sive, but she remained on daily treatment at the time of the 
report [39]. The association of lymphomatoid granulomato-
sis with EBV and classification as a B-cell lymphoprolifera-
tive disorder took a further two decades following the first 
description [40].

There have been few cases of childhood lymphomatoid 
granulomatosis reported since 1972. A case report and 
review in 2014 described only 49 cases [41]. Subsequently, 
only a handful of additional cases have been reported [42, 
43]. A median age of 12 years was found and in keeping with 
the first case reported, pulmonary and CNS manifestations 
are predominating. One-third of the patients were immuno-
compromised. Interleukin-2-inducible T-cell kinase (ITK) 
deficiency has been found in one 6-year-old girl who devel-
oped lymphomatoid granulomatosis and died after hemato-
poietic stem cell transplantation [44]. The prognosis appears 

to be poor and in the absence of trial evidence, aggressive 
treatment with B-NHL therapy appears warranted [41]. The 
role of rituximab remains unclear [45].

 Primary Lymphomas of the Eye in Children

Primary lymphomas of the eye in children consist of the pri-
mary ocular adnexal lymphomas (POAL) and primary intra-
ocular lymphomas (PIOL), affecting the ocular adnexa and 
the vitreous/retina, respectively.

 Epidemiology

 POAL
Primary ocular adnexal lymphoma (POAL) is the most 
common type of cancer affecting the ocular adnexa, 
including the orbit, lacrimal gland/sac, conjunctiva, and 
eyelids, accounting for 55% of all orbital tumors. POAL 
accounts for 1–2% of NHL and 5–15% of extra-nodal lym-
phoma [46, 47].

Extra-nodal marginal zone lymphoma of mucosa- 
associated lymphoid tissue (EMZL-MALT) is the most com-
mon histological subtype, accounting for approximately 57% 
of POAL cases followed by follicular lymphoma (15%), 
DLBCL (13%), and mantle cell lymphoma (4%) [47]. 
Regarding EMZL-MALT, the best-studied subtype, there is a 
slight female predominance and the median age at diagnosis is 
nearly 65 years. Rare cases of POAL in children have been 
described, however, the exact incidence in childhood is not 
known. Interestingly, the EMZL-MALT subtype is strongly 
associated with Chlamydophila psittaci infection in certain 
geographic areas as well as with co-existing autoimmune dis-
eases, implying the involvement of chronic antigenic stimula-
tion and chronic inflammation in the pathogenesis of these 
tumors.

 PIOL
Primary intraocular lymphoma (PIOL), the majority of 
which is DLBCL, is a rare entity in both the adult and 
 childhood population [48, 49]. The limited data on 
 pediatric patients reported are usually part of adult cohort 
studies [48].

 Clinical Manifestations

 POAL
The clinical manifestations of POALs vary depending on the 
anatomical site of tumor origin and the extension of the dis-
ease. The most common clinical features of POALs are listed 
in the Table 19.1. Bilateral involvement ranges from 7% to 
24% [46].
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 PIOL
Clinical presentation of primary intraocular DLBCL poses 
diagnostic challenges. Commonly, the initial symptoms are 
benign and nonspecific, such as floaters or blurred vision, 
often mistaken and treated as chronic uveitis, resulting in late 
diagnosis [52, 53]. Patients can have symptoms of CNS 
involvement, which can develop at any stage during disease 
progression. Neurological findings include hemiparesis and 
cerebellar signs [54].

 Diagnosis

Ophthalmological examination and imaging studies (orbit 
ultrasonography and contrast MRI) are required in order to 
delineate the extent of ocular disease, but they are unable to 
define the exact pathology of a mass. Therefore, surgical 
biopsy of the suspicious lesion for morphological, immuno-
phenotypical, and molecular studies is the gold standard for 
the diagnosis. Further radiological investigation and additional 
examinations (BM and CSF examination, total body imaging, 
PET scans) are required as indicated for the staging [47].

 Management

The therapeutic approach of primary lymphomas of the eye 
includes chemotherapy, radiotherapy, complete excision of 
the lesion, and/or immunotherapy (anti-CD20 monoclonal 
antibody intravenously or intralesionally), depending on the 
sites of involvement, the histology, and the stage of disease.

 POAL
Radiation therapy (RT) is currently the primary treatment 
modality for EMZL-MALT, achieving local control in 
86–100% of Ann Arbor stage I cases. Additionally, it is 
shown in several studies that an antibiotic treatment with 
doxycycline in cases of C. psittaci-positive extra-nodal 
marginal zone lymphomas of MALT is able to achieve an 
overall response rate in 45–65% cases without additional 
therapy [46].

 PIOL
Systemic chemotherapy is the treatment of choice in 
PIOLs, however, many drugs do not penetrate the eye 
well, and they need to be augmented with intravitreal che-
motherapy or external beam radiation. Studies have 
proven that anti-CD20 monoclonal antibodies are effica-
cious in the treatment of ocular lymphoma, and the addi-
tion of such agents has become standard of care, at least in 
adults.

 Prognosis

 POAL
Histological subtype and stage are the most important 
prognostic factors for POALs. Although the overall 
response rate of early-stage POALs with current therapy is 
above 80%, local and systemic relapses occur continu-
ously over time. Desai et al. reported an estimated cumula-
tive incidence of relapse or progression of stage I 
EMZL-MALT of 5.1% at 1  year, 17.5% at 5  years, and 
31% at 10 years [46]. Similarly, distant relapse occurs in 
6–50% of follicular lymphoma at a median follow-up of 
7 years, while the 10-year OS rate is 83% [50]. In conclu-
sion, surveillance for local or systemic lymphoma is 
required for a long period of time.

 PIOL
Primary intraocular DLBCL is a high-grade, aggressive 
lymphoma, but is potentially curable [49]. In adult patients, 
the degree of p53 expression and Ki-67 antigen expression 
has been shown to correlate significantly with clinical out-
come [55]; however, no studies have been done to confirm 
if this is also true for the pediatric population. Survival in 
pediatric patients depends on whether the disease is ini-
tially localized or metastatic; however, survival is largely 
unknown due to the limited data on these rare pediatric 
lymphomas.

 Primary Non-Hodgkin’s Lymphoma 
of the Bone in Children

 Epidemiology

Primary NHL of the bone is a rare malignancy which com-
prises 2–3% (5–7% Borst et al. 2013) of primary bone tumors 
and 5% of extra-nodal NHL in adults and children. The 
median age at presentation lies in the fifth decade; however, 
rare cases of primary NHL of the bone in children are also 
reported, usually presenting in adolescence and accounting 
for 2–9% of all pediatric NHL.  It has a predominance in 
males, both in adults and children [56].

Table 19.1 Clinical manifestations of POALs

Site of 
involvement

Relative
Incidence 
[50, 51] Most common clinical manifestations

Orbit 37–40% Proptosis, periorbital edema, ptosis, 
exophthalmos, diplopia, visual loss, 
eye movement disorder

Conjunctiva 29–40% “Salmon patch”-like conjunctival 
lesions

Lacrimal 
apparatus

10–20% Painless palpable mass, periorbital 
edema, gritty sensation, epiphora

Eyelids 10–14% Mass/swelling of the eyelid
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 Histology

Most cases are mature B-NHLs. Although histology is more 
heterogeneous in children than in adults, DLBCL remains the 
most common pediatric histological subtype. Precursor B-cell 
lymphoblastic lymphoma, ALCL, follicular lymphoma, and 
Burkitt’s lymphoma have also been described [56, 57].

 Clinical Manifestations

Clinical features include localized bone pain without anteced-
ent trauma, swelling or palpable mass, tenderness, nocturnal 
pain, limp, pathologic fracture, and constitutional symptoms 
(fever, weight loss, anorexia, etc.). The femur is the most fre-
quently involved site followed by the pelvis, humerus, and 
tibia. Patients may present with single or multiple bone involve-
ment or disseminated disease. Moreover, a median delay of 
several months from the onset of symptoms until the final diag-
nosis has been reported, which is attributed to the nonspecific 
symptoms/signs and radiological findings at presentation [56].

 Diagnosis

Bone biopsy remains the gold standard in diagnosis. 
Hypercalcemia is often associated with primary NHL of the 
bone [56]. Radiographic findings of plain radiographs, CT or 
MRI are generally nonspecific and are often unable to differ-
entiate between this rare lymphoma subtype and other benign 
or malignant entities. The most common radiological appear-
ance is a permeable or moth-eaten lytic destructive pattern. 
Cortical destruction, pathologic fractures, soft-tissue masses, 
and periosteal reaction may also be present. MRI is the most 
sensitive modality for detecting a soft-tissue mass [58]. In 
addition, based on the current literature, PET/CT is suggested 
for pre-treatment staging and monitoring, since it is more sen-
sitive and specific than CT alone for the detection of extra-
nodal spread of lymphoma [59]. Radiological assessment of 
the involved sites during and after therapy remains challeng-
ing in patients with primary NHL of the bone due to the dif-
ficulty in distinguishing between residual lymphoma and 
osseous remodeling, fibrosis, or necrotic tumor. All imaging 
modalities may show bone abnormalities even for years after 
clinical remission resulting in high false- positive rate [60].

 Management

Chemotherapy alone or chemotherapy combined with radio-
therapy is the treatment of choice [56]. The overall response 
rate to initial treatment in adults and children ranges from 
56% to 95%.

 Prognosis

Female gender, age < 9 years, non-large cell histology, BM 
involvement, and elevated calcium levels appear to have poor 
prognostic impact on survival. Overall, the prognosis of pri-
mary NHL of the bone in children is favorable. Previous 
studies have shown a survival rate of 40–100%. Moreover, 
the event-free survival rate for localized disease is 75–100% 
and for disseminated disease is 25–71% [56].

 Primary Gastric Lymphoma (PGL) in Children

 Epidemiology

Primary gastric lymphomas (PGL) are very rare in children. 
They account for less than 2% of NHL in childhood, as 
shown in a single center study [61], and comprise 2–9% of 
all primary gastrointestinal lymphomas (PGITLs) [62, 63]. 
Based on the SEER database, gastric lymphomas occur 
more commonly in children older than 10 years than in the 
younger age group (14.1% versus 3.4%). The overwhelming 
majority of PGLs reported occurred in males, in accordance 
with the overall male predominance described in pediatric 
PGITL [62].

 Histology

The majority of PGLs are high-grade NHLs of B-cell ori-
gin, with Burkitt’s lymphoma being the predominant vari-
ant. Other histological entities that have been described in 
literature are DLBCL and mucosa-associated lymphoid tis-
sue (MALT) lymphomas. Although not yet established in 
pediatric cases, the association between MALT lymphomas 
and H. pylori infection is well documented in adults, sug-
gesting that specific H. pylori antigens stimulate lympho-
magenesis [64].

 Clinical Manifestations

The clinical manifestations of PGL in childhood based on 
cases reported in literature are listed in Table  19.2. The 
symptoms usually precede the diagnosis several weeks or 
months. However, because of the low suspicion index, the 
diagnosis could be significantly delayed.

 Diagnosis

Ultrasound, CT/MRI imaging, or upper gastrointestinal 
series are commonly used for the initial investigation of the 
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presenting symptoms, but the mainstay of diagnosis of PGLs 
is the upper gastrointestinal endoscopy combined with 
biopsy sampling. Further investigation for H. pylori detec-
tion and staging is required.

 Management

The management of PGLs includes surgery, chemotherapy, 
and radiotherapy depending mainly on the presenting symp-
toms, the stage and histological type of the lymphoma [62]. 
Moreover, H. pylori eradication therapy alone has been 
shown to achieve 60–100% histological remission rates in H. 
pylori-positive early-stage gastric MALT lymphoma in 
adults, as well as in other histological types [64]. Similarly, 
H. pylori eradication therapy has been used alone or com-
bined with other therapeutic modalities in pediatric cases, 
too.

 Prognosis

Prognostic factors include the histological type and stage of 
the disease. Gastric lymphomas have the worst prognosis 
among pediatric PGITL, based on the SEER database, with a 
10-year overall and disease-specific survival of 64%. 
Prognosis seems to be more favorable in older children 
(>10 years) [62].

 Rare Adult-Type Malignant B-Cell 
Manifestations in Children

Leukemic mature B-cell malignancies, such as chronic 
lymphocytic leukemia (CLL), multiple myeloma (MM), 
and prolymphocytic leukemia (PLL), are diseases of the 
elderly. Pediatric cases are extremely rare. Herein we 

describe epidemiology, clinical manifestations, and man-
agement of the three types and what is known in children.

 Chronic Lymphocytic Leukemia in Children

 Epidemiology
Although CLL is the most common leukemia in adults in 
Western countries with a median age at diagnosis of 70 years 
and an incidence rate of 4.7 cases per 100,000 per year [65], 
pediatric cases of CLLs are extremely rare. According to the 
SEER database from 1974 to 2004, 21,058 cases with CLL 
and small lymphocytic lymphoma (SLL) are recorded, with 
only 20 patients registered below the age of 25 years [66].

 Diagnosis
The diagnosis of CLL is based on detection of elevated 
monoclonal mature-appearing malignant B lymphocytes 
(>5.000/μl in peripheral blood), expressing CD19, CD20, 
CD5, and CD23.

 Clinical Manifestations
The clinical presentation and course of CLL varies widely. 
Patients could be asymptomatic at diagnosis or present with 
active disease including constitutional or B-symptoms 
(fatigue, night sweat, fever, weight loss), progressive lympho-
cytosis, autoimmune cytopenias (anemia and/or thrombocyto-
penia), lymphadenopathy, hepatosplenomegaly, and recurrent 
infections. Small lymphocytic lymphoma is considered to be a 
less frequent variation of the same disease and resembles a 
low- grade NHL.  Patients with SLL exhibit predominately 
lymph node disease, but lack a leukemic phase, despite BM 
involvement [65, 67]. Interestingly, in the study of Dores et al., 
cases with SLL seemed to be more common than CLL under 
the age of 35 years. In the age group <25 years 16 patients 
were diagnosed with SLL and only 4 with CLL [66].

 Management
Since pediatric cases of CLL are rare, the management of the 
disease is based on the therapeutic strategies applied in adults 
(Table 19.3) [65]. The prognosis is overall favorable.

Table 19.2 Clinical manifestations of PGL in childhood

Epigastric or abdominal pain
Nausea, vomiting
Hematemesis, hematochezia, melena
Dyspepsia
Palpable mass in epigastrium or upper abdomen
Distended abdomen
Poor appetite
Malaise, fatigue
Weight loss
Iron deficiency anemia
Gastrointestinal obstruction (constipation, jaundice)

Table 19.3 Therapeutic approaches in CLL

Watch-and-wait (in asymptomatic cases)
Chemo-immunotherapy (FCR, fludarabine, cyclophosphamide, 
anti-CD20 antibody rituximab, or BR, bendamustine, anti-CD20 
rituximab)
Low-intensity regimens (for older patients with poor performance status)
Novel targeted agents (BTK inhibitor ibrutinib, PI3Kδ inhibitor 
idelalisib, apoptosis regulator BCL-2 antagonist venetoclax)
Allo-HSCT
CAR-T cell therapy
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 Multiple Myeloma in Childhood

 Epidemiology
Multiple myeloma (MM), also known as plasma cell myeloma, 
is a B-cell-based malignancy characterized by the clonal prolif-
eration of plasma cells in BM, producing a monoclonal immu-
noglobulin. It is the second most common hematological 
malignancy, with an incidence of 6 cases per 100.000 per year 
[68]. The median age at diagnosis is approximately 70 years, 
while only 0.3% of the cases are younger than 30 years. Pediatric 
MM is extremely rare [69]. Approximately 30 cases of MM 
have been reported in literature in patients younger than 15 years 
of age, although some of these diagnoses were based on older 
technologies and diagnostic criteria [70].

 Clinical Manifestations
The clinical manifestations in patients under 30  years are 
similar to those of adults and include anemia, infections, 
osteolytic lesions, bone pain, osteopenia bone disease, patho-
logic fractures, renal insufficiency, or hypercalcemia [71].

 Management
Since cases of MM in childhood are rare, the management of 
the disease is based on current therapeutic strategies of 
adults. However, pediatric patients are more likely to be eli-
gible to high-dose chemotherapies or stem cell transplanta-
tion due to their better performance status than the majority 
of adult patients. Novel agents, such as bortezomib have 
already been used combined with other agents as first-line 
therapy in pediatric MM [70].

 Prognosis
The survival of patients (<30 years) appears to be better than 
that of patients of all ages with MM [71].

 B-Cell Prolymphocytic Leukemia

B-cell prolymphocytic leukemia (PLL) is a rare mature 
B-cell malignancy in adults which typically present with 
excessive lymphocytosis, splenomegaly, and B-symptoms. 
Only two cases of T-cell PLL in childhood have been 
described, no pediatric B-cell PLL patients are reported in 
literature yet [72].
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 Introduction

Anaplastic large cell lymphoma (ALCL) is a distinct form of 
Non-Hodgkin lymphoma (NHL) which accounts for 10–15% 
of all childhood lymphomas [1–3]. First described in 1985 
by Stein et al., ALCL is characterized by the malignant cell 
expression of CD30 [4]. In the decade following the initial 
description, researchers identified a translocation involving 
chromosome 2p in a number of cases [5–7]. This transloca-
tion led to the discovery of anaplastic large cell lymphoma 
kinase (ALK) oncogene which now defines certain types of 
ALCL [8]. In fact, the World Health Organization (WHO) 
now divides ALCL into three separate entities based on this 
distinct molecular pathway: ALK-positive ALCL (ALK+), 
ALK-negative ALCL (ALK-), and primary cutaneous ALCL 
[9]. Overexpression of the anaplastic large cell lymphoma 
kinase (ALK) protein is the main cause of oncogenesis for 
the overwhelming majority of pediatric ALCL cases [10, 
11]. Hence, any discussion of ALCL in children by definition 
focuses mainly on the ALK+ subtype of ALCL.

Pediatric ALCL is characterized by advanced disease at 
presentation with a high incidence of extra-nodal involve-
ment. Current treatment strategies use multi-agent chemo-
therapy and achieve ~70% event-free survival (EFS) [12–23]. 
However, biological discoveries and pharmaceutical 
advances are likely to provide major advances in the next 
few years. This chapter will review the biology, presentation, 
and treatment of ALCL in children with a heavy focus on 
ALK+ ALCL as that is the most common type found in 
children.

 Pathology

 General

ALCL is a peripheral T- or null-cell lymphoma characterized 
by strong expression of CD30 [24]. No B-cell cases of ALCL 
exist as currently defined by the WHO [9]. While most 
ALCLs are positive for CD2 and CD4, other T-cell markers 
such as CD3, CD5, CD7, and CD8 are commonly negative. 
The null-cell phenotype is likely composed of T-cells that 
have lost most of their antigens but still possess similar 
genetic features of a peripheral T-cell [25]. Most cases of 
ALCL are positive for epithelial membrane antigen and neg-
ative for EBV.  Although the definition and description of 
ALCL has evolved over that past 20  years, the malignant 
“hallmark cells” that are identified by the eccentric, 
horseshoe- shaped nuclei have defined the disease [26]. 
While the “hallmark cells” define ALCL, it is the background 
cells and ALK staining which define the histological 
variants.

ALCL can be divided into two entities based on ALK 
staining: ALK+ ALCL and ALK- ALCL [9, 27]. The ALK- 
cases of ALCL are more of a diagnostic challenge, and 
pathologists must rely on the combination of morphology, 
immunostaining, genetics, and clinical information in order 
to correctly make a diagnosis. In contrast, when ALK stain-
ing is combined with CD30 staining, the diagnosis of ALK+ 
ALCL can usually be made. In both cases, the “hallmark 
cells” are key in making the correct diagnosis. In ALK+ 
ALCL, the ALK staining may be cytoplasmic and/or nuclear 
based on the translocation associated with the ALK gene 
[28]. For example, the nucleophosmin (NPM1) gene on 
chromosome 2 encodes a nucleolar domain which explains 
why ALK staining associated with the classic t(2;5) occurs in 
the nucleus and cytoplasm, while other cases only stain posi-
tive in the cytoplasm.

There are five histological subtypes recognized within 
ALK+ ALCL: common, lymphohistiocytic, small cell, 
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Hodgkin-like, and composite [9, 26]. Histological subtype 
has been shown to have prognostic implications [29–31]. 
However, it is important to note that concordance in identify-
ing the specific subtype between pathologists is much lower 
than with other lymphomas.

As implied by the name, the majority of ALCL cases (60–
70%) are “common pattern.” In the common pattern, the neo-
plastic cells are large with bizarre horseshoe-shaped nuclei 
(hallmark cells) [4, 26]. Occasionally, there are also multinu-
cleated tumor cells that resemble Reed-Sternberg cells. The 
malignant cells also tend to have large amounts of cytoplasm. 
Because the lymphoma cells commonly involve the sinuses 
of the lymph node, pathologists occasionally misdiagnose 
ALCL as a metastatic solid tumor on first glance.

The “lymphohistiocytic” variant represents approxi-
mately 10% of cases and is occasionally confused with reac-
tive lymphadenopathy. As implied by its name, the 
lymphohistiocytic pattern is characterized by malignant cells 
mixed in a background of numerous reactive histiocytes. 
Because of the number of histiocytes, these cases were his-
torically classified as a lymphohistiocytic lymphoma  [32]. It 
wasn’t until 1998 when Ott et al. described a case with the 
classic t(2;5) of ALCL which led to the re-classification of 
this disease to a subtype of ALCL [33].

The “small cell” pattern represents approximately 10% of 
ALCL cases. In the small cell variant, the large “hallmark 
cells” are rare with the majority of malignant cells smaller 
than seen in the other subtypes. These smaller malignant 
cells are often clustered in a perivascular pattern providing 
an important location for the pathologist to concentrate on. 
Similar to the lymphohistiocytic subtype, it wasn’t until the 
description of this disease in combination with the t(2;5) that 
this variant was accepted as an ALCL [24].

The rarest subtype (<5%) is the “Hodgkin-like pattern” 
where the malignant cells resemble Reed-Sternberg cells 
with the surrounding cells mimicking the appearance of clas-
sic nodular sclerosing Hodgkin lymphoma. Prior to the use 
of ALK staining, it is very likely that these tumors were mis-
classified as Hodgkin lymphoma as separating the two enti-
ties on the basis of morphology is extremely difficult [34].

The last variant is the “composite pattern” representing 
about 30% of cases. The composite pattern exists when the 
common pattern and one of the other variants are present in 
the same specimen. These morphologically different appear-
ing patterns within the same specimen exist because they are 
linked by a common genetic driver in ALK translocation.

 Anaplastic Lymphoma Kinase

The translocation t(2;5) was identified soon after the description 
of ALCL as a distinct lymphoma [5–7]. This unique translocation 
is present in the majority of pediatric ALCL cases [21, 28]. The 
two genes responsible for the chromosomal translocation are the 

NPM1 gene at 5q35 and ALK gene at 2p23. Investigation by 
Morris et al. in 1994 demonstrated ALK to be an oncogene that 
encodes the protein receptor tyrosine kinase ALK [8]. Similar to 
other receptor tyrosine kinases, ALK possesses an extracellular 
ligand- binding region, a transmembrane region, and a cytoplas-
mic kinase region. Normal ALK signaling occurs when extracel-
lular ligand activation activates the intracellular tyrosine kinase 
resulting in downstream activation of other intracellular path-
ways. In contrast to regulated ALK expression, the fusion gene 
involving ALK in ALCL results in the expression of a ligand-inde-
pendent ALK tyrosine kinase [10]. All ALK+ ALCLs result from 
a chromosomal translocation involving ALK and a partner gene. 
These translocations generate a fusion protein where the partner 
protein to ALK promotes dimerization creating a constitutively 
activated kinase. The unregulated ALK tyrosine kinase activity is 
the primary mechanism for oncogenesis in ALK+ ALCL [11, 
35–37]. While the NPM1-ALK translocation is the most common 
translocation (85–95% of cases) associated with unregulated 
ALK activity, numerous other translocations involving ALK have 
been implicated in the development of ALCL [38, 39]. In order to 
detect ALK translocations, fluorescent in situ hybridization 
(FISH) is commonly used. The most commonly used assay is a 
break-apart assay where the 5’ and 3’ ends of the ALK gene are 
coded in different colors in order to detect all translocations 
involving ALK regardless of partner gene.

Although the downstream signaling pathways caused by 
ALK activation have not been completely characterized, it 
appears that ALK translocations activate a number of path-
ways such as the JAK3-STAT3 pathway, the PI3K-AKT path-
way, and the Ras-extracellular signal-regulated kinase pathway 
[36, 40–43]. As many of these pathways are involved in cell 
cycle progression, cell survival, and cell proliferation, it is not 
surprising that unregulated ALK kinase activation is onco-
genic. That said, the ubiquitous nature of ALK activation in 
ALK+ ALCL also provides a potential therapeutic target.

It is well known that patients with ALK+ ALCL display 
immune responses to ALK. This is best exemplified by anti- 
ALK antibodies found in a number of patients with varying 
degrees of activity [44, 45]. In addition to antibody responses, 
patients have also been shown to have a cellular response to 
ALK with NPM1-ALK inducing expression of PD-L1 via the 
STAT3 pathway [46]. Lastly, most ALCLs express PD-L1 and 
lack CD48 expression which may explain why an activated 
immune system is ineffective in controlling and preventing 
ALCL [47, 48]. All of these demonstrate that while ALCLs do 
indeed induce immune responses, they also express pathways 
which enable the tumor cells to escape the immune system.

 Non-anaplastic Lymphoma Kinase

While ALK+ ALCLs share a common oncogenic pathway, 
multiple studies have shown that ALK- ALCL is a much 
more heterogeneous disease [49]. Recent studies have dis-
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covered a number of recurrent genetic alterations. 
Rearrangement of DUSP22 involving t(6;7) has been found 
in 30% of cases in one series and was associated with an 
excellent prognosis [50]. This is contrasted by cases with 
TP63 rearrangements marked by inv [3] which are associ-
ated with a poor prognosis. Even more interesting is that 
Crescenzo et  al. have shown that recurrent alterations in 
ALK- ALCL lead to activation of the JAK-STAT3 pathway 
[51]. Activation of the JAK-STAT3 pathway is a known con-
sequence of ALK activation suggesting that ALK- ALCL 
and ALK+ ALCL share some overlap in pathogenesis and 
also provide for potential therapies which could be used in 
both entities. However, caution must be used as all of these 
findings are in adults patients with ALK- ALCL as there have 
been no studies in children with ALK- ALCL.

 Clinical Features

 Presentation

ALK+ ALCL occurs most frequently in the first three 
decades of life with a slight male predominance, while ALK- 
ALCL is relatively rare in children and young adults affect-
ing mainly older patients. The median age at diagnosis for 
children and adolescents with ALCL is approximately 
12 years of age with rare cases below 1 year of age. Since 
almost all pediatric cases are ALK+, there are not enough 
ALK- cases to accurately determine a median age range for 
ALK- disease. Pediatric patients with ALCL frequently pres-
ent with B symptoms (50–75%) as well as advanced disease 
with the majority of cases having stage III–IV disease. There 
is a high incidence of nodal involvement (>90%) occurring 
throughout the body both above and below the diaphragm. 
Even though ALCL is a peripheral T-cell lymphoma, patients 
often have mediastinal involvement. In addition to nodal 
involvement, extra-nodal involvement of the skin (25%), 
lung (10%), bone (17%), and/or liver (8%) is common in 
pediatric ALCL [2, 52, 53]. Bone marrow involvement varies 
depending on the mode of detection utilized. Basic morphol-
ogy has a low level of detection (<10%) which increases to 
15–30% when the bone marrow is stained for CD30 and 
ALK. Molecular studies demonstrate even higher bone mar-
row involvement with ~50% having detectable disease by 
polymerase chain reaction (PCR) [29, 54, 55]. While rare, 
ALCL can present in a leukemic phase with leukocytosis and 
circulating lymphoma cells [56–59]. Central nervous system 
involvement is rare occurring in less than 5% of cases [60]. 
No correlation between ALCL and immune deficiencies has 
been reported.

In addition to frequently presenting with B symptoms, 
children with ALCL can present with hemophagocytic lym-
phohistiocytosis (HLH) or HLH-like symptoms. HLH seems 
to be more commonly associated with ALCL than other 

forms of lymphoma [61]. A retrospective review by 
Pasqualini et al. of 50 children with ALCL found that 6% of 
cases were associated with HLH at diagnosis [62]. While an 
important report demonstrating the association of HLH with 
ALCL, it is still very likely an underestimate of the number 
of cases. The overlap between symptoms of ALCL and HLH, 
common extra-nodal involvement of ALCL mimicking 
HLH, and the known predilection for patients with ALCL to 
demonstrate systemic immune responses suggests a biologi-
cal correlation between the two entities. Of note, patients 
with HLH-associated ALCL did not require specific HLH 
therapy in this study and responded to standard chemother-
apy regimen. This response is not entirely surprising as 
ALCL and HLH both occur in the setting of immune activa-
tion and can be targeted by similar agents.

 Staging

One of the original staging classifications for lymphomas 
was developed by Dr. Murphy while at St. Jude’s hospital 
and either goes by the “Murphy Staging system” or the “St. 
Jude’s classification” [63]. This classification system has 
been used for decades and is the system utilized in the vast 
majority of studies noted in this chapter. However, this sys-
tem relies heavily on nodal disease. As discussed earlier, 
ALCL commonly presents with extra-nodal disease that 
does not always fit into this classification system. Thankfully 
in 2015, a multidisciplinary international task force devel-
oped an enhanced staging classification called the 
International Pediatric NHL Staging System (IPNHLSS) 
[64]. The new system increased concordance between dis-
ease burden and stage by allowing for more definitive organ 
involvement, utilizing newer imaging techniques to identify 
areas of involvement, and documenting each site of disease 
in both nodal and extra-nodal areas. While making historical 
comparisons more difficult, the newer staging system will 
hopefully lead to improved description of disease burden and 
the clinical presentation of ALCL.

 Treatment

 First-Line Treatment

Varying strategies for treating children with ALCL have 
emerged over the past two decades with similar success rates 
(Table 20.1). The reason for the variation in treatment strate-
gies is multifactorial. Initially, the lack of clear diagnostic 
criteria to differentiate ALCL from other lymphomas led to 
ALCL being treated on other lymphoma studies. As diagnos-
tic criteria became more standard, clinical trials specifically 
for ALCL utilized different treatment strategies as there was 
no standard of care. Some trials used the large hallmark cells 
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to design treatment strategy similar to other large cell lym-
phomas, while others used the T-cell immunophenotype as 
guidance for treatment strategy. This unique history led to 
widely varying strategies with the largest prospective studies 
discussed below.

The Pediatric Oncology Group (POG) study 9315 exam-
ined the impact of adding intermediate-dose methotrexate 
and high-dose cytarabine to a 12-month-long APO regimen. 
The study enrolled 86 patients with ALCL (89% of patients 
were ALK+) with either stage III or IV disease. After a 
4-week induction phase (doxorubicin, vincristine, predni-
sone, and intrathecal methotrexate), patients were treated 
every 21 days with APO maintenance (doxorubicin and vin-
cristine on day 1, prednisone and 6-mercaptopurine on days 
1–5) or APO maintenance alternating with intermediate-dose 
methotrexate and higher-dose cytarabine every 21  days. 
Both maintenance arms included intrathecal methotrexate. 
Methotrexate was substituted for doxorubicin after a cumu-
lative doxorubicin dose of 300 mg/m2 was reached. Finding 
no benefit to the additional agents, Laver et  al. reported a 
combined 4-year EFS of 72%. Of note, three patients were 
CNS-positive and received cranial radiation [16].

The Children’s Oncology Group study ANHL0131 tested 
the substitution of vinblastine for vincristine in maintenance 
for children with ALCL when given with the APO regimen. 
The study enrolled 125 patients with stage III or IV disease 

(90% of patients were ALK+) with 64 in the standard APO 
arm and 61 in the APV (vinblastine) arm. The study initially 
used a dose of 6 mg/m2 for vinblastine but targeted toxicity 
rules reduced the dose to 5 mg/m2 then to 4 mg/m2. The study 
closed to accrual when a scheduled interim analysis demon-
strated the dose of 4 mg/m2 of vinblastine would likely meet 
toxicity stopping rules and would likely not find a difference 
in EFS between the two arms. The 3-year EFS for all patients 
was 76% with no benefit to the patients receiving the addi-
tional vinblastine (p  =  0.73). Of note, four patients were 
CNS-positive and received cranial radiation [12].

The Children’s Cancer Group (CCG) 5941 study used 
chemotherapy based on that used for T-cell lymphoblas-
tic lymphoma intensified and shortened to 11 months in 
duration. Chemotherapy was broken down into induction, 
consolidation, followed by maintenance. The trial 
enrolled 86 patients with ALCL who had non-localized 
disease (stage was not reported). Sixty-four of 71 (90%) 
patients tested were ALK+ and one patient had CNS dis-
ease who received cranial radiation. The study reported a 
5-year EFS of 68% [18].

An Italian study also used a modified acute leukemia regi-
men with induction, consolidation followed by maintenance 
but with total treatment duration of 2  years. The study 
enrolled 34 patients with ALCL (12 of 13 tested were ALK+). 
Of the 34 patients, 10 were stage II, 17 stage III, and 7 stage 

Table 20.1 Frontline treatment results for pediatric ALCL

Treatment Strategy
Randomized 
or Stratified

Number of 
Patients

Included 
Stage I and/
or II

Median Age 
in years 
(Range)

ALK 
Status
POS/N 
(%)

Treatment 
Duration 
(months) EFS

EFS for 
Specific 
Subsets

Reference
(year 
published)

B-cell strategy with 
COPADM + 
maintenance

82 Yes 10 
(1.4–17)

74/80 
(93%)

8 66% Brugieres 
et al. [13]

B-cell strategy with 
BFM-90

Stratified 89 Yes 10.5 
(0.8–17.3)

35/43 
(81%)

5 76% Seidemann 
et al. [3]

B-cell strategy with 
LMB

Stratified 72 Yes 11.8 
(1.1–16.4)

NR 7–8 59% Williams 
[22]

T-cell leukemia 
therapy

34 11.6 
(4.2–14.9)

12/13 
(92%)

24 65% Rosolen 
et al. [20]

APO 86 No NR NR 
(89%)

12 72% Laver et al. 
[16]

Intensive T-cell 
strategy

86 No NR 64/71 
(90%)

12 68% Lowe et al. 
[18]

ALCL99 (B-cell 
strategy)

Randomized 352 Yes 11 
(0.3–19.5)

337/352 
(96%)

5 73% Brugieres 
et al. [14]

ALCL99 (B-cell 
strategy)

Randomized 217 NR NR 12 (VBL) VBL 72% Le Deley 
et al. [17]5 (No VBL) No VBL 

70%
B-cell strategy 
BFM95

Stratified 32 Yes 10 
(0.6–17.6)

28/30 
(93%)

5 68% Pillon et al. 
[19]

APO with 
randomization of 
vinblastine

Randomized 125 No 11.9 
(0.7–20)

101/121 
(90%)

12 76% APO 74% Alexander 
et al. [12]APV 79%

NR not recorded, POS positive, N number, EFS event-free survival, VBL vinblastine, APV APO substituting VBL for vincristine
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IV. No patient was CNS-positive. Even with 2 years of treat-
ment, the reported EFS of 65% for all patients is similar to 
other treatments of less duration [20].

The French Society of Pediatric Oncology (SFOP) uti-
lized B-cell NHL therapy over two consecutive studies. 
Treatment consisted of a COP reduction followed by two 
courses of COPADM followed by four courses of multi- 
agent maintenance. The trial treated all clinical stages uni-
formly and lasted for 5–7  months. Of note, patients with 
CNS disease were excluded from the study. The trial accrued 
82 patients with ALCL (93% were ALK+). Overall, Brugieres 
et al. reported a 3-year EFS of 66% [13].

A Berlin-Frankfurt-Munster study (BFM-NHL-90) uti-
lized short (5–7 months) intense chemotherapy resembling 
that used to treat mature B-cell NHL. Following a short pro-
phase, the NHL-BFM 90 protocol stratified patients into 
three arms: K1 (stage I and II resected) received three 5-day 
courses of chemotherapy (methotrexate, dexamethasone, 
oxazaphorins, etoposide, cytarabine, doxorubicin, and intra-
thecal therapy); K2 (stage II nonresected and stage III) 
received six 5-day courses; and K3 (stage IV or multifocal 
bone disease) received six intensified courses including 
higher doses of methotrexate, cytarabine, and etoposide. A 
total of 89 patients were enrolled (35 of 43 patients tested 
were ALK+). Seidemann et al. reported a 5-year EFS of 76% 
for all patients and 100%, 73%, and 79% for K1, K2, and K3, 
respectively. Of note, one patient presented with CNS dis-
ease and received radiation [3].

The United Kingdom Children’s Cancer Study Group 
(UKCCSG) utilized similar chemotherapy to that used for 
Burkitt lymphoma at the time (duration of 7–8 months). The 
protocol stratified patients into three arms: stage I received 
eight courses of multi-agent chemotherapy; stage II, III, and 
IV CNS-negative received five courses of chemotherapy 
with COPADM and CYM; and stage IV with CNS disease 
received five intensified courses. Overall, the study reported 
5-year EFS of 59% for 72 patients. Of note, three patients 
had CNS disease [22].

The international ALCL99 trial is the largest published 
clinical trial for pediatric ALCL and has become the standard 
of treatment in most of the world. The study used chemo-
therapy based on BFM-NHL-90 (duration of 4–5  months) 
with two randomizations. The first randomization compared 
methotrexate 1 g/m2 administered over 24 hours with intra-
thecal chemotherapy throughout therapy versus methotrex-
ate 3 g/m2 administered over 3 hours with a single dose of 
intrathecal chemotherapy. With 352 patients randomized, the 
2-year EFS (73% versus 75%) did not differ between the two 
arms but the toxicity due to the methotrexate administered 
over 3 hours was significantly less [14]. The second random-
ization was for patients with “high-risk features” defined as 
involvement of skin, mediastinum, liver, lung, and/or spleen. 
These patients were randomized to no maintenance chemo-

therapy or weekly vinblastine as a maintenance therapy for a 
total duration of 1 year. While vinblastine delayed relapses, 
there was no difference in the 2-year EFS (73% versus 70%) 
in the 217 randomized high-risk patients [17].

Although included in a number of the clinical trials 
above, there are two categories which have not been studied 
specifically: patients with CNS disease and patients with 
ALK- ALCL.

Patients presenting with CNS disease are unusual account-
ing for less than 5% of patients at diagnosis [12, 21, 22, 60, 
65]. As noted in the study summaries above, most patients 
with CNS disease were treated with cranial radiation and 
similar chemotherapy to other patients. Williams et al. pub-
lished the largest case series of 12 patients with ALCL and 
CNS disease at presentation [60]. Of the 12, 5 patients pre-
sented with lymphoma cells in their cerebral spinal fluid, 5 
presented with an intracranial mass, and 2 presented with 
both. Although small numbers, there was a higher proportion 
(36%) of lymphohistiocytic subtype than found in CNS- 
negative ALCL. All 12 patients received chemotherapy with 
9 achieving a CR. Of these nine, four received cranial radia-
tion and none recurred, while three of the five patients who 
did not receive cranial radiation did relapse. Due to the low 
numbers, it is not clear if cranial radiation is necessary but 
their results would suggest that it might be needed to prevent 
CNS relapse. This is in stark contrast to patients who are 
CNS-negative who may receive relatively little intrathecal 
chemotherapy and yet do not have a high relapse rate in the 
CNS. Because of the rarity of CNS disease, some protocols 
have excluded patients with CNS ALCL leaving a void in 
attempting to establish a standard of care.

Another subset of ALCL that does not have a proven stan-
dard frontline therapy is children with ALK- ALCL. In adult 
studies, patients with ALK- ALCL have lower EFS with a 
higher relapse rate compared to patients with ALK+ ALCL 
[50, 66–68]. The assumption in children and adolescents is 
that patients with ALK- also have poorer outcomes, but this 
has not been studied due to the small number of patients. 
Many of the pediatric studies included patients who were 
ALK-, but testing for ALK was not available for all patients 
in many of the earlier studies, and the more recent studies 
have demonstrated that the majority of patients (>90%) are 
ALK+ making any specific determination of the EFS for 
ALK- ALCL in children extremely difficult. At the current 
time, most ALK- patients are treated similarly to ALK+ 
patients. However, this is likely to change as there are a num-
ber of drugs which specifically inhibit the ALK kinase mak-
ing them extremely useful in ALK+ but not ALK- ALCL. These 
drugs have shown incredible promise in relapsed ALK+ 
ALCL and likely will be used routinely for frontline treat-
ment of ALK+ ALCL in the future.

In summary, while studies have used a wide range of che-
motherapy strategies with varying inclusion criteria and 
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stratifications, no intervention has been able to improve on 
the failure rate of 25–30% that exists regardless of treatment 
strategy. Future interventions need to incorporate novel treat-
ment modalities to have the greatest impact on overall sur-
vival and toxicity.

 Prognostic Factors

Several prognostic factors have been identified in studies 
performed in children and adolescents with ALCL 
(Table 20.2):

• The presence of mediastinal involvement, visceral 
involvement (defined as lung, liver, or spleen involve-
ment), and skin lesions [52].

• Pathological characteristics such as the presence of a 
small cell or lymphohistiocytic component [30].

• Detection of minimal disseminated disease (MDD) and 
minimum residual disease (MRD) which have been exten-
sively studied by the German and Italian study groups [29, 
31, 55, 69]. MDD can be detected by qualitative PCR for 
NPM1-ALK in peripheral blood or bone marrow in 50% of 
the patients at diagnosis and has been shown in two inde-
pendent studies to be associated with an increased risk of 
failure [55, 69]. There is good correlation between MDD in 
peripheral blood and bone marrow. In addition, the quanti-
fication of MDD by real-time PCR allows the identification 
of a very poor prognosis group of patients characterized by 
the detection of >10 copies of NPM1-ALK in the periph-
eral blood or bone marrow at diagnosis. In this group of 
patients, progression-free survival is under 30% [69]. A 
persistent MRD after the first course of chemotherapy has 
also been shown to be associated with a high risk of failure. 
The positivity of MDD at diagnosis as well as persistent 
minimal residual disease (MRD) is highly correlated with 
other risk factors such as mediastinal, skin, or visceral 
involvement, or histologic subtype including a small cell or 
lymphohistiocytic component [29, 55, 69].

