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Non-Hodgkin’s Lymphoma of Childhood

John T. Sandlund and Ching-Hon Pui

Introduction
Malignant lymphomas which comprise Hodgkin’s disease
and non-Hodgkin’s lymphoma (NHL), are the third most
common malignancy among children and adolescents.1-5

Among children less than 15 years of age, NHL is more
frequent; however, in patients up to 18 years of age,
Hodgkin’s disease is predominant.6,7,8

The incidence of NHL increases steadily throughout
life, in contrast to Hodgkin’s disease, which has a bimodal
age distribution with peaks in early and late adulthood.2 Chil-
dren at risk include those with acquired immunodeficiency
syndrome, those with congenital immunodeficiency syn-
dromes (ataxia-telangiectasia, Wiskott-Aldrich syndrome,
or X-linked lymphoproliferative syndrome), and those who
have received immunosuppressive therapy (e.g., recipients
of bone marrow or organ transplants).2,9,10,11,12 Deficient T-
cell function may contribute in part to this increased risk.

There are differences in both the incidence and pro-
portion of histologic subtypes in different parts of the
world.1,2 For example, the NHLs are very rare in Japan, while
they account for approximately half of all childhood malig-
nancies in equatorial Africa. Burkitt’s lymphoma is the pre-
dominant histologic subtype in equatorial Africa (endemic
Burkitt’s lymphoma) and northeast Brazil,13 but comprises
approximately one-third of cases in the United States and
western Europe. There is a significant association between
Epstein-Barr virus (EBV) and endemic Burkitt’s lym-
phoma.2 Although no direct pathogenic role has been dem-

onstrated for this virus, it has been speculated that as a B-
cell mitogen, EBV increases the target pool of cells for trans-
formation. A recently identified EBV nuclear antigen 1
(EBNA-1) variant has been found associated with the ma-
jority of Burkitt’s lymphoma cases, suggesting that this
mutation may provide a growth advantage to lymphoma cells
by modifying EBNA-1 function in some way.14 EBV is as-
sociated with 90% of African (endemic) Burkitt’s lymphoma
cases, but with only 15% of cases in the United States (spo-
radic).15,16,17

Classification
The National Cancer Institute (NCI) Working Formulation,
divides the tumors into three grades: low, intermediate, and
high.7 In contrast to the NHLs in adults, which are prima-
rily low and intermediate grade, the NHLs in children are
predominantly diffuse high-grade tumors, which comprise
the small noncleaved cell, lymphoblastic, and large cell sub-
types (see Table 1).

Small noncleaved cell
Burkitt lymphoma is a diffuse B-cell lymphoma expressing
surface immunoglobulin (usually IgM) as well as other B
cell-associated antigens, including CD19 and CD20.2,18

These lymphomas contain sheets of monomorphic lymphoid
cells with basophilic cytoplasm and one or more prominent
nucleoli. The “starry sky” appearance frequently associated
with this tumor is caused by tingible body macrophages in

Table 1. Clinical and Biologic Characteristics of Non-Hodgkin’s Lymphoma in Children66

Proportion of
Subtype* Cases (%)† Phenotype Primary Site Translocation Affected Genes‡

Small noncleaved cell 39 B cell Abdomen or head and neck t(8;14)(q24;q32) IgH - c-MYC
 (Burkitt’s) t(2;8)(p11;q24) Igκ - c-MYC

t(8;22)(q24;q11) Igλ - c-MYC

Lymphoblastic 28 T-cell§ Mediastinum or head and neck t(1;14)(p32;q11) TCRαδ - TAL1
t(11;14)(p13;q11) TCRαδ - RHOMB2
t(11;14)(p15;q11) TCRαδ - RHOMB1
t(10;14)(q24;q11) TCRαδ - HOX11
t(7;19)(q35;p13) TCRβ - LYL1
t(8;14)(q24;q11) TCRαδ - MYC
t(1;7)(p34;q34) TCRβ - LCK

Large cell 26 B cell, T cell, Mediastinum, abdomen, head t(2;5)(p23;q35) NPM-ALK
indeterminate and neck, or skin

* The subtypes are classified according to the National Cancer Institute’s working formulation.
† Proportion at St. Jude Children’s Research Hospital; other histotypes account for approximately 7%.
‡ Ig denotes immunoglobulin and TCR T-cell receptor.
§ B-cell-progenitor variants have also been described.
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the field.
Cytogenetically, Burkitt lymphomas are characterized

by the presence of one of three reciprocal chromosomal
translocations, resulting in the juxtaposition of the c-myc
proto-oncogene on chromosome 8 with one of the three im-
munoglobulin genes, resulting in deregulation of the c-myc
gene.2,19,20,21 The classical translocation t(8;14)(q24;q32),
involving the heavy chain immunoglobulin locus, is identi-
fied in approximately 85% of cases. Each of two variant
translocations, t(2;8)(p11;q24) and t(8;22)(q24;q11), involv-
ing one of the two light chain immunoglobulin loci are iden-
tified in the remaining cases.

