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Abstract: Lymphoma is the third most common pediatric neoplasm. In the United 
States, there are close to 2000 new lymphoma cases diagnosed in children every 
year. Common pediatric lymphomas include Hodgkin lymphoma, Burkitt lym-
phoma, lymphoblastic lymphoma, diffuse large B-cell lymphoma, and anaplastic 
large cell lymphoma. Advances in understanding the biology of these lymphomas 
have led to significantly improved therapeutic outcome and made lymphoma one 
of the most curable pediatric cancers. There are a few newly proposed or revised 
entities of lymphoma in the most recent WHO classification, which include 
Burkitt-like lymphoma with 11q aberration, large B-cell lymphoma with IRF4 
rearrangement, pediatric type follicular lymphoma and systemic EBV (Epstein-Barr 
virus) + T-cell lymphoma of childhood. These new entities are relatively common 
in children and are not well known. They can be a diagnostic challenge to a 
pathologist who is not familiar with them. This chapter describes common pedi-
atric lymphomas as well as these new WHO entities with the focus on the epide-
miology, pathogenesis, and pathology.
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INTRODUCTION

Lymphoma is the third most common pediatric neoplasm after leukemia and 
brain tumor, accounting for 10–15% of cancers in children. In the United States, 
the incidence of lymphoma in children is approximately 25 per million, and there 
are close to 2000 new lymphoma cases diagnosed in children every year (1–3). 
There are two groups of lymphomas: Hodgkin lymphoma (HL) and non-Hodgkin 
lymphoma (NHL). HL is a B-cell lymphoma and can be further divided into clas-
sic HL (CHL) and nodular lymphocyte predominant HL (NLPHL) based on 
pathology. CHL is characterized by the presence of large mononuclear Hodgkin 
(H) cells and binucleated or multinucleated Reed-Steinberg (RS) cells in a back-
ground with mixed inflammatory cells, while NLPHL is characterized by the pres-
ence of popcorn-shaped lymphocyte-predominant (LP) cells in the background of 
a nodular pattern of B-cell growth. NHL is a collection of a heterogenous group of 
lymphoid neoplasms deriving from B-, T- or NK-cells. Common NHLs in children 
include Burkitt lymphoma (BL), lymphoblastic lymphoma (LBL), diffuse large 
B-cell lymphoma (DLBCL) and anaplastic large cell lymphoma (ALCL). There are 
a few newly proposed or revised lymphoma entities in the most recent WHO clas-
sification of hematopoietic tumors (4), which include Burkitt-like lymphoma with 
11q aberration (BLL-11q), large B-cell lymphoma with IRF4 rearrangement 
(LBL-IRF4), pediatric-type follicular lymphoma (PTFL) and systemic systemic 
EBV (Epstein-Barr virus) + T-cell lymphoma of childhood (EBV+TLC). These new 
entities are relatively common in children and are not well known. They can be a 
diagnostic challenge to a pathologist who is not familiar with them. There has 
been a tremendous amount of research work done in the field of these lymphomas 
during last several decades. The advances in the understanding of the biology of 
these lymphomas have led to significantly improved therapeutic outcome and 
made pediatric lymphomas one of the most curable pediatric cancers. The 5-year 
disease-free survival after completion of therapy exceeds 85% for most pediatric 
lymphomas. This chapter describes pediatric lymphomas with the focus on the 
epidemiology, pathogenesis, and pathology.

EPIDEMIOLOGY

The age-adjusted annual incidence rates of pediatric lymphomas are listed in 
Table 1. In the United States, HL accounts for approximately 7% of all pediatric 
neoplasms. It is the most common lymphoma in patients aged 10 to 19 years and 
is the most common malignancy among adolescents 15 to 19 years old. The 
annual incidence rate of HL gradually increases with age in children and adoles-
cents, ranging from 1 per million in patients aged 1–4 years to 30.5 per million in 
adolescents. Approximately 90% of HL cases are CHL, and 10% are NLPHL. 
Based on histological features, CHL can be further separated into four subtypes: 
nodular sclerosis CHL (NSCHL), mixed cellularity CHL (MCCHL), lymphocyte-
rich CHL (LRCHL) and lymphocyte-depleted CHL (LDCHL). The age distribu-
tions of the CHL subtypes vary greatly. NSCHL has a peak among individuals aged 
15 to 35 years, and is the most common CHL subtype, accounting for approxi-
mately 50% of all HL cases in patients younger than 10 years of age, and 70–75% 
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in patients aged 10–19 years. MCCHL accounts for approximately 30% of all HL 
cases in patients younger than 10 years of age, and 15% in patients aged 10–19 
years. MCCHL is mostly EBV-positive and is associated with low socio-economic 
status, and non-European ethnicity. LRCHL accounts for 14% of all HL cases in 
patients younger than 10 years of age, and 6% in patients aged 10–19 years. 
LDCHL is very rare in children (<2%). There is a male predilection for most HL 
subtypes except for NSCHL, in which the incidence is slightly higher in females. 
Individuals with a history of infectious mononucleosis have a higher risk for CHL, 
especially for the MCCHL subtype. Incidence rate for HL is approximately 30% 
higher among white children than that among black and Hispanic children. Asian/
Pacific Islanders have the lowest incidence rates (2). The incidence of HL has not 
increased over the past decades.

NHLs also show variability in incidence rates according to sex and age 
(Table 1). The overall incidence rate of NHL increases with age, and most NHLs 
show male predilection. BL is the most common NHL in children younger than 
14 years of age, and its incidence is much higher in males than in females 
(M/F = 2–4). Children aged 5–14 years have higher incidence rate than those 
younger than 5 years of age and adolescents. In contrast to BL, the incidence rates 
of DLBCL and ALCL rise steadily with age, and DLBCL is the most common NHL 
in adolescents with an incidence rate of 6.5 per million. LBL occurs at similar 
frequency across all 1- to 19-year age groups. Approximately 90% LBL cases are 
of T-lymphoblast origin, while 10% arise from B-lymphoblasts. Since WHO clas-
sification (4) has combined LBL and acute lymphoblastic leukemia (ALL) together 
as one group (ALL/LBL), some pathologists do not separate them apart anymore, 
therefore, the actual incidence of LBL (with no significant bone marrow involve-
ment) is hard to estimate, and the numbers extracted by SEER may not reflect 
the exact numbers of LBL cases. ALCL is extremely rare in infants, and its inci-
dence rate increases steadily from 0.4 per million in patients aged 1–4 years to 
1.6 per million in patients aged 14–19 years. Overall, ALCL represents 10–15% 
of NHLs and 30%–40% of large cell lymphomas in the pediatric population. The 
incidence of NHL among white children is slightly higher than that among black 
children, and the differences in incidence rates between white and black children 
appear greatest for children aged 5–9 years of age and 15–19 years of age. There 
is a strong association of endemic BL (eBL) with EBV and malaria in equatorial 
Africa and in Papua New Guinea, where BL is the most common pediatric malig-
nancy, accounting for nearly half of the childhood malignancy. 