• Serum anti-ALK antibody level at diagnosis: the NPM1- 
ALK fusion protein induces the production of anti-ALK 
antibodies in most patients. The level of the serum anti- 
ALK antibodies at diagnosis has been shown to be 
inversely correlated with the risk of failure [44, 70]. The 
level of anti-ALK antibody during treatment also has a 
prognostic impact since the risk of failure is very low in 
patients who show significant anti-ALK antibody titers at 
the end of treatment [71].

• Finally, the combination of anti-ALK antibody titers and 
MDD at diagnosis allows a stratification of patients into 
three biological risk groups: a low-risk group with negative 
MDD and anti-ALK antibody level > 1/750 (31% of patients 
with a 5-year PFS of 93%), an intermediate-risk group with 

either low antibody level or a positive MDD (48% of the 
patients with an PFS of 68%), and a high-risk group (20% 
of the patients) defined by positive MDD and low anti-ALK 
antibody titer associated with a 5-year PFS of 28% [31].

Most of these prognostic factors have not been studied in 
adults with ALCL. Rather, the International Prognostic index 
(IPI) that has been developed for the prognostication of 
B-cell lymphoma has also been shown to be associated with 
prognosis in adult ALCL [72, 73]. The absence of ALK rear-
rangement is classically associated with a poor prognosis, 
but results obtained in a retrospective analysis suggested that 
in patients under 40  year of age, the prognosis for ALK  - 
ALCL was similar to ALK+ ALCL [73].

 Treatment of Relapse

Even before the availability of targeted agents, survival rates 
over 70% following relapse have been reported in several 
pediatric studies (Table 20.3). Fortunately, most patients are 
still sensitive to chemotherapy at relapse. One treatment 
approach for patients with relapsed ALCL is to give second- 
line chemotherapy followed by high-dose chemotherapy and 
autologous or allogeneic hematopoietic stem cell transplan-
tation (HSCT) [74–80]. Vinblastine monotherapy has also 
been shown to be effective leading to a high response rate 
(>80%) and long-lasting remission in a high proportion of 
cases [81]. Despite these reports, the optimal treatment of 
relapsed/refractory ALCL has not yet been defined. As sev-
eral new targeted agents have been shown to be effective in 
relapsed disease, the optimal therapy may depend on risk 
stratification of relapsed disease.

Most relapses occur shortly after the end of chemotherapy 
with a median interval between relapse and the end of che-
motherapy of 1.7 months in patients treated with ALCL99 
chemotherapy  [17]. Interestingly, relapses seem to occur 
shortly after the completion of chemotherapy regardless of 
the length of initial treatment. The main prognostic factor for 
patients who relapse is time to relapse with a worse outcome 
for patients with an early relapse especially relapse/progres-
sion during frontline treatment [74, 76, 80]. The association 
of the expression of CD3 on tumor specimen at initial diag-
nosis with a poor prognosis at relapse has also been sug-
gested [80]. In children, the efficacy of a risk-adapted 
strategy for ALCL relapse has been evaluated in a trial run by 
the European Intergroup for Childhood Non-Hodgkin 
Lymphoma (EICNHL) between 2004 and 2013 for first 
relapse in patients treated with ALCL99 as frontline treat-
ment. The 3-year EFS and OS of the 118 patients registered 
between 2004 and 2013 were 58% and 76%, respectively, at 
first interim analysis [82]. The treatment strategy was as 
follows:
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Table 20.2 Selected prognostic factors for pediatric ALCL

Risk factor
Number of 
patients

% of patients with risk 
factor

5-y Progression-free (or 
event-free) survival Reference

Clinical features
  Skin, visceral, or 

mediastinal involvement

225 64% HR 89% [82–96%] (LR) vs,61% 
[53–69%] (HR)

Le Deley et al. [52]

Histology
  LH or SC component

375 30% HR (LH or SC) 79% (74_83%) (LR) vs 51% 
(42_60%)

Lamant et al. [30]

MDD at diagnosis
  HR: MDD + in blood and/

or bone marrow

41
180
59

61% MRD+
57% MRD+
50% MRD+

100% (LR) vs 41% ± 11 
(HR)
83% (± 5%) vs 51% (±5%)
81% (s.e. 6%) vs 70% 
(s.e.12%)

Mussolin et al. [55], Damm Welk 
et al. [29]

Quantitative PCR for NPM 
ALK
  HR > 10 copies NPM ALK 

at diagnosis in BM

74
59

22% (> 10 c)
37% (> 10 c)

78% (s.e. 6%) (LR) vs 23% 
(s.e. 11%) HR
85% (s.e. 6%)(LR) vs 59% 
(s.e.12%)

Damm Welk et al. [29]

MRD-positive after course A1
  LR MDD –
  IR MRD+/ MDD–;
  HR MRD + in BM or 

blood after course A1

180 MRD– 59%%
MRD+/MDD– 20%
MRD+/MDD + 20%

82% ± 5% (LR) vs 
69 ± 9%(IR) vs 19 ± 8% 
(HR)

Damm Welk et al. [69]

Anti-ALK antibody 
titer < 1/750
  LR AB titer>1/60750
  IR AB titer >1/750 

and < 1/60750
  HR AB titer ≤1/ 750

87
128
34

31%LR,28%IR,39%HR
70% LR + IR vs 30HR
41% low AB titer

89% ± 6% vs 61% ± 8% vs 
33% ±9%
79% (s.e.4%) (LR + IR) vs 
42% (s.e. 8%) (HR)
98% (s.e. 5%) (LR) vs 58% 
(s.e. 15%) (HR)

Ait-Tahar et al. [44], Mussolin [31]

MDD and anti-ALK antibody 
titers
  Low risk: MRD- AB titer 

>1/750
  Intermediate MRD + or 

AB titer <1/750
  High risk: MRD+ and AB 

titer >1/750

128 LR 10%
IR 48%
HR 31%

LR 93% (s.e. 4%)
IR 68% (s.e. 6%)
HR 28% (s.e., 9%)

Mussolin [31]

Anti-ALK antibody titers at 
the end of treatment
  LR > AB titer 1/750 and 

HR AB titer ≤1/750
  LR less than 2 steps 

decrease of AB titer,
  IR > 2 steps decrease and 

AB titer >1/250,
  HR AB titer ≤1/250

122
122

HR: < 1/750: 22%
LR 30%, IR 43% HR 
27%

93% ± 5% (LR) vs 66% 
±5% (HR)
91% ±5% (LR) vs 
53% ± 6% (IR) vs 52% ±9%

Mussolin et al. [71]

HR high risk, IR intermediate risk, LR low risk, LH lymphohistiocytic, SC small cell variant, MDD minimal disseminated disease, MRD minimal 
residual disease, BM bone marrow, AB antibody

Table 20.3 Relapsed treatment results for pediatric ALCL

Study 
group

Period of 
treatment

Number of 
patients

Number of patients in CCR after relapse 
according to therapeutic strategy

3-year 
EFS

3-year 
OS Prognostic factors Reference

SFOP 1975–1997 41 Chemotherapy alone 11/20
Autologous HSCT 9/15
Allogeneic SCT 0/1

44% 69% Time to relapse 
<1 year (EFS: 28%)

Brugieres et al. 
[74]

BFM 1990–2003 Chemotherapy alone 1/6
Autologous HSTC 21/39
Allogeneic HSCT 11/16

57% Progression during 
treatment
CD3 positivity

Woessmann 
et al. [80]

Japan 1989–2003 26 Chemotherapy alone 6/10
Autologous HSTC 3/8
Allogeneic HSCT 6/6

51% 61% None Mori et al. [76]

EICNHL 2004–2013 Risk-adapted strategy
Vinblastine 21
Autologous HSTC 31
Allogeneic HSCT 45

59% 78% Ruf et al. [82] 
(abstract)
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• High-risk relapses defined as relapses during frontline 
treatment or that have CD3-positive disease accounted for 
40% of the cases and were treated with allogeneic HSCT 
after re-induction with multi-agent chemotherapy. This 
strategy resulted in a 3-year EFS of 64%.

• Intermediate-risk relapses defined as relapses of a CD3- 
negative ALCL occurring within 12  months of initial 
diagnosis accounted for 27% of the cases. Patients were 
treated with autologous HSCT after re-induction with 
multi-agent chemotherapy. This strategy had disappoint-
ing results with a 3-year EFS of 35%.

• Low-risk relapses defined as CD3-negative 
and >12 months after diagnosis accounted for 18% of the 
cases and were treated with weekly vinblastine. These 
patients achieved a 3-year EFS of 85%.

These results have led the EINCHL to recommend alloge-
neic HSCT for all high-risk relapses and vinblastine mono-
therapy for low-risk relapses. Of note, there is still no 
consensus for the treatment of second or further relapses. 
Several new drugs have shown efficacy in ALCL and may 
replace all of the above strategies soon.

In adults, auto-HSCT or allo-HSCT following second- 
line therapy is the standard of care for relapsed/progressive 
ALCL in patients without age or comorbidity contraindica-
tions [72, 83]. However, before the era of novel targeted 
agents, most patients did not achieve complete remission 
and were not eligible to HSCT [84]. Analysis of the out-
come of adult patients treated with allogeneic or autologous 
HSCT for ALCL is limited by the fact that most series 
included only a small proportion of ALK+ALCL among 
series of peripheral T-cell lymphoma treated with 
HSCT.  Compared results of autologous versus allogeneic 
transplant are quite different in adults versus children. In the 
report from the Center for International Blood and Bone 
Marrow Transplant Research, ALCL patients undergoing 
autologous HSCT (n = 61) had superior 3-year progression-
free survival (PFS) than patients treated with allo-HSCT 
(n = 51) (55 vs 35%, p = 0.03) [77].

 Novel Therapy in ALCL

 Brentuximab Vedotin
Brentuximab vedotin, an anti-CD30 monoclonal antibody 
conjugated with the microtubule-disrupting agent mono-
methyl auristatin E (MMAE), is now approved both by FDA 
and EMA for relapsed ALCL in adults. It is administered by 
intravenous injection once every 3 weeks at a dose of 1.8 mg/
kg with a max of 180 mg. In a phase II study performed in 
adults with relapsed/refractory ALCL (NCT00866047), 
including 16 ALK+ ALCL and 42 ALK- ALCL, overall 
response and complete response (CR) rates were 81% and 

69%, respectively, in ALK+ ALCL and 88% and 52% in 
ALK- ALCL [85]. In patients who achieved a complete 
response, the median duration of response was 13  months 
with either autologous or allogeneic HSCT after CR, or pro-
longation of treatment with brentuximab vedotin for 16 
injections. In an update of this study with longer follow-up 
(median 6 years), the median PFS was 25.5 months for the 
16 patients with ALK+ALCL and their 5-year overall sur-
vival was 56%. The median PFS of 22 patients who achieved 
CR (including ALK+ and ALK- ALCL) but did not proceed 
to HSCT was 39.4 months [86]. Brentuximab vedotin’s main 
side effect is peripheral neuropathy as described in 33 of 58 
patients in the trial. Among these patients, 67% had a com-
plete resolution of their symptoms at follow-up. A pediatric 
phase I/II trial (NCT01492088) evaluated pharmacokinetics, 
safety, and efficacy of brentuximab vedotin in relapsed/
refractory ALCL and Hodgkin lymphoma [87]. In patients 
with ALCL treated at a dose of 1.8 mg/kg every 21 days, the 
overall response rate was 53% and the median time to pro-
gression 6.2  months. Overall, 33% of the patients experi-
enced neuropathy, mostly grade 1 with 83% improving/
resolving by the end of treatment.

To date, brentuximab vedotin has been used as a bridge to 
transplant in relapsed patients. Multiple ongoing trials are 
testing the drug in combination with chemotherapy or immu-
notherapy in ALCL at relapse and in frontline treatment.

 ALK Inhibitors
There are now small molecule drugs which directly inhibit 
activated ALK kinase. Most of these medications have been 
used in the setting of ALK+ non-small cell lung cancer but 
several have demonstrated efficacy in ALK+ ALCL. 
Crizotinib, a competitive inhibitor of ALK and MET kinase 
activity, is an oral medication which was the first ALK inhib-
itor entered into clinical trials. Crizotinib was shown to 
induce a high response rate in ALK+ ALCL in the pediatric 
trial performed by the Children’s Oncology Group [88, 89]. 
Among 26 relapsed/refractory ALK+ ALCL patients 
included in this phase I/II study, the complete response rates 
were 83% for the 6 patients treated at a dose of 165 mg/m2 
twice daily and 80% in the 20 patients treated at 280 mg/m2 
twice daily with a median time to first CR/PR of 27 days. In 
this trial, the median duration of therapy was 2.8  years in 
patients treated at 165 mg/m2 and 0.4 years in patients treated 
at 280 mg/m2, with 12 patients ceasing protocol therapy to 
proceed to transplantation. Only two patients suffered from 
progressive disease during crizotinib treatment after having 
achieved complete response. In adults, Gambacorti-Passerini 
reported a complete response in all nine patients treated with 
compassionate use crizotinib for relapsed/refractory ALCL 
[90]. Crizotinib seems to be well tolerated as a single agent 
with neutropenia being the most common drug-related 
adverse event [89]. Gastrointestinal side effects, transient 
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visual disturbances, and prolonged QT have also been 
described [91]. While crizotinib induces responses in major-
ity of patients, the optimal duration of crizotinib treatment 
has not been assessed. Most progressions described so far 
occurred within 2 months of treatment initiation [89, 90] or 
shortly after cessation of crizotinib  [92]. Due to the unknown 
appropriate length of treatment, crizotinib is currently used 
to induce second remission in relapsed/refractory ALK+ 
ALCL patients before allogeneic or autologous HSCT or as 
lifelong therapy. There are several trials nearing activation 
which will test the efficacy of combination therapy and/or 
determine the length of treatment needed to induce lasting 
remission.

Ceritinib, a 2nd-generation ALK inhibitor, has also been 
tested in ALCL.  In the pediatric phase I trial, two of two 
patients with ALK+ALCL showed a complete response 
[93]. Similar to crizotinib, no successful discontinuation has 
been reported, and thus ceritinib is also mostly used to 
induce remission in relapsed/refractory ALK+ ALCL 
patients before allogeneic HSCT. In adult patients, ceritinib 
has demonstrated lasting responses in all three ALK+ ALCL 
patients included in the phase I trial ASCEND-1 [94]. Most 
of the adverse events related to ceritinib treatment that lead 
to dose reduction were gastrointestinal toxicity and hepatic 
toxicity [91].

Several next-generation ALK inhibitors such as alectinib, 
brigatinib, and lorlatinib have been developed in non-small 
cell lung cancer. The efficacy of these agents in ALCL is 
unknown, but their efficacy in non-small cell lung cancer 
progressing after first-generation ALK inhibitors or with 
CNS involvement suggests that may be of help in patients 
with progressive disease after first- or second-generation 
ALK inhibitors or in the rare case of an ALCL with CNS 
involvement at initial presentation or at relapse.

 Anti-PD-1 Immunotherapy
Due to the role of immune system in the control of the dis-
ease [46, 95], PD-1 inhibitors are very attractive drugs in 
ALCL. The strong expression of PD-L1 by tumor cells [36] 
and the success of anti-PD-1 therapies in other immunogenic 
diseases such as Hodgkin lymphoma suggest that these drugs 
may be effective in ALCL. Three cases of dramatic and dura-
ble responses with PD-1 inhibitors in patients with refractory 
ALCL have been reported [96–98]. Several phase II trials are 
ongoing or in preparation for relapsed/refractory peripheral 
T-cell lymphomas including ALCL or as a specific trial for 
relapsed/refractory ALCL. For example, a phase II trial using 
nivolumab in pediatric and adult relapsed/refractory ALK+ 
ALCL patients aims to evaluate the response rate to 
nivolumab for patients with progressive disease despite an 
ALK inhibitor or brentuximab vedotin as well as test the effi-
cacy of nivolumab as consolidation therapy after CR as a 
replacement to HSCT.

 Other Targets
Beside these main groups of targeted therapies, multiple 
other therapeutic options including inhibitors of PDGFR 
[99], mTOR and PI3K inhibitors, vaccination against ALK 
[100], as well as CD30 targeting CAR-T cells [101] have 
been described.

The availability of such a large number of new therapeutic 
agents should lead to improvements in the treatment of 
ALCL aiming to spare low-risk patients from acute and 
long-term side effects of chemotherapy and to reduce the 
failure rate in high-risk patients. Given the rarity of this lym-
phoma and the multiple therapeutic options, only prospec-
tive international therapeutic trials including both children 
and adults with ALCL will allow the evaluation of the role of 
these different options in frontline as well as at relapse within 
a reasonable period of time.

 Conclusion

Over the last 25  years, ALCL in children has progressed 
from an unknown entity to a distinct lymphoma. The discov-
ery and subsequent elucidation of the ALK oncogenic path-
way has provided a target for novel therapy and increased 
our understanding of ALCL biology. We are entering an 
exciting time in the treatment of pediatric ALCL as novel 
therapies will soon radically change the treatment paradigm 
for this disease and lead to less toxicity and improved 
outcomes.
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 Introduction

Non-anaplastic peripheral T-cell lymphomas (PTCLs) are 
rare in children. A retrospective analysis of the BFM registry 
on 4083 children with non-Hodgkin lymphoma (NHL) diag-
nosed between 1986 and 2012 identified 35 cases with non- 
anaplastic PTCL, comprising 0.9% of NHL in children under 
18 years of age [1]. Besides this study, there has been only 
one other population-based report on the incidence of this 
rare disease in children [2]. In this report by the CCLG, com-
prising a lower number of children, non-anaplastic PTCL 
comprised 1.8% of childhood NHL. The proportion of non- 
anaplastic PTCL in children therefore appears to be slightly 
lower than in adults, in whom it constitutes about 4% of 
NHL in Western countries [3].

Non-anaplastic PTCL is a heterogeneous group of dis-
eases, divided into 28 subtypes by the current WHO classifi-
cation [4]. In adults, the most common subtypes are 
peripheral T-cell lymphoma not otherwise specified (PTCL- 
NOS) occurring in 25% of patients and angioimmunoblastic 
T-cell lymphoma (AILT) in 18.5% [5, 6]. In children, PTCL- 
NOS is the most common subtype, followed by NK−/T-cell 
lymphoma (NKTCL), hepatosplenic T-cell lymphoma 
(HSTCL), and subcutaneous panniculitis-like T-cell lym-
phoma (SPLTCL) [1, 2, 7–10]. In contrast to adults, angio-
immunoblastic T-cell lymphoma only rarely occurs in 
children. In the largest retrospective study on non-anaplastic 

PTCL in children and adolescents comprising 143 patients, 
PTCL-NOS was diagnosed in 42%, NKTCL in 21%, and 
HSTCL and SPLTCL in 20% each; only 3% of cases were 
angioimmunoblastic lymphomas [7].

Comparing the distribution of PTCL subtypes in children 
does not point out major differences between geographic 
regions as in adults. Whereas NK-/T-cell lymphoma is more 
prevalent in adults in Asia than in Western countries, its inci-
dence in children in Asia is extremely rare [11]. This, how-
ever, does not exclude that there are differences in the biology 
of PTCL in children among ethnicities or geographic regions 
which might lead to different responses to treatment 
regimens.

The low incidence of PTCL in children and its heteroge-
neity have been major challenges for making the correct 
diagnosis of PTCL, especially PTCL-NOS. Most retrospec-
tive analyses have encompassed patients over periods of sev-
eral decades, and diagnosis has been complicated by 
changing classifications of PTCLs and the development of 
new diagnostic tools, such as anti-CD30 and ALK1 antibod-
ies (reviewed in [1]) as well as the more knowledgeable use 
and interpretation of molecular methods, i.e., clonality anal-
yses. In the BFM analysis, out of 69 cases registered as 
PTCL, 31 were dismissed when the cases were reviewed 
applying the current clinical and pathological standards of 
diagnosis [1, 12].

Recent reviews on PTCL in pediatric and adolescent 
patients show that survival rates are still poor compared to 
other NHL sub-entities of this age group, and that treatment 
results vary between PTCL subgroups [1, 2, 7–10, 13]. 
Histological subtypes of pediatric PTCL differ slightly from 
what is described in adults, and outcome varies between the 
subgroups with a good prognosis for patients with SPTCL, 
intermediate outcome for patients with PTCL-NOS, and a 
very poor prognosis for patients with HSTCL. In contrast to 
adults, pre-existing conditions are present in a large number 
of children with PTCL (25%) and their outcome appears to 
be worse than in those without pre-existing condition [7].
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As reported in the adult population [14], most pediatric 
patients have stage III or IV disease and high-stage patients 
have a worse outcome than patients with low-stage disease. 
This might be due to a difference in distribution of histological 
subtypes between low-stage patients and high-stage patients. 
Indeed, diseases such as SPTCL are more often found in the 
low-stage group and more aggressive subtypes such as HSTCL 
in the high-stage group. The outcome of pediatric patients 
after treatment with conventional chemotherapy is better than 
what is generally reported for adults, but the pediatric outcome 
varied among the different subgroups, suggesting a subtype-
specific treatment approach being necessary [7].

 PTCL-NOS

PTCL-NOS is the most common subtype of non-anaplastic 
PTCL.  Most patients are diagnosed at the end of the first 
decade of life, with a slight predominance of males [1]. 

Histologically, tumors contain a mixture of cells of different 
sizes with atypical pleomorphic nuclei containing prominent 
nucleoli; the mitotic rate is usually high. T-cell antigens are 
variably expressed; most cases express CD4, but mature 
antigens such as CD5 of CD7 are frequently lost (Fig. 21.1).

 Biology

PTCL-NOS is a molecularly heterogenous group [15, 16]. 
Using gene expression profiling (GEP), two major biologi-
cally and clinically distinctive subgroups have been defined 
in adults, one characterized by high expression of GATA- 
binding protein 3 (GATA3) and its target genes, and another 
marked by high expression of T-box 21 (TBX21) and eome-
sodermin (EOMES) and their targets [17]. With respect to the 
total PTCL-NOS group, the GATA3 subgroup is associated 
with poor overall survival [17]. Various recurrent mutations 
have been identified in PTCL-NOS, such as mutations in the 

a b
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Fig. 21.1 PTCL-NOS. (a) Hematoxylin eosin (H&E) staining, 10 × magnification; (b) H&E staining, 40 × magnification; (c) immunohistochem-
istry for CD3, 40 × magnification; (d) immunohistochemistry for CD4, 40 × magnification
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epigenetic modulator genes TET2, DNMT3A, RHOA, or the 
FYN gene [18–20]. The latter encodes a tyrosine kinase 
which plays an important role in T-cell activation. As FYN 
can be targeted by specific kinase inhibitor, it might be of 
potential therapeutic use [18]. Overexpression of spleen tyro-
sine kinase (SYK) has been found in a subset of PTCL- NOS 
characterized by a recurrent t(5;9)(q33;q22) translocation 
leading to ITK/SYK fusion, and making SYK a potential 
therapeutic target [21]. Examination of copy number varia-
tions in PTCL-NOS has revealed loss at 9p21 as a recurrent 
event, associated with reduced expression of CDKN2A, 
CDKN2B, and MTAP.  Reduced levels of CDKN2A which 
are reported in 9% of adults with PTCL-NOS were associated 
with an inferior outcome [22, 23]. Other structural alterations 
reported in PTCL-NOS are the fusion CTLA4-CD28 and 
fusions of VAV1 [23]. Karyotype changes frequently seen in 
adult patients with PTCL-NOS were observed in 44% of chil-
dren in whom cytogenetic results were available [24].

 Clinical Presentation

Pediatric patients usually present with advanced disease [7]. 
In the BFM analysis, out of 18 patients, 10 were diagnosed 
with stage III and 5 with stage IV disease [1]. CNS involve-
ment at diagnosis is rare. Interestingly, most patients with 
advanced diseases have an effusion, at least at one location, 
most commonly of pleural origin. B-symptoms occur in 
about half of patients at diagnosis, and LDH elevation is seen 
in three-fourths of patients. About half of the patients are 
anemic at diagnosis, and one-third has a decreased platelet 
count [1].

 Treatment

Because of the rarity of the disease, there has been no stan-
dard of treatment for patients with PTCL-NOS. In the 60 
patients with PTCL-NOS analyzed by Mellgren et al., 29 
received B-cell lymphoma or anaplastic large cell (ALCL)-
type therapy, and 22 had T-cell lymphoma-like therapy [7]; 
no significant differences in pEFS and OS between the two 
groups were seen. After a median follow-up of 32.5 months 
(range: 0–229 months), the pOS at 5 years for all patients 
with PTCL-NOS was 0.56 ± 0.07, and pEFS at 5 years was 
0.47 ± 0.07. Relapse occurred in 33% of patients, with a 
median time to relapse of 8.5 months. Ten patients (17%) 
were reported to have progressive disease, and three died 
from treatment-related toxicity. Analysis of the 15 BFM 
cases with PTCL-NOS, which were included in the analy-
sis by Mellgren et  al., revealed a 5-y OS and EFS of 
65% ± 11% and 61% ± 11%, respectively [1]. Of the 18 
patients, 12 either received an ALCL- or ALCL-like regi-

men, 5 patients were treated on a protocol for lymphoblas-
tic lymphoma (LBL), and 1 patient received B-NHL 
therapy. The BFM group has adapted a B-cell type regimen, 
similar to the regimen for anaplastic large cell lymphoma in 
1999 [25]. This regimen consists of two alternating blocks 
(P1 and P2) for a total of six blocks, preceded by 2 weekly 
injections of vinblastine (6 mg/m2/week). The composition 
of the blocks is as follows: P1: dexamethasone (10  mg/
m2/d, d1–5), vinblastine (6  mg/m2/d, d1), etoposide 
(100  mg/m2/d, d4–5), cytarabine (150  mg/m2/d in two 
doses, d4–5), methotrexate (1 g/m2/d over 24 h, d1), ifos-
famide (800 mg/m2/d, d1–5), and intrathecal triple therapy 
with methotrexate/cytarabine/prednisone (d2). P2: dexa-
methasone (10  mg/m2/d, d1–5), vinblastine (6  mg/m2/d, 
d1), doxorubicin (25  mg/m2/d, d4–5), methotrexate (1  g/
m2/d over 24  h, d1),  cyclophosphamide (200  mg/m2/d, 
d1–5), and intrathecal triple therapy with methotrexate/
cytarabine/prednisone (d2). After the end of sixth block, 
maintenance chemotherapy with vinblastine (6  mg/m2/
week) was given for a total treatment duration of 72 weeks. 
In the smaller retrospective report by Windsor et  al., 12 
pediatric PTCL-NOS patients treated with T-NHL/ALL-
type therapy had a better outcome (OS 75%) compared to 
the 5 patients treated on a B-NHL-type regimen (OS 20%) 
[2]. Also, six of the eight patients with PTCL-NOS in the 
report by Kobayashi were treated with T-NHL/ALL-like 
therapy, with an overall survival of 83% [9].

As there is no clear superiority for either a T- or B-cell 
lymphoma-based regimen, the usage of an ALCL-like treat-
ment regimen is currently preferred by the authors for induc-
tion, as it is tolerated well and it is of a shorter duration than 
the intensive chemotherapy part in current T-lymphoma/leu-
kemia protocols.

Hematopoietic stem cell transplantation (HSCT) has been 
performed in 27% of patients with PTCL-NOS in the analy-
sis by Mellgren et  al. [7], 14 were allogeneic and 2 were 
autologous. Six patients (37.5%) were transplanted in CR1, 
and five of them are alive at the date of last follow-up. Nine 
patients were transplanted in CR2 (56%) and five are alive. 
One patient transplanted in partial remission died. Kobayashi 
reported on 26 pediatric patients with non-anaplastic PTCL, 
among them 16 patients with PTCL-NOS who received 
either an allogeneic or autologous HSCT [26]. Of the 3 
patients with PTCL-NOS who received an allogeneic trans-
plant in CR1 or PR, all stayed without evidence of disease; 
of the 12 PTCL-NOS patients with progressive disease or 
induction failure most of them received an allogeneic trans-
plant. EFS and OS of these patients were 50%; most of the 
patients receiving an allotransplant were conditioned with a 
TBI-based regimen; interestingly, all five patients receiving a 
RIST regimen and all five patients with chronic GvHD 
 survived without evidence of disease, suggesting a graft-
versus- lymphoma effect in non-anaplastic PTCL.
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Whereas the indication for an allogeneic HSCT in the first 
relapse seems to be clear, the question remains whether there 
is a high-risk group of patients who might benefit from an 
allogeneic stem cell transplant in CR1. Such a risk group 
could consist of patients who are not in complete remission 
after induction chemotherapy. MRI/CT, PET-CT as well as 
MRD in bone marrow or peripheral blood in case of initial 
involvement are used to monitor response to treatment. PET 
positivity after induction chemotherapy has been shown in 
adult patients with PTCL to have a high negative predictive 
value [27].

 Hepatosplenic T-Cell Lymphoma

Hepatosplenic T-cell lymphoma (HSTCL) is an aggressive 
disease characterized by splenomegaly, often hepatomeg-
aly without lymphadenopathy, B-symptoms, and cytope-

nias. A leukemic phase may develop as the disease 
progresses [6]. HSTCL has been shown to be associated 
with long-term immunosuppression and chronic antigen 
stimulation in 20% of the cases, in particular after solid 
organ recipients and patients with Crohn’s disease treated 
with azathioprine and infliximab.

Histologically, the tumor is constituted by small to 
intermediate- size lymphoma cells that preferentially infil-
trate the splenic red pulp cords and sinuses, hepatic sinu-
soids, and bone marrow sinuses. The lymphoma cells usually 
present with a CD3-positive, CD56-positive, CD4-negative, 
CD8-negative, and CD5-negative phenotype with a nonacti-
vated cytotoxic profile (Fig. 21.2) [28]. Most cases are TCR 
γ/δ positive, but cases with similar clinic-pathological fea-
tures and an α/β phenotype have been reported [29].

Karyotypic studies frequently show an isochromosome 
7q, which may be accompanied by trisomy 8 and loss of a 
sex chromosome [30].

a b

c d

Fig. 21.2 Hepatosplenic T-cell lymphoma. (a) H&E staining, 10 × magnification; (b) H&E staining, 40 × magnification; (c) immunohistochem-
istry for CD3, 40 × magnification; (d) immunohistochemistry for T-cell receptor gamma chain, 40 × magnification
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Clinically, patients with HSTCL typically present with 
B-symptoms (fever, weight loss, and night sweats), massive 
hepatosplenomegaly, no lymphadenopathy, moderate ane-
mia, and marked thrombocytopenia [1, 7]. The disease is 
aggressive, and most patients die within 2 years of diagnosis, 
even if a remission is achieved initially.

The hepatosplenic T-cell lymphomas affect teenagers and 
young adults in most of the cases. Most of the patients are 
young men, and the disease is rarer in female patients. Some 
reports have suggested that αβ-phenotype of HSTCL is more 
common in female patients [29].

In the adult population, HSTCL accounts for less than 
5% of PTCL but appears to be more frequent in the pedi-
atric population. In a retrospective, international, multi-
center study, HSTCL was described in 13% of the 143 
pediatric cases; all of them had advanced-stage disease 
[7]. Patients had a dismal prognosis with pOS at 5 years of 
only 13%.

 Subcutaneous Panniculitis-like T-Cell 
Lymphoma

Cytotoxic lymphomas infiltrating the subcutaneous tissue 
encompass two distinct entities with clinical and pathologi-
cal differences, i.e., subcutaneous panniculitis-like T-cell 
lymphoma (SPTCL)—restricted to cases with an α/β pheno-
type—and primary cutaneous γδT-cell lymphoma (PCGD- 
TCL) [4].

Subcutaneous panniculitis-like T-cell lymphoma 
(SPLTCL) is defined as α/βT-cell-receptor-positive T-cell 
lymphoma of CD8-positive cytotoxic T cells involving 
exclusively the subcutaneous tissue (Fig. 21.3). SPLTCL is 
rare but has been shown to affect all age groups including 
children [7, 31–33]. The disease has been reported also in 
very young children. It is associated with autoimmune dis-
ease, mainly systemic lupus erythematosus in 20% of the 
adult cases.

a b

c d

Fig. 21.3 Subcutaneous panniculitis-like T-cell lymphoma. (a) H&E staining, 10 × magnification; (b) H&E staining, 40 × magnification; (c) 
immunohistochemistry for CD3, 40 × magnification; (d) immunohistochemistry for CD8, 40 × magnification
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The clinical course of this lymphoma depends on the 
presence or absence of a haemophagocytic syndrome, which 
has been reported to develop secondarily in approximately 
20% of cases of SPLTCL, usually associated with an unfa-
vorable outcome [32].

Typically, patients with SPTCL show selective infiltration 
of subcutaneous nodules located on the extremities and 
chest, infiltrating the subcutis but sparing the dermis. The 
disease has a good prognosis, in particular if it is not associ-
ated with haemophagocytic syndrome, and some series 
report an OS at 5 years of around 80% [7, 31, 32].

 Angioimmunoblastic T-Cell Lymphoma 
(AITL)

AITL is a disease of the middle-aged and elderly, presenting at 
a median age of 60–65 years [34]. It is extremely rare in chil-
dren, with less than 10 cases reported in the literature [7, 35]. 
The cell of origin of AITL is now thought to be the follicular 
helper T cell (TFH) [36, 37]. In the retrospective analysis by 
Mellgren et al., AITL was reported in four children; two were 
EBV-negative. Median follow-up of the patients with AITL was 
51.5 months (range 14–86 months). Three of the patients (75%) 
underwent HSCT, one allogeneic and two autologous. All three 
patients were transplanted in CR1, and two of them survived 
[7]. Based on gene expression analysis of adult cases with AILT, 
Iqbal and colleagues constructed a molecular prognosticator 
that appears to be largely related to the microenvironmental sig-
nature; here, the high expression of two immunosuppressive 
signatures was associated with poor outcome [38].

 Conclusions

The unique clinical and biological features of pediatric 
PTCL warrant a treatment approach that should be depen-
dent on the PTCL subtype. Uniform diagnostic criteria for 
the different subtypes of PTCL in children have to be estab-
lished, and based on such criteria, patients with these rare 
disorders will have to be entered in an international registry 
which could serve as a platform for future clinical trials.
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Extranodal NK-/T-Cell Lymphomas 
and EBV+ Lymphoproliferative Diseases 
of Childhood

Chinadol Wanitpongpun and Ritsuro Suzuki

 Introduction

Extranodal NK-/T-cell lymphoma, nasal type (ENKTL) is a 
distinct lymphoma characterized by predominant occurrence 
in the nasal/paranasal area, skin/soft tissue, or gastrointestinal 
tract [1]. Epstein-Barr virus (EBV) is one of the most impor-
tant exogenous factors for lymphomagenesis of ENKTL, 
which became evident in the past two decades. Another 
important EBV-associated lymphoid neoplasm in childhood 
and adolescence is chronic active EBV-associated (CAEBV)-
lymphoproliferative disorder (LPD), which has unique clini-
cal characteristics and requires distinctive management [2]. 
Both of these diseases are rare in childhood and adolescence. 
There is higher prevalence in Asia and Latin America. The 
proportion among pediatric T-cell lymphomas (excluding 
anaplastic large cell lymphoma) is about 5% [3]. Therefore, 
the following information are mostly based on adult data.

 Extranodal NK-/T-Cell Lymphomas

 Pathophysiology

ENKTL is transformed from functionally mature NK-cells 
[1, 4]. The genetic mechanism of lymphomagenesis specific 
for ENKTL remains unknown. No recurrent genetic or chro-
mosomal abnormalities were found in ENKTL, although the 
incidence of loss of 6q21–25 or isochromosome 6p is rela-
tively high [4]. However, EBV is capable of transforming 

lymphocytes to tumor cells [5–7]. Therefore, the EBV is cur-
rently regarded as a hallmark of ENKTL, which is detected 
by means of in situ hybridization (ISH) or Southern 
blotting.

Another important issue for ENKTL is that lymphoma 
cells express multidrug resistance (MDR)-associated 
P-glycoprotein (pGP). The pGP intensely export various 
cytotoxic agents such as doxorubicin or vincristine [8, 9]. 
This property causes poor response to conventional lym-
phoma chemotherapy [10–14].

 Incidence

ENKTL accounts for approximately 3% to 11% of all lym-
phomas in East Asia [15–17]. This subtype predominantly 
occurs in middle-aged adults (median age of 40s to 50s) with 
male predominance [4, 10–12, 18–22], but less frequently in 
children or young adults [3].

 Clinical Presentations

The key manifestations of ENKTL include nasal obstruction, 
discharge, or bleeding. The lymphoma can extend to adja-
cent tissue, such as nasopharynx, paranasal tissues, orbit, 
oral cavity, palate, and oropharynx [1]. Some patients pres-
ent with extensive disease with fever, bone marrow involve-
ment, hemophagocytosis, and disseminated intravascular 
coagulation (DIC). Other most affected extranodal organs 
are skin and gastrointestinal tract [23, 24], followed by tes-
tes, ovary, pancreas, and adrenal glands. Lymphomatoid gas-
tropathy and NK-cell enteropathy should be excluded before 
the diagnosis of ENKTL with gastrointestinal (GI) involve-
ment [25, 26]. A half of nasal cases present with localized or 
locally advanced disease. On the contrary, two thirds of 
extranasal cases present with advanced stage and rapid pro-
gression [11, 12].
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 Evaluation and Diagnosis

Histologic evaluation is essential for the diagnosis of 
ENKTL.  Biopsy specimens show varying-size lymphoma 
infiltration with angiocentric or angiodestructive growth pat-

tern [1, 4]. Necrosis in the inflammatory background is also 
frequent (Fig. 22.1). Repeated tissue biopsy may be needed to 
confirm diagnosis in some necrotic cases. Phenotypically, 
lymphoma cells express CD2, cytoplasmic CD3 (cyCD3), 
CD7, CD56, CD43, CD45RO, HLA-DR, CD25, FAS, and 

a b

c d

e f

Fig. 22.1 Pathology of extranodal NK-/T-cell lymphoma, nasal type. 
(a) Biopsied specimen of ENKTL (hematoxylin-eosin staining). 
Diffuse proliferation of atypical lymphoid cells is seen in the upper half 
of the lesion, while a vast necrosis spreads in the lower half. (b) 

Angiocentric/angiodestructive growth of lymphoma cells can be seen 
(hematoxylin-eosin staining). (c–f) The lymphoma cells are positive for 
CD3 (c), CD56 (d), granzyme B (e), and EBV-encoded RNA (f)
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FAS ligand. Cytotoxic molecules (TIA-1, granzyme B, and 
perforin) are almost always positive. Surface CD3 (sCD3), 
CD4, CD5, CD57, and T-cell receptor (TCR) are consistently 
negative. CD8 is positive in few of cases, and less frequently 
CD16. EBV is always positive by type II latency pattern with 
LMP1 and EBNA-1. In situ hybridization with EBV-encoded 
small RNA (EBER) is exclusively positive and is the most 
useful and reliable marker for EBV detection.

 Staging

Staging system for ENKTL should be based on the modified 
Lugano classification [27]. Preferred imaging technique for 
the staging is whole-body positron emission tomography 
(PET)/CT, because ENKTL is highly PET-avid [28–30]. Few 
data are available for the application of the new International 
Pediatric NHL (IPNHL) classification [31], as well as the 
previous Murphy or Ann Arber classifications [32, 33].

 Prognostic Score and Risk Stratification

The International Prognostic Index (IPI) is still a good prac-
tical tool for ENKTL [10–12, 34]. On the other hand, many 
other ENKTL-specific prognostic factors and scoring sys-
tems have been proposed: regional lymph node involvement 
[10], non-nasal origin [11, 12], local tumor invasiveness 
[35], and EBV-DNA [36, 37]. Pretreatment EBV-DNA copy 
number in plasma is a practical tool for predicting treatment 
response and overall survival (OS) [36, 37]. High expression 
of latent membrane protein 1 (LMP1) in lymphoma cells was 
reported as a favorable prognostic factor [38], while high 
serum-soluble interleukin-2 receptor level represents an 
unfavorable risk [39]. The NK-/T-cell lymphoma prognostic 
index (NK-PI), consisting of B symptoms, clinical stage, 
serum lactate dehydrogenase (LDH) level, and regional 
lymph node involvement, was developed as the next model 
for ENKTL patients receiving conventional chemotherapy 
such as CHOP [10]. Recently, the Prognostic Index for 
Natural Killer cell lymphoma (PINK) and PINK with EBV- 
DNA (PINK-E) have been developed from patient data who 
received non-anthracycline-based treatment (Table  22.1) 

[40]. The PINK score consists of age, stage, distant nodal 
involvement, and non-nasal origin. Detectable EBV-DNA at 
diagnosis is added in the PINK-E score.

 Treatment of ENKTL

For limited-stage or localized ENKTL, radiotherapy is a core 
component of treatment and can be given either before [41] 
or concomitant with platinum-based (cisplatin or carbopla-
tin) chemotherapy [42, 43]. The latter strategy is termed as 
concurrent chemoradiotherapy (CCRT). The JCOG0211DI 
study demonstrated that the OS and progression-free sur-
vival (PFS) of RT-2/3DeVIC was not different from RT-full 
dose (100%) DeVIC [38]. Both RT-2/3DeVIC (Table 22.2) 
and VIPD (Table 22.3) regimens are recommended for local-
ized ENKTL (Fig. 22.2). CCRT-VIDL showed outstanding 
outcomes with 2-year OS of 80% and 5-year OS of 70% [3, 
42, 43] (Table 22.4). RT-2/3DeVIC has benefits in terms of 
short treatment duration, tolerable side effects, and promis-
ing obtainable long-term information. Sequential chemora-
diotherapy by using SMILE [44] or GELOX [45] is the 
optional first-line treatment of localized ENKTL with 5-year 
OS of 85% and PFS of 74%. Radiotherapy alone is reason-
able for selected patients, but is complicated by distant recur-

Table 22.1 PINK and PINK-E score

Risk factors PINK PINK-E
Age >60 years * *
Stage III or IV * *
Distant LN involvement * *
Non-nasal type * *
EBV-DNA *
PINK risk category No. of above four risk factors
  Low 0
  Intermediate 1
  High 2, 3, 4
PINK-E risk category No. of above five risk factors
  Low 0, 1
  Intermediate 2
  High 3, 4, 5

Abbreviations: PINK prognostic index for NK-cell lymphoma, LN 
lymph node, EBV Epstein-Barr virus, No number
* These factors are components of each prognostic index

Table 22.2 RT-2/3 DeVIC therapy

Agent Dose Administration Days
Radiotherapy 1.8–2.0 Gy (Total 50 Gy) 1–33 or 38

(5–6 weeks)
Carboplatin 200 mg/m2 30 min 1, (22, 43)
Etoposide 67 mg/m2 2 h 1–3, (22–24, 43–45)
Ifosfamide 1000 mg/m2 3 h 1–3, (22–24, 43–45)
Dexamethasone 40 mg/body 30 min 1–3, (22–24, 43–45)

DeVIC of 2/3 dose is repeated every 3 weeks
Abbreviations: Min minutes, h hour
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rences. Risk of central nervous system involvement is usually 
not so high, with less than 10% [46]. Therefore, the CNS 
prophylaxis for localized disease is controversial and may be 
considered in patients with high-risk features.