Expression of the c-myc gene is associated with cell
proliferation. The c-myc protein forms heterodimers with
related proteins (e.g., MAX, MAD) that subsequently in-
fluence cell cycling.22-26 In Burkitt’s lymphoma, deregulated
expression of c-myc may result in an increased proportion of
MYC-MAX complexes, leading to tumor cell proliferation.27

There are various theories about the pathogenic mecha-
nism of c-myc deregulation in Burkitt’s lymphoma.28-31 The
invariable presence of mutations (truncations or point mu-
tations) in the translocated c-myc gene has led to specula-
tion that these mutations result in deregulated expression.
Other hypotheses focus on c-myc’s juxtaposition to the im-
munoglobulin loci—some suggesting that the immunoglo-
bulin gene usurps control over the translocated c-myc gene,
perhaps through long-range enhancer sequences.28,30

The apparent abrogation of c-myc’s induction of apop-
tosis suggests that other factors besides deregulation of c-
myc are involved in the pathogenesis of Burkitt’s lym-
phoma.32-34 The identity and potential role in pathogenesis
of other oncogenes or tumor suppressor genes is currently
under investigation.32,35 Abnormalities in the p53 gene have
been identified in cases of SNCC NHL and B-cell ALL,36-38

which differ from those seen in solid tumors such as lung,
breast, and colorectal carcinomas. The frequency of muta-
tions in primary tumor biopsies is much lower than that re-
ported in cell lines, which are usually established from cells
obtained at relapse (33% vs 70%, respectively), suggesting
that p53 mutations in Burkitt’s lymphomas may be involved
in disease progression.37

Lymphoblastic lymphoma
The morphology of these tumor cells is similar to that of
acute lymphoblastic leukemia. The majority (>95%) are of
T-cell immunophenotype; however, a small percentage have
a B-cell progenitor immunophenotype and are associated
with cutaneous involvement.39-42

It is generally assumed that lymphoblastic lymphoma
and T-cell leukemia are different presentations of the same
disease process; however this has yet to be proved.43 The
reciprocal chromosomal translocations identified in T-cell
leukemia and lymphoblastic lymphoma typically involve
one of the T-cell receptor genes and result in deregulation
of the reciprocal partner gene (e.g., TAL1, HOX11, and
RHOMB genes).44-52

Large cell lymphoma
The large cell lymphomas are a heterogeneous group of
malignancies that vary in histology and immunophenotype
(T-cell, B-cell, or non-B, non-T cell).53-55 Approximately
50% of cases may be classified as having anaplastic fea-
tures (abundant cytoplasm, atypical lobulated nuclei, and
prominent nucleoli in sheets of adherent cells with sinusoi-
dal involvement).54-57 These anaplastic large cell lympho-
mas appear to represent a unique clinicopathologic entity
and are associated with CD30 expression (an activation an-
tigen first identified on Reed-Sternberg cells),58 the pres-
ence of the t(2;5)(p23;q35) translocation,55,57,59,60,61 a T-cell
or non-T, non-B cell immunophenotype, and extranodal
disease sites (e.g., skin, bone, and soft tissue).

The t(2;5) chromosomal abnormality is present in ap-
proximately 50% of cases of pediatric large cell NHL.60 It
results in fusion of the involved genes (the amino-terminal
portion of the nucleophosmin gene, NPM, on chromosome
5 with the catalytic domain of the anaplastic lymphoma ki-
nase gene, ALK, on chromosome 2) on the der(5) chromo-
some.62,63 The molecular characterization of the t(2;5) has
led to the development of a reverse-transcriptase polymerase
chain-reaction (RT-PCR) assay that enables the detection
of NPM-ALK transcripts, even in patients with no detect-
able t(2;5) by standard cytogenetics.64

Clinical Features
The clinical features at presentation vary with both primary
site and extent of disease spread.2,9,39,65,66,68 Children who
have a mediastinal mass may present with a spectrum of
symptoms ranging from cough to severe respiratory distress
caused by direct airway compression. Primary involvement
of the abdomen may be associated with nausea, vomiting,
and abdominal pain. Involvement of the bone marrow may
result in pancytopenia with associated pallor and bruising.
Involvement of the central nervous system (CNS) may be
associated with cranial nerve palsies and/or symptoms of
increased intracranial pressure such as headache and vision
changes. Cutaneous involvement may also occur, and is
usually associated with CD30+ anaplastic large cell lym-
phoma.55,61 Bone involvement may be associated with pain
or limping.