ETIOLOGY AND PATHOGENESIS

Thanks to many years’ hard work of the researchers worldwide, our understand-
ing of the etiology and pathogenesis of lymphomas has advanced significantly, 
although the exact mechanisms of how these lymphomas develop remain largely 
unclear. B-cells go through several physiological gene rearrangements/alterations 
during their development and maturation. The knowledge of normal B-cell devel-
opment and activation (Figure 1A) will be helpful to understand the pathogenesis 
of B-cell lymphoma, which accounts for the majority of pediatric lymphoma 
cases.
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Figure 1.  Normal B-cell development and simplified pathogenesis of B-cell lymphomas. A, B-cells 
develop and mature in the bone marrow where B-cell receptor (BCR) gene is rearranged and 
BCR is counter-selected for autoreactivity (eliminated by apoptosis if self-reactive). The 
positively selected B cells become mature naive B cells that leave the bone marrow. Upon 
encountering cognate antigen, some activated B cells differentiate into short-lived plasma cells 
secreting low-affinity antibodies and providing a rapid initial response to the antigen. Some 
activated B cells migrate into lymphoid follicles and initiate a germinal center (GC), where GC-B 
cells go through somatic hypermutation (SHM) and class switch recombination (CSR), both of 
which are dependent on the activity of activation-induced cytidine deaminase (AID). After 
several cycles of proliferation, mutation, and positive selection, GC-B cells differentiate into 
either high-affinity antibody-secreting plasma cells or memory B cells and leave the GC. B, With 
further mutations, the B-cell precursors with gene defect gain dysregulated signals of growth, 
survival and differentiation, and eventually develop into B-lymphoblastic lymphoma. The DNA 
modification processes of GC-B cells make them prone to chromosome translocations and 
mutations. The GC-B cells with translocation involving MYC gene and deregulated signal 
pathways of growth and survival eventually develop into Burkitt lymphoma. With additional 
genetic lesions, GC-B cells with translocations and/or mutations involving other oncogenes and/
or tumor suppressor genes develop into diffuse large B-cell lymphoma of GC-B type. GC-B cells 
with deregulated NF-κB pathway driven by EBV proto-oncogene LMP1 in EBV+ cases or certain 
mutations in EBV- cases develop into Hodgkin (H) cells. Chromosome disorganization and 
multinucleation due to cell cycle deregulation and telomere deprotection lead H cells to 
develop into Reed-Steinberg (RS) cells. The H and RS cells further their survival by attracting a 
supportive microenvironment through releasing cytokines and growth factors and suppressing 
local immune response. Eventually Hodgkin lymphoma is developed. ↑- increased signaling or 
activity; x- inhibited process.
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Normal B-cell development and activation

The physiological processes of normal B-cell development and activation are sche-
matically summarized in Figure 1A. B cells develop in the bone marrow where the 
production of a functional and unique B-cell receptor (BCR) through V(D)J 
recombination is the central process. When a B cell precursor expresses functional 
immunoglobulin (Ig) heavy and light chains that can form a stable BCR, the stage 
of immature B-cell is reached. At this stage, the BCR expressed is IgM isotype, and 
the cell is counter-selected for autoreactivity. If reactive to autoantigens, the B cells 
are driven into an anergic state or are eliminated by apoptosis (negative selection). 
The positively selected B cells with functional BCRs become mature naive B cells. 
These cells coexpress IgM and IgD through differential splicing of the variable 
region of heavy chain gene (VH) exon to the Cμ and Cδ constant region exons. 
Mature naive B cells leave bone marrow and circulate as resting lymphocytes in 
peripheral blood and secondary lymphoid tissues.

After cognate antigen encounter, mature naive B cells undergo transformation, 
proliferate, and eventually become antibody-secreting plasma cells or memory 
B cells. Some activated B cells differentiate into short-lived plasma cells, which 
secret low-affinity antibodies (mostly IgM) and provide a rapid initial response to 
antigen. Some activated B cells migrate together with activated T helper cells into 
lymphoid follicles and initiate a germinal center (GC) reaction. GC displaces the 
locally residing naive B lymphocytes and compacts them into a mantle zone 
surrounding the GC. GCs are highly dynamic structures with two histologically 
distinct zones: the dark zone (DZ) and the light zone (LZ). The DZ consists of 
rapidly proliferating centroblasts in a network with follicular dendritic cells 
(FDCs) and follicular T helper cells (FTHs), while the LZ consists of mainly cen-
trocytes. The DZ is the site where GC-B cells modify the variable region of their Ig 
genes (VIg) by the process of somatic hypermutation (SHM). SHM introduces 
mostly single-nucleotide substitutions to change the affinity of BCR to the anti-
gen, and this process is dependent on activation-induced cytidine deaminase 
(AID) that converts cytidine into uracil in the affected DNA strand (5). Since ura-
cil is not a normal component of DNA, these sites are subsequently targeted by 
error-prone DNA repair mechanisms (6). SHM also affects some non-Ig genes at a 
much lower rate. The centroblasts acquiring mutations migrate into the LZ, where 
low-affinity BCR is negatively selected by the induction of apoptosis in the corre-
sponding centrocytes. Another important DNA recombination process in GC-B 
cells is the class switch recombination (CSR), which replaces Cμ and Cδ genes 
with Cα, Cε, or Cγ genes in humans. This process is also dependent on AID and 
is mediated by DNA double-strand breaks in the switch regions upstream of the 
CH genes. CSR leads to changes in BCR signaling competence and modified 
functions of the antibody (7). After multiple cycles of proliferation, mutation, and 
positive selection, GC-B cells differentiate into either high-affinity antibody-
secreting plasma cells or resting memory B cells and leave GC. Upon re-
encountering the antigen, quiescent memory B cells can quickly be reactivated to 
participate in improved secondary immune responses.

Hodgkin lymphoma

It has been known for a long time that HL is associated with EBV infection, 
although not all HL cases are positive for EBV. The positive rate of EBV infection 
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is highest (~75%) in MCCHL and LDCHL, and lowest (5%) in NLPHL. NSCHL 
and LRCHL fall in between. Like in many other malignancies, immunodeficiency 
or immunosuppression status is a risk factor for HL. Genetic susceptibility likely 
plays a role in some HL cases, which is supported by the findings of significantly 
increased relative risk for HL in monozygotic twins (8), and different incidence 
rates among populations of different ethnic origins regardless of socioeconomic 
status (9). 