On the other hand, a completely different treatment 
strategy is required for advanced stage, extranasal origin, 
relapsed, or refractory ENKTL.  From the history of past 
several decades, CHOP/CHOP-like regimen is insufficient 

in obtaining the satisfactory outcomes [11]. L-asparaginase- 
containing regimens produced better outcomes and became 
the standard of care for these patients. SMILE (steroid, 
methotrexate, ifosfamide, L-asparaginase, and etoposide, 
Table 22.5) and AspaMetDex (L-asparaginase, methotrex-
ate, and dexamethasone, Table  22.6) regimens are com-
monly used. Comparisons of these regimens are summarized 
in Table 22.7. SMILE regimen demonstrated a 5-year sur-

Table 22.3 CCRT-VIPD therapy

Agent Dose Administration Days
CCRT part
  Radiotherapy 1.8–

2.0 Gy
(Total 
40–52.8 Gy)

1–19 to 33
(3–5 weeks)

  Cisplatin 30 mg/m2 15–30 min 1, 8, 15, (22, 
29)

VIPD part (3 cycles)
  Etoposide 100 mg/

m2

90 min 1–3

  Ifosfamide 1200 mg/
m2

1 h 1–3

  Cisplatin 33 mg/m2 1 h 1–3
  Dexamethasone 40 mg/

body
Oral or iv 1–4

VIPD is repeated every 3 weeks
Abbreviations: Min minutes, h hour

ENKTL 

Nasal stage IE or
contiguous stage IIE 

Nasal, other stages or
extranasal

CR £ PR or refractory disease

Salvage therapy

RT-2/3DeVIC or
SMILE followed by RT

SMILE 3-6 cycles or
other L-asp containing regimen

CR £ PR or
refractory disease

Observation
Clinical trial

Autologous HSCT
Allogeneic HSCT
Clinical trial
Observation

Allogeneic HSCT
Clinical trial
Palliative care

Fig. 22.2 Treatment algorithm of patients with ENKTL. The treatment 
strategy is divided according to the original site and clinical stage. Patients 
with nasal stage IE or contiguous stage IIE should be treated with concur-
rent chemoradiotherapy (RT) such as RT-2/3DeVIC or SMILE followed 
by RT. If the patients achieve a CR, they should be kept observed. For 
patients with other stage or extranasal origin, chemotherapy with 
L-asparaginase containing regimen like SMILE is recommended, as well 
as limited-stage patients who could not attain CR by the initial treatment. 
Patients should receive either autologous or allogeneic HSCT after enter-
ing CR with SMILE. Abbreviations: CR complete response, PR partial 
response, HSCT hematopoietic stem cell transplantation

Table 22.4 Comparison of concurrent chemoradiotherapy

RT-2/3 DeVIC CCRT + VIPD
Cycle interval 3 weeks 3 weeks
No. of chemotherapy 3 cycles 3 cycles
Treatment period 9 weeks 16–20 weeks
Radiation dose 50 Gy 40–50.8 Gy (median: 40 Gy)
Platinum agent Carboplatin Cisplatin
Patient numbers 27 30
Age > 60 years 26% 13.3%
Stage I 67% 50%
NK-PI III or IV 36% 30%
Grade 3/4 toxicities
  Anemia 15% 26.7%
  Thrombocytopenia 12% 23.3%
  Febrile neutropenia 18% 60%
CR rate 77% 90%
ORR 81% 100%
2y OS (95% CI) 78% (57–89%) 86% (74–99%)
Median F/U (range) 32 months (24–62) 23.7 months (17.3–37)
5y OS (95% CI) 70% (49–84%) –
Median F/U 67 months (61–94) –

Abbreviations: NK-PI NK-cell lymphoma prognostic index, CR complete response, ORR overall response rate, y year, OS overall survival, CI 
confidence interval, F/U follow-up
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Table 22.5 SMILE regimen

Agent Dose Administration Days
Methotrexate 2 g/m2 6 h 1
Ifosfamide 1500 mg/m2 3 h 2–4
Etoposide 100 mg/m2 2 h 2–4
Dexamethasone 40 mg/day 30 min 2–4
L-asparaginase 6000 unit/m2 2 h 8, 10, 12, 14, 16, 18, 20
G-CSF 7-recovery

SMILE is repeated every 4 weeks
Abbreviations: SMILE steroid/methotrexate/ifosfamide/L-asparaginase and etoposide, G-CSF granulocyte colony-stimulating factor, h hour, min 
minutes

Table 22.6 AspaMetDex regimen

Agent Dose Administration Days
Methotrexate (MTX) 3 g/m2 Drip 

intravenous
1

L-asparaginase 6000 unit/
m2

Intramuscularly 2, 4, 6, 
8

Dexamethasone 
(DEX)

40 mg/day Oral 1–4

For patients older than 70 years, MTX is reduced to 2 g/m2, and DEX to 
20 mg/day
AspaMetDex is repeated every 3 weeks

Table 22.7 Comparison of L-asparaginase containing regimens

Regimen SMILE AspaMetDex
Cycle interval 4 weeks 3 weeks
Cytotoxic agents MTX MTX

L-asp L-asp
Dexa Dexa
ETP
IFM

Patient numbers 38 19
Age, median (range) 47 (16–67) years 60 (45–76) years
Stage IE/IIE 29% 63%
Neutropenia grade 4 92% 5.3%
  Median duration 3 days –
Anti-asparaginase 
antibodies

No data 55%

CR rate 45% 61%
ORR 79% 78%
2y OS 51% 41%
  Median f/u 24 mo. 26 mo.
  Range (13–35 mo.) (17–49 mo.)
5y OS 47% –
In case of L-asp allergy If severe enough: 

omit L-asp
MTX 
monotherapy

Abbreviations: NKTSG NK-cell Tumor Study Group, MTX methotrex-
ate, L-asp L-asparaginase, Dexa dexamethasone, ETP etoposide, IFM 
ifosfamide, CR complete response, ORR overall response rate, OS over-
all survival, f/u follow-up

vival of 47% in Asia and 54% in Europe [3]. The grade 4 
neutropenia after SMILE is common, and several severe 
infections or abnormal liver function tests are reported [47–
49]. Modification of dose reduction or omission of several 
agents is needed for the elderly, unfit, or lymphopenic 
patients [47, 50]. Granulocyte colony-stimulating factor 
(G-CSF) starting from day 6 of SMILE is mandatory. In 
several countries, conventional E. coli L-asp can be 
replaced by single dose per cycle of PEG-asparaginase 
[51]. After obtaining the response, consolidative autolo-
gous or allogeneic hematopoietic stem cell transplantation 
(HSCT) is preferred for these patients [52–54]. Currently, 
no differential recommendations can be made for the type 
of HSCT (autologous vs. allogeneic or reduced intensity 
vs. myeloablative conditioning) [53, 55]. The optimal indi-
cations for HSCT in ENKTCL are yet to be well defined, 
but the prognosis of ENKTL has been dramatically 
improved by adopting the above treatment strategies in the 
latest decade [39, 52].

Novel treatment agents include checkpoint inhibitors, 
daratumumab, lenalidomide, and vorinostat. Two molecular 
pathways are responsible for the immune regulation, and 
PD-1/PD-L1 and CTLA4 are the target for antitumor effect 
[56]. EBV was shown to increase the expression of PD-L1 in 
Hodgkin and B-cell lymphoma cells [57], which is also 
applicable for ENKTL [58]. Pembrolizumab and nivolumab 
were highly effective for relapsed/refractory ENKL who 
failed L-asparaginase-containing salvage therapies [59–61], 
suggesting that checkpoint inhibitors are effective for the 

treatment of ENKTL. CD38 is a transmembrane glycopro-
tein expressed on plasma cells and NK-cells. Daratumumab 
is an anti-CD38 antibody, which shows antibody-dependent 
cell-mediated cytotoxicity [62]. The efficacy of daratu-
mumab was also reported in a single case of relapsed/refrac-
tory ENKTL [63].

 Response Assessment and Follow-Up

Since ENKTL is highly PET-avid, PET/CT scans should be 
performed with contrast-enhanced diagnostic CT for 
response assessment. The Lugano response criteria are com-
monly used [27]. PET/CT is particularly effective for 
ENKTL assessment because many patients are complicated 
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with nasal sinusitis with inflammatory changes on conven-
tional CT. Reduction of EBV-DNA copy number in plasma 
is well correlated with disease response [34, 36, 37]. In addi-
tion to the routine physical examination of lymphoma, these 
assessments should also be applied for follow-up.

 EBV+ LPD of Childhood

 Pathophysiology and Characteristics

In healthy individuals normal infectious immunity can be 
achieved after the initial infection by EBV [64]. However, 
very few patients cannot eliminate the EBV and may develop 
recurrent fevers often accompanied by wasting syndrome and 
failure to thrive [2]. Although the exact cause remains 
unknown, it is speculated that genetic defects and/or immune 
deregulation after primary EBV infection are responsible for 
this condition [6, 7]. This is termed as chronic active EBV 
infection (CAEBV), but the essential nature is an underlying 
LPD by EBV-infected lymphocytes. Therefore, this is not a 
simple infection. EBV+ LPD generally presents with sys-
temic symptoms, including fever and weight loss (Fig. 22.3). 
In the early phase of CAEBV, the EBV-infected lymphocyto-
sis is polyclonal. However, after several years of waxing and 
waning course, the clonal selection of lymphocytes pro-
gresses. The proliferating EBV-infected lymphocytes become 
monoclonal with either T-cells or NK-cells [65–67].

Severe mosquito bite allergy (SMBA) is another aspect of 
CAEBV-LPD [2]. SMBA patients initially show symptoms 
limited to skin with erythema, bulla, ulcers, necrosis, and 
scarring (Fig. 22.3). These patients develop systemic symp-
toms by years, and later can be categorized to CAEBV- 
LPD.  The mosquito’s salivary gland secretions activate 

CD4+ T-cell proliferation and induce LMP1 expression, 
which cause NK-cell proliferation [2, 67, 68]. In SMBA 
patients, crusted ulcerative lesions develop after the mos-
quito bite. After several years, most of them develop EBV- 
positive lymphocytosis and fall in the category of 
EBV-LPD. Therefore, SMBA is not a simple allergic condi-
tion, but a manifestation of broad spectrum of EBV-LPD. 
Hydroa vacciniforme (HV) is a self-limited cutaneous dis-
ease that occurs in childhood, which manifests with a sun- 
related eruption showing edema, vesicles, and necrotic areas, 
as well as scars on the face and dorsa of the hands, forearms, 
and legs [69]. This form does not impair the general health of 
the patient and spontaneously remits in adolescence or young 
adulthood. However, approximately 10% of HV patients also 
develop EBV-LPD and are termed HV-like LPD [70].

Systemic EBV+ T-cell lymphoma of childhood is a de novo 
progressive form of LPD (Figure). The official nomenclature 
has been replaced from LPD to lymphoma in the revised WHO 
classification 2017 [3, 71]. This is a highly aggressive lym-
phoma of mostly T-cell, but sometimes NK-cells. 
Hemophagocytosis is frequent, and therefore, the alternative 
term of fulminant hemophagocytic lymphohistiocytosis (HLH) 
exists. However, the systemic EBV+ T-cell lymphoma of child-
hood is a distinct disease apart from conventional HLH with 
known genetic abnormalities. A considerable part of patients 
develop the lymphoma after their initial infection to EBV, but 
others occur in those with past EBV infection. The difference 
between these two EBV- related entities remains unknown.

 Incidence

EBV+ LPD of childhood is a rare condition that is most preva-
lent in East Asia. No sexual predilection is observed. The con-
dition mainly develops in children, adolescence, and young 
adults [3, 67]. The median age at diagnosis is 14 years, ranging 
from 1 to 51 years [67]. Patients aged over 40 years are par-
ticularly rare. Older patients often lack the chronic active 
phase and directly develop lymphoma or leukemia. Those 
patients should be diagnosed with genuine T-cell or NK-cell 
lymphoma, but should not be categorized to CAEBV-LPD.

 Treatment

Allogeneic HSCT is the only curative strategy, but there are 
several obstacles for the immediate transplant. Patients with 
fever or high cytokinemia are sometimes troubled by 
transplant- associated complications. To control this condition, 
a “cooling” chemotherapy regimen with prednisone, etopo-
side, and cyclophosphamide has been introduced and yielded 
good results [72]. After the cooling phase, multi- agent chemo-
therapy reduces the amount of EBV-infected cells. Finally, 

Systemic EBV+
T-cell lymphoma

of childhood

Chronic active
EBV-LPD
(CAEBV)

Cutaneous formSystemic form

Hydroa vacciniforme-like LPD

Severe mosquito
bite allergy

Localized form

ENKTL/
ANKL

ENKTL

Fig. 22.3 Total scheme of EBV+ T-cell and NK-cell LPD in childhood 
and AYA. EBV+ T-cell and NK-cell LPD in childhood, adolescence, and 
young adults can be divided into three categories of systemic, localized, 
or cutaneous forms. The systemic form includes systemic EBV+ T-cell 
lymphoma of childhood, chronic active EBV-LPD, advanced stage 
ENKL, and aggressive NK-cell leukemia. Localized form represents 
limited-stage ENKL. The cutaneous form consists of cutaneous ENKTL, 
hydroa vacciniforme-like LPD, and severe mosquito bite allergy. 
Abbreviations: ENKTL extranodal NK-/T-cell lymphoma, nasal type, 
ANKL aggressive NK-cell leukemia, LPD lymphoproliferative disease
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consolidative allogeneic HSCT is recommended, which also 
contributes to the immunologic reconstruction of CAEBV-
LPD patients [72]. Antiviral treatments are consistently inef-
fective. Chemotherapy and immunomodulating therapy are 
effective, but the effect is temporary. The conventional therapy 
alone cannot cure the systemic CAEBV-LPD [67]. Recently, 
reduced-intensity conditioning (RIC) regimens produced bet-
ter outcomes than myeloablative conditioning ones [72]. 
Therefore, the RIC allogeneic HSCT is preferred for children 
and adolescence, considering the patients’ growth.

 Prognosis

The prognosis of EBV-LPD varies by subtypes. Systemic 
EBV+ T-cell lymphoma has a poor prognosis, often accom-
panied by a fulminant clinical course with days to weeks after 
diagnosis [71]. Only patients who receive allogeneic trans-
plant can survive long-term. Regarding the systemic CAEBV-
LPD, the course and prognosis is relatively indolent. T-cell 
type, particularly CD4+ type shows more aggressive course 
than NK-cell type [67]. However, the survival curve gradu-
ally declines by years in any subtypes unless the patients 
receive allogeneic HSCT. Both HV-like LPD and SMBA 
have a prolonged clinical course, and patients need to be 
monitored for the risk of malignant transformation. The 
major causes of death were multiple organ failure and hepatic 
failure [2]. Age of onset (≥8  years) and liver dysfunction 
were independent prognostic factors for mortality [67].

 Future Consideration for Cell Therapy

Upcoming treatment strategies are the use of EBV-specific cyto-
toxic T-cells for EBV+ lymphoma. EBV-infected B-cells are 
controlled by EBV-specific T-cells. The imbalance between 
malignant EBV-infected B-cells and T-cell immunity causes 
EBV+ LPD or lymphoma. Transferring EBV- specific cytotoxic 
T-cells restores tumor destroying property of T-cell immunity. 
Phase II studies demonstrated its efficacy to prevent and treat 
EBV+ disorders especially EBV+ PTLPD, but the persistence 
of T-cell function and long-term outcomes should be investi-
gated [73–78]. Novel targeted agents will be validated in the 
near future especially in childhood and adolescence.
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 Introduction

Malignant lymphomas can present in the skin either as pri-
mary or secondary manifestation of the disease. The term 
primary cutaneous lymphoma (PCL) refers to a heteroge-
neous group of cutaneous T-cell lymphomas (CTCLs) and 
cutaneous B-cell lymphomas (CBCLs) that present in the 
skin with no evidence of extracutaneous disease at the time 
of diagnosis [1]. After the gastrointestinal lymphomas, 
PCLs are the second most common group of extranodal 
non- Hodgkin lymphomas, with an estimated annual inci-
dence of almost 10 per million persons [2]. PCLs must be 
distinguished from nodal or systemic malignant lymphomas 
involving the skin secondarily, which often have another 
clinical behavior, have a different prognosis, and require a 
different therapeutic approach. In recent lymphoma classifi-
cations, PCLs are therefore included as separate entities. 
The frequency and prognosis of the different types of CTCL 
and CBCL are presented in Table 23.1. In the Western world, 
CTCLs constitute ∼75–80% of all PCLs and CBCLs ∼20–
25% [1, 3]. However, different distributions have been 
observed in other parts of the world. In Southeast Asian 
countries, CTCLs other than MF, in particular, Epstein-Barr 
virus (EBV)-associated natural killer (NK)/T-cell lympho-
mas, are much more common than in Western countries, 
while CBCLs are much more uncommon [4, 5].

PCLs generally affect adult and often elderly patients, 
while PCLs arising in childhood and adolescence are 
rare with an estimated annual incidence of 0.1 and 0.3 
per million persons in age groups 0–9 and 10–19 years, 
respectively [2]. Consistently, published reports on 

 pediatric PCLs are sparse. There are only few reviews or 
studies including more than 50 patients with a pediatric 
PCL [6–11]. Most reports concern small cohorts or case 
studies. The most common types of pediatric PCL with 
over 100 reported cases are MF and primary cutaneous 
CD30-positive lymphoproliferative disorders (LPDs) 
(Table  23.1). Other CTCLs that may present in child-
hood, although less commonly (50–100 reported cases), 
are subcutaneous panniculitis-like T-cell lymphoma 
(SPTCL) and, particularly in Central and South America 
and Asia, EBV-positive lymphoproliferative disorders of 
childhood, now commonly referred to as chronic active 
EBV infections (CEABV). However, pediatric cases of 
Sezary syndrome, extranodal NK/T-cell lymphoma, pri-
mary cutaneous CD8- positive aggressive epidermotropic 
cytotoxic T-cell lymphoma, and primary cutaneous 
gamma/delta T-cell lymphoma are extremely rare or 
have not been reported at all. Regarding CBCL, there are 
more than 20 published cases of primary cutaneous mar-
ginal zone lymphoma presenting in childhood, while 
pediatric cases of primary cutaneous follicle center lym-
phoma are extremely rare and pediatric cases of primary 
cutaneous diffuse large B-cell lymphoma, leg type have 
never been reported [8, 12, 13]. In addition, 
B-lymphoblastic lymphoma/leukemia not uncommonly 
presents in the skin, usually the head, and may be the 
first and sometimes even the only manifestation of the 
disease [14].

This chapter will focus on the clinicopathologic features, 
treatment, and prognosis of the more common types of 
CTCL presenting in childhood and adolescence.
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Department of Dermatology, Leiden University Medical Center, 
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 Mycosis Fungoides

Mycosis fungoides (MF) is the most common type of cutane-
ous T-cell lymphoma (CTCL) and accounts for approximately 
50% of all PCLs [1]. Patients with classical MF present with 
patches and plaques that are preferentially located on the but-
tocks and other covered sites of the trunk and limbs (sun-pro-
tected areas). Histologically, these early stages are 
characterized by superficial band-like or lichenoid infiltrates 
of small to medium-sized atypical T-cells with cerebriform 
and sometimes hyperchromatic nuclei, which characteristi-
cally infiltrate into the epidermis (epidermotropism). The neo-
plastic T-cells usually have a mature CD3+, CD4+ and, 
CD8− T-cell phenotype. Most patients have a protracted clini-
cal course over years or even decades. However, a proportion 
of patients may develop nodules or tumors and eventually 
progress to extracutaneous disease [15, 16].

MF is also one of the two most common types of CTCL 
in children and adolescents with over 300 reported cases [10, 
11, 17–22]. The male-to-female ratio in juvenile MF varies 
between 1.5:1 and 1:1. In most series the median age at diag-
nosis varies between 9 and 13 years, but infants as young as 
10  months with MF have been reported [23]. Clinically, 
juvenile MF may present with erythematous patches and 
plaques typical of classic MF but more often shows an atypi-

cal clinical presentation, such as hypopigmented, hyperpig-
mented, or folliculotropic MF (Figs.  23.1 and 23.2). 
Hypopigmented MF, which is often found in dark-skinned 
individuals, is the most common variant in children and 
 adolescents [10, 11, 17, 20, 24]. Patients present with asymp-
tomatic hypopigmented patches that are mainly located on 
trunk and extremities. Differentiation from various benign skin 
diseases, including vitiligo, lichen sclerosus et atrophicus, 

Fig. 23.1 Mycosis fungoides. A 15-year-old boy with multiple patches 
and slightly infiltrated plaques on the left upper leg for more than 10 years

Table 23.1 WHO-EORTC classification for cutaneous lymphomas: relative frequency and survival in adults and number of reported cases in 
children

Frequency in 
adults (%) 5-year DSS

Reported cases 
in childrenc

Cutaneous T-cell lymphoma
Mycosis fungoides (MF) 44 88 ++++
Variants of MF
  Folliculotropic MF 5 80 ++
  Pagetoid reticulosis <1 100 +
  Granulomatous slack skin <1 100 +
Sézary syndrome 3 30 −
Primary cutaneous CD30- positive LPD
  Cutaneous anaplastic large cell lymphoma 8 95 ++
  Lymphomatoid papulosis 12 100 ++++
Subcutaneous panniculitis-like T-cell lymphoma 1 82 +++
Primary cutaneous extranodal NK/T-cell lymphoma, nasal-type <1 <20 −
Primary cutaneous γ/δ T-cell lymphoma <1 <20 +
Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphomaa <1 <20 −
Primary cutaneous acral CD8+ T-cell lymphomab <1 100% −
Primary cutaneous CD4+ small/medium T-cell LPDa 4 100% +
Cutaneous B-cell lymphoma
Primary cutaneous marginal zone B-cell lymphoma 8 99 ++
Primary cutaneous follicle center lymphoma 11 95 −
Primary cutaneous diffuse large B-cell lymphoma, leg type 4 50 −

Adapted from [1]
DSS disease-specific survival, LPD lymphoproliferative disorder
aProvisional entities
bNew provisional entity in the revised 2017 WHO classification [3]
cNumber of reported cases: 0–1; +: 2–10; ++: 11–50; +++: 51–100; ++++: >100
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 pityriasis alba, and post-inflammatory hypopigmentation, 
may be difficult. In Caucasians, hypopigmented lesions usu-
ally coexist with erythematous lesions, as observed in classic 
MF.  Histopathology shows the typical features of early 
patch-stage MF. However, in contrast to classic MF, hypopig-
mented MF usually has a CD8+ cytotoxic T-cell phenotype 
(Fig. 23.2) [10, 11, 24].

The prognosis of patients with juvenile MF is usually 
excellent [10, 11, 20]. Most patients present with early patch/
plaque stage disease (stage IA–IB) and rarely with more 
advanced stage MF (stage IIB–IV) [11]. In addition, progres-
sion from early-stage MF to tumor stage MF or beyond is 
rarely observed [25–27]. Patients respond very well to skin- 
directed therapies, such as topical steroids, narrowband UVB 
(NB-UVB), or (bath) PUVA, but recurrences after treatment 
are common. In patients with hypopigmented MF, NB-UVB 
is the preferred mode of treatment, since its efficacy for 
patch-stage disease has been well-established and because it 
has fewer side effects and less carcinogenic, when compared 
to PUVA therapy [11, 20, 28].

 Variants of MF

Apart from classical MF, many clinical and/or histopatho-
logic variants of MF mimicking a wide variety of inflamma-
tory skin diseases have been described [29–31]. Most 
variants, including hypopigmented MF described above, 
have a clinical behavior similar to that of classic MF and 
have therefore not been classified separately. In recent clas-
sifications, only folliculotropic MF (FMF), pagetoid reticu-
losis, and granulomatous slack skin are recognized as distinct 
variants of MF, because of their distinctive clinicopathologic 
features, clinical behavior, and/or prognosis [1, 3].

 Folliculotropic MF

Folliculotropic MF (FMF) is characterized by the presence 
of folliculotropic infiltrates, often with sparing of the interfol-
licular epidermis and preferential involvement of the head and 
neck area [1]. Patients may present with (grouped) follicular 

a b

c

Fig. 23.2 Hypopigmented mycosis fungoides. A 9-year-old girl with generalized hypopigmented patches (a); Histologic examination shows 
infiltration of the epidermis along the basal layer (b); the neoplastic T-cells are CD8+ (c)
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papules, acneiform lesions, indurated plaques, or tumors 
[32–36]. Infiltrated plaques or tumors in the eyebrow region 
with concurrent hair loss are a highly characteristic feature 
(Fig.  23.3). Some patients may show keratosis pilaris- like 
lesions that are mainly localized on trunk and extremities 
(Fig. 23.4) [37]. The skin lesions are often associated with 
alopecia. Histologically, FMF is characterized by the pres-
ence of perifollicular to diffuse infiltrates with variable infil-
tration of the follicular epithelium by small- and 
medium- sized or sometimes large T-cells with cerebriform 
and hyperchromatic nuclei [32, 38]. Many cases show muci-
nous degeneration of the follicular epithelium (follicular 
mucinosis), but cases without follicular mucinosis have been 

described as well [39]. In virtually all cases, the neoplastic 
cells in FMF have a CD3+, CD4+, and CD8− T-cell pheno-
type as in classic MF [38].

FMF mostly presents in adults, but has also been reported 
in children and adolescents [11, 36]. In these young patients, 
FMF usually presents with grouped follicular papules or 
follicle-based patches with associated alopecia on the arms, 
the legs, or the trunk (Fig. 23.4). Because of the deep local-
ization of the perifollicular infiltrates, bath or systemic 
PUVA is the preferred type of treatment in these patients 
with early-stage FMF [11]. Presentation with or progression 
to more advanced disease with infiltrated plaques or tumors 
is very uncommon [11, 25, 40]. The relationship between 
FMF and the so-called idiopathic form of follicular mucino-
sis (alopecia mucinosa), which may show a similar clinical 
presentation, is a matter of debate. In adults, this idiopathic 
form of follicular mucinosis often presents with widespread 
and persistent lesions and is generally considered as a variant 
of MF [41, 42]. In children and adolescents, idiopathic fol-
licular mucinosis usually presents with one or few localized 
patches with follicular accentuation, which can be treated 
effectively with topical steroids or phototherapy and has an 
excellent prognosis. These cases should not be equated with 
MF [43, 44].

 Pagetoid Reticulosis (Woringer-Kolopp 
Disease)

Pagetoid reticulosis is a rare unilesional variant of MF, clini-
cally characterized by the presence of a solitary, slowly pro-
gressive, psoriasiform or hyperkeratotic patch or plaque, 
which is usually localized on an extremity, particularly hands 
or feet (Fig. 23.5a) [1, 3]. Histologically, these lesions show 
a hyperplastic epidermis with marked infiltration by small- 
to medium-sized atypical pagetoid cells, arranged singly or 

a

b

Fig. 23.3 Folliculotropic mycosis fungoides. A 18-year-old man with 
a slightly infiltrated plaque with associated alopecia in the left eyebrow 
(a); histology shows perifollicular infiltrates with infiltration of the fol-
licular epithelium and extensive follicular mucinosis (b)

Fig. 23.4 Folliculotropic mycosis fungoides. A 17-year-old female 
with keratosis pilaris-like lesions on the abdomen
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in nests or clusters (Fig. 23.5b). The superficial dermis may 
have an infiltrate of mostly small lymphocytes but rarely 
contains neoplastic T-cells. The neoplastic T-cells may show 
either a CD3+, CD4−, CD8+, or less commonly a CD3+, 
CD4+, CD8−, or CD3+, CD4−, and CD8− phenotype. 
Cases with a CD8+ or CD4−, CD8− phenotype express 
cytotoxic proteins. CD30 is often expressed [45].

Publications on pediatric pagetoid reticulosis are 
extremely rare, but they appear to have the same clinicopath-
ologic features as adult cases. The original report by Woringer 
and Kolopp concerned a 13-year-old with an erythematous 
scaly well-demarcated patch on the left forearm that had 
been present for 6 years and was completely excised. Other 
reported cases concern a 5-year-old boy with an erythema-
tous scaly patch on the left buttock and a 6-year-old boy with 
an erythematous plaque on his left thigh, which had slowly 
progressed since few months after birth [46, 47]. In the series 
published by Fink-Puches et al., three of 24 MF cases had 
pagetoid reticulosis, but further details are not provided [6]. 
The preferred mode of treatment in these patients is radio-
therapy or surgical excision. The prognosis of pagetoid retic-
ulosis is excellent; extracutaneous dissemination or 
disease-related deaths have never been reported [48].

 Granulomatous Slack Skin

Granulomatous slack skin (GSS) is a very rare variant of MF, 
clinically characterized by the slow development of pendu-
lous folds of lax skin in the major skin folds (axilla and 
groins) and histologically by the presence of dense infiltrates 
of small clonal CD4-positive T-cells admixed with numerous 
macrophages and many scattered multinucleated giant cells 
[1, 49]. Loss of elastic tissue, elastophagocytosis, and 
emperipolesis (engulfment of lymphocytes) by multinucle-
ated cells are commonly observed. Extracutaneous dissemi-
nation is rare, but in approximately one-third of patients an 
association with other malignant lymphomas, particularly 
MF and Hodgkin lymphoma, has been reported [50]. 
Treatment of GSS is unsatisfactory. Patients have been 
treated with PUVA, radiotherapy, surgical excision, 
interferon-α, and other systemic therapies, but complete 
responses have never been reported. There are only few 
reports of GSS in children or adolescents and, in two of four 
reported patients, an association with another type of lym-
phoma was reported [51–55]. Tronnier et  al. described a 
13-year-old patient with GSS that was preceded by a diagno-
sis of folliculotropic MF for 2 years [55]. Long-term follow-
 up in an 11-year-old boy who presented with widespread 
GSS lesions showed progression to a systemic CD30-positive 
peripheral T-cell lymphoma, which had a fatal outcome 
despite chemotherapy [51, 52]. Because of the increased risk 
of a second malignant lymphoma, long-term follow-up is 
mandatory in patients with GSS [56].

 Primary Cutaneous CD30-Positive T-Cell 
Lymphoproliferative Disorders

Primary cutaneous CD30-positive lymphoproliferative dis-
orders (LPDs) are the second most common group of the 
cutaneous T-cell lymphomas, accounting for approximately 
25% of all CTCLs (Table 23.1) [1]. This group includes pri-
mary cutaneous anaplastic large lymphoma (C-ALCL) and 
lymphomatoid papulosis (LyP), which show overlapping 
clinical, histologic, and phenotypic features and form a spec-
trum of disease [1]. The clinical appearance and course are 
used as decisive criteria for the definite diagnosis and choice 
of treatment. Both C-ALCL and LyP have an excellent prog-
nosis, with a 10-year survival of 90% and almost 100%, 
respectively [57]. Also in children, primary cutaneous CD30- 
positive LPD represents one of the two most common sub-
groups of CTCL.  In the Dutch registry, primary cutaneous 
CD30-positive LPDs account for 64 of 91 (70%) CTCL 
patients younger than 20 years of age. In this age group, LyP 
is much more common than C-ALCL. From the 503 patients 
with LyP in our database, 53 cases (10.5%) were younger 
than 20 years of age, compared to 11 of 283 patients (3.9%) 

a

b

Fig. 23.5 Pagetoid reticulosis. A 14-year-old boy with a slowly pro-
gressive plaque on the right wrist (a); histologic examination shows 
epidermal hyperplasia and extensive epidermotropism of small- to 
medium-sized atypical lymphocytes in a pagetoid pattern (b)
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with a diagnosis of C-ALCL. In a study of the Mayo Clinic 
on 123 patients with LyP, a similar proportion (14 patients; 
11%) were in the pediatric age group [58].

 Lymphomatoid Papulosis (LyP)

Lymphomatoid papulosis (LyP) is a chronic recurrent condi-
tion clinically characterized by the presence of self-healing 
papular, papulonecrotic, and/or nodular skin lesions with 
histologic features of a (CD30-positive) CTCL [1, 3]. 
Although there has been continued discussion whether LyP 
is a malignant, a premalignant, or a benign condition, LyP is 
currently regarded as a low-grade malignant CTCL. The his-
tologic picture of LyP is extremely variable, and in recent 
classifications six histologic subtypes are recognized: five 
histologic subtypes resembling different types of CTCL, 
including C-ALCL (types A and C), plaque stage MF (type 
B), aggressive CD8+ CTCL (type D) and angio-centric lym-
phomas (type E), and a new subtype characterized by the 
presence of chromosomal rearrangements involving the 
DUSP-IRF4 locus on 6p25.3 [59, 60]. The same rearrange-
ment is found in approximately 25% of C-ALCL [61]. 
Recognition of these different types of LyP is important to 
avoid misdiagnosis of other often more aggressive types of 
CTCL, but has no therapeutic or prognostic implications. 
LyP should not only be differentiated from other types of 
CTCL, but also from a wide variety of infectious and inflam-
matory dermatoses that can contain substantial numbers of 
CD30-positive cells [60].

LyP most often occurs in adults (median age, 45 years), 
but children may also be affected. In different cohort studies, 

the male-to-female ratio varied between 1.2 and 1.5, and the 
median age at diagnosis was between 7.5 and 12 years of age 
[22, 58, 62, 63]. The youngest patient published to date is an 
8-month-old child. An association with atopy has been 
reported in 30–60% of children with LyP [62, 63].

In most children LyP has the same clinicopathologic fea-
tures as in adults. Characteristically, skin lesions in different 
stages of evolution coexist (Fig. 23.6) [57, 64]. The number 
of lesions may vary from a few to more than a hundred. 
Individual skin lesions disappear within 3–12  weeks and 
may leave behind superficial scars. In some children, LyP 
may start with large, rapidly growing ulcerating lesions in 
addition to papular lesions. Spontaneous resolution of these 
large lesions may take months rather than weeks. During 
follow-up, these large lesions stop to develop and LyP con-
tinues with small papular or papulonecrotic lesions or disap-
pears completely. The duration of the disease may vary from 
several months to decades. Studies of LyP in adults indicate 
that it may be associated with another type of malignant lym-
phoma, generally MF, C-ALCL, or Hodgkin lymphoma in 
up to 20% [57, 60, 65]. There are also few reports of children 
with LyP, who developed a second malignant lymphoma dur-
ing follow-up, most commonly a C-ALCL [57, 62, 63].

Treatment of LyP is generally unsatisfactory. Since a 
curative therapy is not available and none of the available 
treatment modalities affects the natural course of the disease, 
the short-term benefits of active treatment should be bal-
anced carefully against potential side effects [57, 66]. In 
patients with relatively few non-scarring lesions, an expect-
ant policy can be followed. In the case of cosmetically dis-
turbing lesions (e.g., scarring or many papulonodules), 
low-dose oral methotrexate (MTX; 5–20  mg/week) is the 

a b
Fig. 23.6 Lymphomatoid 
papulosis. A 9-year-old boy 
with papules and nodules on 
arms and legs in various 
stages of evolution (a); 
histology shows a dense 
inflammatory infiltrate with 
many scattered large atypical 
CD30+ cells (b)

R. Willemze



287

most effective therapy for reducing the number of skin 
lesions and can also be used safely in children [67]. PUVA 
therapy is also effective, but is less attractive in case mainte-
nance treatment is required. LyP has an excellent prognosis 
in the vast majority of patients. However, because of the risk 
of late secondary lymphomas, long-term follow-up is 
advised.

 Primary Cutaneous Anaplastic Large Cell 
Lymphoma (C-ALCL)

Most C-ALCL patients present with solitary or localized 
often ulcerating nodules or tumors, histologically showing 
dense dermal infiltrates of large CD30-positive tumor cells 
with an anaplastic or pleomorphic cytomorphology [1, 3]. In 
most cases the neoplastic cells have an activated CD4+ T-cell 
phenotype. Approximately 10% of patients present with 
multifocal lesions. Similarly to LyP, the skin lesions may 
show partial or complete spontaneous regression [57]. 
C-ALCL presenting with solitary or localized skin lesions 
are treated with radiotherapy or surgical excision, while 
patients presenting with multifocal skin lesions can best be 
treated with low-dose MTX, as in LyP, or with low-dose 
radiotherapy in the case of only a few lesions [57, 66, 68]. 

C-ALCL frequently relapses in the skin, but extracutaneous 
dissemination is uncommon, and their prognosis is usually 
excellent with a 10-year disease-related survival of approxi-
mately 90% [57, 69].

C-ALCL may also occur in childhood, but it is much less 
common than LyP [57]. Reports on pediatric C-ALCL are 
few, but clearly show that children have the same clinico-
pathologic features and the same favorable prognosis as 
adults (Fig. 23.7) [57, 70–72]. None of these patients devel-
oped extracutaneous disease or had a fatal outcome. Most 
patients had been treated with aggressive combination che-
motherapy, but cutaneous relapses were observed in almost 
all of them. Current evidence indicates that systemic chemo-
therapy is no longer warranted in such patients. As in adult 
patients, local radiotherapy and surgical excision are the first 
choice of treatment and, in case of spontaneous resolution, 
an expectant policy is even justified [57, 66]. Systemic che-
motherapy is only recommended in exceptional cases devel-
oping extracutaneous disease.

It is important to differentiate pediatric C-ALCL from 
systemic ALCL, which is relatively common in this age 
group and frequently shows secondary cutaneous involve-
ment [72]. Unlike this systemic ALCL, C-ALCL usually 
does not carry the t(2;5) chromosomal translocation and 
does not express ALK (anaplastic lymphoma kinase) [73]. 

a b

c

CD30

Fig. 23.7 Primary cutaneous anaplastic large cell lymphoma. A 
17-year-old female presenting with a large ulcerating tumor on the back 
(a); histologic examination shows a monotonous infiltrate of large cells 

with anaplastic morphology (b); the tumor cells show a diffuse staining 
for CD30 (c)
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Expression of ALK protein therefore strongly suggests sec-
ondary cutaneous involvement of a systemic ALK-positive 
ALCL.  However, unusual cases of ALK+ C-ALCL have 
been reported both in children and adults, and many of these 
cases had an excellent prognosis [74–77].In one study, five 
of six pediatric cases of ALK-positive C-ALCL had pre-
sented with a solitary lesion. Surgical excision, followed by 
local radiotherapy in two of them, resulted in sustained com-
plete remission in all patients [75].

 Subcutaneous Panniculitis-Like T-Cell 
Lymphoma (SPTCL)

SPTCL was initially defined as a cytotoxic T-cell lym-
phoma with either an α/β or a γ/δ T-cell phenotype, which 
preferentially infiltrates the subcutaneous tissue, and often 
complicated by a hemophagocytic syndrome (HPS) with an 
aggressive clinical course, and that should therefore be 
treated with aggressive multi-agent chemotherapy [78]. 
However, more recent studies showed clinical, histological, 
and immunophenotypical differences between SPTCL with 
an α/β T-cell phenotype and SPTCL with a γ/δ T-cell phe-
notype, suggesting that these may represent different enti-
ties [79–81]. In recent classifications, the term SPTCL is 
therefore only used for cases with an α/β T-cell phenotype, 
while cases expressing the γ/δ T-cell receptor are reclassi-
fied as primary cutaneous gamma/delta T-cell lymphoma 
(PCGD- TCL) [1, 3]. Differentiation between SPTCL and 
PCGD- TCL is important, since both conditions have a dif-
ferent prognosis and require a different therapeutic 
approach.

SPTCL is a rare type of lymphoma accounting for <1% of 
all CTCL.  It is slightly more common in females than in 
males and may affect both children and adults [1, 82]. 
Clinically, patients present with solitary, but more commonly 
multiple nodules or deeply seated plaques resembling pan-
niculitis, which mainly involve the legs and the arms trunk 
and less commonly the face. Systemic symptoms such as 
fever, fatigue, and weight loss, and laboratory abnormalities, 
including cytopenias and elevated liver function tests, are 
common, but a frank hemophagocytic syndrome (HPS) is 
observed in only 15–20% of patients [81]. Up to 20% of 
patients may have an associated autoimmune disease, most 
commonly systemic lupus erythematosus [81]. The differen-
tial diagnosis with lupus panniculitis may sometimes be 
challenging [83]. Histologically, SPTCL shows strictly sub-
cutaneous infiltrates resembling a lobular panniculitis with 
rimming of individual fat cells by small- to medium-sized 
neoplastic T-cells, which usually have a mature CD3+, 
CD4−, CD8+, and CD56− T-cell phenotype and typically 
express βF1, but not TCR γ/TCRδ facilitating differentiation 
from PCGD-TCL (Fig. 23.8) [81].

Reports on pediatric cases of SPTCL are rare. In a series 
of 63 SPTCL patients, 12 of 63 patients (19%) were 20 years 
or younger [81]. The youngest reported patients were 4 and 
5  months old, respectively [82, 84]. The clinicopathologic 
features of pediatric SPTCL are similar to those described in 
adult patients. Most cases of SPTCL have a favorable prog-
nosis, particularly if not associated with a HPS. One study 
reported 5-year overall survival (OS) rates of 91% and 46% 
in SPTCL patients without and with an HPS, respectively 
[81]. Most patients with pediatric SPTCL have been treated 
with combination chemotherapy, in some of them followed 
by an allogeneic stem cell transplant [84]. More recent stud-
ies indicate that in SPTCL without associated HPS, systemic 
steroids or other immunosuppressive agents (cyclosporine, 
MTX) should be considered first, while combination chemo-
therapy should be reserved for cases with progressive disease 
not responding to immunosuppressive therapy and cases 
with associated HPS [81, 85]. In cases presenting with a soli-
tary skin lesion, radiotherapy can be used. Bexarotene may 
also be effective in SPTCL [86]. In some cases of pediatric 
SPTCL, the subcutaneous lesions disappeared spontane-
ously without active treatment [87–89].