Diagnosis
The diagnosis of NHL is usually established by examina-
tion of tissue obtained by open biopsy of the involved site.
Sufficient tissue should be obtained not only for histology,
but also for immunophenotypic, cytogenetic, and molecu-
lar studies. In children with suspected NHL, a bone mar-
row and cerebrospinal fluid (CSF) examination may be di-
agnostic, averting the need for more invasive procedures
and possible increased morbidity.

Initial laboratory evaluation should include a complete
blood count with differential, a chemistry profile (electro-
lytes, BUN, creatinine, LDH, calcium, phosphorus, and uric
acid) and an HIV screen.
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Staging
It is imperative that a meticulous staging workup be per-
formed, because therapy is determined in part by location
and degree of disease spread. Because NHL in children
grows very rapidly, there should be no unnecessary delay in
the staging workup or in starting appropriate therapy. Diag-
nostic imaging studies should include CT scanning of chest,
abdomen, and pelvis and bone scanning. Gallium scanning
may also be helpful in selected cases, particularly in fol-
lowing residual masses that were gallium- positive at diag-
nosis. The cerebrospinal fluid and bone marrow must be
examined in all patients. Bilateral posterior iliac crest aspi-
ration and biopsy increases the chance of identifying mar-
row involvement, thus reducing the possibility of underes-
timating the disease stage.69 Upon completion of the workup,
the stage of disease is usually determined according to the
St. Jude Staging System described by Murphy (Table 2).70

Therapy

General principles
The dramatic improvement in treatment outcome achieved
over the past 25 years is in large part due to the refinement
in multiagent chemotherapeutic strategies through sequen-
tial clinical trials.2,9,53,71-108 Current strategies feature a stage,
histology- and immunophenotype-directed treatment ap-
proach. There is a minimal role for radiation therapy and
surgery in the management of childhood NHL.2,9

To prevent the spread of disease to the CNS, prophy-
lactic intrathecal (IT) and high-dose systemic chemotherapy
are used in most children. Some groups have included cra-
nial radiation for CNS prophylaxis in pediatric lymphoblas-
tic lymphoma; however, this approach is controversial.101

Among children who present with overt CNS disease, in-
tensification of both intrathecal and systemic chemotherapy
is often needed, and, with the exception of Burkitt’s lym-
phoma, the addition of cranial irradiation.

Limited stage disease
The excellent prognosis for children with limited stage dis-
ease has prompted investigators to develop treatment strat-
egies that reduce treatment-related morbidity while main-
taining an excellent treatment result (Table 3).71,73,74,95,96 For
example, in the first of two sequential trials performed by
the Pediatric Oncology Group,74 it was demonstrated that
involved field radiation therapy could be safely deleted from
a 33-week chemotherapy regimen that comprised 3 courses
of CHOP (cyclophosphamide, Adriamycin, vincristine and
prednisone) given over a 9-week period, followed by a 24-
week maintenance phase consisting of weekly 6-mercap-
topurine and methotrexate. In the subsequent trial, they dem-
onstrated that the 24-week maintenance phase could be de-
leted without compromising the treatment result for those
with either large cell or small noncleaved NHL.

Advanced stage disease
In the United States, efforts to improve the treatment out-
come for children with advanced stage disease have prima-
rily examined strategies to increase treatment intensity in

Table 2. Stages of Non-Hodgkin’s Lymphoma*

Stage I

A single tumor (extranodal) or involvement of a single
anatomical area (nodal), with the exclusion of the
mediastinum and abdomen.

Stage II

A single tumor (extranodal) with regional node
involvement.

Two or more nodal areas on the same side of the
diaphragm.

Two single (extranodal) tumors, with or without regional
node involvement on the same side of the diaphragm.

A primary gastrointestinal tract tumor (usually in the
ileocecal area), with or without involvement of associated
mesenteric nodes, that is completely resectable.

Stage III

Two single tumors (extranodal) on opposite sides of the
diaphragm.

Two or more nodal areas above and below the diaphragm.

Any primary intrathoracic tumor (mediastinal, pleural, or
thymic).

Extensive primary intraabdominal disease.

Any paraspinal or epidural tumor, whether or not other sites
are involved.

Stage IV

Any of the above findings with initial involvement of the
central nevous system, bone marrow, or both.