The cellular origin of HL tumor cells has been proved to be GC-B cells by 
microdissection and subsequent analysis of Ig genes. HRS cells and LP cells from 
nearly all HL cases have detectable rearrangements of Ig heavy and ⁄ or light chain 
genes. Additionally, the VIg genes of the tumor cells show evidence of SHM (10). 
In the cases with EBV infection, crippled GC-B cells with nonfunctional BCRs are 
rescued through LMP1 expression (11). LMP1 is a multifunctional oncoprotein 
known to cause constitutive activation of the NF-κB pathway, which leads to inhi-
bition of apoptosis and provides other survival benefits. Activation of NF-κB path-
way is a typical feature of all CHL cases. Gene mutations affecting this pathway are 
commonly seen in EBV-negative HL cases. However, the exact “first-hit” contrib-
uting to the development of EBV-negative CHL remains unclear. It has been 
known for a long time that LMP1 and cyclin A are involved in the formation of 
HRS cells (12, 13). The exact mechanism how early clonal lymphoid precursors 
(14) are transformed to malignant HRS cells remains elusive. Recent studies show 
that telomere deprotection likely plays an important role in the evolution of 
H-cells to RS-cells (15). Disruption in the shelterin protein complex leads to telo-
mere shortening, disorganized chromosome fusions, and ultimately the formation 
of multinucleated telomere-poor RS cells (Figure 1B). The HRS cell further 
enhances its own survival by attracting a supportive microenvironment through 
releasing cytokines and growth factors and suppressing local immune response. 
Unique to HL, the malignant cells usually account for <5% of total cells in the 
affected tissue, while the majority of the cells in the tissue are nonneoplastic lym-
phocytes, myeloid cells, and stromal cells. The microenvironment works in a way 
promoting tumor cell survival, angiogenesis, and immune system suppression. 
HRS cells show significant down-regulation of β2-microglobulin and major histo-
compatibility complex molecules, which are required for the cytotoxic response 
by T cells (16), and upregulation of PD-L1 to create a state of so-called “T cell 
exhaustion” (17). These are also the important mechanisms how HRS cells escape 
the immune system.

NLPHL is different from CHL in histology and phenotype. The cell origin of 
LP cells is also GC-B cells. The frequency of EBV positivity is very low in NLPHL, 
which excludes the significant role of EBV infection in the pathogenesis of NLPHL. 
Same as HRS cells, LP cells show significant deregulation of NF-κB signaling 
pathway (18), which is likely also the key molecular change leading to the devel-
opment of this lymphoma.

Non-Hodgkin lymphoma

The etiology of pediatric NHL is largely unknown. In a small portion of the cases, 
pediatric NHL is linked to the disorders of immune dysfunction. Primary immune 
disorders, such as Wiskott-Aldrich syndrome, ataxia-telangiectasia, X linked lym-
phoproliferative syndrome, acquired immunodeficiency syndrome (AIDS) from 
HIV infection, and immunocompromised status, such as post organ or bone 
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marrow transplantation, are associated with an increased risk of NHL. The NHL 
cases associated with these conditions are commonly related to EBV infection. 
EBV is also associated with eBL and is the driving factor to the development of 
EBV+ TLC.

As aforementioned, the development of B cells in the bone marrow is initiated 
by random recombination of genes that encode IgV to form the BCR. In GC, the 
GC-B cells undergo two additional DNA modifications: SHM and CSR (Figure 1A). 
These processes are tightly controlled; however, they can go awry and result in 
translocations and mutations, and subsequently lead to the development of a 
B-cell lymphoma (Figure 1B). 

The pathogenesis of BL has been well studied. The cell origin of BL is GC-B 
cells, the DZ centroblasts more specifically, as evidenced by the presence of highly 
mutated VIg sequences and the expression of a related transcriptional signature 
(19, 20). BL includes three clinical variants: sporadic BL (sBL), eBL, and immuno-
deficiency-associated BL (ID-BL). All BL cases are associated with chromosomal 
translocations involving the MYC gene located on chromosome 8q24. T(8;14)
(q24;q32) MYC/IgH is seen in ~80% cases; in the remaining 20% of cases, either 
Igk (2p12) or Igλ (22q11) is involved as a partner gene. These translocations show 
a high degree of molecular heterogeneity and breakpoint variation, which likely 
reflect the distinct mechanism of Ig gene remodeling (CSR vs SHM) involved in 
their generation (21). The consequence of these translocations is the constitutive 
overexpression of MYC proto-oncogene. MYC is normally absent in most GC-B 
cells, due to or partially due to BCL6-mediated transcriptional repression. MYC is 
an important transcriptional factor regulating the transcription of many target 
genes that function in controlling cell cycle, cell growth, apoptosis, cellular 
metabolism, and biosynthesis. Overexpression of MYC leads to significantly 
enhanced signal for cell growth and survival. Furthermore, deregulation of MYC 
also causes genomic instability and thus contributes to the occurrence of addi-
tional genetic lesions. Gene mutations of the transcription factor TCF-3 and its 
negative regulator ID3 are highly recurrent in all three subtypes of BL, and they 
promote tonic (antigen-independent) BCR signaling and sustain survival of the 
tumor cells by activating the PI3K pathway (Figure 1B) (22). In addition, TCF-3 
can promote cell-cycle progression by transactivating CCND3, which itself shows 
gain-of-function mutations in 38% of sBL. Other common genetic lesions detected 
include the loss or inactivation of tumor suppressor genes such as TP53 and 
CDKN2B by mutation, deletion, or hypermethylation. EBV infection may contrib-
ute to the development of BL since it is present in virtually all cases of eBL and in 
~30% of sBL and ID-BL. However, BL tumor cells lack the expression of both EBV 
transforming antigens LMP1 and EBNA2, which questions the pathogenetic role 
of this virus in BL.

DLBCL is heterogeneous with respect to morphology, phenotype, biology, and 
clinical presentation. Based on gene expression profiling, DLBCL can be divided 
into two main molecular subgroups: GC-B and activated B-cell (ABC). 
Approximately 10–15% of cases cannot be included in either of the subtypes and 
remain unclassified. The relative proportions of the GC-B subtype and the ABC 
subtype vary according to geographical location, age group, and methodology 
used, but are generally about 60% and 40%, respectively. DLBCL in children is 
predominantly GC-B type (23). Genetic lesions detected in GC-B DLBCL include 
the chromosomal translocations and mutations related to aberrant SHM or CSR, 
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which lead to deregulated expression of protooncogenes (Figure 1B). Other 
genetic lesions commonly detected in GC-B DLBCL include deletions of the tumor 
suppressor PTEN gene, mutations of EZH2 gene, and mutations of the S1PR2 
adaptor protein GNA13. BCL6, a transcriptional repressor, is a master regulator of 
GC-B cell differentiation, and it seems playing an important role in the pathogen-
esis of GC-B DLBCL. The 5′ sequence of BCL6 gene is mutated in ~70% of DLBCL 
cases (24), and the mutations resemble the activity of the physiologic SHM of 
normal GC-B cells (25). However, functional analysis of the mutations has revealed 
a subset specifically associated with GC-B DLBCL. And these mutations deregu-
late BCL6 transcription by disrupting its negative auto-regulatory circuit (26). 
The deregulation of BCL6 contributes to the development of certain DLBCL cases 
by enforcing the tumor cell proliferation, suppressing proper DNA damage 
responses, and blocking terminal differentiation.