 EBV-Positive Lymphoproliferative Disorders 
of Childhood

EBV-positive lymphoproliferative disorders of childhood 
include hydroa vacciniforme-like lymphoproliferative disor-
ders (HV-like LPD) and hypersensitivity reactions to mos-
quito bites (HMB). Both are cutaneous manifestations of 
chronic active EBV (CAEBV) infection with a risk for pro-
gression to systemic EBV-positive T-cell or NK-cell lym-
phoma [3]. HV-like LPD is used as an encompassing term 

Fig. 23.8 Subcutaneous panniculitis-like T-cell lymphoma. Histologic 
examination shows rimming of adipocytes by CD8-positive neoplastic 
T-cells
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for cases previously referred to as HV and HV-like lym-
phoma. These disorders are seen mainly in children and ado-
lescents from Asia, or in indigenous populations from 
Central and South America and Mexico [90, 91]. Both condi-
tions are rare in adults.

Clinically, classic HV presents with a papulovesicular 
eruption on sun-exposed skin areas, in particular, the face, 
the earlobes, and the back of the hands, often with seasonal 
activity, but without systemic symptoms [92]. In more severe 
cases (HV-like lymphoma), skin lesions are localized in sun- 
exposed and nonexposed skin areas, facial swelling and 
extensive ulceration are common, and systemic symptoms, 
such as fever, wasting, lymphadenopathy, and hepatospleno-
megaly, may be present [93, 94]. Patients with mosquito bite 
allergy typically show bullous lesions that become necrotic 
at the site of the mosquito bite and may demonstrate similar 
systemic symptoms as seen in patients with HV-like lym-
phoma [90, 95].

Histologically, skin lesions show variable degrees of epi-
dermal spongiosis, necrosis, and ulceration, and a variably 
dense dermal infiltrate mainly consisting of small- to medium-
sized lymphocytes [93]. Angio-centricity and angio-destruc-
tion are frequently found. The number of EBER-positive cells 
is variable. Most cases of HV-like LPD have a CD8+ T-cell 
phenotype, while hypersensitivity reactions to mosquito bites 
more often have a NK-cell phenotype [96].

Most reported cases run an aggressive clinical course and 
have a poor prognosis, in particular patients presenting with 
systemic manifestations [93]. However, patients may have 
recurrent skin lesions for many years before progression to 
systemic lymphoma. There is no standard treatment for these 
conditions. Most reported patients have been treated with 
multi-agent chemotherapy, but sustained complete remis-
sions are rarely achieved [96]. In patients with only skin 
lesions, a conservative approach should be considered.

 Conclusions

Cutaneous T-cell lymphomas (CTCLs) usually affect adult 
and elderly patients and are rare in childhood and adoles-
cence. CTCLs most commonly seen in children are mycosis 
fungoides and lymphomatoid papulosis. Pediatric CTCLs 
generally have the same clinicopathologic features and clini-
cal behavior as their adult counterparts. Most patients with 
juvenile mycosis fungoides present with early patch/plaque 
stage disease, and progression to advanced stage disease is 
rarely observed. Diagnosis and treatment of these rare condi-
tions can be challenging. Clinicopathologic correlation and a 
multidisciplinary approach with close collaboration between 
pediatric oncologists, dermatologists, and pathologists are 
the best guarantee for correct diagnosis and adequate 
treatment.
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 Introduction

Aggressive cytotoxic therapy cures most children and ado-
lescents with NHL of their primary disease with expected 
EFS of ~75%, 85%, and 90% in anaplastic large cell lym-
phoma (ALCL), lymphoblastic lymphoma, and mature 
B-NHL. With such impressive primary cure rates, it becomes 
a tricky proposition to incorporate noncytotoxic therapies in 
these diseases. Nevertheless, recent advances are emerging 
in the use of immunotherapy specifically in pediatric NHL in 
both the minority of children who have refractory/recurrent 
disease and recently incorporation in high-risk populations 
in conjunction with cytotoxic therapies. The goal of immu-
notherapy may be to reduce the long-term burden of expo-
sures to cytotoxic therapy in the pediatric and adolescent 
patient with NHL.

Immunotherapy as it applies to therapy for cancer is a 
rather broad term with the basic theme of relying on either 
delivering greater specificity to a cytotoxic agent (conju-
gated antibodies) and/or enhancing the patient’s own (pre-
sumably deficient) immune response to malignancy. The 
advances in manufacturing highly specific monoclonal anti-
bodies have allowed for targeting of tumor antigens with 
directing the immune system toward antibody-dependent 
cellular cytotoxicity. A more recent advance in adult malig-
nancies has been the realization that many tumors and/or 

tumor microenvironments actively repress T-cells through 
the PD-1/PD-L1 inhibitory axis. Remarkable responses have 
been seen with antibodies directed at inhibiting PD-1 or 
PD-L1 repression allowing for reactivation of a brisk T-cell 
response. While this has been primarily seen in adult solid 
tumors, recent work and approval in refractory Hodgkin 
lymphoma, including children, indicate that these immune 
manipulating antibodies may play a role in NHL in the 
future. In a similar manner, bispecific antibodies “BitE” that 
bring T-cells and malignant cells into proximity through dual 
antigen binding can overcome T-cell anergy. Finally, the 
most exciting advance in immunotherapy in the past several 
years has been the pioneering and now FDA approval of 
manufacturing patient’s own T-cells, ex vivo, with introduc-
tion of chimeric T-cell antigen receptors that specifically 
engage the manipulated T-cells to target specific malignant 
antigens. Chimeric antigen receptor T-cells are currently 
FDA approved in pediatric (AYA) precursor B-ALL and 
more recently in adult DLBCL. Table 24.1 attempts to cate-
gorize the ever-increasing expanse of immunotherapy into 
broad categories with “first in class” examples of the catego-
ries. Rather than overwhelm the reader with broad lists of 
targets/agents, we would like to specifically emphasize those 
immunotherapies that we feel have later-stage clinical data 
in pediatric NHL and may be FDA approved in pediatric 
NHL in the next 5–10 years.
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 Antibody Therapies

Antibodies targeted to tumor cell surface antigen kill tumor 
cells through complement- and antibody-dependent cytotox-
icity and induction of apoptosis. Monoclonal antibodies can 
sensitize cells to induction of apoptosis, thus accounting for 
their success in combination with cytotoxic therapy. 
Antibodies can also be utilized as a mechanism for delivery 
of toxins directly to the malignant cell. Ideal targets for 
monoclonal antibodies are those present on malignant cells 
only in order to minimize unwanted side effects.

 Monoclonal Antibody Targeting CD20

 Rituximab
Treatment of B-cell non-Hodgkin lymphoma (B-NHL) has 
been significantly enhanced by the addition of monoclonal 
antibody therapy in recent decades. Rituximab, a chimeric 
monoclonal antibody targeting the B-cell-associated antigen 
CD20, has exhibited significant activity in adults with 
B-NHL.  As a single agent, rituximab led to responses in 
nearly half of adults with follicular lymphoma (FL) and 
when added to the chemotherapy regimen incorporating 
cyclophosphamide, doxorubicin, vincristine, and prednisone 
(CHOP) led to an improvement in response rates and sur-
vival compared to CHOP alone in adults with both indolent 
and aggressive forms of B-NHL [1–4]. While data is more 
limited and results mixed in the setting of adult Burkitt lym-
phoma (BL), recent data suggests that there is in fact a sur-
vival benefit to adding rituximab to chemotherapy for BL [5, 
6]. With these findings, rituximab is currently standard of 
care for treatment of B-NHL in adults.

While all evidence points to a survival advantage with the 
addition of rituximab to chemotherapy in adult B-NHL, the 
question is still unsettled in pediatric B-NHL, though the 
data on rituximab use in pediatric B-NHL continues to grow. 
Rituximab was first investigated in pediatric B-NHL in the 
setting of relapsed/refractory disease in combination with 
ifosfamide, carboplatin, and etoposide (R-ICE). In the 
Children’s Oncology Group (COG) study, R-ICE led to an 
overall response rate (ORR) of 60% in 20 patients with 
relapsed/refractory diffuse large B-cell lymphoma (DLBCL), 
BL, or mature B-cell acute lymphocytic leukemia (B-ALL) 
[7]. Of note, 8 of the 12 responders were survivors 
13–30 months from study entry with no survivors in the non-
responders and a median survival of only 2.5 months, high-
lighting the significant chemotherapy-resistant state of 
relapsed tumors in childhood B-NHL and the need to develop 
novel approaches to treating relapsed/refractory disease.

In the upfront setting, rituximab has been formally stud-
ied in several trials. The first study of rituximab in de novo 
pediatric B-NHL was undertaken by the German/Austrian/
Swiss Berlin-Frankfurt-Munster (BFM) group. In a window 
study of a single dose of rituximab with only a 5-day response 
assessment period, 45% of children with B-NHL responded 
to single-agent rituximab [8]. While the study did not meet 
the preset target for response rate, the goal was aggressive 
considering the short assessment period, and overall the 
study demonstrated activity of rituximab in the setting of de 
novo pediatric B-NHL. The COG undertook a pilot study to 
investigate the addition of rituximab to FAB/LMB 96 back-
bone chemotherapy in FAB Group B and C patients. Based 
on evidence suggesting improved responses in adult patients 
that achieved higher-peak plasma rituximab levels, the study 
utilized a dose-dense approach with the addition of two 

Table 24.1  Immunotherapies with Definite/Potential impact in Pediatric NHL

Category
First in class 
example

Mechanism of 
action Approval in adult NHL

Approval in pediatric 
NHL Comments

Naked 
antibodies

Rituximab Anti-CD20; 
induces ADCC

Yes; follicular and 
DLBCL

No Published pediatric data in 
recurrent and primary therapy of 
Burkitt, DLBCL and PTLD (see 
text)

Conjugated 
antibodies

Brentuximab 
Vedotin

Anti-CD30 
conjugated with 
MMAE

Yes: Recurrent ALCL No (over 12 years in 
ALCL refractory 
disease trial)

Ongoing study in upfront 
pediatric ALCL (see text)

Antibodies 
PD-1/PD-L1 
axis

Pembrolizumab PD-1 inhibition No No Ongoing study in pediatric 
Hodgkin

Bispecific 
antibody

Blinatumomab Bispecific 
monoclonal 
antibody CD3 and 
CD19

No (but approved in 
refractory and 
MRD + B- ALL)

No (but approved in 
refractory and 
MRD + B- ALL)

Potential for B-lymphoblastic 
lymphoma and possibly mature 
B-NHL

CAR T Tisagenlecleucel Chimeric antigen 
receptor T-cell 
against CD19

Yes; refractory 
CD19 + DLBCL

No (but primary 
approval in pediatric 
CD19 precursor 
B-ALL)

Potential for B-lymphoblastic 
lymphoma and possibly mature 
B-NHL
(see text)
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rituximab doses prior to each of two induction cycles and 
one rituximab dose prior to each of two consolidation cycles 
with Group C patients and then receiving four additional 
maintenance cycles [9, 10]. There was no significant differ-
ence in toxicity noted with rituximab administration in com-
bination with chemotherapy suggesting rituximab can be 
safely given to children receiving intensive B-NHL chemo-
therapy [11, 12]. Additionally, survival outcomes compared 
favorably to historical values with 45 Group B and 40 Group 
C patients exhibiting a 3-year event-free survival (EFS) of 
95% and 90%, respectively [11, 12]. A pharmacokinetic 
analysis demonstrated that rituximab exhibited similar phar-
macokinetics to those reported in adults, though with a trend 
toward higher peak levels and a higher rate of clearance in 
younger children [13].

While these three studies support the safety and potential 
efficacy of rituximab in treating pediatric B-NHL, there had 
still been no currently published definitive evidence of the 
superiority of rituximab-containing regimens for 
B-NHL. Thus, a large international cooperative group Phase 
III study was initiated to investigate the addition of rituximab 
to FAB/LMB-96 backbone chemotherapy in a randomized 
fashion with planned accrual of 600 patients with higher risk 
disease (high lactate dehydrogenase [LDH]) Group B and 
Group C patients (NCT01595048). Accrual was halted after 
the first interim analysis after only 310 patients were enrolled. 
The preliminary analysis demonstrated a 1-year EFS of 94% 
in the rituximab arm vs. 81.5% in the control arm, one-sided 
p-value of 0.006 [14]. Though follow-up is ongoing, this 
finding suggests a likely benefit of rituximab at least in the 
high-risk setting.

Another area of investigation includes the possibility of 
therapeutic de-intensification with the addition of rituximab. 
Multiagent chemotherapy regimens utilized for pediatric 
B-NHL are associated with a high rate of acute toxicity, in 
particular mucositis and infectious complications/febrile 
neutropenia, and include anthracyclines, though generally at 
fairly low cumulative dose levels [15, 16]. While de- 
escalation of chemotherapy in a very curable disease remains 
a controversial issue, one potential application of rituximab 
would be to decrease cytotoxic chemotherapy associated 
with acute and/or late toxicities by the incorporation of ritux-
imab into chemotherapy regimens for lower risk patients. 
The ongoing Reduced Burden of Oncologic Therapy 
(REBOOT) trial sponsored by the Childhood, Adolescent 
and Young Adult NHL Translational Research and Treatment 
(CAN TREAT) consortium is investigating a 60% reduction 
in the doxorubicin dose in Group B childhood, adolescent, 
and young adult patients with the addition of rituximab to 
FAB/LMB-96-based chemotherapy while also investigating 
the addition of rituximab to standard Group C therapy with 
both groups also receiving less total intrathecal chemother-
apy doses with the addition of intrathecal liposomal cytara-

bine (NCT01859819). While accrual is ongoing, in an initial 
report on 24 patients accrued (18 Group B and 6 Group C), 
the failure-free survival and overall survival (OS) are 100% 
with a median time from study entry of 52  weeks 
(6–152  weeks) [17]. Table  24.2 summarizes the published 
trials of rituximab in de novo pediatric mature B-NHL.

PTLD most often arises in pediatric patients with solid 
organ transplant in the setting of immunosuppressive ther-
apy. Majority of PTLD is either polyclonal or monoclonal 
EBV positive and CD20 positive. While the reduction in 
immunosuppressive agent can lead to resolution of disease, 
this is balanced with risk of organ rejection. The COG incor-
porated rituximab (days 1, 8, and 15) in the first two cycles 
of a low-dose chemotherapy regimen consisting of cyclo-
phosphamide and prednisone. Fifty-five patients were 
enrolled including 4 with fulminant presentations. The 
2-year EFS (including allograft preservation) of 71% (95% 
CI: 57–82%) was considered reasonably safe and effective 
[18]. The current ongoing COG study attempts to eliminate 
cytotoxic therapy all together with initial treatment with 
rituximab alone followed by infusion of third party-latent 
membrane protein-specific cytotoxic T-cells in patients with 
less than CR to rituximab (NCT02900976).

 Obinutuzumab
Obinutuzumab is a humanized type II anti-CD20 monoclo-
nal antibody with a glycoengineered Fc portion enhancing 
its affinity for Fc receptors including in the setting of Fc 
receptor polymorphisms known to inhibit rituximab binding 
[19]. In preclinical studies, obinutuzumab shows enhanced 
antibody-dependent cellular cytotoxicity compared to ritux-
imab. Clinically, obinutuzumab has exhibited promising 
activity in both indolent and aggressive adult B-NHLs with 
significantly higher overall response rates compared to ritux-
imab in relapsed/refractory indolent B-NHL patients [20], 
mantle cell lymphoma, or DLBCL [21]. This included 
responses even in patients deemed rituximab refractory. This 
is also seen in preclinical studies where obinutuzumab had 
higher activity than rituximab in rituximab-sensitive and 
rituximab-resistant Burkitt lymphoma cell line [22]. Based 
on these preclinical results, obinutuzumab use in relapsed/
refractory childhood B-NHL is being investigated in a trial 
sponsored by the CAN TREAT consortium combining 
obinutuzumab with ICE chemotherapy (NCT02393157).

 Ibritumomab Tiuxetan
Ibritumomab tiuxetan (Zevalin) is a monoclonal antibody 
directed toward CD20 attached to a radioactive molecule, 
Yttrium-90 (90Y). This allows the antibody to deliver radia-
tion directly to the lymphoma cells, limiting radiation toxici-
ties to surrounding tissues. The use of radiolabeled antibodies 
for treatment of lymphomas is supported by the radiosensi-
tivity of lymphomas making them ideal targets. In addition, 
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the direct killing of tumor cells does not rely on the hosts’ 
immune system for efficacy. Furthermore, the radioactive 
particles emitted are cytotoxic across many cell diameters 
leading to enhanced killing even of antigen-negative tumor 
cells and the ability to overcome tumor penetration barriers 
[23]. While the use of anti-CD20 radioimmunoconjugates 
has been approved for use in adults with follicular lym-
phoma, limited data exists on their use in children. In chil-
dren, 90Y-IT was studied in a Phase I COG trial in relapsed/
refractory B-NHL. While no dose-limiting toxicity or exces-
sive radiation exposure was identified, there were also no 
responses noted in the five heavily pretreated study patients 
[24]. Currently, 90Y-IT is indicated for consolidation in the 
front-line and may be effective as a part of myeloablative 
transplant regimens for aggressive B-NHLs [25].

 Monoclonal Antibody Targeting CD30

 Brentuximab Vedotin (Bv)
Most ALCLs have been shown to be of the T-cell phenotype 
and are associated with a characteristic genetic alteration 
involving the ALK locus on chromosome 2 and expression 
of CD30. Accumulating evidence indicates that the immune 
system plays a major role in both the pathogenesis and final 
control of anaplastic lymphoma kinase (ALK)-positive 
ALCL [26–28]. In recent trials with very diverse first-line 
chemotherapy regimens in terms of the duration of treatment 
as well as the number and cumulative doses of drugs, there 
are reported similar EFS rates of about 65–75% in children, 
adolescents, and young adults [29–32]. No intervention has 
been able to improve on the approximate failure rate of 
25–30% that exists regardless of treatment strategy. The role 
of the immune system in the control of ALCL makes mono-
clonal antibody therapy particularly attractive.

Brentuximab vedotin combines the antitubulin cytotoxic 
agent monomethyl auristatin E (MMAE) attached by an 

enzymatically cleavable linker to the CD30-specific mono-
clonal antibody. After binding to CD30 antigen on target 
tumor cell, the antibody–drug conjugate is rapidly internal-
ized and undergoes intralysosomal cleavage allowing the 
MMAE component to bind tubulin and lead to cell cycle 
arrest and eventual apoptosis (Fig.  24.1). Consistent with 
other tubulin inhibitors (like vincristine), a frequent toxicity 
appears to be peripheral neuropathy.

There have been two pivotal Phase I studies of Bv involv-
ing patients with relapsed ALCL. Younes published the first 
Phase I study using Bv given every 3 weeks to patients with 
refractory or relapsed CD30-positive lymphomas, including 
ALCL (NCT00430846) [33]. Of the 45 patients enrolled, 33 
(73%) had previously received an SCT.  Despite this high 
amount of pretreatment, toxicity was tolerable and the vast 
majority of toxicities were Grade 1 or 2. In the second Phase 
I dose escalation study, Fanale et al. gave Bv on days 1, 8, 
and 15, of each 28-day cycle at doses ranging from 0.4 to 
1.4 mg/kg [34]. Forty-four patients were enrolled including 
five with systemic ALCL and one with peripheral T-cell lym-
phoma not otherwise specified. The maximum tolerated dose 
(MTD) was found to be 1.2  mg/kg. Tumor regression 
occurred in 85% of patients, and the overall objective 
response rate was 59% (n = 24), with 34% (n = 14) CRs. The 
median duration of response was not reached at a median 
follow-up of 45 weeks on study [34]. In these early Phase I 
trials, six of seven patients with ALCL had a CR and one had 
stable disease [33, 34].

A Phase II multicenter trial using Bv 1.8  mg/kg every 
3 weeks for patients over 12 years of age with relapsed or 
refractory ALCL has recently been completed 
(NCT00866047). Bv was administered over 30 minutes as an 
outpatient every 3 weeks. A total of 58 patients were enrolled 
with an ORR of 86% (53% CR, 33% partial response [PR]), 
and 97% of patients demonstrated tumor reduction. Adverse 
events were manageable with a toxicity profile like the Phase 
I studies [35]. This has led to the accelerated FDA approval 

Table 24.2 Rituximab in pediatric mature B-NHL

Study design
Disease state and 
number patients

Chemotherapy 
backbone Rituximab doses Outcomes Reference(s)

Phase II Recurrent 
disease/ n = 20

ICE Day 1,3 each cycle CR/PR 60% Griffin et al. [7]

Phase II 
window

Newly 
diagnosed/ 
n = 87 evaluable

BFM 2004 
(after window)

One dose prior to chemo ORR 41.4% to window therapy Meinhardt et al. 
[8]

Pilot Newly 
diagnosed/ 
n = 85

FAB 96 Day 1,3 each induction 
and day 1 each 
consolidation

EFS 92% at 3 years/safe feasible to 
combine with multiagent chemotherapy

Goldman et al. 
[11, 12]

Phase III 
randomized

Newly 
diagnosed/ 
n = 310 (155/
arm)

FAB 96 Day 1,3 each induction 
and day 1 each 
consolidation 
(randomized)

1-year EFS 94.2 (chemo + rituximab) vs. 
81.5% (chemo alone); trial halted at first 
interim analysis for apparent benefit 
rituximab

Minard-Colin 
et al. [14] 
(abstract)

ICE ifosfamide, carboplatin, etoposide, BFM 2004 Berlin-Frankfurt-Munster chemotherapy, Modified FAB 96 superior arms of French–American–
British (FAB) 96 with a reduced infusion time of Adriamycin, CR complete response, PR partial response, EFS event-free survival
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of Bv in systemic ALCL after failure of multiagent chemo-
therapy. A recent update of the Phase II study at a median 
observation period of 6 years observed no progressions noted 
after 40 months. About half of patients who achieved CR to 
brentuximab proceeded to autologous stem cell transplant. 
Reassuringly, peripheral neuropathy resolved or improved in 
most patients. The long-term data provide evidence that 
single- agent brentuximab may be a potentially curative treat-
ment option [36].

In adult CD30-positive NHL including ALCL, combina-
tion chemotherapy with Bv and standard-dose CHOP che-
motherapy or cyclophosphamide, doxorubicin and 
prednisone without vincristine (CHP) has been trialed 
(NCT01309789). Patients received sequential treatment with 
Bv 1.8 mg/kg (two cycles) followed by CHOP (six cycles) or 
Bv 1.8  mg/kg plus CHP (BV  +  CHP) for six cycles. 
Responders then received single-agent Bv for 8 to 10 addi-
tional cycles (total of 16 cycles). The MTD of Bv in combi-
nation with CHP chemotherapy was 1.8 mg/kg administered 
every 3  weeks. All treated patients (100%) achieved an 
objective response, with 23 (88%) of 26 evaluable patients 
achieving a CR [37]. Based on these promising results, a ran-
domized trial of Bv with CHP chemotherapy compared with 
CHOP chemotherapy in the first-line management of patients 
with CD30-positive T-cell NHL is currently in progress 

(NCT01777152). Although not yet approved in upfront ther-
apy for ALCL, Bv has recently shown superior EFS and 
gained FDA approval for stage III/IV classical adult Hodgkin 
lymphoma when combined with AVD chemotherapy for 
4–6 cycles.

The role of Bv added to front-line treatment of pediatric/
adolescent disseminated ALCL is also currently being evalu-
ated in a prospective trial by the COG. The COG regimen is 
piloting a more aggressive backbone based on the interna-
tional European therapy (ALCL99) which includes high- 
dose methotrexate and more aggressive alkylators plus 
etoposide exposure than standard adult CHOP regimen 
(NCT01979536). Although not applicable to ALCL chemo-
therapy backbones, it should be noted that there is an abso-
lute contraindication to combine Bv with bleomycin due to 
excessive pulmonary toxicity.

 Monoclonal Antibody Targeting CD19

CD19 is expressed on nearly all B-cell malignancies, mak-
ing it an attractive target for therapy. Coltuximab ravtansine 
(SAR3419) is a humanized anti-CD19 antibody conjugated 
to maytansinoid, a potent inhibitor of tubulin polymeriza-
tion [38]. In a Phase I study in 44 adults with relapsed/

Brentuximab vedotin ADC

Endocytosis

ADC traffics to
Iysosome

Enzymatic
linker cleavage
releases MMAE

from ADC

MMAE binds
tubulin
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& apoptosis

ADC binds
CD30

CD30

Fig. 24.1 Brentuximab 
vedotin mechanism of action. 
Brentuximab vedotin (Bv) is 
an anti-CD30 antibody–drug 
conjugate, paired with the 
microtubule stabilizer 
monomethyl auristatin E 
(MMAE)
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refractory B-NHL, SAR3419 led to an ORR of 30% [39]. 
Subsequent findings in Phase II testing in adults with 
relapsed/refractory DLBCL showed an ORR of 44% in 41 
patients with acceptable toxicity. Response rates were sig-
nificantly higher in patients with relapsed vs. primary 
refractory disease (58% vs. 12%) in this high-risk popula-
tion [40, 41]. Denintuzumab mafodotin (SGN-CD19A) has 
also been tested in relapsed/refractory B-NHL.  SGN-
CD19A is conjugated with the microtubule stabilizing 
agent monomethyl auristatin F (MMAF). In two ongoing 
Phase I trials in relapsed/refractory B-NHL, 33% of 12 
adult patients with BL/leukemia or B-lymphoblastic lym-
phoma (B-LBL) (NCT01786096) and 62 adult patients 
with indolent lymphomas (NCT01786135) responded [42, 
43]. However, no responses have been observed in a small 
trial of pediatric patients with BL/leukemia reported to date 
[44].

 Monoclonal Antibody Targeting CD22

CD22 is another B-cell associated antigen frequently 
expressed on B-NHL cells. Epratuzumab appears to function 
differently from rituximab and may be synergistic based on 
preclinical testing [45]. Single-agent treatment with uncon-
jugated epratuzumab in Phase I/II trials led to ORRs of 43% 
in 14 follicular lymphoma patients, though only 15% in 33 
DLBCL patients [46, 47]. However, when combined with 
rituximab or R-CHOP, ORRs improved to 88% and 96%, 
respectively [48, 49]. A conjugated form with 90Y showed a 
promising ORR of 62% in 64 adults with relapsed/refractory 
B-NHL [50]. Though epratuzumab has been studied by the 
COG in relapsed/refractory childhood B-ALL, no data exists 
on its use in childhood B-NHL.

Pinatuzumab vedotin is an anti-CD22 antibody conju-
gated with the microtubule stabilizer monomethyl auristatin 
E (MMAE). Initial Phase I trials showed promising activity 
in 41% of DLBCL patients and 50% of indolent B-NHL 
patients [51]. The Phase II ROMULUS study is investigat-
ing pinatuzumab vedotin in combination with rituximab in 
a randomized fashion with rituximab combined with 
another MMAE conjugated ADC targeting CD79B, polatu-
zumab vedotin (see below), in relapsed/refractory 
B-NHL. The pinatuzumab vedotin–rituximab combination 
led to an ORR of 57% in DLBCL and 62% in follicular 
lymphoma [52]. However, toxicities include diarrhea, neu-
tropenia, and peripheral neuropathy with a large number of 
patients discontinuing treatment due to peripheral 
neuropathy.

Another conjugated anti-CD22 antibody inotuzumab ozo-
gamicin has also exhibited promise in B-ALL; however, 
Phase III trials in B-NHL were halted prematurely due to 
either poor enrollment (NCT00562965) or lack of efficacy 
(NCT01232556) [53, 54].

 Monoclonal Antibody Targeting CD79B

The B-cell receptor is a heterodimer of CD79A and CD79B in 
combination with surface immunoglobulin. Polatuzumab vedo-
tin is an anti-CD79B antibody conjugated to MMAE. Following 
an initial Phase I dose-finding study in B-NHL and CLL, a 
Phase II expansion cohort continued to enroll B-NHL patients 
for treatment with polatuzumab vedotin as a single agent or in 
combination with rituximab. In all patients treated with single 
agent at the recommended Phase II dose, responses were 
observed in 56% of DLBCL and 47% of follicular lymphoma 
patients [55]. When combined with rituximab, 78% of patients 
responded [52]. This represents a promising adjunct to CD20 
antibody therapy and we may see incorporation into pediatric 
trials pending these early adult results.

 Monoclonal Antibody Toxicities

Infusion reactions occur commonly with monoclonal anti-
body administration. Symptoms can include fever, broncho-
spasm, hypoxemia, and rigors. This is most often seen during 
the first infusion and is managed easily with supportive care. 
Patients are typically able to tolerate subsequent infusions 
with appropriate premedication and/or slower rates. 
Rituximab-related B-cell depletion occurs in most patients, 
lasting 6–12 months, although typically without significant 
associated infectious risk. However, there are reports of hep-
atitis B reactivation with anti-CD20 therapies, necessitating 
screening for HBV.

 Bispecific T-cell Engager (BiTE)

A novel application of monoclonal antibody therapy is the 
use of multivalent antibodies targeting multiple cell surface 
proteins. A bispecific T-cell engaging (BiTE) antibody is a 
single polypeptide with two specific antigen-binding sites, 
one which engages a specific B-cell marker and another tar-
geting a co-stimulatory molecule on T-cells. This allows for 
recruitment of T-cells specifically to malignant B-cells lead-
ing to T-cell activation and apoptosis [56]. By directly engag-
ing T-cells, we may enhance the efficacy of antibody therapy. 
Blinatumomab targets both CD19 and CD3 inducing activa-
tion of CD3+ cytotoxic T-cells in the presence of CD19+ 
B-cells. Blinatumomab has been extensively investigated in 
B-ALL. In adult B-NHL, a Phase I trial investigated blinatu-
momab in 38 relapsed/refractory B-NHL patients leading to 
an ORR of 29% [57]. In Phase II testing in aggressive B-NHL, 
an ORR of 43% was observed in 21 relapsed/refractory adult 
DLBCL patients [58]. Common toxicities include neurotox-
icity and cytokine release syndrome, which can be managed 
with supportive care and the use of the anti-IL6 monoclonal 
antibody tocilizumab [59, 60].
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 Checkpoint Inhibitors

One mechanism of tumor survival and proliferation is through 
the avoidance of host immune surveillance. We can enhance 
immune surveillance utilizing antibodies targeting the check-
point inhibitors cytotoxic T-lymphocyte-associated antigen-4 
(CTLA-4) and programmed cell death protein 1 (PD-1) and the 
PD-1 ligands PD-L1/PD-L2 [61]. The PD-1 ligand, PD-L1, is 
normally expressed on antigen-presenting cells, activated 
T-cells, and other immune cells, while PD-L2 expression is 
typically found on macrophages, dendritic cells, and B-cells. 
Immediately after activation of the T-cell receptor, engagement 
of PD-1 with PD-L1/L2 inhibits PI3K activity, blocking further 
T-cell activation and decreasing cytokine production. This 
mechanism normally serves to regulate the immune response 
but is exploited by many cancers [62]. PD-L1 and/or PD-L2 
has been shown to be expressed in a subset of non-Hodgkin 
lymphomas as well as in the tumor microenvironment, making 
this pathway a promising target [63]. Several checkpoint inhib-
itor antibodies have recently gained approval for treatment of 
malignancies and continue to be investigated in relapsed/
refractory B-NHL. Ipilimumab, an anti-CTLA-4 antibody, 
demonstrated tumor regression in relapsed/refractory follicular 
lymphoma and DLBCL and has been safely administered in 
combination with rituximab in early Phase I results [64, 65]. 
Pidilizumab, targeting PD-1, has demonstrated safety and 
activity in relapsed/refractory DLBCL, with responses noted in 
half of the 35 patients with measurable disease post-SCT, and 
in combination with rituximab in relapsed/refractory follicular 
lymphoma where the combination led to an ORR of 66% in 29 
patients and a CR rate of 52% [66, 67]. Nivolumab and pem-
brolizumab, both anti-PD-1 antibodies, exhibited an ORR of 
30–40% in heavily pretreated B-NHL and PMBL patients [68]. 
In children, the COG is investigating nivolumab as a single 
agent and in combination with ipilimumab in children with 
relapsed/refractory solid tumors including lymphoma 
(NCT02304458), and there are ongoing pembrolizumab trials 
being investigated in children with PD-L1-positive tumors 
including lymphomas (NCT02332668). The side effect profile 
of checkpoint inhibitors is low with the most common reac-
tions being inflammatory or autoimmune including hepatitis, 
pneumonitis, colitis, thyroiditis, and hypophysitis. It is recom-
mended for patients receiving checkpoint inhibitors to have 
regular monitoring of thyroid and other endocrine functioning 
with supportive care as needed for low-grade toxicities.

 Adoptive Cellular Therapy

 Chimeric Antigen Receptor T-cells

Chimeric antigen receptor (CAR) T-cells in the treatment of 
pediatric refractory precursor B-ALL have been an example 
of breakthrough paradigm changer in the order of BCR-

ABL inhibition with imatinib in CML. CAR T-cells are T 
lymphocytes (typically autologous) genetically engineered 
to bind to specific antigens expressed on malignant cells. 
They are composed of an extracellular binding domain, 
hinge region, transmembrane domain, and one or more 
intracellular signaling domains. The process of production 
involves multiple steps beginning with peripheral blood cell 
collection from the patient followed by T-cell isolation and 
activation and T-cell modification (CAR introduction) fol-
lowed by T-cell expansion and product formulation. The 
product is then reinfused into the patient after a lymphode-
pleting chemotherapy (often with fludarabine) [69]. Once 
bound to the malignant cell, the signaling domains stimulate 
T-cell proliferation, cytolysis, and cytokine secretion to 
eliminate the tumor cell. There have been multiple genera-
tions of CAR T-cells which incorporate additional more 
effective co-stimulatory signals. As with antibody therapy, 
ideally the antigen targeted by CAR T-cells is present pre-
dominantly on malignant cells.

 CAR T-Cells Targeting CD19

Tisagenlecleucel (Kymriah), an anti-CD19 CAR T-cell ther-
apy originally developed at the University of Pennsylvania 
and currently manufactured by Novartis, was tested in chil-
dren and young adults (up to 25 years) with CD19 + relapsed 
or refractory B precursor ALL.  The remission rate after a 
single infusion at 3 months was remarkably high at 80% with 
90% overall survival at 6  months and 76% survival at 
12 months [70].

CD19 is expressed at an early stage in B-cell maturation 
and is normally present just up to plasma cell differentiation. 
However, malignant mature B-NHL has more variable 
expression, especially Burkitt lymphoma. Nevertheless, 
another anti-CD19 CAR T-cell therapy, axicabtagene cilo-
leucel (Yescarta), gained FDA approval for diffuse large 
B-cell lymphoma, primary mediastinal large B-cell lym-
phoma, high-grade B-cell lymphoma, and diffuse large 
B-cell lymphoma arising from follicular lymphoma after at 
least two other kinds of treatment have been tried. Among 
111 adult patients, the CR rate was 54% and the overall sur-
vival at 18 months in this highly pretreated adult cohort was 
52% [71]. Subsequently, tisagenlecleucel also gained FDA 
approval in refractory/relapsed adult DLBCL and other high- 
grade B-cell lymphomas.

 CAR T-Cells Targeting Other Antigens

Although the currently approved products all have CD19 
specificity, there are numerous other tumor antigens in devel-
opment with high relevance to pediatric NHL including 
CD20, CD22 (Burkitt/DLBCL), and CD30 (ALCL).
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 CAR T-Cell Therapy Toxicities

CAR T-cell products share a significant and unique toxicity 
profile including cytokine release syndrome and neurologi-
cal toxicities. Other severe side effects include infection, 
low blood cell counts, and a weakened immune system. 
Cytokine release syndrome (CRS) is a potentially life-
threatening toxicity of CAR T-cell infusion. CRS is associ-
ated with high levels of several cytokines, including 
interleukin-6 (IL-6) and interferon γ. The clinical syndrome 
of CRS includes fever, hypotension, and hypoxia [72]. 
Symptom onset is typically within days to weeks, correlat-
ing with peak in vivo T-cell expansion. IL6 inhibition with 
tocilizumab has been proven highly effective in the man-
agement of severe CRS associated with CAR T-cell thera-
pies. A response is typically seen within hours of 
administration.

Neurologic toxicity can also occur, including delirium 
and encephalopathy [73]. Most of the neurologic symptoms 
are reversible with use of dexamethasone. Most significantly, 
severe B-cell aplasia has been seen in 100% of patients due 
to the depletion of non-malignant CD19 B lymphocytes. Due 
to the risk for opportunistic infections due to hypogamma-
globulinemia, these patients require lifelong IVIG replace-
ment [70].

 Conclusion

Children and adolescents with cancer are usually otherwise 
healthy enough to tolerate the rigors of aggressive multia-
gent chemotherapy. In addition, advances in supportive care, 
including anti-infective agents, rasburicase for tumor lysis, 
and blood product support, have helped us deliver chemo-
therapy safely. Nevertheless, in many pediatric malignan-
cies, including NHL, we seem to have hit the limit of 
cytotoxic chemotherapy escalation/manipulation in improv-
ing cure rates. In addition, we are too often burdening our 
survivors with lifelong late effects of chemotherapy. One 
envisions a future where immunotherapy helps to improve 
survival in the highest risk patients and/or reduce exposure to 
cytotoxic therapy for all.
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Hematopoietic Stem Cell 
Transplantation

Tetsuya Mori and Tomoo Osumi

 Introduction

Hematopoietic stem cell transplantation (HSCT) is an estab-
lished treatment approach for many malignant and nonma-
lignant diseases that affect the hematopoietic and immune 
system. Advances in HSCT procedures include understand-
ing of the critical role of histocompatibility in allogeneic 
HSCT, development of methods to accurately type donors 
and recipients, increasing numbers of donors in large regis-
tries of unrelated donors and cord blood (CB) units, identifi-
cation of additional sources of hematopoietic stem cells 
other than bone marrow (BM) such as peripheral blood (PB) 
and umbilical CB, improvement in graft-versus-host disease 
(GVHD) prophylaxis and treatment, and improvement in 
supportive care during the posttransplant periods. These 
advances have contributed to making HSCT a more common 
and successful treatment option. Generally, indications for 
HSCT should be considered for patients in whom HSCT is 
likely to benefit their survival compared with other therapeu-
tic methods. In the treatment for malignant disease, standard 
treatment options and outcomes for each disease have been 
changing over time. Careful comparisons among the various 
treatment approaches including HSCT should be performed 
to consider the indications for HSCT.

Non-Hodgkin’s lymphoma (NHL) accounts for approx-
imately 7% of childhood malignant diseases. Compared 
with NHL in adults, the distribution of the histologic sub-
types of childhood NHL shows a preponderance of aggres-
sive variants. Childhood NHL is classified into four major 

histologic subtypes, namely, Burkitt lymphoma (BL), dif-
fuse large B-cell lymphoma (DLBCL), lymphoblastic 
lymphoma (LBL), and anaplastic large cell lymphoma 
(ALCL). To date, the long-term event-free survival (EFS) 
of children with newly diagnosed NHL has reached 
70–90% depending upon histologic subtype [1]. These 
results have been achieved with the use of multi-agent 
chemotherapy without HSCT.  Therefore, HSCT will be 
generally reserved for use in children with NHL only after 
treatment failure, such as relapse, progression, or induc-
tion failure. However, the prognosis for children with 
relapsed or refractory (R/R) NHL is very poor with some 
exceptions; the optimal treatment for these children has 
not been established. In fact, HSCT may provide a cura-
tive treatment option for some of these patients. It is not 
easy to clearly assert effectiveness of HSCT because of 
the small number of such patients and little consistency in 
their therapeutic approach.

In this chapter, the reported experiences with administer-
ing HSCT in childhood NHL are provided.

 HSCT for B-NHL in Children

Major histological subtypes of childhood aggressive mature 
B-cell NHL (B-NHL) are BL and DLBCL. BL accounts for 
30–45% of childhood NHL.  The BL cells show a mature 
B-cell phenotype and are negative for the enzyme terminal 
deoxynucleotidyl transferase (TdT) and positive for surface 
immunoglobulin with either kappa or lambda light chains. 
Usually, BL cases have a chromosomal translocation involv-
ing the c-myc gene. Clinically, jaw involvement is common in 
endemic BL, and abdominal involvement is common in spo-
radic BL. Bone marrow involvement is observed in approxi-
mately 20% of cases of sporadic BL. Other sites of involvement 
include testes, bone, skin, and central nervous system (CNS) 
[1]. DLBCL accounts for 10–20% of childhood NHL. DLBCL 
in children differs biologically from DLBCL in older adults. 
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The majority of pediatric DLBCL cases have a germinal cen-
ter B-cell phenotype. Specific characteristic cytogenetic 
abnormalities associated with DLBCL have not been reported. 
Clinical presentations of pediatric DLBCL may be similar to 
that of BL, although more often it is localized, and less often it 
involves the BM or CNS. Unlike in adult patients, standard 
treatment for BL is the same as treatment for DLBCL in chil-
dren [1]. In the current standard protocols, patients are strati-
fied into several risk groups according to stage, tumor resection 
status, pretreatment serum LDH value, and presence of CNS/
BM disease. For patients with lower-risk B-NHL, more than 
95% EFS can be achieved using two to four cycles of multi-
agent chemotherapy [1–6]. For patients with higher-risk 
B-NHL, four to eight cycles of more intensive multi-agent 
conventional chemotherapy result in EFS of 80% to 90% [1–4, 
6, 7]. A recent international randomized trial showed the ben-
efit of adding rituximab to standard chemotherapy for 
advanced B-NHL [8]. HSCT for primary pediatric B-NHL is 
generally not recommended because of the preferred initial 
treatment with excellent outcome as described above.

The prognosis of relapsed/refractory (R/R) B-NHL in 
children has been reported to be poor [9–15]. However, for 
R/R B-NHL in children, the role of HSCT has been unclear. 
There has been no evidence provided by prospective clinical 
trials for HSCT in pediatric R/R B-NHL (Table 25.1).

A UK group conducted a 10-year retrospective multi-
center study of R/R B-NHL [13]. Nine of 33 (27.3%) patients 
survived, and all of them underwent transplantation within 
complete remission (CR) (eight of them underwent auto- 
HSCT with BEAM [carmustine, etoposide, cytarabine, and 
melphalan] conditioning and one had allo-HSCT). All chil-
dren who did not receive transplants died. They concluded 
that auto-HSCT with BEAM conditioning in CR offers the 
best chance of cure.

A recent retrospective analysis from the French clinical 
trial registries reported that the 5-year overall survival (OS) 
rate was 29.9% for 67 cases of pediatric R/R B-NHL [14]. 
Among them, 41 patients who were not considered as having 
progressive disease after salvage treatment received high- 
dose chemotherapy with HSCT and 18 patients (46.3%) sur-
vived. The response status at the time of HSCT was not 
significantly associated with survival, although the survival 
rate of the patients who received transplants in definitive or 
unconfirmed CR was significantly better than that of the 
other patients (54.3% vs 0%).

A Japanese group has reported two informative nation-
wide retrospective analyses [12, 15]. In the first study, 33 
R/R B-NHL cases from late 1990 to early 2000 were ana-
lyzed and the 4-year OS rate was 21%. Four of five patients 
who received HSCT in PR or CR were alive, whereas none 
of the eight patients who received HSCT in PD survived. The 
second study showed the outcome of the 33 R/R B-NHL 
patients from the prospective study; the 5-year OS rate statis-
tically increased to 48.5% compared with the previous study 
due to improvement in the CR rate by introduction of ritux-
imab combination chemotherapy. Among the 20 patients 
who achieved CR or PR by rituximab combination chemo-
therapy, 14 patients received HSCT and seven were alive in 
CR while five of six patients survived without HSCT. Also in 
this study, no patient survived who received HSCT in 
PD.  Those studies suggested that HSCT for R/R patients 
with good chemotherapy response was expected to have 
some effectiveness, although it is hard to rescue the patients 
with resistant disease by HSCT.

There is insufficient information about which donor type 
is appropriate in HSCT treatment for pediatric 
B-NHL. Ladenstein et al. reported the analysis of 89 patients 
with R/R BL receiving autologous HSCT from the European 
Lymphoma BMT registry [16]. Among them, the response of 
23 patients with primary refractory disease or chemotherapy- 
resistant disease was dismal (5-EFS rates 0%), as all died 
within 1 year after autologous HSCT. On the other hand, the 
5-year EFS of 38 patients with chemotherapy-sensitive dis-
ease was 48.7%, which suggested that the effectiveness of 
autologous HSCT for B-NHL refractory to modern intensive 
chemotherapy was limited.

Gross et al. reported a retrospective analysis that exam-
ined the role of HSCT for pediatric patients with R/R NHL 

Table 25.1 Outcomes of HSCT for refractory or relapsed B-NHL in 
major reported case series

Author
No. of 
patients

Status at 
HSCT

Number 
of Auto-/
Allo- 
HSCT Survival

Ladenstein 
et al. [16]

89 CR = 33, 
PR = 27, 
NR = 29

89/0 HSCT in 
CR = 54.2%, in 
PR = 37.5%, 
NR = 0%

Attarbaschi 
et al. [11]

4 CR = 3, 
PD = 1

3/1 HSCT in 
CR = 33%, in 
NR/PD = 0%

Fujita et al. 
[12]

13 CR, PR = 5, 
non-CR, 
PD = 8

3/10 HSCT in CR/
PR = 80%, in 
PD = 0%

Anoop et al. 
[13]

16 NA 12/4 56%, all 
survivors 
received HSCT 
in CR

Jourdain 
et al. [14]

41 CR = 32, 
CRu = 2, 
non-CR = 7

33/8 HSCT in CR/
CRu = 54.3%, in 
NR/PD = 0%

Osumi et al. 
[15]

20 CR, PR = 14, 
non-CR, 
PD = 6

6/14 HSCT in CR/
PR = 50%, in 
NR/PD = 0%

Abbreviations: HSCT hematopoietic stem cell transplantation, auto- 
autologous, allo- allogeneic, B-NHL mature B-cell lymphoma/leuke-
mia, CR complete remission, PR partial remission, NR no response, PD 
progressive disease, CRu unconfirmed complete remission, NA not 
available
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registered in the Center for International Blood and Marrow 
Transplant Research (CIBMTR) [17]. Their data suggested 
that survival or relapse rates were similar after allogeneic 
and autologous HSCT for BL and DLBCL.  Also, in the 
French and Japanese studies mentioned, the authors con-
cluded that the source of stem cells did not affect the out-
come [12, 14, 15]. Further analysis will be needed to 
conclude which type of stem cell source is suitable for HSCT 
for R/R B-NHL.

 HSCT for LBL in Children

LBL accounts for 20% to 30% of childhood NHL.  In the 
World Health Organization (WHO) classification of lym-
phoid neoplasms, LBL is classified as the same disease as 
acute lymphoblastic leukemia (ALL) [18], even though there 
are controversies. The LBL cells are usually positive for 
TdT. Approximately 75% of cases show a T-cell immuno-
phenotype, and the remainder show a precursor B-cell phe-
notype. The majority of children with T-cell LBL have 
enlarged cervical and mediastinal lymphadenopathy. 
Subdiaphragmatic disease (such as hepatosplenomegaly) 
and kidney involvement are often observed. In contrast, chil-
dren with precursor B-cell LBL tend to have limited disease 
confined to the peripheral lymph nodes, skin, and bone [1]. 
For children with untreated LBL, the use of treatment regi-
mens for ALL results in EFS of 80% to 90% [19–24]. 
Advanced stage, the presence of minimal disseminated dis-
ease (MDD) [25, 26], response to therapy as evaluated by 
resolution of tumor [19] or minimal residual disease (MRD) 
[27], and some biological factors such as loss of heterozy-
gosity at chromosome 6q [28, 29] and NOTCH1 mutations 
[28] have been reported as prognostic factors. Consequently, 
HSCT for LBL in children and adolescents was not recom-
mended as first-line treatment.

The prognosis of R/R LBL in children and adolescents 
was also poor, and their reported survival rates were around 
10–40% [11, 30–33]. Most of the surviving patients received 
HSCT, while there had been no prospective trial to directly 
validate the effectiveness of HSCT for R/R LBL in children 
and adolescents (Table 25.2).

The Berlin–Frankfurt–Münster (BFM) group reported the 
retrospective analysis of 34 R/R LBL patients from their reg-
istration of 324 LBL patients [31]. The median survival time 
and the 5-year OS rate were 5.1 months and 14%, respec-
tively. All survivors received allo-HSCT, and all other 
patients treated with chemotherapy or auto-HSCT died. They 
assumed that allo-HSCT could be beneficial for patients who 
could achieve a second remission.

A Japanese group reported 48 R/R LBL patients from a 
nationwide survey from 260 patients registered in a prospec-
tive trial [32]. Their 3-year OS was 36% with a median 

observation period of 27.5 months. Three patients out of 33 
were alive under receiving chemotherapy alone, and 14 of 33 
patients were alive after HSCT. In terms of stem cell sources, 
three of 14 were alive after auto-HSCT and 12 of 26 were 
alive after allo-HSCT.

The European Organization for Research and Treatment 
of Cancer (EORTC) reported the treatment, and outcome of 
23 R/R LBL patients from 197 patients registered in their 
clinical trials [33]. Among them, 10 patients received HSCT 
(allo-HSCT for eight patients, auto-HSCT for two patients) 
and only two patients who underwent allo-HSCT in CR sur-
vived out of all of them. They suggested that allo-HSCT after 
a second CR is the only potentially curative therapeutic 
option for R/R LBL in children.

The CIBMTR study demonstrated the superiority of allo- 
HSCT to auto-HSCT [17]. They analyzed 53 cases of R/R 
LBL receiving HSCT, and the 5-year probabilities of relapse/
progression of auto-HSCT and allo-HSCT were 86% and 
23%, respectively, far lower after allo-HSCT compared to 
auto-HSCT. Similarly, their 5-year EFS rates were 4% and 
40%, respectively. In conclusion, allo-HSCT could be the 
only promising option for R/R LBL patients when they 
achieve CR.

 HSCT for ALCL in Children

ALCL accounts for 10–15% of childhood NHL. In the 2016 
revision of the WHO classification of lymphoid neoplasms, 
ALCL is classified into a group of mature T-cell and NK-cell 
neoplasms, and is subdivided into “ALCL, ALK+” and 
“ALCL, ALK–”. All ALCL cases are CD30-positive, and 
more than 90% of childhood ALCL cases have a chromo-
somal rearrangement involving the anaplastic lymphoma 
kinase (ALK) gene. Clinically, childhood ALCL cases are 
characterized by involvement of lymph nodes and a variety 
of extranodal sites, particularly skin and bone, and systemic 
symptoms such as B-symptoms [1]. Commonly used chemo-

Table 25.2 Outcomes of allogeneic HSCT for refractory or relapsed 
LBL in major reported case series

Author
No. of 
patients Status at HSCT Survival

Burkhardt 
et al. [31]

12 CR = 6, PR = 4, 
non-CR = 1, 
ND = 1

HSCT in CR = 33%, 
in PR = 50%

Mitsui et al. 
[32]

19 CR = 14, PR = 6, 
PD = 6

HSCT in CR = 50%, 
in PR = 66.6%, in 
PD = 16.7%

Michaux 
et al. [33]

8 CR = 4, non-CR/
PD = 4

HSCT in CR = 50%, 
in non-CR/PD = 0%

Abbreviations: HSCT hematopoietic stem cell transplantation LBL lym-
phoblastic lymphoma, CR complete remission, PR partial remission, 
ND no data, PD progressive disease
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therapy regimens for children with ALCL result in disease- 
free survival (DFS) of 60–80%; however, current evidence 
does not suggest superiority of one treatment regimen over 
another for the standard treatment options [34–45]. Even 
though there are controversies, advanced disease involving 
the mediastinum, viscera, skin, or bone marrow [39, 46], the 
presence of a small-cell or lymphohistiocytic component 
[47], the presence of MDD detected by RT-PCR [48, 49], an 
immune response against the ALK protein (i.e., anti-ALK 
antibody titer) [49, 50], and response to therapy evaluated by 
MRD [51] have been reported as prognostic factors. Because 
outcomes of untreated children with ALCL by current che-
motherapy regimens are basically favorable, treatment 
options using HSCT are generally reserved for first relapse, 
progression, or induction failure.

The relapse rates of childhood ALCL are 25–35% with 
current first-line strategies. Although available data on chil-
dren with relapsed ALCL are limited to retrospective analy-
ses, children with relapsed ALCL have a DFS of 
approximately 40–60% [11, 52, 53]. The standard approach 
for them has not been established. Salvage chemotherapy, 
followed by auto-HSCT or allo-HSCT, has been employed in 
this setting. Recent and important reported experiences with 
HSCTs for R/R childhood ALCL include the following 
major results, which are summarized in Table  25.3 (auto- 
HSCT) and Table 25.4 (allo-HSCT).

The European Group for Blood and Marrow 
Transplantation (EBMT) reported on the results of auto- 
HSCT for 64 adult and pediatric patients with ALCL. In this 
series, 14 of 15 patients who received auto-HSCT in the first 
CR maintained the remission over time. On the other hand, 
none of the patients who had refractory disease achieved 
CR. OS and progression-free survival (PFS) at 10 years of 
the whole population were 70.3% and 47.0%, respectively. 
The OS of 18 patients aged less than 20 years was signifi-

cantly better than that of the adult population, but there was 
no difference in PFS [54]. From this study, auto-HSCT 
appears to be effective for young patients with relapsed 
ALCL if CR can be achieved before initiating conditioning 
therapy.

The BFM group reported the largest series of 74 children 
with relapsed ALCL.  The recommended salvage strategy 
was re-induction chemotherapy followed by auto-HSCT. A 
5-year OS of all patients after the first relapse was 57%. 
Eighteen of 19 patients treated without HSCT experienced 
relapse again during or after salvage chemotherapy and died. 
Among them, 10 patients with the intention to perform 
HSCT experienced progression again before HSCT and died 
of the disease. According to the recommendation, 39 patients 
received auto-HSCT.  Among them, 21 patients stayed in 

Table 25.3 Outcomes of autologous HSCT for refractory or relapsed 
ALCL in major reported case series

Study group EBMT [54]
BFM 
[53]

SFCE 
[56]

Japan 
[59]

CIBMTR 
[17]

Study periods 1983–
1996

1990–
2003

1975–
1997

1990–
2010

1990–
2005

Number of 
patients

64 39 14 23 24

Status at 
HSCT: CR/
non-CR

30(15 in 
CR1)/34

NA 14/0 16/7 NA

5-year EFS 56.4% 59% 45% 38% 35%
Progression or 
relapse

41% 41% 40% 49% 48%

TRD 2% 5% 7% 12% 14%

Abbreviations: HSCT hematopoietic stem cell transplantation, ALCL 
anaplastic large cell lymphoma, CR complete remission, EFS event- 
free survival, TRD treatment-related death, NA not available

Table 25.4 Outcomes of allogeneic HSCT for refractory or relapsed 
ALCL in major reported case series

Study group BFM [55]
SFCE 
[57] Japan [59]

CIBMTR 
[17]

Study periods 1991–2003 1993–
2011

1990–
2010

1990–
2005

Number of 
patients

20 34 24 12

Status at HSCT: 
CR/non-CR

12/6 NA 28/6 8/16 NA

Conditioning 
regimen

TBI in 15 MAC in 
31

TBI in 
18
RIC in 4

NA

Donor MSD in 8
UD in 8
MMRD in 
4

MRD in 
12
UD in 
22

MRD in 
7
MUD in 
2
MMRD 
in 6
MMUD 
in 7

NA

Stem cell source BM in 8
PB in 12

BM in 
16
PB in 8
CB in 
10

BM in 
13
PB in 5
CB in 6

NA

5-year EFS 75% 58% 50% 46%
Progression or 
relapse

10% 18% 28% 20%

Acute GVHD II to IV in 
8

III to IV 
in 5

II to IV 
in 9

NA

Chronic GVHD Extensive 
in 4

In 5 NA NA

TRD 15% 24% 25% 25%

Abbreviations: HSCT hematopoietic stem cell transplantation, ALCL 
anaplastic large cell lymphoma, CR complete remission, EFS event- 
free survival, TRD treatment-related death, TBI total body irradiation, 
MAC myeloablative conditioning, RIC reduced-intensity conditioning, 
MSD matched sibling donor, UD unrelated donor, MMRD mismatched 
related donor, MRD matched related donor, MUD matched unrelated 
donor, MMUD mismatched unrelated donor, BM bone marrow, PB 
peripheral blood, CB cord blood, NA not available
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remission, two patients died of treatment-related complica-
tions, and 16 patients experienced progression again. The 
EFS of 39 children who received the recommended auto- 
HSCT was 59%. Sixteen patients received allo-HSCT as pri-
mary HSCT. Among them, 11 patients stayed in remission, 
three patients died of treatment-related complications, and 
two patients experienced progression and died of the disease. 
Outcomes of patients with bone marrow or CNS involve-
ment, relapse during first-line therapy, or CD3-positive 
ALCL were poor [53]. The BFM group also reported their 
experiences with allo-HSCT for children with R/R 
ALCL. Nine patients received allo-HSCT after the first R/R 
disease and 11 after multiple relapses. Eight patients received 
their transplants from matched sibling donors (MSD), eight 
patients from unrelated donors (UD), and four patients from 
haploidentical family donors. The conditioning regimen was 
based on total body irradiation (TBI) in 15 patients. Fifteen 
patients survived in CR, three patients died of treatment- 
related complications, and two patients experienced progres-
sion and died of the disease. Grade II to IV acute GVHD 
occurred in four of eight patients who received transplants 
from MSD and three of eight patients who received trans-
plants from UD. Extensive chronic GVHD was seen in two 
patient who received a transplant from a matched sibling 
donor and two from an unrelated donor [55].

The French group reported on 41 children with relapsed 
ALCL. The OS of all patients was 69%. Among 36 patients 
who achieved a second remission, 14 patients received auto- 
HSCT and one patient received allo-HSCT.  Nine patients 
survived in CR, one patient died of treatment-related compli-
cations, and five patients experienced subsequent relapses. 
The DFS for patients treated with HSCT in their second 
remission was 45%, whereas that for patients treated without 
HSCT was 52%. Outcomes for patients who developed 
relapse within 12 months of diagnosis were as poor as a DFS 
of 28%, regardless of salvage therapy [56]. The French group 
subsequently reported a series of 34 allo-HSCTs for children 
with relapsed ALCL registered in the Société Française de 
Greffe de Moelle et de Thérapie Cellulaire (SFGM-TC) 
database. At the time of HSCT, 28 patients were in CR, and 
six patients had detectable disease. Twelve patients received 
their transplants from HLA-matched related donors, and 22 
patients received from UD. Sources of stem cells were BM in 
16 patients, PB in eight, and CB in 10. Myeloablative condi-
tioning (MAC) regimens were used in 31 patients. The EFS, 
cumulative incidence of relapse, and treatment-related mor-
tality were 58%, 18%, and 24%, respectively. The 100-day 
cumulative incidence of acute GVHD was 73.5%, and grade 
III to IV acute GVHD occurred in five patients. Five patients 
harbored chronic GVHD. Among six patients who experi-
enced relapse after allo-HSCT, four patients were alive in 
CR, including three after vinblastine–corticosteroid therapy 
and one after donor lymphocyte infusions [57]. As a treat-

ment option other than HSCT, the French group also reported 
that vinblastine was active as a single agent in relapsed 
ALCL. Vinblastine-induced CR occurred in 25 of 30 evalu-
able patients, and nine of these patients remained in CR, with 
a median follow-up of 7 years from the end of treatment [58].

The Japanese group initially reported consistent results 
with the series of 26 children with relapsed. Twenty-four 
patients achieved a second remission. Auto-HSCT and allo- 
HSCT were performed in six and eight patients, respectively. 
Relapse-free survival was 53% for chemotherapy alone, 33% 
for auto-HSCT, and 100% for allo-HSCT [52]. Although 
these results may suggest an advantage for allo-HSCT in the 
treatment for R/R ALCL, data from the following two series 
did not show any statistical difference between auto-HSCT 
and allo-HSCT.

From the CIBMTR, a series of 36 HSCT procedures for 
children with R/R ALCL was reported. Twenty-four patients 
received auto-HSCT and 12 patients received allo-HSCT. The 
EFS was 35% after auto-HSCT versus 46% after allo- 
HSCT. Cumulative incidence of progress or relapse was 48% 
after auto-HSCT versus 20% after allo-HSCT.  Although 
cumulative incidence of progress or relapse seemed lower 
after allo-HSCT, these differences were not statistically sig-
nificantly different [17].

The Japanese group subsequently reported data from the 
series of 47 HSCTs for children with R/R ALCL registered 
in the Transplant Registry Unified Management Program 
(TRUMP) system of the Japan Society for Hematopoietic 
Cell Transplantation. Among 23 patients who received auto- 
HSCT, 16 patients were in CR, and seven patients had detect-
able disease at the time of HSCT.  TBI/total lymphoid 
irradiation (TLI)-based conditioning regimens were used in 
eight patients. The EFS, cumulative incidence of relapse, and 
treatment-related mortality were 38%, 49%, and 12%, 
respectively. Among 24 patients who received allo-HSCT, 
eight patients were in CR, and 16 patients had detectable dis-
ease at the time of HSCT. Four of them had received auto- 
HSCT previously. Seven patients received their transplants 
from HLA-matched related donors, two patients received 
from HLA-matched UD, and 13 patients received from 
HLA-mismatched donors. Sources of stem cells were BM in 
13 patients, PB in five, and CB in six. TBI/TLI-based condi-
tioning regimens were used in 18 patients, and reduced- 
intensity conditioning (RIC) regimens were used in four 
patients. The EFS, cumulative incidence of relapse, and 
treatment-related mortality were 50%, 28%, and 25%, 
respectively. Differences in those values between auto-HSCT 
and allo-HSCT were not statistically significantly different. 
Acute GVHD of any grade was observed in 13 patients, 
including grade III to IV acute GVHD in nine patients. 
Although three patients who received allo-HSCT using RIC 
regimens had not been in CR at HSCT, they achieved CR and 
survived 32–65 months after HSCT [59].
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Based on these findings, auto-HSCT may be used to treat 
children with relapsed ALCL who have achieved subsequent 
CR by salvage chemotherapy and do not have any poor prog-
nostic factor, such as early relapse. Allo-HSCT may be a 
preferable treatment option for other children with R/R 
ALCL, including those who failed to achieve CR by salvage 
chemotherapy. Although the experiences are limited, allo- 
HSCT using the RIC regimen may be tolerable and effective. 
Further study, ideally a prospective study including a large 
number of patients, will be required to clearly define the 
indication of HSCT for R/R ALCL.

Recently, the efficacies of molecular-targeted therapy for 
R/R ALCL have been explored. Brentuximab vedotin, an 
anti-CD30 antibody–drug conjugate, induced complete 
responses in 38 of 58 patients in a phase II study of adults 
[60]. After a median observation period of approximately 
6 years, 16 of the 38 patients remained in remission without 
the start of new therapy other than consolidative HSCT. Of 
the 16 patients, four patients underwent consolidative auto- 
HSCT, and four other patients underwent consolidative allo- 
HSCT. The remaining eight patients remained in remission 
without consolidative HSCT or any additional anticancer 
therapy [61]. Crizotinib, an ALK inhibitor, induced complete 
responses in 21 of 26 patients in a pediatric phase I study 
with a phase II extension [62, 63]. Although robust and sus-
tained clinical responses to crizotinib have been observed, 
the optimal duration of therapy remains unclear [64]. These 
novel treatment strategies may reduce relapse rates and 
improve outcome for R/R ALCL patients compared with 
conventional strategies using HSCT.  Further studies are 
required to recognize distinct subgroups of pediatric ALCL 
with different clinical, phenotypic, and biologic characteris-
tics, which will identify patients who benefit from treatment 
using HSCT.

 HSCT for Rare NHL Occurring in Children

Low-grade or intermediate-grade mature B-cell lymphomas, 
such as pediatric-type follicular lymphoma and marginal 
zone lymphoma, and peripheral T-cell lymphoma (PTCL) 
excluding ALCL are rarely seen in children. Optimal therapy 
for these rare NHLs is unclear because only case reports and 
small case series are guides for therapy.

Because the number of pediatric patients with low-grade 
or intermediate-grade mature B-cell lymphomas is limited 
and their reported outcomes are generally favorable [65–72], 
meaningful experiences of HSCT in the treatment for this 
rare NHL cannot be found.

Although the optimal therapy for children with PTCL is 
unclear, HSCT may be an option for certain patients. The 
Japanese group reported retrospective analysis of 21 cases of 
pediatric PTCL excluding ALCL with a 5-year OS of 85.2%. 

Among them, two patients received auto-HSCT and nine 
patients received allo-HSCT in their first-line treatment [73]. 
In three other retrospective reports, HSCTs were not used in 
the first-line treatment for PTCL.  The United Kingdom 
Children’s Cancer Study Group (UKCCSG) reported on 25 
cases of pediatric PTCL treated by standard T-cell LBL or 
B-cell NHL regimens. Their 5-year survival rate was approx-
imately 50% [74]. The Children’s Oncology Group (COG) 
reported on 20 patients. Eight of 10 patients with low-stage 
disease achieved long-term DFS compared with only four of 
10 patients with high-stage disease [75]. The BFM study 
group reported 38 cases. Patients with PTCL not otherwise 
specified treated with mainly ALCL regimens had a 10-year 
EFS rate of 61%. Patients with NK/T-cell lymphoma had a 
10-year EFS rate of 17% [76]. There is insufficient experi-
ence to determine the role of HSCT in the treatment for 
childhood PTCL excluding ALCL.
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Novel Therapies in Paediatric NHL

Amos Burke, Joerg Krueger, and Birte Wistinghausen

 Introduction

Current treatments for paediatric NHL result in excellent 
survival for most groups of children. Burkitt lymphoma (BL) 
and diffuse large B-cell lymphoma (DLBCL) constitute the 
major B-cell non-Hodgkin lymphoma (NHL) subtypes, and 
event-free survival (EFS) of >90% is expected from all major 
international front-line protocols [1–7]. Relatively short 
intensive chemotherapy schedules with low long-term but 
high acute toxicity are the norms. Reduction of acute toxicity 
is the clinical priority for the majority of children with 
B-NHL but to date there are no clinic-pathological or bio-
logical factors that predict which children may not benefit 
from therapy reduction.

T-lymphoblastic lymphoma (T-LBL) is the second most 
common paediatric NHL type behind the mature B-NHLs. 
T-LBL is treated with acute lymphoblastic leukaemia (ALL)-
type therapy with expected event-free survivals exceeding 
80% [8–11]. Stage is not a good predictor of outcome and 
biological risk classifications including molecular markers 
such as Notch and FBXW7 mutations as well as minimal 
marrow disease (MMD) and minimal residual disease 
(MRD) are still being explored.

In order to reduce therapy, either cure must be achieved 
with less of the conventional agents or new agents with more 

favourable toxicity profiles will need to be substituted for 
existing elements of successful regimens. Quite apart from 
the challenges of developing trials to show equivalence of 
efficacy of reduced therapy in a disease with a very high 
event-free survival (EFS) and limited patient numbers, a 
more urgent problem is the lack of effective treatments for 
relapsed disease. Relapsed and refractory disease has a very 
poor outcome with EFS of only ~30% for all B-NHL, only 
15–20% for BL and 10–30% for T-LBL [6, 7, 12, 13]. There 
are only very rare survivors of a second relapse. There is 
therefore an unmet clinical need for treatments for relapsed 
paediatric NHL.  Once successful salvage therapies are 
found, strategies to reduce the acute toxicity of first-line ther-
apy can be addressed.

The third most common NHL type in childhood and ado-
lescence, anaplastic large cell lymphoma (ALCL), accounts 
for about 10–15% of paediatric lymphomas [14]. Outcomes 
for ALCL hover around EFS of 70% with several different 
chemotherapy regimens ranging from less to more intensive 
[14]. Intensification has not shown any efficacy in 
ALCL.  ALCL is defined by strong CD30 expression and 
recurrent translocation between chromosome 2 and 5 leading 
to the fusion protein NPM-ALK in greater 90% of paediatric 
cases [15]. Two targeted therapies (brentuximab vedotin 
(BV) and crizotinib) are currently being explored in upfront 
clinical trials.

Because further intensification of therapy is unlikely to 
lead to additional cures in the upfront setting and retrieval 
rates are poor with chemotherapy, novel and targeted thera-
pies are needed to further advance the cure rates in child-
hood, adolescent and young adults (CAYA) NHL.  In this 
chapter, we will consider the large number of novel agents 
available for treating NHL in adults that have potential appli-
cation for children. We will consider them based on their 
mechanism of action and outline a rational approach to pri-
oritization of agents for clinical development. Novel agents 
of interest in B-NHL and T-NHL are summarized in Tables 
26.1 and 26.2.
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Table 26.1 Novel Agents in B-non-Hodgkin Lymphoma (NHL), N/A (Not applicable), refractory/relapsed (r/r), Diffuse large B-cell lymphoma 
(DLBCL), Rituximab (RTX), Cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP), rituximab +CHOP (R-CHOP), Acute lympho-
blastic leukaemia (ALL), Primary mediastinal B-cell lymphoma (PMBCL), Burkitt lymphoma (BL), monoclonal antibody (mAb)

Drug Mechanism of action Preclinical data
Efficacy in adult 
NHL

Safety and toxicity in 
paediatrics

Paediatric experience in 
B-NHL

Chemotherapy agents
Bendamustine Alkylating agent N/A r/r adult low-grade 

NHL and DLBL in 
combination with 
RTX

Acceptable 
(Cytopenias, pyrexia, 
nausea/vomiting, 
diarrhoea)

Phase I/II study in r/r 
leukaemia (Fraser et al. 
[16])
Phase I study in 
combination with 
clofarabine and etoposide 
(Jeha et al. [17]

Lenalidomide Thalidomide derivative 
with 
immunomodulatory 
activity

N/A Adult follicular 
lymphoma and 
DLBCL in 
combination with 
RTX or R-CHOP

Well tolerated as 
single agent

Phase I study as single 
agent in r/r solid tumours 
[18]

Bortezomib Proteasome inhibitor Able to overcome 
multi-drug 
resistance in 
leukaemia cell 
lines [19]
100% activity in 
T-ALL xenografts 
in preclinical 
testing programme 
[20]

Little activity in 
adult B-NHL

Tolerated in 
combination with 
ALL-type induction 
chemotherapy

Phase II study in 
combination with 
ALL-type chemotherapy in 
relapsed B-ALL [21]

Small-molecule inhibitors
Ibrutinib BTK inhibitor Activity in BL 

Mouse xenograft 
model [22]

Activity in adult 
ABC DLBCL

Ongoing 
(NCT02703272)

Ongoing (NCT02703272)

Idelalisib PI3K inhibitor In vitro activity in 
RTX and 
chemotherapy 
resistant BL cell 
lines [23]

Activity in adult 
indolent 
lymphoma as 
single agent or in 
combination with 
rituximab

None None

Venetoclax BCL2 inhibitor Broad activity in 
NHL cell lines [24]

Single-agent 
activity in 
refractory CLL

Ongoing 
(NCT03236857)

Ongoing (NCT03236857)

Immunotherapy
Ipilimumab
Pembrolizumab
Nivolumab

Checkpoint inhibitors NA Activity in adult 
HL and T-NK 
lymphoma

Tolerated in phase I 
study of ipilimumab in 
paediatric patients 
with solid tumours 
[25]

Ongoing paediatric trials

Rituximab mAB against CD20 NA Extensive 
experience in adult 
B-NHL

Well tolerated with 
intensive 
chemotherapy

Activity in paediatric BL, 
DLBCL and PMBCL
International Phase III trial 
in combination with 
intensive chemotherapy 
showed almost 100% 
survival in paediatric BL 
and DLBCL [3]

Inotuzumab 
ozogamicin

Humanized mAB 
against CD22 
conjugated to 
calicheamicin

Activity in B-NHL 
xenograft models 
[26]

Activity in 
relapsed DLBCL

Tolerated as single 
agent, sinusoidal 
obstruction syndrome

68% CR rate in paediatric 
patients with r/r ALL [27], 
no experience in paediatric 
NHL

Blinatumomab Bispecific T-cell 
engager (CD3/CD19)

NA Activity in adult 
r/r DLBCL

Well tolerated, B-cell 
aplasia

Approved for the treatment 
of paediatric patients with 
relapsed ALL, no 
experience in paediatric 
NHL

A. Burke et al.
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Table 26.2 Novel Agents in T-non-Hodgkin lymphoma (NHL). Acute lymphoblastic leukaemia (ALL), lymphoblastic lymphoma (LBL), tuber-
ous sclerosis (TS), subependymal giant cell astrocytomas (SEGA), primary mediastinal B-cell lymphoma (PMBCL), refractory/relapsed (r/r), 
monoclonal antibody (mAb)

Drug
Mechanism of 
action Preclinical data Efficacy in adult NHL Safety and toxicity Paediatric experience

T-LBL
Chemotherapeutic agents
Bortezomib Proteasome 

inhibitor
Able to overcome 
multi-drug resistance in 
leukaemia cell lines [19]
100% activity in T-ALL 
xenografts in preclinical 
testing programme [20]

NA Tolerated in 
combination with 
ALL-type induction 
chemotherapy

Phase II study in 
combination with 
ALL-type chemotherapy 
in relapsed B-ALL [21]
Phase III study for 
newly diagnosed 
paediatric patients with 
T-ALL or T-LBL 
(NCT02112916)

Nelarabine Purine 
nucleoside 
analogue

Toxic at micromolar 
concentration in 
T-lymphoblasts [28]

NA Well tolerated in 
combination with 
ALL-type 
chemotherapy [29]

Phase III study for 
newly diagnosed 
patients with T-ALL and 
T-LBL [8]

Small-molecule inhibitors
Everolimus mTOR 

inhibitors
Synergistic activity of 
sirolimus in mouse 
childhood tumour 
xenograft models in 
combination with several 
chemotherapeutic drugs 
[30]

Activity as single agent 
or in combination with 
panobinostat in relapsed 
lymphoma: in 
combination with 
rituximab in DLBCL

Well tolerated with 
ALL-type reinduction

Approved for the 
treatment of paediatric 
patients with TS and 
SEGA
Phase I study of 
everolimus in 
combination with 
multi-agent 
chemotherapy in 
patients with relapsed 
ALL [31]

Decitabine
Vorinostat
Panobinostat

Epigenetic 
modifiers

Synergistic effects of 
HDACs and decitabine 
[32]

Activity in B-NHL [33], 
promising results if used 
in combination with 
standard chemotherapy 
regimens [34]

Decitabine dose- 
limiting toxicities as 
single agent

Phase I trial for r/r NHL 
with panobinostat 
(NCT01321346), 
vorinostat used in 
autologous HSCT 
regimens [35]

Tazemetostat Epigenetic 
modifier:
EZH2 
inhibitors

Inhibits proliferation of 
EZH2 mutant DLBCL cell 
lines and mice xenografts 
[36]

Activity in adult B-NHL Tolerable side effects 
in adult phase Phase I 
study [37]

Ongoing paediatric trial 
(NCT03155620)

Palbociclib
Ribociclib
Abemaciclib

CDK 4/6 
inhibitors

Anti-proliferative effects 
in multiple cell lines 
including mantle cell 
lymphoma, antitumour 
activity xenografts [38–40]

Activity in adult phase 
Phase II trial in r/r 
mantle cell lymphoma 
[41]. Ongoing trials 
(NCT01739309, 
NCT00141297)

Tolerable side effects 
in adult phase Phase II 
study [41]

Ongoing paediatric trial 
(NCT02693535)

Ruxolitinib JAK 
inhibitor

Activity in mouse 
xenograft models of 
PMBCL [42]
Able to overcome 
glucocorticoid resistance 
in T-ALL [43]

Ongoing adult studies in 
PTCL and T/NK 
lymphoma 
(NCT02974647) and r/r 
lymphoma 
(NCT02613598)

Well tolerated as 
single agent in 
paediatric phase Phase 
I study [44]

Phase I/II study in 
paediatric ALL and LBL 
(NCT03117751)

Immunotherapy
Ipilimumab
Pembrolizumab
Nivolumab

Checkpoint 
inhibitors

NA Extensive experience in 
adult solid tumours, HL 
and T-NK lymphoma

Tolerated in phase 
Phase I study of 
ipilimumab in 
paediatric patients 
with solid tumours 
[25]

Ongoing paediatric trials

Daratumumab mAB against 
CD38

Activity in T-ALL mouse 
xenograft models [45]

Activity in multiple 
myeloma

Ongoing 
(NCT03384654)

Ongoing 
(NCT03384654)

(continued)
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 Chemotherapy Agents

Few new cytotoxic chemotherapy agents have been investi-
gated for the treatment of paediatric B-NHL over the last few 
decades. The increase in survival for paediatric B-NHL in 
the 1980s–2010 has been achieved internationally by adjust-
ments to dosing and scheduling of conventional chemother-
apy agents. The recent introduction of rituximab into 
high-risk paediatric B-NHL schedules will be discussed 
below. Innovations such as liposomal cytarabine, whilst in 
theory promising to deliver some advantages, for example, in 
CNS disease in B-NHL, have not been exploited and its 
place in the management of childhood B-NHL remains 
unclear [49].

 New Agents for Indolent (Low Grade) Adult 
B-NHL with no Clear Role in Paediatric NHL

Several new agents have been investigated in adult B-NHL 
that have found use in indolent B-NHL (including follicu-
lar lymphoma and marginal zone lymphoma). Of these, 
bendamustine, lenalidomide and bortezomib have found 
established roles. Their efficacy in adult aggressive lym-
phoma has received some investigation but their place in 
the management of paediatric B-NHL remains 
unexplored.

 Bendamustine
Bendamustine (a nitrogen mustard alkylating agent) has 
been shown to be effective in the treatment of relapsed/
refractory low-grade NHL combined with rituximab [50]. 
The same combination has also been shown to be effective 
treatment for chemotherapy-naïve patients [51] and non- 
inferior when randomized against standard chemotherapy in 
front-line treatment of patients with low-grade NHL [52].

In the treatment of DLBCL, bendamustine and rituximab 
(BR) has applicability in the context of elderly patients with 
relapsed and refractory disease who do not tolerate more 
intensive therapy and in those previously untreated for whom 
more aggressive therapy is not appropriate. Vacirca et  al. 
observed a 45.8% overall response rate (ORR) with com-
plete response (CR) rate of 15.3% with bendamustine and 
rituximab. The median progression-free survival (PFS) was 
3.6  months [53]. Ohmachi et  al. demonstrated an ORR of 
62.7% and PFS of 6.7  months in relapsed and refractory 
patients with DLBCL who were ineligible for or who had 
undergone autologous stem cell transplantation in a multi-
centre Phase II study. They concluded that BR represented a 
promising combination in this setting [54]. The Phase II 
study of Park et al. in elderly patients (median age 74 years) 
with previously untreated DLBCL showed a response rate of 
78% with CR rate of 52%. Survival was however low with 
PFS of only 5.4 months [55].

Bendamustine has received limited study in paediatric 
patients. Fraser et al. in a Phase I/II study of relapsed or 
refractory leukaemia observed some activity of bendamus-
tine monotherapy in patients with acute lymphoblastic leu-
kaemia with a biological activity rate (CR + CR without 
platelet recovery+ partial response (PR)) of 9.3% [16]. A 
recent study of bendamustine hydrochloride, clofarabine 
and etoposide in treating younger patients with relapsed or 
refractory hematologic malignancies included NHL as an 
eligible disease [17]. Of 16 patients including two T-NHL, 
there were 6 CRs, 1 CR without platelet recovery and 3 
PRs.

Although there may be some rationale for the study of 
bendamustine in paediatric B-NHL, this alkylating agent is 
not likely to receive prioritization in the presence of the other 
agents discussed in this chapter. Its performance in the 
relapsed/refractory setting should however be followed with 
interest.

Table 26.2 (continued)

Drug
Mechanism of 
action Preclinical data Efficacy in adult NHL Safety and toxicity Paediatric experience

ALCL
Small-molecule inhibitor
Crizotinib Alk inhibitor NA Extensive experience in 

Alk-driven non-small 
cell lung cancer

Well tolerated as 
single agent

7/8 CR in relapsed 
ALCL [46]
Ongoing Phase III trial 
in combination with 
chemotherapy in newly 
diagnosed ALCL 
(NCT01979536)

Immunotherapy
Brentuximab 
vedotin

Conjugated 
mAb against 
CD30

NA Phase I study with ORR 
in 50% in relapsed 
ALCL and HL [47]

Acceptable toxicity in 
combination with 
gemcitabine [48]

Ongoing Phase III trial 
in combination with 
chemotherapy in newly 
diagnosed ALCL 
(NCT01979536)

A. Burke et al.
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 Lenalidomide
Lenalidomide (a thalidomide derivative with immunomod-
ulatory activity) combined with rituximab has been shown 
to be superior to lenalidomide alone with similar toxicity 
in a Phase II randomized study of recurrent follicular lym-
phoma [56]. Based on this finding, a further Phase II study 
of lenalidomide and rituximab in untreated follicular lym-
phoma showed that the combination was highly effective 
with ORR of 95% and 5-year overall survival (OS) of 
100% [57].

In DLBCL, lenalidomide has been shown to have single- 
agent activity in relapsed and refractory disease in a Phase II 
single-arm multicentre trial (ORR 19% for DLBCL) [58]. In 
a larger international Phase II setting, an ORR of 28% was 
observed for DLBCL [59]. In a study of lenalidomide com-
pared with investigator choice for relapsed DLBCL patients 
who had experienced ≥2 prior relapses or were ineligible for 
autologous stem cell transplantation or further combination 
chemotherapy, lenalidomide showed superior activity com-
pared with investigator choice in the non-germinal centre 
B-cell like (GCB) subtype of DLBCL [60]. Nowakowski 
et  al. have shown that lenalidomide added to rituximab, 
cyclophosphamide, doxorubicin, vincristine and prednisone 
(R-CHOP) overcomes the impact of non-GCB subtype in 
newly diagnosed patients with DLBCL [61]. In contrast to 
the historical control group where non-GCB subtype con-
ferred a poorer outcome, there was no difference in 24-month 
PFS or OS for R-CHOP+ lenalidomide (R2CHOP) patients 
on the basis of non-GCB and GCB subtype (60% vs. 59% 
[P = 0.83] and 83% vs. 75% [P = 0.61] at 2 years, respec-
tively [61]. A further randomized, double-blind, placebo- 
controlled, global, Phase III study evaluating the efficacy and 
safety of R2CHOP versus placebo-R-CHOP in patients with 
previously untreated activated B-cell (ABC)-type DLBCL–
ROBUST [62] (NCT02285062) is ongoing. Due to the 
immunomodulatory effects of lenalidomide, there may be a 
role in combination with checkpoint inhibitors in lymphoma 
[18, 63].

In the paediatric setting, lenalidomide has been investi-
gated as a single agent in relapsed and refractory solid 
tumours and myelodysplasia. In this Phase I study, no 
patients with NHL were recruited and only a single patient 
with Hodgkin lymphoma (HL) [18]. Lenalidomide at a dose 
of 70 mg/m2/day for 21 days was well tolerated with drug 
clearance being faster in children under the age of 12. 
Cellular immunity was significantly upregulated. No objec-
tive responses were observed. There is an ongoing Phase II 
study for paediatric patients with relapsed or refractory (R/R) 
acute myeloid leukaemia (NCT02538965).

There would appear to be little in the literature to support 
the further investigation of lenalidomide in paediatric B-NHL 
other than in combination with other novel agents. However, 
combination therapy is itself complex and the excessive tox-

icity seen in the adult setting of follicular, and mantle cell 
lymphoma to the combination of lenalidomide, idelalisib and 
rituximab is a cautionary lesson [64].

 New Agents Active in Adult Indolent 
and Aggressive Lymphoma with Known or 
Possible Paediatric NHL Application

In this section, we will discuss several novel agents based on 
the mechanism of action. In each case, the first or major drug 
in class will be discussed. Evidence in adult NHL (especially 
DLBCL) will be presented and any published data for paedi-
atric NHL or known ongoing clinical trials.