LBL is an aggressive neoplasm of T- or B-precursors, resembling ALL biologi-
cally, morphologically, and phenotypically, and it has been grouped together with 
ALL as one category in the recent WHO classification (4). The etiology of ALL/LBL 
is mostly unknown. There is an increased risk of B-ALL/LBL in children with 
Down syndrome and other constitutional genetic disorders, such as germline 
mutations of ETV6 and TP53, which supports the “two-hits” hypothesis. The 
occurrence of B-ALL/LBL results from a series of gene mutations. The “first hit” 
might start at the early stem cell stage, followed by processes of clonal expansion 
and further mutations. A clone with dysregulated signals in proliferation, survival 
and differentiation eventually develops into B-ALL/LBL (Figure 1B). A good 
example is B-ALL/LBL with ETV6- RUNX1. The translocation was detected in the 
neonatal blood spots of children who developed this disease many years later 
(27). T-ALL/LBL is thought to result from the malignant transformation of imma-
ture thymocytes that develop in thymus. Same as B-ALL-LBL, the oncogenesis of 
T-ALL/LBL is also a multistep process resulting from the accumulation of genetic 
alterations in oncogenes and tumor suppressor genes. These genetic lesions work 
together and lead to disrupted key pathways responsible for the control of cell 
growth and survival. The most common genetic lesion in pediatric T-ALL/LBL is 
the deletion of the CDKN2A locus on chromosome 9p22 (70% of cases), which 
contains the genes coding for p14/INK4A and 16/ARF, two tumor suppressors 
functioning in cell cycle regulation and P53-mediated apoptosis. NOTCH1 is the 
most prevalent oncogene involved in T-ALL/LBL. Over 60% of the cases show 
aberrant activation of the NOTCH1 signaling pathway (28). In addition, about 
40% of T-ALL/LBL cases harbor chromosomal translocations juxtaposing tran-
scription factor oncogenes next to T-cell receptor β (TCRB) or the TCR α-δ 
(TCRAD) locus. These T-ALL/LBL-specific transcription factor oncogenes include 
T-cell acute lymphocytic leukemia 1 (TAL1), lymphoblastic leukemia-derived 
sequence 1 (LYL1) and homeobox-11 (HOX11) and several others (29). Genetic 
differences between T-ALL and T-LBL have been detected, especially in genes 
related to cell adhesion, chemotaxis, and angiogenesis (30, 31).

ALCL is an aggressive T-cell neoplasm with no clearly established risk fac-
tors. In children, ALCL is predominantly anaplastic lymphoma kinase (ALK) 
positive with aberrant ALK activity resulting from the chromosomal transloca-
tion involving the ALK gene located on chromosome 2p23. Systemic ALK-
negative ALCL and cutaneous ALCL are very rare in children. The most common 
translocation is t(2;5) (p23;q35), which results in the juxtaposition of the ALK 
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gene to the nucleophosmin (NPM) gene. This fusion results in the overexpres-
sion of ALK, a constitutively active oncogenic tyrosine kinase with both prolif-
erative and anti-apoptotic effects. Multiple alternative fusion partners for ALK 
have been described with no significant difference in outcome. Some studies 
indicate that the t(2;5) or variant translocations may occur in hematopoietic 
stem cells or early T-cell progenitors as a “first hit”. The cells with this ALK 
deregulation can survive in the thymus with a crippled TCR rearrangement. 
These ‘primed’ cells may not be detected for years until a “second hit” occurs 
and tumor is then formed (32).

PATHOLOGY

Most of the pediatric lymphomas have well-defined histomorphology and immu-
nophenotype. Some of them also have diagnostic or characteristic cytogenetic 
abnormalities. Accurate pathologic diagnosis of these lymphomas needs the 
correlation between histomorphology and immunophenotype. In some cases, 
cytogenetic/molecular findings are also indispensable for accurate diagnosis or 
WHO classification.

Hodgkin lymphoma (HL)

CHL is characterized by the presence of HRS cells in a mixed inflammatory back-
ground comprising small lymphocytes, histiocytes, plasma cells, eosinophils, and 
neutrophils (Figure 2). HRS cells have either multiple (at least 2) large nuclei (RS 
cells) or a single large nucleus (H cells). Both H and RS cells typically have large 
eosinophilic inclusion-like nucleoli (Figure 2B, C and G). Some HRS cells have 
condensed cytoplasm and pyknotic reddish nuclei, which are known as mummi-
fied cells. In formalin-fixed tissue, the cytoplasm of the HRS cells frequently show 
retraction of the membrane, resulting in that the tumor cells seem sitting in the 
lacunae (Figure 2C). Therefore, these cells are called lacunar cells. Necrotizing or 
nonnecrotizing epithelioid granulomas can be seen in some CHL cases. LP cells of 
NLPHL have polylobated nuclei with shape resembling popcorn, inconspicuous 
or small nucleoli and moderately abundant cytoplasm (Figure 2Q and V). The 
HRS cells are positive for CD30 in all CHL case, positive for CD15 in ~75% of the 
cases, and usually negative for CD45 and CD20. Most CHL cases are negative for 
B-cell markers except for PAX5, which is usually weakly positive. CD20 expres-
sion is seen in ~20% of CHL cases and is usually weak and variable. Expression of 
EBV markers (EBER and LMP1) in HRS cells can be seen in some CHL cases. LP 
cells usually express B-cell markers and are negative for CD30 and CD15.

There are four CHL subtypes: NSCHL, MCCHL, LRCHL and LDCHL. NSCHL 
(Figure 2 A-E) is characterized by the presence of HRS cells and lacunar cells in 
the nodules surrounded by collagen bands. Capsule is usually thickened. To con-
fidently call a case NSCHL, at least one nodule should be appreciated. The HRS 
cells show typical CHL phenotype: CD30+CD15+/-CD20-CD45-PAX+. Grading 
for NSCHL based on the proportion of HRS cells or the characteristics of the 
background infiltrate may predict prognosis based on an old study (33). However, 
the widely used needle biopsy makes this grading impractical; the significantly 
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Figure 2.  Histologic and immunophenotypic features of Hodgkin lymphoma. A-E, Nodular 
sclerosis classic Hodgkin lymphoma shows a nodular lesion with collagenous band (A, H&E 
stain), large mononuclear Hodgkin cells and bi- or multinucleated Reed-Steinberger cells 
with prominent large nucleoli admixed with mixed background inflammatory cells (B, H&E-
stained touch imprint; C, H&E-stained section). The Hodgkin/ Reed-Steinberger (HRS) cells 
are positive for CD30 with membrane and Golgi pattern (D) and CD15 (E). F-J, Mixed 
cellularity classic Hodgkin lymphoma shows a diffuse pattern (F, H&E stain) and HRS cells in 
the background composed of a mixture of inflammatory cells (G, H&E stain). The HRS cells 
are positive for PAX5 (H), and negative for CD20 (I) and CD45 (J). K-O, Lymphocytes-rich 
classic Hodgkin lymphoma shows a nodular pattern and scattered HRS cells located in the 
nodules, but outside the germinal center (K and L, H&E stain). The HRS cells are positive for 
CD30 (M) and negative for CD20 (N and O). P-T, Classical nodular lymphocyte predominant 
Hodgkin lymphoma (NLPHL) shows distorted B-cell rich nodules (P, H&E stain; S, CD20 IHC 
stain) and popcorn-shaped LP cells in the nodule (Q, H&E stain). The LP cells are positive for 
BCL6 (R) and CD20 (T). U-Y, Variant NLPHL shows diffuse B-cell rich pattern (U, H&E stain; 
X, CD20 IHC stain) and scattered LP cells with surrounding small lymphocytes (V, H&E stain). 
The LP cells are positive for EMA (W) and CD20 (Y).

improved outcome of current therapy makes the grading no longer useful for 
prognostic prediction (34). A syncytial variant of NSCHL, characterized by large 
clusters of lacunar cells in the nodules, is likely associated with a more aggressive 
behavior (35). MCCHL (Figure 2 F-J) is characterized by the presence of HRS cells 
in a diffuse inflammatory background. Fine interstitial fibrosis may be present, 
but collagenous bands are absent and capsular fibrosis is typically not seen. Lymph 
node architecture is usually completely effaced, although interfollicular growth 
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pattern may be rarely seen. The HRS cells usually show typical CHL phenotype 
and are commonly positive for EBER and LMP1. The composition of background 
cells varies greatly, and one of these cell types may be predominate. LRCHL 
(Figure 2 K-O) is characterized by a nodular or occasionally a diffuse cellular 
background composed of mainly small lymphocytes with no neutrophils and 
eosinophils. The nodules of the nodular variant are composed of small lympho-
cytes and may have GCs, which are often regressed. The HRS cells are mostly 
located within the nodules, but outside the GCs. The HRS cells show typical CHL 
phenotype, but more likely express GC transcription factors such as BOB1, OCT2 
and BCL6 than other CHL subtypes. In diffuse LRCHL cases, the small lympho-
cytes of the cellular background can be mainly T cells and can be admixed with 
histiocytes. LDCHL is a diffuse form of CHL, rich in HRS cells and/or lacking 
non-neoplastic lymphocytes. Histiocytes are usually abundant. The immunophe-
notype of the tumor cells is similar to other CHL subtypes, and EBV is commonly 
detected. 

NLPHL is usually characterized by a nodular or a nodular and diffuse prolif-
eration of small lymphocytes with scattered large LP cells. The LP cells are sur-
rounded by PD1+ FTH cells (FTH rosettes). In typical cases (Figure 2 P-T), the LP 
cells reside in large B-cell-rich nodules. Fan Z, et al. (36) described six distinct 
histopathological patterns: (A) B-cell-rich nodular; (B) serpiginous nodular; 
(C) nodular with prominent extranodular LP cells; (D) T-cell-rich nodular; 
(E)  T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL)-like; (F) diffuse 
B-cell-rich (Figure 2 U-Y). Patterns C, D, E and F are associated more often with 
advanced disease and a higher relapse rate (37). For lesions appearing diffuse on 
H&E staining, IHC stains are needed to detect the presence of LP cells, small reac-
tive B-cells, and residual follicular structures. The detection of one such area is 
sufficient to exclude THRLBCL. LP cells express most B-cell markers such as 
CD20, CD79a and PAX5, as well as OCT2, BOB1 and BCL6. EMA is also com-
monly expressed. CD30 and CD15 are usually negative. 

The diagnosis of HL is based on histomorphology and immunophenotype by 
IHC staining. Flow cytometry is not useful to detect HL due to the low propor-
tion and large size of the tumor cells, and lymphocyte-rosettes on tumor cell 
surface. By flow cytometry, the findings associated with HL include increased 
CD4-to-CD8 ratio in CHL and increased CD4/8 double positive T-cell popula-
tion in NLPHL. These findings are neither specific nor sensitive. The cytogenetic 
and molecular testing is usually not performed for clinical purpose. The HRS 
cells and LP cells are required for the diagnosis of CHL and NLPHL, respectively, 
but they must be seen in an appropriate cellular background and show a correct 
phenotype, since they are not specific to HL and can be seen in other lymphomas 
or viral infection. Careful evaluation of the tumor cell phenotype is important to 
make the distinction between LRCHL and NLPHL, and rule out other morpho-
logic mimickers of HL. 

Lymphoblastic lymphoma (LBL)

Histologically, LBL is characterized by sheets of variably and mostly medium-
sized blasts with round or irregular nuclei, finely dispersed nuclear chromatin, 
inconspicuous or prominent nucleoli and scant basophilic cytoplasm (Figure 3). 
There are frequent mitoses and apoptotic figures. Presence of scattered tingible 
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body macrophages with a so-called starry-sky appearance is common. 
Morphologically, T-LBL is not distinguishable from B-LBL. Phenotypically, all 
T-LBL cases should express surface and/or cytoplasmic CD3, a T-cell lineage-
defining marker. T-LBL is usually positive for terminal deoxynucleotidyl transfer-
ase (TdT) and is variably positive for pan-T-cell markers of CD2, CD4, CD5, CD7 
and CD8. Besides TdT, markers indicating the T-cell-precursor nature include 
CD99, CD34 and CD1a. Sometimes, the precursor nature of T-LBL has to rely on 
CD4/8 double-positivity or CD4/8 double-negativity. COG study (38) showed 
that the immunoprofile of T-LBL was similar to that of T-ALL except for a higher 
incidence of CD4/CD8 double positivity. Early-T-precursor ALL (ETP-ALL) was 
recognized as a subtype of very high-risk ALL associated with increased rate of 
induction failures by initial study (39). Study with current treatment protocols 
didn’t reveal a significant difference in prognosis (40). ETP is defined by the 
immunophenotype: negative for CD1a and CD8, and positive for at least one of 
the myeloid /stem cell markers, negative for CD5 or positive on <75% of the 
blast population. The ETP phenotype appears to occur in T-LBL with similar 
frequency (38). B-LBL commonly expresses B-cell markers (CD19, CD79a 
and CD22), CD10, TdT, and variably expresses CD20 (mature B-cell marker) and 
CD34. Aberrant expression of myeloid antigens, such as CD13 and CD33, is seen 
in some cases. 

The diagnosis of LBL is based on the characteristic histopathology (sheets 
of monotonous blasts) and immunophenotype of precursor-T or -B cell. Flow 
cytometry is more useful than IHC stains to characterize the phenotype and give 
accurate lineage classification at diagnosis, and to monitor residual disease after 
treatment. Cytogenetic study is also important since the results are indispensable 
to WHO classification and are critical for risk-stratification and risk-adapted 
treatment. The involved lymph nodes usually show complete architecture efface-
ment, and the diagnosis is usually straightforward. In rare cases, T-LBL may show 
interfollicular growth pattern with preserved nodal architecture, and no detect-
able clonal TCR gene rearrangement (41). These features are typical for indolent 
T-lymphoblastic proliferation (42), which is a non-neoplastic T-lymphoblast pro-
liferation with no need for chemotherapy. Comprehensive workup including 
cytogenetic/molecular testing should be performed for these cases to make the 
distinction.