 Bortezomib
Bortezomib is a proteasome inhibitor that leads to apoptosis 
through increasing the inhibitory IκB [65] in relapsed adult 
B-NHL [66, 67]. In relapsed indolent B-NHL, it is more 
active combined with rituximab than rituximab alone [68], 
especially in the subgroup of high-risk follicular lymphoma 
[69]. Combination of bortezomib with bendamustine and 
rituximab has been shown to be active in R/R follicular lym-
phoma as well as in combination with rituximab, cyclophos-
phamide, vincristine and prednisone (RCVP) [70].

The study of Phase II study by Goy et al. of bortezomib in 
relapsed and refractory B-NHL included 12 patients with 
DLBCL among whom there was one PR [67]. The unmet 
clinical needs in the treatment of adult DLBCL are relapsed 
disease and front-line treatment of DLBCL where the pro-
posed cell of origin is not from the germinal B-cell. 
Combination of bortezomib with gemcitabine was not shown 
to be effective for adults with R/R DLBCL in the Phase I/II 
study of Evens et al. [71]. Furthermore, neither of two ran-
domized Phase II trial comparing R-CHOP with bortezomib 
substituting for vincristine in the experimental arm showed 
any benefit for patients with non-GCB DLBCL receiving 
front-line therapy [72, 73] [64, 65]. In Phase II study in 
adults with peripheral T-cell lymphoma (PTCL), 30 out of 46 
patients (65%) achieved a CR with the combination of bort-
ezomib and a CHOP chemotherapy backbone [74].

To date, no trials of bortezomib in paediatric NHL have 
been published. Two Phase I studies of bortezomib in R/R 
solid tumours including lymphoma have been reported, but 
neither recruited any child with NHL nor showed any objec-
tive responses to single-agent bortezomib [75] or combined 
with the histone deacetylation agent vorinostat [76]. Despite 
these disappointing early-phase studies, there is considerable 
enthusiasm for bortezomib in combination therapy. 
Preclinical data shows that bortezomib is able to overcome 
resistance to several chemotherapy agents including anthra-
cyclines, alkylators and corticosteroids [77–81]. In the set-
ting of relapsed paediatric acute lymphoblastic leukaemia, 
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patients with B-precursor ALL who relapsed after 2–3 prior 
lines of therapy had an 80% response rate to bortezomib 
combined with vincristine, dexamethasone, pegylated aspar-
aginase and doxorubicin [21]. There is even more interest in 
bortezomib for T-lymphoblastic lymphoma/leukaemia 
because the majority are driven through Notch-1 or PI3K/
AKT/MTOR pathway signalling and either of those path-
ways activates NFκB [12]. The current front-line Children’s 
Oncology Group Phase III study for T-ALL and T-LBL is 
exploring the role of bortezomib in combination with ALL- 
type chemotherapy (NCT02112916).

However, the relevance of bortezomib to paediatric 
B-NHL is not easily extrapolated from the available litera-
ture. Whilst there is a significant lack of preclinical data in 
paediatric NHL, a recent report of synergism between bort-
ezomib and an inhibitor of the mitochondrial protein second 
mitochondria-derived activator of caspase (Smac) in B-NHL 
cell lines leading to cell death by necroptosis even when 
apoptosis is inhibited suggests that bortezomib may have a 
role worth further investigation [82].

 Nelarabine
Nelarabine (2-amino-9-B-D-arabinofuranosyl-6-methoxy- 
9H-purine) is a synthetic deoxyguanosine derivative that is 
cytotoxic to T-lymphoblasts at micromolar concentrations 
[83]. A Phase I study of nelarabine in children and adults 
with refractory haematological malignancies showed an 
overall response rate of 34%, but in the group of T-ALL/
LBL, 9 CRs (23%) and 12 PRs (31%) were reported in the 39 
patients [84]. Neurological toxicity was reported in 72% 
patients including transient somnolence, malaise, fatigue and 
peripheral motor and sensory neuropathies. A subsequent 
Phase II study of single-agent nelarabine in refractory T-cell 
malignancies showed response rates over greater 50% [85]. 
Subsequent studies showed that nelarabine was well toler-
ated in combination with intensive chemotherapy [86, 87]. 
The results of the Children’s Oncology Group study 
AALL0434 for paediatric, adolescent and young adult 
patients with T-ALL/LBL were presented at the 2018 
American Society of Oncology Meeting [8]. The addition of 
nelarabine significantly improved 4-year disease-free sur-
vival (DFS) (88.9 +/− 2.2% versus 83.3 +/− 2.5% 
(p = 0.0332)) in the T-ALL cohort but not in the high-risk 
T-LBL cohort with 4-year DFS of 85.0 +/− 5.6% versus 89.0 
+/− 4.7% for nelarabine (N  =  60) versus no nelarabine 
(N = 58), p = 0.2788.

 Small-Molecule and Pathway Inhibitors

Inhibitors of Bruton’s tyrosine kinase (BTK), 
phosphatidylinositol- 4,5-bisphosphate 3-kinase (PI3K) and 
B-cell CLL/lymphoma 2 (BCL2) have shown activity in 

adult B-NHL, and all three classes have development in pae-
diatric B-NHL.  Because of the upregulation of the Notch 
and PI3K/mTOR pathways in T-LBL, mTOR and Notch 
inhibitors are being explored in the treatment of 
T-LBL. Other agents of interest include epigenetic modula-
tors, CDK4/6 inhibitors, Jak inhibitors and BCL-2 inhibi-
tors. In ALCL, Alk inhibitors are of obvious interest because 
greater 90% of paediatric and adolescent ALCL are NPM-
ALK positive [14].

 BTK Inhibitor: Ibrutinib

This first-in-class BTK inhibitor received breakthrough des-
ignation by the US Food and Drug Administration in 2013 
for the treatment of relapsed and refractory mantle cell lym-
phoma (MCL). Subsequently, other low-grade NHLs have 
been added to its indications. Wilson et al. observed single- 
agent activity of ibrutinib in patients with DLBCL who had 
an ABC phenotype by gene expression profiling (GEP) [88]. 
Younes et al. conducted a Phase Ib study of ibrutinib added 
to R-CHOP, and in all 18 patients who received the recom-
mended Phase II dose, a response was seen. Among those for 
whom subtyping was conducted, five of seven (71%) with 
GCB subtype and two (100%) of those with non-GCB sub-
type had a complete response [89]. Multiple adult studies of 
ibrutinib including patients with DLBCL are ongoing 
(https://clinicaltrials.gov).

There is limited preclinical data to suggest that paediatric 
Burkitt lymphoma may be responsive to BTK inhibition 
[22]. There is also gene expression data to suggest that B-cell 
receptor signalling is particularly active in paediatric Burkitt 
lymphoma suggesting BTK inhibition is an approach for fur-
ther investigation [90].

A Phase III international randomized open-label con-
trolled study which consists of a pharmacokinetic Part 1 run-
 in and a randomized Part 2 is underway to assess the safety 
and efficacy of ibrutinib in paediatric and young adult par-
ticipants with relapsed or refractory mature B-NHL. In the 
randomized part, patients receive either physician-choice 
background chemotherapy alone (rituximab, ifosfamide, car-
boplatin, etoposide and dexamethasone (RICE) or rituximab, 
vincristine, ifosfamide, carboplatin, idarubicin and dexa-
methasone (RVICI)) or combined with ibrutinib 
(NCT02703272).

 PI3K Inhibitor: Idelalisib and Duvelisib

PI3K is a target that sits downstream of the B-cell receptor. 
Inhibition results in apoptotic cell death. In a Phase II open- 
label study of 125 patients, Gopal et al. showed activity of ide-
lalisib in heavily pretreated patients with indolent lymphoma 
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(median 4 prior line of therapy). The overall response rate was 
57% with median PFS of 11 months [91]. A more recent Phase 
II study of idelalisib combined with a spleen tyrosine kinase 
(SYK) inhibitor entospletinib in relapsed and refractory lym-
phoma including DLBCL was terminated due to toxicity seen 
as pneumonitis in 18% of patients with two fatalities [92]. 
Combination with other agents has been problematic in other 
settings. In an ongoing Phase III trial of idelalisib or placebo 
added to bendamustine and rituximab, the first interim result 
shows increased efficacy of the combination with idelalisib 
but increased infections and pneumonitis raising concerns 
[93]. As mentioned above, the combination of idelalisib with 
lenalidomide and rituximab was found to be too toxic in a 
Phase I study of relapsed and refractory NHL [64].

To date there have been no large-scale studies of idelalisib 
in DLBCL, and safety concerns remain which are particu-
larly relevant to investigation of this drug in a paediatric set-
ting although it is not possible to extrapolate safety data from 
the adult to the paediatric setting.

There is preclinical data to suggest that the PI3K/AKT 
pathway is important in cell survival in paediatric Burkitt lym-
phoma [90, 94], and thus from a mechanism of action point of 
view, this class of drug is worthy of consideration for study.

A Phase I study of duvelisib in patients with cutaneous 
(CTCL) or peripheral (PTCL) T-cell lymphoma showed 
overall response rates of 31.6% and 50%, respectively [95].

A Phase Ib trial evaluating idelalisib in children and ado-
lescents with relapsed or refractory DLBCL or mediastinal 
B-cell lymphoma in combination with rituximab, ifosfamide, 
carboplatin and etoposide (RICE) is anticipated to start in 
May 2018 (NCT03349346).

 BCL2 Inhibitor: Venetoclax

BCL2 is a pro-apoptotic molecule, and its overexpression is 
associated with resistance to chemotherapy in a number of 
settings. Venetoclax has the clinical advantage of less plate-
lets effects over earlier molecules. In a key study by Souers 
et al., significant antitumour effect of a single dose of vene-
toclax (ABT199) was seen in three patients with refractory 
chronic lymphoid leukaemia (CLL) [24]. The Phase I first- 
in- human study of venetoclax in relapsed and refractory 
NHL showed an 18% response rate in patients with DLBCL 
with 12% achieving a CR.

In the paediatric setting, BCL2 inhibition is of interest in 
the setting of other paediatric tumours such as neuroblas-
toma and leukaemia based on preclinical data as well as lym-
phoma. As a result, the first Phase I study of venetoclax in 
relapsed or refractory paediatric malignancies including 
NHL is currently recruiting (NCT03236857), and the ratio-
nale and design of this study has been described by Place 
et al. [96].

 mTOR Inhibitors

The PI3K/mTOR/AKT pathway is one of the crucial path-
ways in malignancy [97]. Mammalian target of rapamycin 
(mTOR) is a serine and threonine protein kinase that signals 
through two multi-protein complexes, mTORC1 and 
mTORC2 [98]. Two mTORC1/2 inhibitors everolimus and 
temsirolimus are currently FDA approved for several adults 
cancers. Everolimus is also FDA approved for the treatment 
of paediatric patients with tuberous sclerosis (TS) and sub-
ependymal giant cell astrocytomas (SEGA).

In a Phase II study of single-agent everolimus in adults 
with relapsed lymphoma, overall response rates of 44% 
(7/16) in PTCL (including two patients with ALCL), 30% 
(23/77) in B-NHL (30% for DLBCL, 32% for MCL) and 
38% in follicular lymphoma [99, 100]. In a Phase I study of 
everolimus in combination with panobinostat in adults with 
r/r lymphoma, the ORR was 30% with better responses in 
patients with Hodgkin lymphoma (HL). Everolimus was also 
tested in combination with rituximab in heavily pretreated 
adult patients with DLBCL and an ORR of 38% was reported. 
In paediatric Phase I study of everolimus in combination 
with vincristine, prednisone, pegaspargase and doxorubicin 
in relapsed ALL, 86% achieved a second CR with 68% hav-
ing minimal residual disease burden <0.01 at the end of rein-
duction [31].

Temsirolimus was tested in a Phase I COG protocol in 
combination with intensive chemotherapy in paediatric 
patients with second or greater relapse of ALL [101]. Whilst 
7 out of 15 patients achieved a CR, the addition of temsiroli-
mus to intensive chemotherapy resulted in excessive 
toxicity.

There are several accruing paediatric clinical protocols 
with mTOR inhibitors including two Phase I trials for paedi-
atric patients with NHL. Everolimus is tested in combination 
with nelarabine, cyclophosphamide and etoposide in paedi-
atric patients with R/R T-lymphoblastic leukaemia/lym-
phoma (NCT03328104). Another Phase I trial is testing the 
combination of temsirolimus with etoposide and cyclophos-
phamide in patients with relapsed ALL and NHL 
(NCT01614197). In addition, the COG paediatric Match 
trial includes a Phase II arm using the PI3K/mTOR inhibitor 
LY3023414  in patients with solid tumours, non-Hodgkin 
lymphoma or histiocytic disorders with TSC or PI3K/MTOR 
mutations (NCT03213678).

 CDK4/6 Inhibitors: Abemaciclib, Palbociclib 
and Ribociclib

Cell cycle dysregulation is a hallmark of all cancer cells 
leading to uncontrolled cell proliferation. Cell cycle regula-
tion is a highly controlled process, key components of 
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which are cyclin-dependent kinases (CDKs). Many malig-
nancies overexpress CDKs making them an attractive ther-
apeutic target [102, 103]. The first-generation CDK 
inhibitors were nonselective CDK inhibitors that blocked 
CDK4 but at the same time had significant off-target side 
effects [103, 104]. Second-generation CDK inhibitors were 
developed to target selectively the ATP-binding site of the 
CDK4–cyclin complex as well as CDK6 and showed anti-
proliferative effects in multiple cell lines including MCL 
and antitumour activity in human tumour xenografts [38–
40]. Tested drugs include palbociclib, ribociclib and abe-
maciclib, which are FDA approved for the treatment of 
metastatic hormone receptor- positive breast cancer. 
CDK4/6 inhibitors have been studied in NHL patients, 
including MCL in adults. Leonhard et al. treated 17 patients 
with relapsed disease and found substantial reductions in 
positron emission tomography (PET)-based tumour metab-
olism and proliferation. Five patients achieved a progres-
sion-free survival time of more than 1  year with one 
complete and two partial responses [105]. In a Phase II 
trial, Wang et  al. treated 124 patients with relapsed or 
refractory MCL and observed responses in 81% of patients 
with 40% achieving CR with a favourable safety profile 
[41]. CDK4/6 inhibitors are currently further studied in 
adult NHL patients including patients with MCL 
(NCT01739309), advanced NHL (NCT00141297) or in the 
context of molecular profiling studies (NCT03297606). 
The paediatric Target a Specific Abnormality in a Tumour 
Gene in People with Advanced Stage Cancer (TAPUR) 
study also includes an experimental group with palbociclib 
(NCT02693535).

 JAK Inhibitor: Ruxolitinib

Ruxolitinib is a potent and selective ATP-competitive 
inhibitor of JAK1 and JAK2 kinases. It is used in the treat-
ment of myeloproliferative disease harbouring the JAK2 
V617F mutation. Preclinical murine xenograft models 
have shown activity in Ph-like ALL, HL and PMBCL [42, 
106]. Moreover, JAK/STAT pathway inhibition is able to 
overcome intrinsic glucocorticoid resistance in T-ALL 
including ETP [43]. In a Phase I trial of paediatric patients 
with relapsed solid tumours, leukaemia and lymphoma, 
ruxolitinib was well tolerated [44]. Ruxolitinib is cur-
rently being studied as single agent in a Phase II study of 
adult patients with PTCL and natural killer cell (NK) lym-
phoma (NCT02974647) and in combination with bortezo-
mib in a Phase I study of R/R lymphoma (NCT02613598). 
In paediatric patients, the St. Jude’s Research Hospital 
is offering a randomized Phase II/III study for patients 
with acute lymphoblastic leukaemia/lymphoma 
(NCT03117751).

 PIM Inhibitors

Proviral insertion in murine lymphoma (Pim) family pro-
teins consist of three kinase isoforms Pim-1, Pim-2 and Pim3 
and play a role in cell cycle progression, cell survival and 
tumourigenesis [107]. Pim kinases are essential for hemato-
poietic lineage cell development [108], and Pim1 has been 
implicated in chemotherapy resistance in DLBCL [109]. 
Pim1/Pim2 mRNAs are highly expressed in DLBCL and 
MCL, and PIM2 is also overexpressed in follicular lym-
phoma, MALT lymphoma and nodal marginal zone lym-
phoma [110, 111] and correlate with poor prognosis [107, 
112, 113]. Pim kinases are of particular interest because of a 
potential role as co-regulators of c-MYC-dependent onco-
genesis as Pim1 and c-Myc show cooperation during lym-
phomagenesis in mouse models [114]. SGI-1776, a 
compound with activity against PIM1, PIM2 and PIM3, has 
recently been tested in a Phase I trial in adults; however, the 
trial had to be discontinued due to significant cardiotoxicity 
(NCT00848601). Novel inhibitors are being currently stud-
ied in preclinical settings [115].

 Epigenetic Modulators: Decitabine, Vorinostat 
and Panobinostat

Epigenetic regulation allows for modulating gene expression 
profiles without modifying the primary sequence of DNA. A 
complex network of enzymes regulates the post-translational 
modifications of chromatin or histones utilizing histone 
methylation, acetylation, ubiquitination and phosphorylation 
as well as methylation of CpG islands on DNA [116]. 
Epigenetic modification has been linked to increased expres-
sion of essential proteins linked to the development of 
tumour metastasis and suppression of tumour suppressor 
genes [116–118]. Epigenetic modifications are executed by 
specific cellular enzymes including DNA methyltransferases 
(DNMT) for DNA methylation, histone acetyltransferases 
(HAT)/histone deacetylases (HDAC) and histone methyl-
transferases (HMT)/histone demethylases for determining 
the status of histone acetylation and methylation, respec-
tively [116]. The first drug modifying epigenetic pathways 
was 5-azacytidine, which targets DNMTs, as well as its 
deoxy derivative decitabine. In a Phase I trial, 20 patients 
with CLL and 4 patients with NHL were treated with 
decitabine. Due to dose-limiting myelosuppression and 
infectious complications decitabine doses could not be esca-
lated to levels associated with changes in global methylation 
or gene re-expression [119]. Based on preclinical data show-
ing synergistic effects between HDACs and decitabine 
[32], trials combining both drugs in adult patients with 
R/R NHL are currently being carried out (NCT00275080) 
as well as in combination with other chemotherapeutic 
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agents (NCT00109824, NCT02846935, NCT03236857). 
Another class of FDA-approved inhibitor targets HDACs 
and includes vorinostat and panobinostat. In a Phase II trial, 
18 patients with R/R DLBCL were treated with vorinostat 
with 1 patient achieving a complete response and 1 with sta-
ble disease [120]. In a more recent Phase I/II study, vorino-
stat was incorporated into a rituximab, cyclophosphamide, 
etoposide and prednisone backbone for the treatment of adult 
patients with R/R DLBCL, and a 35% CR rate was observed 
suggesting that combination of standard chemotherapeutic 
drugs and epigenetic regulators may lead to beneficial out-
comes [34]. Vorinostat has been used in children in the set-
ting of autologous hematopoietic stem cell transplantation. 
Nieto et  al. showed that adding vorinostat to a high-dose 
gemcitabine, busulfan and melphalan regimen for refractory 
lymphomas let to an event-free and overall survival of 62% 
and 73%, respectively, at a median follow-up of 25 months 
[35]. Panobinostat has been studied in a Phase II trial in 40 
adult patients with R/R DLBCL with a 28% response rate 
and a median duration of response of 14.5 months. A Phase I 
trial is studying the effect of panobinostat in paediatric 
patients with R/R NHL (NCT01321346).

 Epigenetic Modulators: EZH2 
Inhibitors—Tazemetostat

Histone modifications including histone acetylation and 
removal of acetyl groups play an essential role in normal 
cell development. Enhancer of Zeste Homolog 2 (EZH2) 
catalyses trimethylation of histone 3 lysine 27 (H3K27), a 
mark of transcriptional repression, and has been implicated 
in tumourigenesis either by direct gene overexpression or 
point mutations [121]. For example, gain-of-function 
(GOF) mutations in EZH2 are found frequently in follicu-
lar lymphoma and GC-DLBCL [122, 123]. A small-mole-
cule inhibitor of EZH2 methyltransferase activity has been 
shown to effectively inhibit the proliferation of EZH2 
mutant DLBCL cell lines and markedly inhibit the growth 
of EZH2 mutant DLBCL xenografts in mice [36]. Multiple 
EZH2-directed inhibitors have been developed including 
Tazemetostat, CPI- 1205 and EZH1/2 inhibitor DS-3201. In 
a first-in-man Phase I study, Italiano et  al. showed in 64 
patients, 21 with B-cell NHL and 43 with solid tumours, 
that Tazemetostat has tolerable side effects and an overall 
response rate in lymphoma patients of 38% with 3 com-
plete responses was observed. Interestingly, responses were 
achieved irrespective of the EZH2 mutational status; how-
ever, 1 patient with EZH2 mutation achieved a durable 
response for 16 months [37]. A Phase II study is currently 
being conducted to determine clinical activity in adult 
patients with DLCBL (NCT03456726) as well as in chil-
dren (NCT03155620).

 Crizotinib

Crizotinib is an oral tyrosine kinase inhibitor (TKI) that tar-
gets ALK and MET and was developed for the treatment of 
ALK-driven non-small cell lung cancer [124]. Additional 
ALK inhibitors currently in clinical trials and resistance pat-
terns are reviewed by Li et al. [125]. ALK-positive ALCL is 
characterized by ALK fusion genes. The most common 
translocation, t(2;5) (p23;q35), fuses the promoter and proxi-
mal part of nucleophosmin (NPM) gene on chromosome 5 to 
the ALK gene on chromosome 2 and is found in >80% of 
cases [126]. Crizotinib as single agent has shown impressive 
activity in ALCL with 7/8 relapsed paediatric ALCL patients 
achieving a CR in a Phase I trial [46]. Relapse in ALCL 
appears rare whilst on active therapy with crizotinib. 
Adequate length of therapy is not known [14]. Crizotinib as 
single agent is well tolerated in the paediatric age group 
without any development of resistance in the ALCL group 
[46]. In the relapse setting, it is being used as induction ther-
apy to achieve CR prior to transplant. Crizotinib is also being 
evaluated as first-line therapy in combination with the 
ALCL99 backbone by the Children Oncology Group 
(NCT01979536), and the EICNHL is also planning a trial to 
evaluate it as first-line therapy in combination with 
chemotherapy.

 Immunotherapies

Immunotherapies either harness natural immune responses 
to attack cancer cells (checkpoint inhibitors) or are manufac-
tured to elicit new immune responses (monoclonal antibod-
ies, T-cell engager antibodies or chimeric antigen receptor 
T-cells). These have transformed the landscape in many adult 
cancers, and their potential for similar impact in childhood 
cancer remains largely unexplored beyond acute leukaemia. 
A comprehensive overview of the topic can be found in the 
review by Majzner et al. [127].

 CheckPoint Inhibitors

The immune checkpoint regulatory proteins, cytotoxic T 
lymphocyte-associated 4 (CTLA-4) and programmed cell 
death protein 1 (PD-1), are receptors expressed on the sur-
face of cytotoxic T-cells that interact with their ligands clus-
ter of differentiation 80/86 (CD80/86) and programmed 
death ligand-1 (PDL-1), respectively, on antigen-presenting 
cells. They are crucial in the maintenance of self-tolerance 
and prevention against autoimmunity [128]. However, these 
mechanisms can be exploited by cancer cells. Overexpression 
of PDL-1 and CD80/86 on tumour cells can lead to T-cell 
exhaustion enabling cancer cells to evade T-cell-mediated 
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death [129, 130]. Inhibitors of CTLA-4, PD-1 and PDL-1 
have led to significant responses in a variety of adult cancers 
including melanoma, bladder carcinoma and non-small cell 
lung cancer [127]. In addition, checkpoint inhibitors have 
shown activity in heavily pretreated adults with R/R HL 
[131]. Autoimmune-like syndromes occur in a significant 
proportion of adults receiving checkpoint inhibitors, most 
commonly rashes and colitis but immune-related endocri-
nopathies, haematological and neurological toxicities have 
also been reported [132]. There is limited experience of 
checkpoint inhibitors in paediatric patients.

 CTLA4 Inhibitor: Ipilimumab

A Phase I study of Ipilimumab in 18 patients with R/R 
NHL (including three with DLBCL) showed that the drug 
was well tolerated. There were clinical responses in two 
patients (one with DLBCL) [133]. As a therapy following 
relapse from stem cell transplantation, single-agent 
Ipilimumab did not give any responses in the context on 
NHL [134]. However, combination with lenalidomide was 
well tolerated in another study, and there were some dura-
ble responses [63].

In the paediatric setting, there has only been one pub-
lished Phase I study of Ipilimumab in progressive solid 
tumours (including 12/33 patients with melanoma but no 
patients with NHL). No objective responses were seen [25]. 
There are several studies in adult patients with DLBCL using 
tremelimumab, another CTLA-4 inhibitor [135, 136], but no 
experience in paediatric patients or in lymphoma has been 
reported as of yet.

 PD-1 Inhibitors: Pembrolizumab 
and Nivolumab

Primary mediastinal large B-cell lymphoma (PMLBL) is a 
diffuse large B-cell lymphoma occurring in adults 
(females>males) but also in children. Relapse of this disease 
is difficult to cure, and there is an unmet clinical need in this 
area. In addition for children and adolescents, first-line ther-
apy has not yet been optimized [137]. PMLBL, like Hodgkin 
lymphoma, has frequent 9p24.1/PD-L1/PD-L2 mutations 
making checkpoint inhibitor therapy an attractive prospect. 
A recent report from an ongoing Phase Ib trial (NCT01953692) 
reported the result with the cohort of multiply relapsed 
PMLBL receiving pembrolizumab. A response was observed 
in 7 of 14 (41%) patients with 2 achieving CR [138]. A 
recently started Phase II trial of pembrolizumab in R/R grey- 
zone lymphoma (GZL), primary central nervous system 

lymphoma (PCNSL) and other extranodal DLBCL 
(NCT03255018) with a lower inclusion age of 14 years is 
due to complete in 2022.

NK/T-cell lymphoma has been shown to overexpress 
PDL-1, and serum PDL-1 levels have been associated with 
prognosis [139, 140]. In a pilot study of pembrolizumab in 
seven heavily pretreated refractory patients, five patients 
achieved a CR and the other two patients had a PR for an 
ORR of 100% [141]. In addition to NK/T-cell lymphoma, 
cutaneous T-cell lymphomas have also been shown to over-
express PDL-1 [142]. In a Phase II study, 24 patients with 
R/R mycosis fungoides and Sezary syndromes were treated 
with pembrolizumab monotherapy with an overall response 
rate of 38% (1 CR and 8PRs) [143].

A recent Phase Ib study of nivolumab in R/R haemato-
logical malignancy having a median of three prior therapies 
included 11 patients with DLBCL and 23 patients with R/R 
T-cell lymphoma. For the DLBCL cohort, an objective 
response rate of 36% was observed but the T-cell lymphoma 
cohort only had an overall response rate of 17% without any 
CRs [144].

The checkmate trials showed that the combination of 
nivolumab and ipilimumab is superior to nivolumab or ipili-
mumab as single agent in preclinical studies and solid tumour 
malignancies. The combination also showed efficacy in adults 
with lymphoma. ORR of 74%, 20% and 9% were reported in 
65 adults with Hodgkin lymphoma [62], B-cell lymphoma 
[15] and T-cell lymphoma [11], respectively [145].

There are a number of clinical trials of nivolumab alone or 
in combination open to children with NHL at the time of 
writing (NCT02304458, NCT02581631, NCT02419417, 
NCT02813135), but there are no trials of nivolumab or any 
other checkpoint inhibitor exclusively in paediatric NHL or 
specifically PMBCL.  The Children’s Oncology Group in 
cooperation with one of the adult cooperative groups is cur-
rently developing an upfront Phase II trial of pembrolizumab 
in combination with chemotherapy for paediatric and adult 
patients with newly diagnosed PMBCL.

 PDL-1 Inhibitors

There are several US Food and Drug Administration (FDA) 
and European Medicines Agency (EMA)-approved PDL-1 
inhibitors: atezolizumab for the treatment of metastatic 
non- small cell lung cancer, durvalumab for the treatment of 
bladder cancer and avelumab for the treatment of meta-
static Merkel cell carcinoma. As of yet, there is no paediat-
ric experience with any PDL-1 inhibitors, but there are 
ongoing studies in adults with haematological malignan-
cies [130].
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 Monoclonal Antibodies

 CD20: Rituximab and Other B-Cell Antibodies

In 1997, rituximab was approved by the FDA and in 1998 by 
the EMA for the treatment of R/R indolent lymphoma. Since 
then, rituximab has transformed the treatment of all adult 
B-NHL [146]. The study of rituximab in children with lym-
phoma would wait more than two decades for academic and 
pharmaceutical interests to coincide aided by changes in reg-
ulations mandating drug development in children. Pilot stud-
ies of rituximab in paediatric B-NHL demonstrated that it 
was possible to combine rituximab with existing chemother-
apy regimens and suggested improved survival [147–149]. A 
window study conducted by the Berlin–Frankfurt–Munster 
(BFM) group demonstrated a meaningful response rate to 
a single dose of rituximab given before standard chemo-
therapy [150]. This has paved the way for an ongoing ran-
domized study comparing standard chemotherapy with 
rituximab given either as a single dose or in repeated doses 
(NCT0320667). The recently completed Phase III interna-
tional trial of rituximab added to conventional therapy dem-
onstrated an almost 10% survival advantage for the group 
randomized to rituximab [3]. However, rituximab added to a 
prolonged infusional chemotherapy regimen (DA-EPOCH) 
reported to have outstanding activity in adult patients [151] 
but has not shown the same efficacy in paediatric and ado-
lescent patients in a recently completed international Phase 
II study [137].

Rituximab was the first-in-class anti-CD20 monoclonal 
antibody, and although its use in paediatric lymphoma has 
only now been confirmed, there are a number of other anti-
 CD20 antibodies that have yet to be investigated in paediatric 
lymphoma. Of these, obinutuzumab (GA101), a type II, gly-
coengineered, humanized anti-CD20 monoclonal antibody, 
has shown activity patients with rituximab-refractory 
DLBCL [152]. However, it has not shown superiority over 
rituximab when combined with CHOP in front-line therapy 
of DLBCL and is associated with increased toxicity [153]. 
Nonetheless, there is a current study of the safety of admin-
istering obinutuzumab as a single agent alone and in combi-
nation with ifosfamide, carboplatin and etoposide (ICE) 
chemotherapy to determine the response rate of this treat-
ment for children, adolescents and young adults (CAYA) 
with relapsed CD20 B-NHL (NCT02393157). There is no 
data relating to other anti-CD20 antibodies (ofatumumab, 
veltuzumab or ocrelizumab) in paediatric B-NHL, and it is 
unlikely that their utility will be investigated given the many 
other classes of novel agent available and the success of 
rituximab in front-line treatment of high-risk disease. A fur-
ther challenge is the advent of biosimilar anti-CD20 agents 

which are approved in US and Europe making paediatric 
development of proprietary anti-CD20 antibodies unattract-
ive to the pharmaceutical industry.

Antibodies directed against other targets relevant to pae-
diatric B-NHL such as CD22 (epratuzumab [154]) and 
CD79a (polatuzumab vedotin) have been shown to be effec-
tive in R/R adult DLBCL, but their role in paediatric disease 
remains investigated.

 CD38: Daratumumab

Daratumumab, a human immunoglobulin G1κ monoclo-
nal antibody against CD38, is FDA and EMA approved 
for the treatment of refractory multiple myeloma in com-
bination therapy. It is generally well tolerated [155]. 
Physiologically, CD38 is highly expressed on plasma 
cells and to a lesser degree on NK cells and subpopulation 
of B- and T-cells but it is also found in a variety of non-
haematopoietic tissues [156]. In patient-derived T-ALL 
mouse xenograft models, daratumumab showed efficacy 
in 14 out of 15 xenografts [45].

There is no clinical experience in lymphoblastic leukae-
mia/lymphoma yet, but an international Phase II study of 
daratumumab in addition to standard chemotherapy in 
 paediatric, adolescent and young adult patients with R/R T- 
or B-lymphoblastic leukaemia/lymphoma has started accrual 
(NCT03384654). There are also adult case reports of 
responses to daratumumab in primary effusion lymphoma 
and NK/T-cell lymphoma [157, 158].

 Bispecific T-cell Engager (BiTE) Antibodies

 Blinatumomab

Blinatumomab is a bispecific CD19-directed CD3 T-cell 
engager indicated for adult and paediatric precursor B-cell 
acute lymphoblastic leukaemia in first or second remission 
with minimal residual disease (MRD) greater than 0.1%. It is 
also indicated for relapsed and refractory acute lymphoblas-
tic leukaemia.

The adult Phase I study of Goebeler et al. [159] in relapsed 
and refractory NHL demonstrated no responses at a continu-
ous infusion rate of less than 15 mcg/m2/day over a 4–8- 
week period. There appeared to be a dose–response up to a 
maximum tolerated dose of 60 mcg/m2/day with neurologi-
cal toxicity being the dose-limiting toxicity. This was chosen 
as the target dose and among patients achieving this, there 
was a 55% ORR for patients with DLBCL with 4/11 patient 
obtaining CR/Cru. Single-agent blinatumomab therefore has 
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activity in adult patients with R/R DLBCL.  A subsequent 
Phase II study in 25 patients with R/R DLBCL confirmed an 
ORR of 43% in 21 evaluable patients with CR in 19% (4/21). 
The target dose in this study was at 112 mcg/day for at least 
1 week.

There have been no trials of blinatumomab in paediatric 
NHL to date. However, based on the promising data in adult 
DLBCL, investigation of this class of antibody is 
warranted.

 Immunoconjugates

 CD22: Inotuzumab Ozogamicin

More than 80–100% of adult (reviewed in [160]) and paedi-
atric [161] mature B-cell malignancies express CD22 on the 
cell surface. Inotuzumab ozogamicin is a humanized immu-
noglobulin G4 anti-CD22 antibody (G544) with the cyto-
toxic antibiotic calicheamicin connected by an acetyl 
butyrate linker. Internalization of CD22 allows for the hydro-
lysis of the acetyl butyrate linker with intracellular release of 
calicheamicin. Calicheamicin causes site-specific double- 
stranded DNA cleavage [162].

A Phase I study of single-agent inotuzumab ozogamicin 
given once every 3 or 4 weeks showed that the MTD was 
1.8 mg/m2 with thrombocytopenia being a major toxicity. Of 
the patients with relapsed DLBCL, the ORR was 15% [163]. 
In combination with rituximab, a further Phase I/II study 
showed a 74% ORR for relapsed (but not refractory) DLBCL 
with 50% CR [164]. Combination with R-CVP has been 
shown to result in a 57% ORR in R/R aggressive lymphoma 
(including 17 patients with DLBCL and four with MCL) 
[165]. The retrospective review of 34 heavily pretreated pae-
diatric patients with R/R ALL treated with 1–4  cycles of 
single-agent inotuzumab ozogamicin was presented at the 
American Society of Clinical Oncology in 2016 [27]. Of 29 
patients with >5% blasts in the bone marrow, 18 (68%) 
achieved a CR. Inotuzumab ozogamicin was well tolerated 
in this heavily pretreated patient population. No sinusoidal 
obstruction syndrome (SOS) was seen during inotuzumab 
ozogamicin; however, 8 out of 15 patient who received a hae-
matopoietic transplant post-Ino developed SOS.  To date, 
there are no data and no studies of inotuzumab in paediatric 
B-NHL.  The mechanism of action and responses in adult 
aggressive lymphoma suggest that this immunoconjugate is 
of interest for investigation in children.

 CD30: Brentuximab Vedotin

CD30 is a member of the tumour necrosis factor (TNF) 
receptor superfamily. Its physiologic expression is restricted 

to eosinophils and activated T- and B-lymphocytes but is 
highly expressed in HL and anaplastic large cell lymphoma 
(ALCL) and variably expressed in paediatric Burkitt lym-
phoma and DLBCL [166] making it an attractive drug target 
[167, 168]. SGN-30, a chimeric monoclonal anti-CD30 anti-
body, showed promising preclinical activity, but in a Phase II 
study in patients with R/R HL and ALCL, there were no 
objective responses in the HL cohort and only a 17% objec-
tive response rate in the ALCL cohort [169]. To improve 
activity, a conjugated antibody, brentuximab vedotin (BV), 
was developed. BV is conjugated to four monomethyl 
auristatin E molecules. Upon binding to CD30, the conju-
gated antibody is endocytosed, and the auristatin derivatives 
are released and act as microtubulin inhibitors. In a Phase I 
study in adult patients with r/r CD30-positive lymphomas, 
the maximum tolerated dose (MTD) was reached at 1.8 mg/
kg every 3 weeks, and objective responses were observed in 
50% of patients at that dose level [47]. It received EMA and 
FDA approval for R/R HL and ALCL based on two single- 
arm trials showing ORR of 73% and 86% for HL and ALCL, 
respectively [170, 171]. The ALCL trials included adoles-
cent patients above the age 14. Single-agent BV has also 
been explored in B-NHL. Objective responses of 44% were 
observed in a Phase II study of BV in adults with R/R 
DLBCL [172], but the ORR was only 13% without any CRs 
in a Phase II study in patients with R/R PMBCL [173]. BV 
has been used in combination with chemotherapy in adults 
with an acceptable toxicity profile with the exception of 
bleomycin or tubulin inhibitors because of overlapping tox-
icities [174–177].

The Children’s Oncology Group reported the results of 
Phase I/II study of BV in combination with gemcitabine 
showing an acceptable toxicity profile and a CR rate of 67% 
in paediatric patients with R/R HL [48]. This has led to BV 
being explored in front-line paediatric trials in HL and ALCL 
in the COG. The current COG front-line study ANHL12P1 
randomizes patients between brentuximab vedotin and crizo-
tinib on an ALCL-99 chemotherapy backbone 
(NCT01979536). Results have not been released as of the 
writing of this chapter.

 Cellular Therapy

 Chimeric Antigen Receptor (CAR)-Modified 
T-cells

CAR T-cells are engineered to confer on the resultant T-cells 
a new, predefined specificity. In effect, they combine the tar-
geting of a monoclonal antibody with the cellular immune 
cytotoxicity of a T-cell. The design and optimisation of CAR 
T-cells is beyond the scope of this chapter, but comprehen-
sive reviews have been published [178, 179]. Whilst for a 

A. Burke et al.

http://clinicaltrials.gov/show/NCT01979536


327

variety of human cancers CAR T-cells have provided new 
promise, they have also brought new toxicities and chal-
lenges. Among these, cytokine release syndrome and neuro-
toxicity are most significant (reviewed in [180]).

CAR T-cells directed against the surface molecule CD19 
have transformed the outlook for children and adults with 
relapsed or refractory acute B-lymphoblastic leukaemia. The 
recent report from a pivotal global Phase II trial of the 
Novartis product Tisagenlecleucel showed a response rate to 
a single infusion of cells of 81% at 3 months with all patients 
being negative for minimal residual disease by flow cytom-
etry. Acute toxicity was high grade but manageable. Cytokine 
release syndrome occurred in 77% patients and 48% of these 
received the anti-interleukin 6 receptor monoclonal antibody 
tocilizumab [181].

In NHL, CAR T-cells have shown activity across a range 
of B-cell lymphomas including DLBCL, and durable 
responses have been observed (the development of CAR 
T-cell therapy in adult NHL is comprehensively reviewed by 
Brudno and Kochenderfer [182]. CAR T-cell therapy is 
T-cell lymphomas is more complicated because selective 
antigens have to be found that are expressed on blasts but not 
normal T-cells. CAR T-cells against CD30 have been devel-
oped by several groups, and clinical trials are ongoing [182]. 
Preliminary results show responses in R/R HL and ALCL 
including brentuximab-resistant disease. In addition, CAR 
T-cells for CD37, surface antigens expressed in B-cell malig-
nancies and also some peripheral T-cell lymphomas, are in 
development, but there is no in vivo experience yet [77].

Table 26.3 shows current registered clinical trials of CAR 
T-cells that are open to patients with paediatric B-NHL.

 Epstein–Barr Virus-Specific T-cells

The production of Epstein–Barr virus (EBV)-specific cyto-
toxic T-lymphocytes (CTL) has become standardized to 
develop a GMP-grade product [183]. Donor-derived EBV- 
CTLs have been used prophylactically in hematopoietic stem 
cell transplantation (HSCT) recipients with EBV viremia or 
therapeutically in HSCT-related post-transplant lymphopro-
liferative disease (PTLD). PTLD expresses type III latency 
EBV antigens including LMP-1 and 2 and EBNA 1, 2 and 3 
making it a very immunogenic disease [184]. EBV-CTLs 
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 [183]. In solid organ transplant (SOT) 
recipients, PTLD usually arises from recipient cells; recipi-
ent and transplant organ are often not HLA matched; and 
donor-derived PBMCs are not available in cadaver trans-
plants to produce EBV-CTLs making donor-derived EBV- 
CTLs a poor choice [185]. Autologous EBV-CTLs have been 
used but production is complicated by the ongoing immuno-

suppression of the SOT recipients and leads to delays in 
treatment [183]. They have been used though in immuno-
competent HL and NHL patients. In immunocompetent 
hosts, EBV-positive lymphomas only express type II latency 
antigens making them less immunogenic, but this can poten-
tially be overcome by targeting LMP-1 and 2 [186]. Of 21 
heavily pretreated patients with R/R EBV-positive HL and 
NHL, 11 patients achieved a CR with another two patients 
having a PR with a 2-year EFS of 50% [186]. This cohort 
included five paediatric patients.

In addition, third-party EBV-CTLs cryobanks produced 
from healthy EBV seropositive donors and covering the most 
common HLA types are being developed to offer an ‘off-the- 
self’ product that is readily available [183, 187–190]. HLA 
matching at 1–2 loci between CTL product and recipient is 
sufficient as long as the EBV activity is transmitted through 
shared alleles. Banks of 30 donors with varied HLA types 
are sufficient to cover 80%–90% of the population [188, 191, 
192]. 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% [193]. Other groups 
have shown overall responses of 67%–80% [188, 189, 192]. 
The Children’s Oncology Group is currently conducting a 
Phase II trial using third-party EBV-CTL in paediatric 
patients with PTLD after SOT (NCT02900976).

 Tumour-Associated Antigen T-cells

There are several tumour-associated antigens (TAA) that are 
not widely expressed in healthy mature tissues including 
WT1, PRAME and surviving making them potentially attrac-
tive targets for cellular therapy [194]. Other potential targets 
include SSX2, MAGE-A4 and NY-ESO1. Preliminary 
results were presented by Leen et al. in 2015 and Williams 
et  al. in 2017 at the American Society of Hematology 
Meeting showing tolerability with <1% product-related side 
effects and clinical responses in 50–75% of patients [195, 
196]. Currently, open protocols for EBV-specific and TAA- 
cytotoxic T-cells are summarized in Table 26.4.