Burkitt lymphoma and Burkitt-like lymphoma with 11q 
aberration (BL and BLL-11q)

Morphologically, typical BL (Figure 4A) shows sheets of monomorphic medium-
sized tumor cells with round nuclei, finely dispersed nuclear chromatin, and mul-
tiple basophilic small to intermediate-sized nucleoli. The cytoplasm is moderately 
abundant and highly basophilic with multiple lipid vacuoles better visualized on 
Wright’s and/or Giemsa-stained air-dried smears or imprint slides. There are many 
mitotic and apoptotic figures, and frequent scattered intermixed tingible body 
macrophages resulting in starry-sky pattern. The immunophenotype of typical 
BL is that of GC-B cells, positive for IgM, CD19, CD20, CD22, CD79a, CD10 
and BCL6. BCL2 is usually negative. The Ki67 proliferative index is nearly 100%. 
The diagnosis of BL is based on characteristic morphology and phenotype, and 
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the presence of MYC rearrangement by karyotype or fluorescence in situ hybrid-
ization (FISH) analysis. Theoretically, all BL cases should carry MYC rearrange-
ment. It is controversial to make a diagnosis of BL when MYC rearrangement 
is not detectable. In practice, without MYC rearrangement, the diagnosis of 
BL should always be questioned, and a new WHO entity, BLL-11q, should be 
considered (4, 43).

BLL-11q (Figure 4B) comprises cases with morphologic, phenotypic, and gene 
expression resemblance to BL, but lacking MYC translocation (MYC-) and harbor-
ing characteristic proximal 11q gains and distal 11q loss. Usually, the cases show 
more or less atypical features in morphology or phenotype. BLL-11q cases occur 
over a wide age range but are more common in children and young adults. The 
actual incidence of this entity in children is not known, but it seems not uncom-
mon (43, 44). BLL-11q cases are more frequently nodal than BL and tend to pres-
ent as a single dominant mass or conglomerate mass at low stage. The prognosis 
appears to be favorable, similar to classical BL. The diagnosis of BLL-11q is based 
on the presence of characteristic gain/loss patterns of 11q, together with BL/
BL-like morphology, GC-B phenotype, and lack of MYC rearrangement. The char-
acteristic 11q aberration is key to making the diagnosis, but its presence alone is 
not diagnostic since it can also be present in BL or DLBCL (45). The most sensitive 
modality for detecting this characteristic cytogenetic finding is DNA microarray. 
FISH and chromosome analysis can detect 11q aberration in some cases, but both 
methods show lower sensitivity (43). DNA microarray or FISH analysis should be 
performed on all MYC- high grade mature B-cell lymphomas with BL/BL-like 
morphology. Based on one study (46), the immunophenotype of BLL-11q was 
similar to that of BL except for a characteristically lower expression of CD38, and 
coexpression of CD16/CD56. This characteristic expression profile may be useful 
to screen such cases for DNA microarray/FISH analysis for 11q abnormalities. 

Diffuse large B-cell lymphoma (DLBCL)

DLBCL is a heterogeneous group of tumors that are characterized by a relatively 
large cell size, B-cell phenotype, and a diffuse pattern of growth (Figure 5). The 
size of the tumor cells’ nuclei is usually the same as or larger than the nuclei of 
normal macrophage or more than twice the size of a small lymphocyte. DLBCLs 
have been subdivided into morphological variants, molecular subtypes, and dis-
tinct disease entities. The cases that do not meet the criteria for subdivision are 
classified as DLBCL, NOS. 

Three common morphologic variants have been recognized. The centroblastic 
type is the most common variant, with medium to large tumor cells, round to oval 
nuclei, vesicular or fine chromatin, 2-4 nuclear membrane-bound nucleoli and 
scant basophilic or amphophilic cytoplasm. The immunoblastic variant has a sin-
gle centrally located nucleolus and moderately abundant basophilic cytoplasm. 
The anaplastic variant is characterized by very large anaplastic pleomorphic nuclei 
that may resemble HRS cells of HL. Some cases may show a mixture of two or 
three of these morphologic variants. DLBCLs typically express B-cell markers 
such as CD19, CD20 (Figure 5B), CD22, PAX5 and CD79a, but may lack one or 
more of these. Surface or cytoplasmic Ig can be detected in most of the cases. 
CD30 may be expressed in some cases, especially in the anaplastic variant. 
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The Ki67 proliferation index is typically higher than 40%. EBV is detected mostly 
in the DLBCL cases associated with primary immunodeficiency, transplant, or 
HIV infection. Without these conditions, the presence of EBV should lead to a 
diagnosis of EBV-positive DLBCL, NOS, which is often CD30-positive. 

Based on gene expression profiling, two molecular (cell-of-origin) subtypes of 
DLBCL have been identified: GC-B and ABC. GC-B DLBCL has a significantly bet-
ter outcome than ABC DLBCL (47). The DLBCL cases in children are predomi-
nantly GC-B type (23) and have a much better outcome than adults. Enrolment of 
DLBCL cases in some clinical trials requires the determination of cell-of-origin 
status. Therefore, cell of origin should be determined for all cases of DLBCL, NOS, 
at diagnosis. Since gene expression profiling technologies are not widely available, 
IHC method is considered an acceptable alternative, although IHC method has 
issues of both reproducibility and accuracy. There are many IHC algorithms pro-
posed. The one most commonly used is the Hans algorithm, which uses three 
markers (CD10, BCL6, and IRF4/MUM1) to distinguish the GC-B from the non-
GC-B subtype (Figure 5C-5E). Each marker is considered positive if ≥ 30% of the 
tumor cells stained positively. Based on this IHC algorithm, GC-B subtype is 
defined when the tumor cells are CD10+ regardless of the results of the other two 
makers, or CD10-BCL6+MUM-. 

Primary mediastinal large B-cell lymphoma (PMBL) is one of the most com-
mon distinct subtypes of DLBCL that occur in children, especially in older female 
children. PMBL originates from thymic B-cells in the mediastinum, with distinc-
tive clinical, immunophenotypic, genotypic, and molecular features. Histologically, 
it is composed of medium to large pleomorphic tumor cells with abundant pale 
cytoplasm, which reside in a sclerotic background (Figure 5F). The tumor cells 
usually express B-cell markers CD79a, CD19, CD20 (Figure 5G), PAX5, and 
CD22, but commonly lack Ig. CD30 (Figure 5H) is present in most of the cases; 
CD15 is usually negative. The tumor cells are commonly positive for MUM1, 
BOB1, OCT2 and CD23, and variably positive for BCL2 and BCL6 (Figure 5I). 
Expression of CD10 is not common. Gene expression profiling has identified 
similarities between PMBL and CHL, including the activation of NF-κB pathway 
(48). PMBL is associated with a more favorable prognosis than GC-B and ABC 
types of DLBCL, and the cure rate is high with current treatment protocol. 

The diagnosis of DLBCL is based on histomorphology, phenotype and tumor 
location. Clinical information and cytogenetic/molecular testing results are needed 
for further WHO classification in some cases. Flow cytometry is useful for immu-
nophenotyping and clonality assessment if fresh sample is available, although 
IHC stains are used more ubiquitously for immunophenotyping. 

Anaplastic large cell lymphoma (ALCL)

ALCL is a T-cell NHL with characteristic morphologic and phenotypic features. 
Almost all pediatric ALCL cases demonstrate the translocation involving the ALK 
oncogene, and hence are ALK+ ALCL. Although the histomorphology of 
ALK+ALCL cases varies, all cases contain a variable proportion of large tumor cells 
with eccentric horseshoe-shaped or kidney-shaped nuclei and eosinophilic cyto-
plasm. These cells are called “hallmark” cells. Several morphologic patterns of 
ALCL have been described. The common pattern (60%) (Figure 6A and 6B) is 
composed of mostly large tumor cells with frequent hallmark cells. Some tumor 
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cells may resemble HRS cells. The lymph node may be diffusely involved or par-
tially involved with a sinusoidal pattern. The lymphohistiocytic pattern (10%) 
(Figure 6I) is composed of tumor cells admixed with frequent reactive histiocytes. 
The small-cell pattern (5–10%) reveals predominantly small to medium-sized 
tumor cells with irregular nuclei. The tumor cells of some cases may have pale 
cytoplasm and central nuclei with a so-called “fried-egg” appearance. Hallmark 
cells are often found around the vessels. This subtype more likely has circulating 
tumor cells and typically has a more aggressive course. The Hodgkin-like pattern 
(3%) mimics NSCHL. In about 15% cases, multiple patterns can be seen in the 
same specimen. Relapse can have morphologic pattern different from that seen 
initially.

The tumor cells of all ALCL cases are positive for CD30 with an immunoreac-
tivity of cell membrane and Golgi pattern (Figure 6C). CD30 stains variably 
among tumor cells, usually strong in large cells. Most cases are positive for EMA 
(Figure 6E). ALK can be detected by IHC staining in all ALK+ALCL cases. And the 
staining pattern varies according to the translocations. In cases carrying the t(2;5) 
(NPM1-ALK) translocation, ALK staining of the large tumor cells is both cytoplas-
mic and nuclear (Figure 6D). Most cases express one or more T-cell antigens, 
which include CD4 (Figure 6F), CD5, CD2, CD7 and CD3 (Figure 6G). More 
than half of the cases are also positive for CD45, CD25, CD43, TIA1 and gran-
zyme B. Some cases may have no detectable T-cell antigen, which is so-called 
null-cell phenotype. 

The diagnosis of ALCL is based on morphology and phenotype. Conventional 
cytogenetic study and FISH analysis (Figure 6L) are also helpful, but they are not 
necessary for the diagnosis. Due to the presence of null-cell phenotype, flow 
cytometry may fail to identify the lymphoma cell population, and therefore IHC 
staining on tissue section is more useful for the diagnosis. Since ALK expression 
is essentially absent in almost all postnatal human tissue, the detection of ALK by 
IHC staining can be an alternative for cytogenetic study indicating a translocation 
involving ALK gene. IHC staining for ALK is very useful to detect scattered tumor 
cells in bone marrow for staging or to monitor residual disease after treatment. 
ALCL can present in a leukemic phase mimicking acute monocytic leukemia mor-
phologically (Figure 6J), or occasionally cause leukemoid reaction mimicking 
juvenile myelomonocytic leukemia morphologically (Figure 6K) (49).

Large B-cell lymphoma with IRF4 rearrangement (LBL-IRF4)

LBL-IRF4 is a new provisional entity proposed in the most recent WHO classifica-
tion (4). It most commonly affects children and young adults, mainly involves the 
Waldeyer’s ring and cervical lymph nodes, and usually presents as low stage dis-
ease. The actual incidence of this entity is not known, but it seems not uncommon 
in children (44). Histologically, the tumor cells are medium to large with finely 
clumped chromatin and small to intermediate basophilic nucleoli (Figure 5K). 
A starry-sky pattern is usually absent, although proliferation rate is usually high 
by Ki-67 immunostaining. These lymphomas may have a diffuse growth pattern, 
follicular growth pattern, or follicular/diffuse pattern resembling FL grade 3B or 
DLBCL. The tumor cells are positive for B-cell markers (CD19, CD20, CD22, 
CD79a, PAX-5), and characteristically show high levels of IRF4/MUM1(Figure 5M) 
and BCL6 (Figure 5N). Over 50% of the cases are also positive for BCL2 and CD10. 



Pediatric Lymphoma 21

Despite the high levels of IRF4/MUM1, these cases have a GC-B signature by gene 
expression profiling. Most cases have a cytogenetically cryptic rearrangement of 
IRF4 with an Ig heavy chain locus. BCL6 alterations may be detected in some 
cases, but essentially all cases lack MYC and BCL2 rearrangement. Most cases have 
shown good response to chemotherapy (50). The diagnosis of LBL-IRF4 is based 
on high grade morphologic features, characteristic immunophenotype (GC-B 
cells with diffuse and strong expression of MUM1 and BCL6), and the presence of 
IRF4 rearrangements (Figure 5O). The diagnosis of LBL-IRF4 should be suspected 
in high-grade FL or DLBCL cases with strong and diffuse expression of MUM1, 
especially in Waldeyer’s ring and cervical regions, and should be confirmed by 
FISH analysis for IRF4 rearrangement. 

PEDIATRIC-TYPE FOLLICULAR LYMPHOMA (PTFL)

Pediatric FL was recognized many years ago as an indolent disease affecting pre-
dominantly males and was recognized as a distinct entity in 2008 WHO classifica-
tion. Since it occurs in adults as well, its name has been changed to pediatric-type 
FL (PTFL) in most recent WHO classification (4). PTFL often presents as an iso-
lated adenopathy in the head and neck regions. Histologically, it is characterized 
by large expansile, highly proliferative follicles containing medium-sized blastoid 
tumor cells with no or rare centroblasts /centrocytes (Figure 7 A and B). A serpigi-
nous growth pattern of the follicles is often seen. Partial involvement with a rim 
of normal node at the edge of the biopsy can be seen in some cases. The follicles 
often show a starry-sky appearance and attenuated or absent mantle zones. The 
tumor cells have a GC-B phenotype, positive for B-cell markers (Figure 7C, 7J, 
7L) and GC markers (CD10 and BCL6) (Figure 7D, 7F), and usually negative for 
BCL2 expression (Figure 7G). A small portion of the cases show weak BCL2 stain-
ing. Ki-67 staining usually reveals a high proliferation index without evidence of 
polarization in the follicles (Figure 7H). IRF4/MUM1 is negative, and strong posi-
tivity should raise the concern for LBL-IRF4. PTFL cases lack the characteristic 
BCL2 gene rearrangement detectable in most adult FL cases. They also lack BCL6 
and MYC rearrangements. Most PTFL cases are present at low stage and may not 
require treatment other than excision. The differences and comparison between 
PTFL and adult FL are listed in Table 2. The presence of any component of 
DLBCL or advanced-stage disease excludes PTFL. The diagnosis of PTFL is based 
on characteristic morphology, phenotype, and cytogenetic findings. In practice, 
detection of a BCR monoclonality by PCR or flow cytometry testing is critical to 
make the distinction between PTFL and florid follicular hyperplasia in some 
cases.