 Rational New Drug Development in Paediatric 
NHL

The preceding sections describe an array of new therapies 
available with several being investigated in paediatric 
NHL. As mentioned in the introduction, the current unmet 
clinical needs are for salvage therapy for relapsed and refrac-
tory B- and T-NHL and reduction of acute toxicity [197]. 
With many drugs and few patients, there is a need for rational 
coordinated approaches to novel drug development in 
NHL. Burkitt lymphoma is the major B-NHL in children with 
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DLBCL being less common making Burkitt lymphoma the 
predominant relapse disease also. Few of the drugs reviewed 
above have data in adult Burkitt, and there is very little pre-
clinical paediatric data. T-lymphoblastic lymphoma is the 
predominant T-NHL in childhood. Whilst there are new 
agents with biological rationale for further exploration, there 
is little clinical evidence of their efficacy yet. Mechanism of 
action, toxicity and ability to combine with other agents 
should be considered in the prioritization of drugs for investi-
gation. Relapse of Burkitt lymphoma is associated with very 

rapid death in non-responders to relapse therapy with median 
time to death of 2.5 months in the study of RICE reported by 
Griffin et al. [198]. Rapid progression and poor retrieval rates 
are similar in T-lymphoblastic lymphoma. The window of 
opportunity for salvage is therefore narrow, and new 
approaches should concentrate on those agents likely to result 
in rapid disease clearance. Global collaboration is likely to be 
required as relapses are rare. The ability to investigate more 
than one agent in an overarching platform study will be nec-
essary if many agents are not going to be left behind.

Table 26.3 CAR T trials relevant to paediatric B-NHL as at 13.4.18

NCT Number Conditions Interventions Sponsor/location
NCT02772198a Pre-B ALL, 

B-NHL
CD19 CART cells Sheba Medical Center, China

NCT01853631 NHL, CLL, ALL CD19 CART cells, Fludarabine, Cyclophosphamide Baylor College of Medicine, USA
NCT00586391 B NHL, CLL, 

ALL
CD19CAR-28-zeta T cells, lpilimumab Baylor College of Medicine, USA

NCT03391726 B-NHL CART-19 cells Fujian Medical University, China
NCT02813837 Pre-B ALL, 

B-NHL
CD19CART Innovative Cellular Therapeutics Co., Ltd., 

China
NCT03098355a Pre-B ALL, 

B-NHL
4SCAR19/22 T cells, Interleukin-2 Zhujiang Hospital| Shenzhen Geno- 

Immune Medical Institute, China
NCT03281551 Pre-B ALL, 

B-NHL
PZ01 CAR-T cells Pinze Lifetechnology Co. Ltd., China

NCT03448393a Pre-B ALL, 
B-NHL

CD19/CD22 CART-cells, Fludarabine, 
cyclophosphamide

National Cancer Institute (NCI), USA

NCT02737085 DLBCL CD19 CAR-T cells; anti-CD20 CAR-T cells Southwest Hospital, China
NCT02965092 Pre-B ALL, 

B-NHL
CD19 CAR-T cells Wuhan Sian Medical Technology Co., Ltd, 

China
NCT01626495 Pre-B ALL, 

B-NHL
CART-19a University of Pennsylvania, USA

NCT03118180 NHL CD19 CAR T cells Zhejiang University, China
NCT02963038 Pre-B ALL, 

B-NHL
CD19 CAR T cells Hebei Senlang Biotechnology Inc., Ltd., 

China
NCT02728882 NHL CD19 CAR-T cells Sinobioway Cell Therapy Co., Ltd., China
NCT03068416 Pre-B ALL, 

B-NHL
CD19 CAR T cells Uppsala University, Sweden

NCT02650414a Pre-B ALL, 
B-NHL

CD22 CART cell transduced with a lentiviral vector to 
express anti-CD22 scFV TCRz:41BB

University of Pennsylvania, USA

NCT03366350 Pre-B ALL, 
B-NHL

CD19 CAR-T cells Wuhan Sian Medical Technology Co., Ltd, 
China

NCT03366324 Pre-B ALL, 
B-NHL

CD19 CAR-T cells Wuhan Sian Medical Technology Co., Ltd, 
China

NCT03383952 Pre-B ALL, 
B-NHL

CD19 CAR-T cells Immune Cell, Inc.,, USA

NCT03398967 Pre-B ALL, 
B-NHL

Universal dual specificity CD19 and CD20 or CD22 
CAR-T cells

Chinese PLA General Hospital, China

NCT03166878 Pre-B ALL, 
B-NHL

UCART019 Chinese PLA General Hospital, China

NCT02050347 Pre-B ALL, 
B-NHL, CLL

CD19, CAR-CD28Z T cells Baylor College of Medicine, USA

NCT01593696a Pre-B ALL, 
B-NHL

CD19- CART cells National Cancer Institute (NCI), USA

NCT02431988 DLBCL CAR19 T-cells, fludarabine, cyclophosphamide University College, London, UK
NCT00840853 Pre-B ALL, 

B-NHL, CLL
CD19CAR/virus specific T cells Baylor College of Medicine, USA

aTrials with age of enrolment entirely paediatric or less than 40 years and therefore most likely to recruit paediatric patients
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 Introduction

The non-Hodgkin lymphomas (NHL) of childhood and ado-
lescence represent an intriguing group of malignancies. 
Characterized by some of the highest cure rates among all 
pediatric cancers in high-income countries, their typically 
excellent response to chemotherapy usually prevails over the 
often drastic and severe initial clinical presentations. There is 
still much to learn about the epidemiology of pediatric NHL 
in low- and middle-income countries (LMIC), as well as a 
critical need to develop treatment protocols adapted to local 
settings. Nonetheless, despite varying limitations in resources 
across LMIC, this group of malignancies represents an ideal 
focal point upon which advances in curative outcomes for 
pediatric oncology in LMIC may be achieved. This unique 
opportunity arises from a combination of factors including 
the relatively high incidence of NHL in children worldwide, 
their ability to be cured with chemotherapy alone (without a 
need for complex surgical resections or radiation therapy), as 
well as the relatively short duration of most treatment proto-
cols. Important challenges exist as well though, as the treat-
ment protocols delivering favorable curative outcomes in 
high-income countries are based on chemotherapy backbones 
that include multi-agent intensive chemotherapy regimens 
often consisting of high-dose methotrexate and at times, high-
dose cytarabine, requiring formidable provision of multidis-
ciplinary supportive care (Table 27.1). This chapter will focus 
on NHL in sub-Saharan Africa (SSA) and Central and South 

America as a representation of the nuances of the epidemiol-
ogy and management of pediatric NHL in LMIC.

 Epidemiology of Childhood and Adolescent 
NHL in LMIC

While the four most common pediatric NHL—Burkitt lym-
phoma (BL), lymphoblastic lymphoma, diffuse large B-cell 
lymphoma (DLBCL), and anaplastic large cell lymphoma 
(ALCL)—account for the vast majority of diagnoses world-
wide, the spectrum and distribution of disease can vary based 
on geography (Table 27.2) [1]. The most obvious of such dis-
tinctions is epitomized by the epidemiological variants of 
BL. Although sporadic BL is the most common NHL of child-
hood throughout the world, endemic BL occurs specifically in 
the malaria-endemic regions of Africa, where it is by far the 
most common childhood cancer overall [2–4]. On the other 
hand, a few rare NHL diagnoses appear to occur almost exclu-
sively in individuals of specific ethnic origins. For example, 
some Epstein–Barr virus (EBV)-associated lymphomas have 
a distinct predilection for individuals of Asian or indigenous 
Central and South American descent, including the systemic 
EBV-positive T-cell lymphoma of childhood, extranodal NK-/
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Table 27.1 Opportunities for and challenges against improving cura-
tive outcomes for childhood and adolescent NHL in LMIC

Opportunities Challenges
1.  Relatively high incidence of 

pediatric NHL in LMIC
2.  Excellent outcomes already 

established in high-income 
countries

3.  Short duration of most 
treatment protocols

4.  Complex surgical resections 
and radiation therapy not 
required

1.  Requirement of intensive 
multi-agent chemotherapy 
regimens

2.  Frequent use for high-dose 
methotrexate

3.  Requirement of 
comprehensive supportive 
care practices

NHL non-Hodgkin lymphoma, LMIC low- and middle-income 
countries
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T-cell lymphoma, nasal type, and hydroa vacciniforme-like 
lymphoproliferative disorder [5–7]. Additionally, although 
rarely occurring in children, adult T-cell leukemia/lymphoma 
occurs in regions with endemic human T-cell lymphotropic 
virus type 1 (HTLV-1) infection including Japan and other 
countries in East Asia, the Caribbean islands, Central and 
South America, and central and southern Africa [8]. And while 
data have yet to be established, one may hypothesize that there 
is a greater incidence of human herpesvirus-8 (HHV-8)-
associated lymphomas/lymphoproliferative disorders in cen-
tral and eastern Africa, the region of the world with the highest 
prevalence of HHV-8 infection [9].

Furthermore, in the face of the HIV epidemic, the inci-
dence of NHL will continue to evolve in SSA, with reports 
suggesting varying effects on overall disease burden as high 
as a 13-fold increase in adult NHL incidence in certain coun-
tries [10]. A comparison of international cancer registry 
databases revealed that SSA has the highest rates of NHL 
incidence in the world, while it is estimated that approxi-
mately 90% of all childhood and adolescent NHL occur in 
LMIC [1, 11]. This disproportionate disease burden high-
lights the importance of developing an improved understand-
ing of NHL trends worldwide and working together as a 
global community to achieve improved curative outcomes 
for children and adolescents with lymphoma throughout the 
world, no matter how poor the country they live in.

 Childhood and Adolescent NHL in  
Sub- Saharan Africa

The stark disparity in outcomes for childhood cancer 
between high- and low-income countries is well encapsu-
lated by the story of Burkitt lymphoma (BL). Originally 

identified by Denis Burkitt and colleagues in the 1960s in 
Uganda, it was eventually realized that BL was the most 
common childhood NHL worldwide [12]. Due to its overall 
predominance as the most common childhood cancer in the 
region, the unmistakably unique and eye-catching clinical 
presentation with a rapidly enlarging jaw mass, as well as 
the incredible aura of history that surrounds it, endemic BL 
has almost become synonymous with NHL in equatorial 
Africa. This misconception unfortunately leads to both clin-
ical- and pathology- based diagnostic bias to label patients 
as having BL even in atypical scenarios [13, 14]. Data from 
the International Network for Cancer Treatment and 
Research (INCTR) showed that BL accounted for 82% of 
all NHL in a multicenter study across SSA, and due to limi-
tations in pathological diagnosis, other forms of NHL are 
significantly under-reported as their true incidence in Africa 
remains unknown [15]. Severe limitations exist in pathology 
laboratory resources—including lack of immunohistochem-
ical stains, flow cytometry, and cytogenetic analyses, result-
ing in an over-reliance on morphology-based diagnoses 
from biopsy and fine needle aspirate samples [16]. Knowing 
the well-documented overlap in the morphological appear-
ance of BL and the other common NHL of childhood, it is 
understandable that without the ability to identify the char-
acteristic disease translocations, for example, clinicopatho-
logic bias could easily produce errors of overcalling 
diagnoses of BL.

 Endemic Burkitt Lymphoma in Sub-Saharan 
Africa

Endemic BL occurs in equatorial Africa as well as in Papua 
New Guinea [2–4]. Distribution of the disease corresponds 
to areas of holoendemic malaria infection and early acquisi-
tion of EBV infection [3, 4, 17]. This distinct geographic 
distribution informed the categorization of “endemic BL.” 
More than 90% of BL in SSA is also associated with EBV 
infection [18]. This is in contrast to sporadic BL which is 
present in the rest of the world, including the non-malarial 
regions of SSA, where the association with EBV is typically 
20–30% [19]. Estimates indicate that the incidence of 
endemic BL is approximately 30–60 per million children in 
equatorial Africa [3]. Children living in areas with high inci-
dence of endemic BL acquire primary EBV infection at a 
much younger age (often before 3 years of age) [20]. It is 
hypothesized that younger age at time of acquisition of infec-
tion (resulting in poor control of viral infection) and co- 
infection with malaria are associated with higher frequencies 
of EBV reactivation and prolonged episodes of viremia [18, 21, 
22]. EBV was in fact discovered in BL tumor samples from 
Ugandan children in collaborative work between Denis Burkitt 
and Anthony Epstein and is well known to be associated with 

Table 27.2 Distinct geographical associations of childhood and ado-
lescent NHL in LMIC

Geographical region Lymphoma Infectious links
Equatorial Africa Endemic Burkitt 

lymphoma
Epstein–Barr 
virus, malaria

Central and South 
America plus East 
Asia

Systemic EBV-positive 
T-cell lymphoma of 
childhood

Epstein–Barr 
virus

Hydroa vacciniforme- 
like lymphoproliferative 
disorder
Extranodal NK-/T-cell 
lymphoma, nasal type

East Asia, Caribbean 
Islands, Central and 
South America, 
Central/Southern 
Africa

Adult T-cell leukemia/
lymphoma

Human T-cell 
lymphotropic 
virus type 1

NHL non-Hodgkin lymphoma, LMIC low- and middle-income coun-
tries, EBV Epstein–Barr virus
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several malignancies with an array of established and postu-
lated oncogenic mechanisms [5, 23, 24].

HIV, like EBV, has been implicated in different malignan-
cies. Unlike in other parts of the world, the role of HIV infec-
tion in BL in SSA remains unclear, and similar frequencies 
have been reported in both HIV-infected and non-infected 
children [3, 16]. However, a higher incidence of non-BL 
NHL, predominantly DLBCL, has been reported in children 
who are HIV-positive [25, 26].

 Pathology of Endemic Burkitt Lymphoma
The hallmark of BL is the occurrence of a translocation 
between the c-myc oncogene on chromosome 8, and the 
enhancer regions of immunoglobulin (Ig) genes on chromo-
somes 14, 2, or 22. A unique biological distinction between 
endemic and sporadic BL lies in the patterns of chromosomal 
breakpoint locations, with the vast majority of endemic cases 
and only a small subset of sporadic cases exhibiting a break-
point outside of the HindIII fragment that encompasses the 
c-myc gene [27]. Other biological distinctions between 
endemic and sporadic disease have also been explored via 
genomic and proteomic analyses [28–33]. The general path-
ological characteristics of BL are described in detail in previ-
ous chapters on mature B-cell lymphomas.

Although the associations between EBV, malaria, and BL 
have been long established, their role in the pathogenesis of 
the disease, and specifically how these infections are linked to 
the deregulation of C-MYC, is not well defined. However, 
newer insights suggest that P. falciparum infection induces the 
expression of activation-induced cytidine deaminase (AID)—a 
DNA-mutating enzyme, mainly expressed in the germinal 
center of B cells where it is involved in somatic hypermutation 
and class-switch recombination, both of which are important 
steps in the generation of antibodies against pathogens [34]. 
The overexpression of this enzyme can increase the risk of 
leukemias and lymphomas and has been shown to induce 
c-myc/Ig gene translocations in BL mouse models [35–37].

This aberrant expression of AID alone does not explain 
the pathogenesis of BL since deregulation of C-MYC in 
B-cells also alters apoptotic pathways. It has been proposed 
that EBV-infected B-cells are able to inhibit apoptosis of 
cells with c-myc/Ig gene translocations through their expres-
sion of latency phase proteins. Although the precise factors 
underlying EBV-driven oncogenesis in BL are still unclear, it 
is typically thought that through disruption of apoptotic 
pathways, EBV antigens indirectly enable proliferation of 
lymphocytes that have undergone c-myc translocation and 
malignant transformation [38–44]. Furthermore, malaria 
infection increases the number of B-cells infected with latent 
EBV through viral reactivation and increased viral load, a 
decrease in EBV-specific cytotoxic T-cell response, and 
induction of c-myc translocation through overexpression of 
AID [45–47].

 Clinical Presentation of Endemic Burkitt 
Lymphoma
Although the classic description of children with endemic 
BL typically portrays rapidly progressing jaw masses, 
abdominal masses are an equally important and common 
clinical presentation in equatorial Africa [16, 48–50]. Jaw 
masses can cause mass effect, distorting the oral gingiva and 
displacing the associated teeth, creating the appearance of 
“floating teeth” within the oral cavity. A significant number 
of patients present with both facial and abdominal masses 
[16, 50, 51]. Abdominal masses can arise from any intra- 
abdominal organ including retroperitoneal nodes, ovaries, 
intestines, kidneys, and liver. Central nervous system 
involvement is not infrequent, and up to 20% of patients with 
BL may present with sudden-onset paraplegia [52, 53]. Peak 
incidence occurs at 6 years of age, and there is a male-to- 
female ratio of 2:1 [17].

Sporadic BL in SSA is seen outside the lymphoma belt of 
Africa (which consists predominantly of east, west, and cen-
tral Africa) and is often associated with relatively older age 
at presentation, abdominal masses in the absence of jaw 
masses, and a higher propensity for bone marrow involve-
ment [19, 25]. Abdominal mass is the predominant presenta-
tion for sporadic BL, followed by lymphadenopathy, while 
jaw involvement is uncommon [54]. Patients can present 
with severe abdominal pain and small bowel obstruction 
from intussusception secondary to involvement of the ileoce-
cal valve. Bone marrow involvement has been reported in up 
to 25% of children with sporadic BL in South Africa—
including patients presenting with extensive marrow disease 
with >25% involvement [25]. Less common sites of presen-
tation of BL include the mediastinum, heart, appendix, testis, 
breasts, and thyroid glands [17].

 Diagnosis of Endemic Burkitt Lymphoma
The presence of a facial mass alone is not sufficient to diag-
nose BL. Although jaw masses are often associated with BL, 
other malignancies in childhood including rhabdomyosar-
coma can mimic this presentation. Ideally, the diagnosis of 
BL requires confirmation by morphological and cytogenetic 
methods to document the c-myc/Ig gene translocations. 
Unfortunately, diagnostic resources are lacking in most cen-
ters in SSA, and this imparts significant restrictions on the 
ability to accurately diagnose BL in these regions [16]. In the 
absence of pathology resources, a reasonable approach has 
been to empirically initiate chemotherapy in a patient with a 
rapidly growing jaw mass (duration of presentation is almost 
never more than 2 months); because BL is typically extremely 
sensitive to chemotherapy, a brisk response to chemotherapy 
may reaffirm a clinical diagnosis; however, this is not always 
accurate and other diagnoses may be missed.

In cases where clinical suspicion is accompanied by cyto-
logical examination through fine needle aspiration (FNA), 
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restraints on diagnostic accuracy still exist. Diagnostic eval-
uation via FNA does not provide sufficient tissue for confir-
mation with immunohistochemical stains, and therefore 
relies entirely on evaluation of cell morphology. This con-
trasts with centers in higher income countries where exci-
sional biopsies or imaging-guided core needle biopsies are 
favored, and morphological diagnosis is confirmed with an 
array of tests including immunohistochemistry, flow cytom-
etry, and cytogenetic and molecular analyses [55]. A major 
limitation to FNA-based cytological diagnoses is that a vari-
ety of pediatric solid tumors may mimic the appearance of 
BL with numerous sheets of small–intermediate-sized round 
blue cells on cytology. Furthermore, there is a striking simi-
larity in the morphological appearance of BL and other non-
 BL NHL including DLBCL and lymphoblastic lymphoma 
[16]. The latter requires a different treatment intensity and 
duration from BL and DLBCL, and outcomes are poor with-
out appropriate therapy [56, 57].

The standard staging approach applied to BL is the St. 
Jude pediatric NHL staging system [58]. This staging workup 
should include a bone marrow and cerebrospinal fluid evalu-
ation. Their results inform decisions to intensify the treat-
ment regimen for patients with advanced-stage disease in 
higher income countries, as higher doses of methotrexate as 
well as high-dose cytarabine are incorporated into treatment 
regimens for patients with CNS involvement and/or >25% 
involvement of the bone marrow. Standard diagnostic imag-
ing in high-income countries is based on computed tomogra-
phy (CT) to define areas of disease involvement according to 

the St. Jude staging system. Other radiology modalities such 
as abdominal ultrasonography, magnetic resonance imaging, 
and positron emission tomography may also be utilized, but 
CT imaging is the current gold standard.

 Management of Endemic Burkitt Lymphoma
Several iterations of studies ranging from single agent to 
multidrug combinations have been trialed for endemic BL in 
SSA. These are summarized in Table 27.3. The over-arching 
conclusions from these efforts are that while single-agent 
chemotherapy may be an ineffective treatment approach, the 
application of contemporary multi-agent intensive regimens 
similar to what is used in high-income countries is met with 
remarkably high rates of treatment-related toxicity and even 
mortality. These experiences are discussed in more detail 
below and please note that the majority of the contemporary 
publications utilized intrathecal chemotherapy in conjunc-
tion with the systemic chemotherapy regimens described.

Cyclophosphamide Monotherapy
Following the initial descriptions of BL by Denis Burkitt 
over 50 years ago, survival after single-agent cyclophospha-
mide had been documented in several reports [59, 60]. Based 
on multiple studies in a variety of countries, survival out-
comes with cyclophosphamide monotherapy have been 
reported to range from 30% to 50%, with the higher survival 
rates occurring in cohorts with a greater proportion of 
patients with limited-stage I/II disease [59–65]. These results 
are strikingly inferior to contemporary cure rates in high- 

Table 27.3 Outcomes of childhood and adolescent Burkitt lymphoma treatment regimens in Sub-Saharan Africa

Location(s) Years Sample size, n % HIV+ Survival analysis Cohort survival

Survival by stage

TRMI I I I I I I V
Cyclophosphamide monotherapy regimens
Uganda 1967–1970 57 NA OS 30% 67% 24% 0% 18%
Ghana 1968–1972 110 NA 2-year OS 44% 44% 48% 31% 20% NR
Malawi 1991–1997 73 NR OS 55% 64% 33% NR
GFAOP 6 2005–2008 178 2% 1-year EFS 33% 44% 49% 30% 16% 8%
Cameroon 2006–2008 95 NR 1-year EFS 35% 44% 33% 7%
Cameroon 2008–2009 129 2% 1-year EFS 61% 100% 85% 60% 27% 9%
Cyclophosphamide, vincristine, ± low-dose methotrexate regimens
Uganda 1985–2005 1217 4% NR Mortality risk: stage III/IV HR 4.04, facial tumor 

only HR 0.33
NR

INCTR 2004–2009 356 5% 1-year EFS/OS 54/67% Not provided 13%
Malawi 2010–2012 70 3% 1-year EFS 48% 100% 83% 24% 32% 3%
Cyclophosphamide-based regimens plus anthracyclines
Kenya 2003–2011 428 1% 1-year EFS 31% Not provided NR
Malawi 2011–2013 74 4% 18-month OS 29% 49% 26% 8%
Malawi 2012–2014 58 6% 1-year DFS 69% 100% 56% 66% 12%
Malawi 2013–2015 73 3% 18-month OS 29% 51% 28% 17% 16%
Regimens containing high-dose methotrexate
Malawi 2000–2002 42 2% 1-year EFS 33% 50% 50% 24% 25% 33%
GFAOP 3 2001–2004 187 <1% 3-year OS 56% 64% 52% 36% 21%
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income countries that exceed 90% [66]. These data have 
repeatedly shown that the patients most likely to achieve 
cure with cyclophosphamide-only chemotherapy regimens 
are those with stage I/II disease limited to the jaw, and this 
regimen does not sufficiently induce prolonged disease 
remission in patients with more advanced-stage disease, 
which, depending on the cohort, can account for the majority 
of all patients [49].

Cyclophosphamide, Vincristine, and Low-Dose 
Methotrexate (COm)
Building upon the experience with single-agent cyclophos-
phamide, the addition of vincristine and low-dose metho-
trexate (COm) failed to result in any significant improvement 
for patients with advanced-stage disease [49]. A multicenter 
study reported by the INCTR with a regimen combining 
cyclophosphamide, vincristine, and low-dose (75  mg/m2) 
methotrexate resulted in a 1-year event-free survival (EFS) 
of 54%, with a 1-year overall survival (OS) of 67% [67]. A 
second-line chemotherapy regimen (including ifosfamide, 
etoposide, and cytarabine) was built in for those that failed 
COm, which is reflective of the OS in that study. Additionally, 
it was limited by inconsistencies in duration of follow-up 
reported, creating uncertainty regarding the durability of the 
treatment response and whether the outcomes reported rep-
resented short-term response versus long-term remission. 
Similarly, a different study combining vincristine with the 
cyclophosphamide backbone in Blantyre, Malawi, demon-
strated a 1-year EFS of 48%. Patients with stage III and IV 
disease experienced EFS of 24% and 32%, respectively [53].

Combination Chemotherapy with Cyclophosphamide 
plus Anthracyclines
Subsequent attempts to intensify cyclophosphamide mono-
therapy with the addition of anthracyclines (i.e., with CHOP 
and CHOP-like regimens containing cyclophosphamide, 
doxorubicin, vincristine, and prednisone) have not also 
yielded significant improvements in survival outcomes [16, 
51, 68, 69]. Results from a study in Blantyre, Malawi, 
reported a 66% 2-year disease-free survival (DFS) using a 
28-day regimen that added two doses of doxorubicin to the 
backbone chemotherapy regimen containing cyclophospha-
mide, vincristine, and prednisone [69]. However, the results 
may have been limited by selection bias, as a significant pro-
portion of patients who died before initiation of treatment 
were excluded from the analysis. Furthermore, these out-
comes have not been reproduced in other experiences in the 
region, including a prospective study of six cycles of CHOP 
in neighboring Lilongwe, Malawi, which reported an 
18-month OS of 29% [51]. A larger retrospective cohort of 
428 children in Kenya analyzed a regimen similar to that 
used in Blantyre, except it additionally continued with 
24 months of maintenance chemotherapy consisting of low- 

dose cyclophosphamide and vincristine given monthly [68]. 
One-year EFS in the Kenyan cohort was 31%. The treatment- 
related mortality (TRM) of these regimens including anthra-
cyclines was generally higher than the cyclophosphamide 
monotherapy regimens, ranging from 8% to 22%. This, how-
ever, was not high enough to explain the suboptimal out-
comes. In a retrospective cohort reported in Lilongwe 
utilizing CHOP for patients with stage III/IV disease, the 
TRM was 8%, but the 18-month OS was only 29% [16]. 
Ultimately, many patients are dying from systemic disease 
relapse despite the various strategies to intensify the cyclo-
phosphamide chemotherapy backbone [70].

Regimens with High-Dose Methotrexate
The Groupe Franco-Africain d’Oncologie Pédiatrique 
(GFAOP), a collaboration between Francophone countries in 
North and West Africa, has attempted incorporating high- 
dose methotrexate into their BL treatment protocols. The 
GFAOP experience with high-dose methotrexate (3000 mg/
m2) in combination with cyclophosphamide, vincristine, and 
prednisone resulted in a 3-year OS of 61%, broken down by 
a 3-year OS of 56% in the combined cohorts from Cameroon, 
Madagascar, and Senegal and a 3-year OS of 75% in the 
combined cohorts from Morocco, Algeria, and Tunisia [71]. 
This study was initially characterized by high TRM rates; 
however, through improvements in supportive care, the 
group demonstrated improved safety outcomes and decreased 
toxic deaths with each year of the study (TRM first year 
26%, second year 19%, and third year 12%). The improve-
ment in supportive care measures resulted in an increase in 
OS from 54% in the first year to 73% in the third year [71]. 
As their experience with high-dose methotrexate matures, it 
may very well set the standard of care for optimizing the 
chemotherapeutic approach for BL in low-income sites in 
Africa. The feasibility of delivering high-dose methotrexate 
(at doses of even 1000  mg/m2 and above) in low-resource 
settings is challenged by limitations to provide optimal sup-
portive care including hyperhydration with intravenous flu-
ids, bicarbonate-based oral or intravenous supplementation, 
capacity to obtain timely and frequent assessments of renal 
function, and limitations in being able to appropriately moni-
tor drug levels and the trajectory of methotrexate clearance. 
These challenges were underscored by the discouraging 
experience incorporating high-dose methotrexate at 
2000  mg/m2 in Blantyre, Malawi, where an exceptionally 
high TRM of 33% resulted in suboptimal survival outcomes 
with a 33% 1-year EFS [72].

Rituximab for NHL in LMIC
The Intergroup Study for Children and Adolescents with 
mature B-cell NHL (B-NHL), a cooperative study between 
centers in Europe and North America, randomized high-risk 
B-NHL patients (including BL) to the standard French–
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American–British/Lymphomes Malins B (FAB/LMB) back-
bone regimen with or without the anti-CD20 monoclonal 
antibody rituximab. Interim analysis demonstrated a 1-year 
EFS of 94.2% in the rituximab arm versus 81.5% in the con-
trol arm, prompting the study to be halted prematurely 
(investigator letter issued by the Children’s Oncology Group 
and Gustave Roussy, November 2015). Following this obser-
vation, rituximab in addition to FAB/LMB or Berlin–
Frankfurt–Münster (BFM) backbone chemotherapy is now 
standard of care for patients with BL in high-income coun-
tries. These results reaffirm the published pilot study that 
initially described the combination of rituximab with combi-
nation chemotherapy [73]. Thus, incorporation of rituximab 
in combination with chemotherapy regimens may represent 
an exciting treatment option for B-NHL in LMIC.

It should be noted, though, that rituximab as a single 
agent may not be likely to provide adequate therapy for BL 
in Africa. Based on the BFM experience delivering a 5-day 
rituximab-only window phase to newly diagnosed children 
and adolescents with mature B-NHL (subsequently followed 
by treatment with the standard BFM regimen), the overall 
response rate to rituximab was 41% [74]. Broken down fur-
ther, patients with BL had a 40% response rate compared to 
47% for DLBCL, while those with solid tumor lesions had a 
response rate of 33% compared to 67% for those with bone 
marrow involvement. Of those patients with a disease 
response evaluated by a solid lymphoma lesion, only one 
achieved a complete remission with rituximab [74]. These 
data suggest that the optimal role for rituximab in LMIC 
would potentially be in combination with multi-agent che-
motherapy, ideally enabling dose reductions of cytotoxic 
agents to render it more feasible to provide the necessary 
supportive care.

Critical Role for Adequate Supportive Care
The observations above buttress the crucial impact that the 
availability of adequate supportive services plays in defining 
outcomes of childhood cancer patients in LMIC.  It would 
appear that the first step toward improving outcomes in chil-
dren with NHL and childhood cancer in general in low- 
resource settings should focus on capacity building and 
establishment of adequate supportive services, e.g., improved 
nursing care and pharmacy services, pathology laboratories, 
blood bank services, nutritional support, and subspecialty 
support in the form of critical care, palliative care, and surgi-
cal expertise among others. Without these basic fundamental 
pillars of support, it is challenging to build the complex para-
digms that contemporary treatment protocols from high- 
income countries require to optimize curative outcomes.

Reconciling Discrepancies in Outcome Data
A seemingly disparate range of survival outcomes has been 
reported for similar regimens throughout the region; how-

ever, the overall trend across studies illustrates the challenges 
in curing patients with advanced-stage disease amid the 
resource limitations in SSA (Table 27.3). Theories that may 
explain such heterogeneous outcomes include selection bias 
and variation in staging techniques leading to potentially 
over-staging patients. While the St. Jude staging system for 
pediatric NHL is based on CT imaging, abdominal ultraso-
nography is commonly utilized to determine stage in African 
centers [58]. Pitfalls in using abdominal ultrasound to “up- 
stage” patients without evidence of abdominal mass on phys-
ical exam are illustrated by a study from Cameroon, in which 
patients rendered stage III by virtue of abdominal involve-
ment identified solely on ultrasound had a 1-year EFS of 
64%, contrasting with the 23% EFS for patients defined as 
stage III by clinical evidence of abdominal involvement [65]. 
This dramatic difference suggests that there are significant 
limitations in the use of ultrasonography to define advanced- 
stage disease presentations.

 Non-Burkitt NHL in Sub-Saharan Africa

The spectrum of other childhood and adolescent NHL in 
SSA is not well described. As descriptions of endemic BL 
dominate the published literature, there is a paucity of pub-
lished information describing pathological and clinical 
characteristics of other NHL as well as overall treatment 
outcomes. As previously discussed, clinician and patholo-
gist bias may very well be a major contributing factor to the 
predominance of BL in the epidemiology of NHL in equa-
torial Africa. A collaborative study between pathologists 
from the Netherlands and Uganda revealed that although 
the diagnoses rendered by Ugandan pathologists often 
agreed with clinical diagnoses, confirmatory pathology 
analyses performed in the Netherlands (with access to 
expanded pathology laboratory resources) conflicted in the 
majority of cases [13]. Ultimately, it is clear that improve-
ments in pathology laboratory resources are a minimum 
requirement to strengthen the integrity of lymphoma diag-
noses in SSA [75]. Starting with a basic spectrum of immu-
nohistochemical stains would provide a critical first step in 
determining hematological malignancies versus solid 
tumors and help to differentiate between mature B-NHL 
(i.e., BL and DLBCL), T-cell lymphoblastic lymphoma, 
and Hodgkin lymphoma. Additionally, cytogenetic analy-
ses for karyotype or even fluorescent in situ hybridization 
for the c-myc/Ig gene translocation would have a critical 
impact on strengthening the accuracy of BL diagnoses. 
Flow cytometry technology would also improve diagnostic 
accuracy. As fundamental changes occur in strengthening 
pathology-based resources and expertise in SSA, so will 
improvements in understanding the true spectrum of dis-
ease pathology.
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The experience in Lilongwe, Malawi with childhood 
and adolescent lymphoma describes the diagnostic and 
therapeutic challenges for patients with NHL [16]. In a 
cohort of 114 pediatric lymphomas, 65% were BL, 15% 
lymphoblastic lymphoma, 11% DLBCL, and 18% Hodgkin 
lymphoma. Access to pathology resources increased over 
the study period and pathology confirmation of the diagno-
ses increased from 29% of cases to 60%. This, however, did 
not have much practical impact on the distribution of lym-
phoma diagnoses, except for enabling an increase in the 
proportion of DLBCL diagnoses (from 2% to 10%) [16]. 
Those patients in the latter period of the study with pathol-
ogy-confirmed diagnoses of DLBCL were previously being 
labeled as BL on clinical grounds. Ultimately, the most 
critical differentiation though is between mature B-NHL 
and lymphoblastic lymphoma, as the therapeutic approach 
differs dramatically. In a region where the treatment out-
comes for children with acute lymphoblastic leukemia are 
still dismal, it is logical that patients with lymphoblastic 
lymphoma experienced unfavorable outcomes while receiv-
ing CHOP-based chemotherapy. Tellingly, the 18-month 
OS for mature B-NHL was 33%, while for lymphoblastic 
lymphoma there were no survivors, and 92% of those with 
lymphoblastic disease died from the underlying malig-
nancy [16]. In addition to improving the diagnostic capac-
ity for childhood NHL in the region, continued work to 
develop disease-specific and risk-stratified treatment proto-
cols for the various NHL diagnoses is paramount to improve 
overall survival.

The ultimate impact of HIV on non-Burkitt NHL in SSA 
remains to be seen [76]. Data from South Africa and Malawi 
have demonstrated that there appears to be an increase in 
pediatric non-Burkitt NHL diagnoses in the HIV epidemic 
era, with DLBCL being the disease singled out as increas-
ing in incidence [25, 26]. However, an important question 
focuses on the impact of HIV on HHV-8 associated hema-
tological malignancies, especially in eastern and central 
Africa, regions that are of specific interest because they 
carry the world’s highest rates of HHV-8 prevalence [9, 
77]. Kaposi sarcoma (KS), the most common HHV-8-
associated malignancy, is by far the most common HIV-
associated malignancy in children and adults in SSA, 
accounting for ~90% of all HIV-associated cancers in chil-
dren in eastern and central Africa [78, 79]. Considering the 
consequence of high prevalence of both HHV-8 and HIV on 
the incidence of KS in children in the region, one may 
hypothesize that other HHV- 8- associated malignancies 
also occur. The most common HHV-8-associated lympho-
mas/lymphoproliferative disorders include multicentric 
Castleman disease, primary effusion lymphoma, and plas-
mablastic lymphoma [80]. As improvements in pathology 
laboratory infrastructure in Malawi have progressed, a 
small cohort of adults with HIV- associated multicentric 

Castleman disease has been discovered [81]. These find-
ings suggest that HHV-8-associated hematological malig-
nancies may be identified in the pediatric population as 
well.

 Childhood and Adolescent NHL in Central 
and South America

Although a common linguistic and historical backdrop uni-
fies many of the countries in Central and South America, the 
region is heterogeneous in many aspects and the countries 
within it range from lower middle-income to high-income 
levels according to the World Bank classification. The 
majority of countries in Central and South America are cat-
egorized as middle-income and therefore do not encounter 
the same severe limitations experienced in SSA currently. 
The medical infrastructure across the region is generally 
more developed than that established in SSA, and clinical 
treatment programs for childhood cancer have been initiated 
much earlier [82]. However, the challenges inherent to treat-
ing populations living in extreme poverty are similarly 
encountered in both Central and South America as well as 
SSA, and although the limitations in societal and medical 
resources may not be as drastic, they certainly represent sig-
nificant obstacles to achieving the curative outcomes cur-
rently reported in the United States and Western Europe 
[82]. The detrimental impact of malnutrition on the treat-
ment of childhood cancer, for example, has been described 
in a report from Nicaragua [83].

The incidence of childhood and adolescent NHL in 
Central and South America, although not as high as the 
rates in SSA, is generally higher than rates reported from 
the United States and Europe [11]. Epidemiological data 
from Central America reports that NHL is among the top-
five most common childhood malignancies [82]. Although 
data describing the precise breakdown of pediatric NHL 
histologies in Central and South America are lacking, 
reports on NHL in adults from the region demonstrate a 
similar distribution in comparison with North America 
[84]. The exceptionally high frequency of extranodal NK/T-
cell lymphoma, nasal type (ENKTL), is distinctive and, in 
a global comparison, renders the frequencies of NHL sub-
types more similar to that seen in Asia [84, 85]. Other 
unique features of NHL in Central and South America 
include high rates of chronic active EBV, EBV-associated 
lymphomas, and lymphoproliferative disorders, as well as 
an intermediate rate of EBV involvement in BL (Table 27.2) 
[86–90]. This section of the chapter will focus on these 
unique disease entities that comprise childhood and adoles-
cent NHL in Central and South America as well as feature 
some of the reported treatment outcomes for pediatric NHL 
in general.
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 EBV-Associated Lymphomas in Central 
and South America

As discussed in the section on endemic BL in SSA, the role 
of EBV is critical to enabling lymphomagenesis and one that 
has been extensively explored. One way in which EBV infec-
tion in LMIC contrasts with high-income settings is the age 
at which primary infection occurs. Data from Argentina 
reveal that nearly 70% of children have experienced primary 
EBV infection by the age of 2  years, and >80% by age 6 
[91]. This contrasts with data from the United States, with an 
EBV prevalence of only 50% among children between the 
ages of 6 and 8 years [92]. Although the predominance of 
endemic BL and its consistent association with EBV in SSA 
often overshadow the experience in other regions of the 
world, it is important to point out the distinct role of EBV in 
a wide variety of childhood lymphomas in Central and South 
America, including BL. Based on the significant association 
between EBV and younger children (<10 years of age) with 
lymphoma, it has been hypothesized that the early age of 
EBV seroconversion may drive the unique characteristics of 
EBV-associated NHL in the Central and South America [91].

 EBV-Associated Burkitt Lymphoma
Although virtually all cases of endemic BL in SSA are asso-
ciated with EBV, this association has been reported to be as 
low as 13% in the United States [93]. In Central and South 
America, it appears that the association with EBV and BL is 
at an intermediate level between these two extremes. Data 
from Brazil revealed that 72–87% of pediatric BL and 53% 
of combined pediatric and adult BL were found to be EBV 
positive [94–97]. However, a report from Argentina demon-
strated EBV expression in only 37% of pediatric BL cases 
[98]. Of interest, EBV sequencing profiles from BL tumor 
specimens comparing patients from Ghana, Brazil, and 
Argentina documented shared novel nucleotide-base changes 
in the latent membrane protein-1 promoter and gene across 
all regions [99]. Ultimately, although it appears that epide-
miological variation exists across geographical regions in the 
world, there may be some common biological aspects to 
EBV viral oncogenesis in pediatric BL in LMIC.

 EBV-Associated T- and NK-cell Lymphomas
Perhaps the most distinctive feature of childhood and adoles-
cent NHL in Central and South America is the disproportion-
ately high occurrence of rare EBV-associated T- and NK-cell 
lymphomas, a pattern similarly observed in East Asia as well 
[5]. The three specific EBV-associated malignancies include 
hydroa vacciniforme-like lymphoproliferative disorder 
(HV-like LPD), the systemic EBV-positive T-cell lymphoma 
of childhood, and ENKTL, nasal type [5]. Both HV-like LPD 
and the systemic EBV-positive T-cell lymphoma of child-
hood have been associated with chronic active EBV infec-

tion, another disease entity that is more prevalent in Central 
and South America as well as East Asia [86–90]. The expla-
nation for this fascinating geographic and ethnic predilection 
of disease has never been determined, but the trends have 
firmly been established. As the clinical experience and trans-
lational research for these diseases evolve, hope for improved 
therapeutic strategies beckons. Currently, these diseases rep-
resent a subset of lymphomas with an extremely poor cura-
tive prognosis in comparison with other pediatric NHL [5].

Hydroa Vacciniforme-Like Lymphoproliferative 
Disorder
The understanding of HV-like LPD has evolved over the past 
decade, including a name change from HV-like lymphoma to 
HV-like lymphoproliferative disorder [5]. The clinical pre-
sentation necessarily involves characteristic skin lesions that 
may progress from vesiculopapular to ulcerated and to 
crusted typically leaving scars. Well described in cohorts 
from Mexico and Peru, skin lesions classically occur on sun- 
exposed areas of the skin but can involve unexposed areas as 
well [100–102]. Severe hypersensitivity to mosquito bites 
can occur as well. Facial edema is typically present, and in 
some cases, systemic symptoms including fever, lymphade-
nopathy, and hepatosplenomegaly may be found. The differ-
ential diagnosis is broad and includes several different 
cutaneous lymphomas; but what separates HV-like LPD 
from the rest is its association with EBV as a cutaneous form 
of chronic active EBV [5]. The clinical course is often indo-
lent and protracted, and in an illustrative series of 20 children 
from Mexico, the mean duration of disease at time of clinical 
presentation to tertiary-level care was 2.4 years [100]. The 
majority of HV-like LPD cases demonstrate a T-cell pheno-
type, typically CD8+, but approximately one-third will be 
NK-cell in derivation [5, 100, 101]. The treatment course is 
remitting and relapsing, and patients often develop transient 
disease control with anti-inflammatory or immune- 
modulating therapies including steroids or thalidomide 
[100–102]. Long-term complete remission has only been 
described in the setting of an allogeneic hematopoietic stem 
cell transplant [103].

Systemic EBV-Positive T-Cell Lymphoma of Childhood
The systemic EBV-positive T-cell lymphoma of childhood is 
a relatively new diagnostic entity that was first established in 
the 2008 World Health Organization classification of lym-
phoid neoplasms [104]. It is characterized by an acute-onset 
fulminant clinical course presenting with features of an 
exaggerated systemic inflammatory response including 
fever, hepatosplenomegaly, pancytopenia, liver dysfunction, 
and, at times, multi-organ failure [7]. The clinical presenta-
tion often fulfills criteria for hemophagocytic lymphohistio-
cytosis (HLH) in the setting of EBV viremia [105]. Diagnosis 
can be challenging based on the rarity of the disease, but a 
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clonal T-cell population can be identified through molecular 
analysis of the T-cell receptor gene, and EBV is always posi-
tive in the infiltrating T-cells on biopsy [5]. The prognosis is 
dismal, and very few patients achieve sustained disease con-
trol let alone cure [7, 105]. The published experience with 
this disease entity arises from East Asia plus a number of 
cases occurring in children of Central and South American 
descent in the United States [7, 90, 105, 106]. As a relatively 
new diagnostic entity and a pathologic diagnosis that is dif-
ficult to determine without subspecialized pathology exper-
tise, it is understandable that published reports of this disease 
have yet to arise from within Central and South America. 
However, based upon the experience with children of immi-
grants in the United States and the overlapping spectrum of 
EBV-related lymphomas shared by Asia and Latin America, 
it may be hypothesized that the systemic EBV-positive T-cell 
lymphoma of childhood is an unrecognized disease entity 
occurring in Central and South America.

Extranodal NK/T-Cell Lymphoma, Nasal Type
ENKTL is the third EBV-related T/NK-cell lymphoma dis-
playing this distinct epidemiological pattern of occurring in 
East Asia plus Central and South America. Characterized by 
a mass presenting in the nasal cavity, nasopharynx, paranasal 
sinuses, or palate, patients often present with clinical fea-
tures arising from localized involvement including nasal 
obstruction, nosebleeds, or persistent discharge. Unlike 
descriptions of HV-like LPD and the systemic EBV-positive 
T-cell lymphoma of childhood, which occur primarily in 
children, ENKTL appears to occur predominately in adults. 
Data published from Brazil detailing the clinicopathologic 
features of 122 patients with ENKTL included only three 
pediatric cases, while a similar report from Peru describing 
32 cases of ENKTL also had only three patients under the 
age of 18 [107, 108]. Although the prognosis for ENKTL is 
not as dismal as the other two EBV-related T- and NK-cell 
lymphomas featured in this chapter, survival rates are low for 
patients with advanced-stage disease [6]. The combination 
of chemotherapy and radiation therapy is the mainstay of the 
therapeutic approach [6, 109].

 Treatment Outcomes for Pediatric NHL 
in Central and South America

Comprehensive pediatric oncology programs have been pro-
viding treatment for childhood and adolescent NHL in many 
countries in Central and South America for over 20  years 
[82]. Although the results vary from country to country based 
upon a multitude of contributing factors, the evolution of 
treatment regimens for pediatric NHL in the region has 
resulted in great progress over the past two decades. Some of 
the recent efforts to provide curative treatment for NHL in 

children and adolescents in this region are described and 
highlight some of the important developments achieved over 
time (Table 27.4). In comparison to the experience in SSA, 
the advances in Central and South America are partially 
attributable to successfully adapting treatment protocols 
from high-income countries in an effort to optimize treat-
ment response while minimizing toxicity and, at the same 
time, being able to provide the supportive care required to 
avoid morbidity and mortality with the adapted regimens.

One of the earliest reports from South America describes 
the experience in northeastern Brazil from 1980 to 1987 
treating predominantly BL, with the majority of patients 
having advanced-stage disease. Multi-agent chemotherapy 
regimens were utilized, most often the LSA2L2 regimen; 
however, their analyses demonstrated that the chemotherapy 
regimen did not have significant effect on EFS [95]. They 
reported a 5-year EFS of 75% for patients with stage I/II 
disease, and 42% for those with advanced-stage III/IV dis-
ease. Only 39% of patients achieved long-term survival due 
to high rates of treatment-related mortality from sepsis 
(25%) as well as treatment abandonment (10%) [95]. Data 
from Honduras also demonstrated high rates of toxic death 
utilizing an unmodified LMB89 protocol, with 45% 
treatment- related mortality in their preliminary experience 
[110]. Development of modified treatment regimens adapted 
to match local capacity was a critical adjustment required to 
improve overall outcomes.

Examples of successfully adapted regimens are high-
lighted in data from Brazil, Argentina, and Nicaragua. In a 
single-center study from Rio de Janeiro, Klumb et  al. 
reported outcomes treating mature B-NHL with a modified 
BFM86/90 protocol in which they reduced high-dose metho-
trexate from 5 g/m2 to 2 g/m2. In a cohort of 53 patients in 
which 87% presented with advanced-stage disease, they 
achieved a 78% EFS with a median follow-up time of 
35 months [111]. Notably, there was only one sepsis-related 
death. Similarly, in Argentina, a modified BFM90 regimen 
also reduced high-dose methotrexate from 5 g/m2 to 2 g/m2. 
Additionally, they reduced high-dose cytarabine from 3  g/
m2/dose to 2 g/m2/dose for patients that were BFM risk strat-
ified as R4 (highest risk based on CNS involvement or being 
stage III/IV with elevated lactate dehydrogenase levels). A 
5-year EFS of 79% for a cohort of 57 patients was reported 
[112]. Finally, in Nicaragua, a modified multi-agent regimen 
was used to treat pediatric NHL including BL, lymphoblastic 
lymphoma, and DLBCL.  Incorporating high-dose metho-
trexate at 1  g/m2 for patients with BL, and delivering a 
10-week induction phase followed by maintenance therapy 
to complete 12–18 months (18 for those with lymphoblastic 
disease), they achieved a 9-year EFS of 53% for a cohort of 
53 patients (including 26 with BL) [113]. While these sur-
vival rates do not match the approximately 90% EFS cur-
rently achieved for patients with mature B-NHL in the 
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United States and Europe, they nonetheless provide excel-
lent hope for survival for patients in Central and South 
America as well as benchmark of success for aspiring pro-
grams in SSA looking to establish adapted treatment regi-
mens that are deliverable amid local limitations.

Advances in the delivery of complex oncology care to 
high-risk pediatric NHL patients are highlighted by a few 
specific publications from Central and South America. 
Precedence was established in Venezuela to deliver an 
unmodified LMB89 B-NHL protocol with outstanding suc-
cess. In this cohort of 96 patients, 83% were stratified as 
intermediate-risk Group B, and 9% were high-risk Group 
C.  The 2-year EFS was 75% overall, and there was a 9% 
TRM [114]. In the absence of rasburicase, nine patients 
developed severe tumor lysis syndrome requiring dialysis, 
four of whom died from the complications. This complex, 
high-intensity, multi-agent chemotherapy regimen was deliv-
ered with modest toxicity and excellent curative rates despite 
treating a significant proportion of intermediate-high-risk 
patients [114].

Another example of significant advances in achieving 
improved curative outcomes arises from the Asociacion de 
Hemato-Oncologia de Centroamerica (AHOPCA) collabor-
ative group of five countries in Central America. They 
devised a risk-stratified regimen for the treatment of acute 
lymphoblastic leukemia (ALL) adapted from the BFM ALL 
protocol, including patients with T-cell disease as well. 
Although patients with lymphoblastic lymphoma were not 
included, because the treatment approach in high-income 
countries is similar for ALL and lymphoblastic lymphoma 
depending on risk stratification and the underlying immuno-
phenotype (i.e., B versus T-cell), the results of this study are 
very relevant for application to patients with lymphoblastic 
lymphoma. They delivered a risk-stratified protocol that 
included induction and consolidation phases, followed by a 
cycle with four consecutive rounds of high-dose methotrex-
ate (2 g/m2 for standard and intermediate-risk patients and 
5 g/m2 for high-risk) given every 2 weeks, followed by re- 
induction and then maintenance therapy. The 3-year EFS 
was reported as 59%, and the toxic mortality was extrapo-
lated off of the number of early deaths (3%) plus the deaths 
in first complete remission (3.3%) [115]. Similar to the 
example from Venezuela, although the curative outcomes are 
modest in comparison to the approximately 85% cure rate 
achieved for ALL in high-income countries, this experience 
establishes an important precedent that complex multi-agent 
protocols can be delivered safely and effectively for patients 
with lymphoblastic lymphoma. This contrasts drastically 
with the experience of treating ALL in SSA, where the EFS 
is typically <30% [116–118].

A third example of advances in the treatment of childhood 
and adolescent NHL in Central and South America also 
comes from the AHOPCA consortium through their experi-

ence treating ALCL. The paucity of published data on the 
treatment of ALCL in LMIC once again reflects the chal-
lenges in making a definitive diagnosis as well as in deliver-
ing disease-specific therapy. This retrospective analysis of 
the AHOPCA experience described outcomes based on treat-
ment with one of three regimens—the less intensive APO 
(doxorubicin, prednisone, and vincristine) regimen, a modi-
fied BFM protocol, and a compressed multi-agent T-cell 
lymphoma protocol developed in Guatemala. While the 
5-year EFS was relatively favorable at 67%, increased TRM 
on the more intensive regimens was reported [119]. However, 
despite the challenges encountered in treating ALCL in 
Central America, these data establish an important precedent 
that disease-specific and risk-stratified regimens can be 
delivered in LMIC with survival outcomes that approach 
those achieved in high-income countries.

 Conclusions

In conclusion, NHL accounts for a significant proportion of 
all childhood and adolescent malignancies worldwide. 
Although improvements have been achieved in Central and 
South America over the past two decades, there still exists a 
significant gap in survival rates in comparison with the 
United States and Europe. Meanwhile, in SSA, the region of 
the world with by far the highest incidence of childhood and 
adolescent NHL, the vast majority of children with endemic 
BL and other lymphomas still experience death from their 
disease. The disparity in mortality rates for children and ado-
lescents with cancer living in LMIC has prevailed for too 
long. Focus on improving outcomes for children and adoles-
cents with NHL could serve as the vehicle to improve the 
overall standard of care and treatment for pediatric cancers 
in low-income settings and, potentially, help address the 
severe disparities in socioeconomic and health standards in 
LMIC.
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 Introduction

Among children and adolescents (0–19 years old) treated for 
Non-Hodgkin lymphoma (NHL) in the United States, 5-year 
survival has increased from 45% in those diagnosed between 
1975 and 1977 to 89% in those diagnosed between 2007 and 
2013 [1]. Consequently, there is a growing population of 
long-term survivors of NHL.  In 2011, there were an esti-
mated 23,708 survivors of childhood NHL alive in the United 
States, 60% of whom had survived 15 or more years from 
their primary cancer [2].

Unfortunately, the very therapies that have resulted in 
improved survival of NHL can cause long-term physical, psy-
chological, and psychosocial morbidities. These “late effects” 
of cancer therapy can develop during cancer treatment or may 
only manifest years to decades after the initial cancer. As a 
consequence, all survivors of childhood NHL require lifelong 
medical care that is adapted to the specific risks stemming 
from their cancer treatment. The causes of late effects in NHL 
survivors are multifactorial. The multimodal cancer therapies 
used to treat NHL are the primary cause of late morbidity. 
Among these, radiation is frequently implicated because it 
impacts not only tumor tissue but also the surrounding healthy 
tissue, potentially affecting growth, organ development and 

function, and increasing the risk for subsequent cancers. 
Several classes of chemotherapy agents (e.g., anthracyclines, 
alkylating agents, and epipodophyllotoxins) have specific 
long-term toxicities—these are described in detail below. 
Occasionally, the location of the primary tumor, or the surgery 
needed to biopsy or resect it, can lead to late morbidities. In 
the few patients with NHL who require hematopoietic stem 
cell transplantation (HSCT), the intense conditioning regimen 
can compound the late effects arising from their prior therapy. 
Beyond the physical sequelae of lymphoma therapy, the can-
cer experience can have a long-term impact on mental health 
and psychosocial outcomes. Increasingly, the financial impact 
of being treated for and subsequently living with the long-term 
effects of cancer therapy has been recognized. Once survivors 
of childhood NHL reach adulthood, this financial toxicity can 
include high out-of-pocket medical costs for ongoing care or 
delay of required medical care because of cost, asset depletion 
and bankruptcy, limitations or inability to work, and job lock, 
where a survivor is forced to stay in their current job in order 
to retain their insurance coverage [3].

In this chapter, we review the existing research regarding 
late effects in survivors of childhood NHL. We will explore 
the most common and morbid late effects seen in these patients 
and discuss the lifelong care and support that all survivors 
require in order to minimize their long-term morbidities and 
maximize their health-related quality of life (HRQoL).

 Evolution of Therapy for Children with NHL

Marked improvements in long-term survival of NHL have 
been accomplished with the use of multimodal therapy, tai-
lored to the histologic subtype and clinical stage of disease. 
International collaborative clinical trials have focused not 
only on improving outcome but also on reducing long-term 
morbidities in survivors of childhood NHL by omitting 
radiotherapy, modifying central nervous system (CNS)-
directed therapy to reduce or eliminate cranial radiation, 
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and decreasing cumulative doses of alkylating agents, 
anthracyclines, and methotrexate.

 Therapy for Mature B-Cell Non-Hodgkin 
Lymphoma

Mature B-cell NHL (Burkitt and Burkitt-like lymphoma/leu-
kemia, diffuse large B-cell lymphoma, and primary medias-
tinal B-cell lymphoma) is aggressive and requires an 
intensive treatment regimen. As survival rates have improved 
since the mid-1980s, routine use of radiotherapy has been 
omitted, and the duration of chemotherapy treatment has 
been shortened. More recently, the anti-CD20 monoclonal 
antibody, rituximab, has been added to therapeutic regimens. 
Table 28.1 displays the chemotherapy agents and doses used 
in many of the more recent clinical trials [4–6].

 Therapy for Anaplastic Large Cell Lymphoma 
(ALCL)

Since ALCL was not recognized as a distinct entity until the 
late 1980s, most early treatment protocols were based on those 
used for mature B-cell NHL lymphomas. Therapy can include 
surgical resection (in low stage disease) and chemotherapy 
regimens that incorporate corticosteroids, anthracyclines, 
alkylating agents, epipodophyllotoxins, and methotrexate 
(MTX) (Table 28.2). CNS disease at diagnosis is exception-
ally rare. When needed, CNS-directed therapy involves multi-
agent chemotherapy, including high-dose MTX (HD-MTX), 
cytarabine, and intrathecal treatment. Short-pulse HD-MTX 
without intrathecal injections has been established as the opti-
mal way to deliver MTX in order to minimize toxicity [7–9]. 
There is no routine role for cranial radiation [10].

 Therapy for Lymphoblastic Lymphoma

The World Health Organization (WHO) classifies lympho-
blastic lymphoma as the same disease entity as acute lym-
phoblastic leukemia (ALL) [11]. A consensus about optimal 
therapy for lymphoblastic lymphoma is lacking, and out-
comes have not changed significantly since the 1980s [11–
13]. Most successful treatment strategies for advanced-stage 
pediatric lymphoblastic lymphoma are derived from regi-
mens designed for children with high-risk ALL, consisting 
of intensive chemotherapy followed by maintenance therapy 
for a total duration of 2  years. Numerous drugs are given 
including corticosteroids, anthracyclines, cyclophospha-
mide, and MTX (Table 28.3). As with ALL, cranial radiation 
has been omitted over time [12–14], and CNS prophylaxis 
relies on HD-MTX and/or intrathecal injections [15, 16].

 Treatment of Relapsed Disease

There is no standard treatment option for patients with recur-
rent or progressive NHL. Re-induction regimens use novel 
chemotherapy combinations such as ifosfamide, carboplatin, 
and etoposide (ICE) [17]. In most cases, myeloablative che-
motherapy with either autologous or allogeneic HSCT may 
offer the best option for cure [18–22]. In T-cell malignancies, 
nelarabine has been shown to be effective as a single agent 
[23]. Depending on the presence of cell surface markers, 
monoclonal antibodies may be added to the regimen: the 
anti-CD20 antibody rituximab, anti-CD30 agent brentux-
imab vedotin [24–28], or bispecific antibodies (anti-CD20/
anti-CD3 or CD19/CD3 T-cell engager blinatumomab) [6, 
17, 18, 29–34]. Targeted therapies for ALK-positive ALCL 
include crizotinib, a kinase inhibitor that blocks the activity 
of the NPM-ALK fusion protein [24]. The long-term effects 
of these novel therapies in childhood cancer survivors are 
poorly characterized [24, 35–41].

 Radiation Therapy

Based on several clinical trials, prophylactic cranial radia-
tion has been omitted for pediatric patients with NHL.  It 
has also been eliminated for patients with anaplastic large 
cell lymphoma and B-cell NHL who present with CNS dis-
ease [12, 13, 42, 43]. For patients with lymphoblastic lym-
phoma, low-dose radiation therapy (1800  cGy) is often 
used to treat overt CNS disease (e.g., cranial nerve palsies, 
intracerebral tumor extension, paraplegia). However, long-
term survivors of NHL treated in prior eras might have 
been exposed to variable doses and fields of radiation, sig-
nificantly increasing the risk for subsequent malignant neo-
plasms (SMNs), endocrine dysfunction, and neurocognitive 
difficulties [44].

 Late Effects in Childhood NHL Survivors

Contemporary childhood NHL therapy differs from that 
used decades ago with regard to treatment intensity and 
recent omission of irradiation. Differences in treatment 
between histologic NHL subtypes have resulted in hetero-
geneous exposures in survivors. However, despite these 
variations in combination and cumulative exposure, the 
same chemotherapeutic agents continue to form the back-
bone of current treatment regimens. Several international 
cohorts have reported late outcomes in adult survivors of 
childhood NHL. A study of 362 adult survivors of child-
hood NHL treated between 1964 and 2002 at St. Jude 
Children’s Research Hospital revealed that by a median 
age of 34 years (range 20–58), survivors had a significant 
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burden of chronic health conditions [45]. Most notable 
was the high prevalence of cardiovascular risk factors 
common to the metabolic syndrome: overweight/obesity 
(65%), elevated fasting glucose (37%), high total choles-
terol (35%), and hypertension (25%), even in individuals 
who were not exposed to cranial or abdominal radiation. 
Survivors exposed to cardiotoxic therapies were at risk for 
cardiomyopathy (19/164 exposed), and survivors treated 
with higher doses of alkylating agents and/or gonadal radi-
ation were at risk for gonadal dysfunction, including 
oligospermia/azoospermia among male survivors. 
Survivors who received neck or thyroid radiation were at 
risk for primary hypothyroidism. The risk for SMN was 
sixfold that in the general population, with all SMNs 
occurring in previously radiated survivors. Among partici-
pants who underwent comprehensive neurocognitive 
assessments (n  =  171), 68% experienced at least mild 
impairment in executive function, attention, and/or mem-
ory. In another study of the same cohort, slower processing 
speed and poorer self- reported executive function were 
associated with symptoms of depression [46]. Survivors 
with neurocognitive impairment were at risk for lower 
educational attainment, unemployment, and reduced occu-
pational status. A study of 103 young survivors of high-
grade NHL treated between 1973 and 1993 as per treatment 
protocols of the Pediatric Oncology Branch of the National 
Cancer Institute revealed cardiotoxicity in 26% of patients 
who had received doxorubicin and SMN in 2% [47]. 
Endocrine impairments were detected in 16% of all evalu-
ated patients with hypopituitarism, thyroid dysfunction, 
and hypogonadism reported as the most common 
abnormalities.

An assessment of cause-specific mortality and SMN 
incidence among 1082 survivors of NHL in the North 
American Childhood Cancer Survivor Study who were 
treated between 1970 and 1986 observed 87 late deaths 
that occurred at a median age of 24 years and a median of 
13  years after NHL diagnosis. This was approximately 
fourfold that expected in the general population. Causes of 
death included disease recurrence, secondary solid tumors 
and leukemia, cardiac disease, and pneumonia. The risk 
for death remained elevated beyond 20 years after NHL, 
with female sex and chest irradiation noted as significant 
risk factors. Increased risk of death in survivors of child-
hood NHL has also been reported in several international 
cohorts [48–50]. However, a statistically significant 
decline in excess mortality was observed in the British 
Childhood Cancer Survivor Study among those with a 
diagnosis of childhood NHL between 1990 and 2006 com-
pared with survivors with a diagnosis before 1970 [51], 
confirming other reports that suggest that changes in ther-
apy over time have decreased the risk for late mortality 
[52, 53].

 Specific Late Effects in Survivors 
of Childhood Non-Hodgkin Lymphoma

 Cardiotoxicity

Childhood cancer survivors are at higher risk than the gen-
eral population for the development of cardiovascular and 
cerebrovascular disease [54, 55]. Children treated with car-
diotoxic therapies such as anthracycline chemotherapy and 
radiation to a field that includes the heart are at elevated risk 
for cardiomyopathy [56] and coronary artery disease [57]. 
Anthracyclines, such as daunorubicin, doxorubicin, epirubi-
cin, and idarubicin, have been incorporated in treatment pro-
tocols for NHL for decades. These agents impact cardiac 
function in a dose-dependent manner, with patients treated 
with >250–300 mg/m2 of doxorubicin-equivalent anthracy-
cline therapy at particular risk for cardiomyopathy. Younger 
age at treatment, particularly therapy as an infant or toddler, 
increases this risk [56]. While therapeutic radiation to the 
chest and mediastinum inevitably involves dose to the heart, 
radiation incorporating the spine (including total body irra-
diation (TBI) in the setting of hematopoietic stem cell trans-
plantation), left flank or left upper quadrant may also cause 
significant radiation exposure to cardiac tissue. Radiation 
contributes to the development of cardiomyopathy, coronary 
artery disease, valvular heart disease, pericardial disease, 
and arrhythmias. With changes in NHL protocols over time, 
there has been a trend toward the use of lower anthracycline 
doses with a goal of reducing cardiovascular risk. 
Advancements in radiation planning techniques have also 
reduced the cardiac radiation dose in patients with thoracic 
disease [58].

However, cardiovascular disease remains an important 
cause of late mortality in NHL survivors. Death due to circu-
latory causes in NHL patients is 4.2–7.3 times higher than 
that of the general population. Although subsequent malig-
nant neoplasms (SMNs) are the leading cause of late death in 
childhood cancer survivors overall, as these survivors pass 
60  years of age, death from cardiovascular diseases over-
takes deaths from new cancers [51]. Studies of survivors of 
childhood lymphoma have demonstrated higher proportions 
of body fat, indicating reduced lean body mass in survivors 
compared with healthy controls [59]. Survivors have also 
been shown to be at elevated risk for hypertension, dyslipid-
emia, and overweight, all of which may contribute to cardio-
vascular risk; smoking may further exacerbate this risk [60]. 
These modifiable cardiovascular risk factors provide targets 
for preventive interventions in survivors who have been 
exposed to cardiotoxic therapies.

When evaluating cardiovascular risk in a survivor of 
childhood NHL, it is important to document both the cumu-
lative anthracycline dose and any cardiac radiation exposure. 
Annual clinical evaluation should include a comprehensive 
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history and physical assessment with documentation and 
evaluation of symptoms of dyspnea (on exertion and/or at 
rest), orthopnea, chest pain, and palpitations. Physical exam-
ination should incorporate a comprehensive cardiac evalua-
tion including evaluation of blood pressure, auscultation of 
heart sounds, and monitoring for early signs of cardiac dys-
function. It is imperative that physicians be alert to symp-
toms of chest pain and/or exertional intolerance in younger 
patients who have had exposure to anthracyclines and/or 
radiation. It is also important to recognize that atypical pre-
sentations such as complaints of abdominal pain in a young 
adult may be cardiac in nature. Such symptoms warrant com-
prehensive cardiac evaluation with a low threshold to pro-
ceed to cardiology referral in those with a history of 
anthracycline or radiation exposure [61]. General health 
measures for all childhood NHL survivors should include 
adopting a healthy diet, participation in regular exercise, and 
avoidance of smoking and drugs that can affect cardiac func-
tion (e.g., cocaine, diet pills, etc.). Extreme isometric exer-
cise (e.g., heavy weight lifting) should be avoided. Long-term 
follow-up guidelines published by the Children’s Oncology 
Group (available at www.survivorshipguidelines.org) sug-
gest that survivors exposed to an anthracycline or cardiac 
radiation have a baseline echocardiogram at entry to long- 
term follow-up and then a repeat echocardiogram every 
1–5 years depending on age at treatment, radiation exposure, 
and cumulative anthracycline dose. Regular surveillance for 
cardiac disease and lifestyle changes to mitigate cardiovas-
cular risk may reduce the incidence of cardiovascular com-
plications and improve outcomes in survivors of NHL 
exposed to anthracyclines and/or chest-directed radiation 
therapy.

 Subsequent Malignant Neoplasms (SMNs)

Childhood cancer survivors are at substantial risk of devel-
oping an SMN [51, 54, 62–64]. Among all survivors, the 
cumulative incidence of developing an SMN by 30  years 
from their primary childhood cancer diagnosis is 7–10% [48, 
62, 65, 66]. Mortality rates due to SMN exceed that of all 
other causes including primary disease recurrence [67]. 
Beyond age 35  years, survivors of childhood malignancy 
experience a marked and disproportionate increase in cumu-
lative incidence of malignant neoplasms compared with sib-
lings [64]. SMN subsequent to treatment for NHL tend to 
occur earlier than those subsequent to treatment for solid 
tumors [68]. Many studies have documented the types of 
SMNs typically seen following treatment for NHL.  These 
include secondary myelodysplastic syndromes (MDS)/acute 
myeloid leukemias (AML), primarily caused by epipodo-
phyllotoxins and alkylating agents, and an increased risk of 
solid tumors, particularly thyroid cancer, primarily caused 

by radiation exposure. Cumulative rates of SMN at 30 years 
from NHL diagnosis vary from 2.5% to 8% in international 
cohorts [48, 62, 69]. A study of 1150 survivors of childhood 
NHL diagnosed in the United States between 1973 and 2002 
noted a ratio of observed to expected cancers of 5.3 and a 
notable increase in instances of leukemia and breast cancer 
following NHL treatment [70]. An international study of 
2563 survivors of childhood Non-Hodgkin lymphoma 
observed a cumulative incidence of SMN of 2.5% within 
30 years of treatment, with a particularly elevated risk of thy-
roid cancer and brain tumors [69]. More recent studies, 
including reports from the Childhood Cancer Survivor Study, 
have shown non-melanoma skin cancer, thyroid cancer, and 
leukemias to be the most prevalent SMN [62].

Risk factors for SMN include treatment exposures and 
host genetic factors. These include treatment with anthracy-
clines, epipodophyllotoxins, or alkylating agents, exposure 
to therapeutic radiation, and/or hematopoietic stem cell 
transplantation [71]. Chemotherapy-related SMNs include 
acute leukemias (typically MDS/AML), likely secondary to 
therapy with topoisomerase inhibitors and alkylating agents, 
which usually occur in the first 10 years after cancer treat-
ment, and solid tumors which typically present 10–20 years 
after cancer treatment. Thyroid and breast cancers are two 
more common SMN observed in the setting of radiation to 
the neck or chest. Advances in radiation techniques and 
improved radiation planning strategies have reduced radia-
tion dose to healthy tissues in some clinical situations com-
pared with mantle-type radiation historically employed for 
mediastinal disease [58]. Genetic assessment should include 
documentation of a family history of malignancy (e.g., lym-
phoma affecting other family members, notable family his-
tory of other malignancies), eliciting clinical clues to the 
existence of an underlying cancer predisposition syndrome 
(e.g., presence of an underlying immunodeficiency, dysmor-
phic features, or congenital anomalies), and the presence of 
consanguinity [72, 73]. SMN risk after treatment with some 
of the newer agents employed in the treatment of NHL is less 
well established and will require long-term follow-up of 
NHL cohorts over time. Emerging data related to rituximab 
use in survivors of diffuse large B-cell lymphoma and pri-
mary mediastinal B-cell lymphoma suggests increased risks 
of AML, thyroid cancer, and melanoma as well as other can-
cers [39], although with some conflicting reports [38, 40, 
41]. For survivors with a history of resistant, refractory or 
relapsed disease, long-term effects of therapy and SMN risk 
related to hematopoietic stem cell transplantation (especially 
secondary MDS and AML) [74, 75] are a significant con-
cern, although there is no evidence for the use of routine 
complete blood counts to screen for MDS/AML.  The 
Children’s Oncology Group guidelines suggest that survi-
vors exposed to radiation warrant particular attention to 
SMN surveillance in  irradiated fields. This includes annual 
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dermatological evaluation to assess for skin cancers, annual 
thyroid exam examination, and screening with mammogra-
phy/breast MRI and colonoscopy where appropriate.

 Gonadotoxicity and Fertility

At the time of diagnosis of a life-threatening malignancy, 
the long-term effects of therapy on the reproductive poten-
tial of young patients are often far from the minds of those 
facing treatment and their family members. However, the 
ability to have children is a major concern among adult sur-
vivors of childhood cancer. Infertility in NHL survivors is 
closely linked to the cumulative dose of specific chemo-
therapy agents (particularly alkylating agents), exposure to 
abdominal irradiation (in males and females), and/or direct 
or indirect radiation to the testes [76]. Cranial radiation 
(with dose to the hypothalamus/pituitary axis) and total 
body irradiation (in the setting of hematopoietic stem cell 
transplantation) have also been implicated. Although any 
dose of alkylating agent can impact gonadal function, a 
cyclophosphamide-equivalent dose in excess of 6–8 g/m2 is 
generally considered the threshold above which the risk 
rises [77]. Rates of gonadotoxicity are lower in survivors of 
NHL compared to survivors of Hodgkin lymphoma (HL), 
as significantly more patients with HL require radiation or 
treatment with gonadotoxic drugs such as procarbazine 
[78, 79]. Some pubertal males have reduced sperm counts 
at presentation of their NHL or will develop them during or 
after chemotherapy—many will gradually recover their 
sperm counts to achieve normospermic levels [80]. 
However, pelvic radiotherapy and higher alkylating agent 
exposures are associated with permanent reductions in 
sperm count. A study of 757 patients of all ages treated for 
aggressive NHL documented a cumulative incidence of 
infertility of 29% in females and 18% in males at 15 years 
from treatment, while another study reported azoospermia 
in 11% of male survivors treated for childhood NHL [81]. 
Risk factors included autologous stem cell transplant, 
abdominal radiation, alkylating agents, and need for sal-
vage treatments in the setting of recurrent/relapsed disease. 
Kiserud and colleagues reported on 129 male patients with 
NHL, of whom 50% had abnormal gonadal hormone levels. 
Of these 129 patients, 25% had exocrine hypogonadism 
with high follicle stimulating hormone (FSH) and normal 
testosterone and luteinizing hormone (LH). Endocrine 
hypogonadism with low testosterone and/or elevated LH 
was present in 24% of all NHL survivors. Fifty percent of 
the patients with endocrine hypogonadism had undergone 
autologous stem cell rescue after conditioning with either 
high-dose chemotherapy with BEAM (carmustine, etopo-
side, cytarabine, and melphalan) or total body irradiation 
plus cyclophosphamide [82].

Evolution of NHL treatment protocols over time has 
resulted in a reduction in the cumulative doses of alkylating 
agents such as cyclophosphamide and the elimination of 
CCNU, reducing the risk of gonadotoxicity [83, 84]. 
Additionally, advancements in fertility preservation tech-
niques offer many patients the opportunity to preserve fertil-
ity, an option that was not available to historic cohorts. This 
includes sperm banking in male patients and oocyte retrieval 
and cryopreservation in females. For prepubertal patients, 
emerging technologies such as testicular tissue cryopreser-
vation in young male patients and ovarian tissue cryopreser-
vation in females, though still at an experimental stage, offer 
hope for reproductive potential in the future [85, 86]. Such 
techniques, however, are only available in limited number of 
institutions. For health professionals involved in survivor 
care, there is an increasing need for appropriate education to 
facilitate provision of fertility and sexual health assessments 
and counseling at clinic visits. Survivors may have concerns 
that extend beyond their likelihood of conceiving children, 
such as fear of rejection in the setting of infertility, hesitancy 
to share infertility concerns with partners, and fear of trans-
mitting cancer to their offspring [87]. Access to input from 
services such as psychology, endocrinology, urology, and 
gynecology is important to optimize care in this critical area 
of survivor care.

 Schooling and Education

School is an important component of the normal childhood 
and adolescence experience, not just from an educational 
perspective but also for various aspects of psychosocial, 
emotional, and personal development. Across institutions 
and cancer diagnoses, physicians encourage children, when 
feeling well, to attend school during cancer therapy. Despite 
this, many children miss significant portions of their school 
terms as a consequence of their disease, its treatment, and 
complications of therapy. Consequently, children may 
require additional supports when they transition back to full- 
time education. Some children experience significant anxi-
ety and have difficulties readjusting to school life, while 
others experience psychosocial and emotional difficulties 
upon reintegration with peers. Children who have received 
CNS-directed chemotherapy and/or cranial irradiation as 
part of their treatment are at particular risk [88]; they can 
develop deficits in attention and concentration as well as in 
higher-order functions such as memory and information pro-
cessing, with resultant impacts on learning ability [89–91]. 
Other risk factors for poorer outcomes include younger age 
at diagnosis and female sex [92]. In a study of survivors 
enrolled in the Childhood Cancer Survivor Study [93], survi-
vors of NHL (n = 908) were significantly less likely to finish 
high school compared with siblings (odds ratio [OR] 1.8). 
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Recently, Ehrhardt and colleagues described outcomes in 
adult survivors of childhood NHL [46]. Although they noted 
normal intelligence and attention in survivors, memory, 
executive function, processing speed, and academics were 
impaired compared with the general population. Over two 
thirds of survivors experienced at least mildly impaired exec-
utive function, attention and/or memory, and neurocognitive 
impairment was associated with lower educational attain-
ment and lower HRQoL. The impact of lower educational 
attainment on HRQoL has been noted in other studies, par-
ticularly when survivors have unmet school needs or limited 
access to needed support services [94–96]. Optimization of 
neurocognitive, educational, and psychosocial outcomes 
must be a focus in long-term follow-up clinics. Despite the 
elimination of cranial irradiation from most NHL treatment 
regimens, survivors may remain at risk for neurocognitive 
impairment due to CNS-directed chemotherapies that con-
tinue to be incorporated in treatment protocols. Survivorship 
programs must engage multidisciplinary teams and school 
services, incorporating open communication between 
schools and medical teams, as well as the implementation of 
neurocognitive interventions and school re-entry programs, 
with accommodations for exams and assignments where 
appropriate [89, 96, 97].

 Quality of Life and Psychosocial Outcomes

The care of survivors of NHL must extend beyond surveil-
lance and intervention for physical late effects. Unfortunately, 
some survivors are at risk for psychological sequelae of their 
cancer therapy. Patients treated during adolescence appear to 
be particularly vulnerable to having increased mental health 
needs, even years after the conclusion of their cancer therapy 
[98]. The most frequent mental health problems in survivors 
are post-traumatic stress disorder (PTSD), as well as symp-
toms of anxiety and depression [99–102]. Interestingly, some 
survivors report positive psychological outcomes as a conse-
quence of surviving cancer, a phenomenon termed post- 
traumatic growth [103]. Adverse physical, neurocognitive, 
and psychosocial outcomes can reduce HRQoL [46, 90, 94, 
104–106] with adolescent age at time of cancer diagnosis 
associated with poorer HRQoL [96]. Among NHL survivors, 
more symptoms of depression, reduced HRQoL, and lower 
social attainment have been reported in those with evidence 
of neurocognitive impairment, when compared with norma-
tive data. Survivors also report elevated rates of chronic pain, 
poorer social functioning, and inferior general and mental 
health, with strong associations between neurocognitive 
challenges and emotional distress [46]. In one study, lym-
phoma survivors were noted to have higher rates of psycho-
logical distress than siblings (OR 1.8 for anxiety and OR 1.8 
for somatization) [94]. Survivors with medical complica-

tions related to therapy are at higher risk of poor HRQoL 
outcomes [107], as are those with chronic pain [108] or poor 
sleep quality [109]. Appropriate long-term care of NHL sur-
vivors must include periodic assessment for psychological 
challenges to ensure that the prior cancer or current late 
effects are not negatively impacting the survivor. Providers 
must consider issues unique to this cohort such as body 
appearance, fertility/sexual functioning, peer and romantic 
relationships, educational and occupational attainment, and 
fear of recurrence [87, 110, 111]. Peer support groups may 
be helpful for selected survivors and families [112]. Lack of 
access to mental health and allied health services such as 
physical/occupational health therapies have been reported to 
be strongly associated with inferior outcomes and poorer 
functioning [95]. Finally, a holistic approach to psychosocial 
needs and HRQoL in survivor care that encompasses atten-
tion to siblings and families is warranted, not just during the 
acute diagnostic period but, rather, throughout the survivor-
ship journey [112, 113].

 Care of Survivors

 Risk-Based Care and Surveillance

In recognition of the growing population of survivors of both 
childhood and adult cancers, the US Institute of Medicine 
(IOM) has published recommendations for the care of survi-
vors [114, 115]. Among these recommendations are the 
following:

 1. Develop evidence-based clinical practice guidelines for 
the care of survivors of childhood cancer

As noted above, the North American Children’s Oncology 
Group (COG) has published guidelines for the lifelong care 
of survivors of childhood, adolescent, and young adult can-
cers (available at www.survivorshipguidelines.org). These 
guidelines provide healthcare providers with recommenda-
tions for follow-up based on each survivor’s specific treat-
ment exposures, and not on the prior cancer. Thus, in order to 
determine the recommendations for an individual survivor, 
their healthcare provider needs to know the therapies that 
they received for their NHL.  Several other international 
groups have also published care guidelines. In an effort to 
harmonize these multiple and sometime conflicting recom-
mendations, the International Guideline Harmonization 
Group for Late Effects of Childhood Cancer (www.ighg.org) 
was formed. This multinational, multidisciplinary group has 
adopted a standardized methodology for systematically 
reviewing the literature to formulate consensus recommen-
dations for survivor care. To date, the IGHG has published 
recommendations for surveillance for secondary breast [116] 
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and thyroid cancers [117], cardiomyopathy [118], premature 
ovarian insufficiency [119], and male gonadotoxicity [120].

 2. Define a minimum set of standards for systems of com-
prehensive, multidisciplinary follow-up care that link 
specialty and primary care providers

During their childhood years, most cancer survivors 
receive care in the pediatric center that provided their NHL 
therapy. However, once they “age out” of the pediatric can-
cer center, the location and provider of their long-term care 
is highly variable. Only a minority of centers are able to offer 
specialized survivor care to adult survivors of childhood can-
cer. These specialized survivor clinics frequently have multi-
disciplinary teams that can include oncologists, nurses, 
psychologists, social workers, nutritionists, rehabilitation 
therapists, and vocational counselors. However, many survi-
vors are transferred back to their primary care physician 
when they reach adulthood. Unfortunately, primary care 
physicians are often uncomfortable caring for childhood 
cancer survivors, have limited knowledge about follow-up 
guidelines [121, 122], and are unlikely to provide recom-
mended surveillance [123]. Therefore, it is crucial that survi-
vors are able to contact the oncology team that treated them 
or have access to a specialized survivorship program once 
they leave the pediatric cancer center. Where specialized pro-
grams do not exist, the survivor should be provided with a 
treatment summary and care plan (described below) that they 
can share with any new medical care provider.

 3. Improve awareness of late effects and their implications 
for long-term health among childhood cancer survivors 
and their families

Children are often treated for NHL at a young age and so, 
frequently, are not aware of the complete details of their cancer 
diagnosis and treatment. It is critical that they receive this edu-
cation prior to transition from pediatric care so that they are 
sufficiently informed to be able to advocate for their own health-
care, including ensuring that they receive appropriate surveil-
lance for late effects. A treatment summary and care plan are 
key tools for patient empowerment. In fact, the American 
College of Surgeons Commission on Cancer has made provi-
sion of a care summary and follow-up plan to all cancer survi-
vors, a condition of accreditation as a cancer program in the 
United States. Key elements in these documents include:

 1. Information on the primary cancer (e.g., NHL type, stage, 
treatment protocol, key dates)

 2. Chemotherapy received, including cumulative doses of 
specific classes of chemotherapy agents (e.g., anthracy-
clines, alkylating agents)

 3. Radiation field and dose

 4. Surgeries
 5. Stem cell transplantation
 6. Recommendations for follow-up (e.g., second cancer sur-

veillance, cardiac surveillance)

If the treating center does not have a template for creating 
such a plan, templates are available from several groups 
including the American Society of Clinical Oncology and 
LIVESTRONG.

 Conclusions

As the long-term survival of childhood NHL has improved, 
clinicians have focused on reducing exposures to toxic che-
motherapies and radiation. However, the long-term impact of 
NHL therapies will never be completely eliminated, and 
there are many survivors of NHL who were treated inten-
sively in prior eras. Thus, all survivors require lifelong 
healthcare that is adapted to their particular physical, psy-
chological, and social risks, with the goal of maximizing 
both the quantity and quality of their lives.

MTX Methotrexate, CNS Central nervous system, IT 
Intrathecal therapy, TIT Triple intrathecal therapy

MTX Methotrexate, CNS Central nervous system, IT 
Intrathecal therapy, TIT Triple intrathecal therapy

MTX Methotrexate, CNS Central nervous system, IT 
Intrathecal therapy, TIT Triple intrathecal therapy, IR 
Intermediate, VHR Very high risk
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