Systemic Epstein-Barr virus + T-cell lymphoma of childhood 
(EBV+TLC)

EBV+TLC is characterized by a clonal proliferation of EBV-infected T cell, usually 
with an activated cytotoxic phenotype. It typically presents with fever, hepato-
splenomegaly and cytopenia shortly after primary acute EBV infection or in the 



Li W22

S
in

g
le

ts

10
2

10
3

10
4

C
D

45
 A

P
C

-H
7-

A

Ly
m

ph
s

10
5

A
nt

i-K
ap

p
a 

P
E

-A

Ly
m

p
ho

m
a+

R
ea

ct
iv

e 
Ly

m

Anti-lambda FITC-A –1
65

–3
18

Ly
m

p
ho

m
a

CD38 APC-R700-A

C
D

 1
9 

P
E

-C
y7

_A
C

D
20

 B
V

51
0-

A

CD10 BV421-A
Ly

m
p

hs

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

0
10

3
10

4
10

5

10
2

10
3

10
4

10
5

10
2

10
3

10
4

10
5

10
2 0

10
3

10
4

10
5

Ly
m

p
ho

m
a

5010
0

15
0

20
0

25
0

(× 1,000) SSC-A

Fi
gu

re
 7

. 
H

is
to

lo
gi

c 
an

d 
im

m
un

op
he

no
ty

pi
c 

fe
at

ur
es

 o
f p

ed
ia

tr
ic

 t
yp

e 
fo

lli
cu

la
r 

ly
m

ph
om

a 
(P

TF
L)

. A
, T

h
e 

n
o

d
al

 a
rc

h
it

ec
tu

re
 is

 p
ar

ti
al

ly
 e

ff
ac

ed
 b

y 
ill

-d
efi

n
ed

, c
o

al
es

ce
n

t f
o

lli
cl

es
 w

it
h

 s
ta

rr
y-

sk
y 

p
at

te
rn

. R
es

id
u

al
 n

o
rm

al
 n

o
d

al
 ti

ss
u

e 
w

it
h

 g
er

m
in

al
 c

en
te

rs
 is

 o
n

 th
e 

ri
gh

t s
id

e.
 B

, H
ig

h
 p

o
w

er
 v

ie
w

 
sh

o
w

s 
sh

ee
ts

 o
f m

ed
iu

m
-s

iz
ed

 b
la

st
o

id
 c

el
ls

 w
it

h
in

 th
e 

ab
n

o
rm

al
 fo

lli
cl

es
. T

h
er

e 
ar

e 
fr

eq
u

en
t m

it
o

se
s 

an
d

 a
p

o
p

to
ti

c 
b

o
d

ie
s.

 C
-H

, I
H

C
 s

ta
in

s 
re

ve
al

 th
at

 th
e 

tu
m

o
r 

ce
lls

 a
re

 d
if

fu
se

ly
 p

o
si

ti
ve

 fo
r 

C
D

20
 (C

), 
C

D
10

 (D
), 

B
C

L6
 (F

) a
n

d
 m

o
st

ly
 n

eg
at

iv
e 

fo
r 

B
C

L2
 (G

). 
C

D
21

 (E
) h

ig
h

lig
h

ts
 th

e 
d

is
to

rt
ed

 fo
lli

cu
la

r 
d

en
d

ri
ti

c 
m

es
h

w
o

rk
 (F

D
M

W
) i

n
 th

e 
ab

n
o

rm
al

 fo
lli

cl
es

 (l
ef

t)
 a

n
d

 in
ta

ct
 F

D
M

W
 in

 n
o

rm
al

 fo
lli

cl
es

 (r
ig

h
t)

. K
i6

7 
st

ai
n

in
g 

re
ve

al
s 

h
ig

h
 (>

90
%

) p
ro

lif
er

at
io

n
 in

d
ex

. I
-L

, F
lo

w
 c

yt
o

m
et

ry
 s

tu
d

y 
re

ve
al

s 
a 

ka
p

p
a-

re
st

ri
ct

ed
 B

-c
el

l p
o

p
u

la
ti

o
n

 (r
ed

) w
it

h
 e

xp
re

ss
io

n
 o

f C
D

45
, C

D
10

, C
D

20
, 

C
D

38
 a

n
d

 C
D

19
.



Pediatric Lymphoma 23

setting of chronic active EBV infection (CAEBV). Same as CAEBV, EBV+TLC 
occurs more frequently in Asians, and in native populations from Central and 
South America and Mexico with no sex predilection. It is a life-threatening condi-
tion with rapid progression to multiorgan failure and death, usually within days 
to weeks. Hence, its name has been changed from systemic EBV+ T-cell lympho-
proliferative disease of childhood in the previous edition of WHO classification to 
the current one (4). A hemophagocytic lymphohistiocytosis (HLH) is nearly 
always present. The infiltrating lymphocytes show a broad cytological spectrum 
ranging from small or medium-sized benign-looking lymphocytes to large, atypi-
cal lymphocytes with irregular nuclei and prominent nucleoli. The tumor cells 
typically express CD2, CD3, CD8 and TIA1, and are positive for EBV. Cases trans-
formed from CAEBV are usually CD4-positive. Clonal TCR gene rearrangement is 
detected in most cases. No consistent chromosomal aberrations have been identi-
fied. The diagnosis of EBV+TLC is based on the clinical presentation and identifi-
cation of an abnormal clonal EBV+ T-cell population. Acute EBV-associated HLH 
with no abnormal clonal T-cell population should not be diagnosed as EBV-TCL. 

CONCLUSION

There have been tremendous advances in the study of pediatric lymphoma during 
the past decades, although the pathogenesis of these lymphomas remains not fully 
understood. These advances have led to optimized treatment strategy and signifi-
cantly improved therapeutic outcome of these diseases, and the creation of a few 
new entities in WHO classification. The pathologic features of these lymphomas 
are well defined, and the diagnosis usually needs the correlation of histology, 
immunophenotype and the findings of other proper ancillary tests,
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TABLE 2.	 Comparison between pediatric follicular 
lymphoma and usual type follicular lymphoma

Pediatric type Usual type

Staging I–II Mostly III/IV

Grading 3 1–2 > 3

Morphology Starry sky appearance, 
monotonous blastoid cells

Mixtures of centrocytes and centroblasts, 
no starry sky appearance

Ki67 positivity >30% <30%

BCL2 rearrangement No Yes

BCL2 stain Negative or weakly + Mostly +

Clonality Monoclonal Monoclonal
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