*Based on the classification proposed by Murphy.70

Table 3: Treatment Outcome for Limited -Stage NHL

No. of
Regimen Strategy Patients Outcome

SJCRH73 Decrease intensity 28 86% 2 yr DFS

CCG96* Shorten duration 54 98% 2 yr EFS

POG74 Delete radiation 131 86% 5 yr CCR

Delete continuation 113 89% 5 yr CCR

SFOP71* Surgical resection 44 96% 3 yr EFS

* Excludes lymphoblastic NHL

DFS: disease-free survival; EFS: event-free survival; CCR:
continuous complete remission
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Table 4: Treatment Outcome for Advanced Stage Small Noncleaved Cell Non-Hodgkin’s Lymphoma

Protocol Stage No. Patients Event-Free Survival Reference

Total B III 17 2 yr EFS = 81% 72
IV/B-ALL 4/8 2 yr EFS = 17%

POG 8617 IV 34 4 yr EFS = 79 sx 9% 76
B-ALL 47 4 yr EFS = 65 sx 8%

LMB 84* III 167 2 yr EFS = 80% (SE 3) 77
IV/B-ALL (CNS-) 34 2 yr EFS = 68% (SE 8)

LMB 86* B-ALL (CNS-) 11 >1 yr EFS = 82% (SD 12) 78
B-ALL (CNS+) 24 >1 yr EFS = 75% (SD 9)

LMB 89* III 279 3 yr EFS = 93% sx 3% 71
IV/ALL 165 3 yr EFS = 88% sx 4%

BFM 81 B-ALL 22 5 yr EFS = 40% (SD 6%) 79

BFM 83 B-ALL 24 5 yr EFS = 50% (SD 10%) 79

BFM 86 B-ALL 41 5 yr EFS = 78% (SD 6%) 79

BFM 90 III 171 6 yr EFS = 86% (SD 8%) 102
IV 23 6 yr EFS = 83% (SD 3%)
B-ALL 56 6 yr EFS = 76% (SD 8%)

CCG
   LSA2L2 III/IV/B-ALL 44 5 yr EFS = 29% (95% CI 16-43%) 80
     vs.
   COMP III/IV/B-ALL 93 5 yr EFS = 50% (95% CI 39-60%)

CCG
  COMP III/IV/B-ALL 175 2 yr EFS = 65% 81
    vs.
   D-comp (randomized)

CCG*
  Orange III/IV/B-ALL 43 12 mo EFS = 83% 82
    vs.
  LMB 86 III/IV/B-ALL 42 12 mo EFS = 84% 82

NCI*
 77-04 III 30 3 yr EFS = 57% sx 9% 83

IV 9 3 yr EFS = 13% sx 12%
 CODOX/VIPA III/IV/B-ALL 75 1 yr EFS = 89% 105

Boston
 HiC-COM III 12 2 yr EFS = 95% (CI 54% - 99%) 84

IV/B-ALL 8 2 yr EFS = 50% (CI 15% - 78%)

* Includes patients with B-cell large cell NHL

the framework of a histology directed approach,53,54,72,75,76,80-

85,87-93,98 whereas in Europe, an immunophenotype-directed
strategy is usually employed.71,77-79,86,94,95,97,101-103,106-108 Ad-
vances in the treatment outcome of patients with SNCC NHL
(Table 4) were initially made by including high-dose meth-
otrexate and/or cytarabine72,75-77,79,83 even in regimens given
over as short a period as 2-4 months.77,84 More recently, fur-
ther improvement has been achieved by dose-intensifica-
tion of therapy and by the inclusion of additional active
agents such as etoposide and/or ifosfamide.71,78,79,82,101,104

Most of the regimens used successfully to treat lympho-
blastic NHL are similar to or derived from those designed

for children with high risk T-cell acute lymphoblastic leuke-
mia (Table 5).80,85,87-89,95,99,100 The optimal approach to the
treatment of advanced stage large cell NHL has been a chal-
lenge to identify, both because of the biologic heterogene-
ity of these tumors and the markedly varied treatment strat-
egies reported. In the United States, children with large cell
NHL are treated on histology-directed protocols (Table
6).53,54,80,81,90,91,98 Most of these histology-directed strategies
are CHOP-based (cyclophosphamide, Adriamycin, vincris-
tine, and prednisone), with current trials examining the ben-
efit of adding agents such as carboplatin, high-dose cytara-
bine, etoposide, ifosfamide, and high-dose methotrexate.
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European trials71,101 for children with large cell NHL have
generally been designed according to immunophenotype;
children with B-cell tumors are treated like those with SNCC
NHL,107,108 those with T-cell tumors are treated like those
with lymphoblastic lymphoma or T-ALL; and those with
CD30-positive anaplastic lymphomas are treated with vari-
ous approaches, including therapy designed for Burkitt’s
lymphoma.94

Salvage
The prognosis is generally considered to be poor for chil-
dren who fail initial therapy, particularly if they have re-
ceived intensive therapy up front. Current approaches to
the management of these patients incorporate intensive
multiagent therapy, which may be followed by hematopoi-
etic stem cell or bone marrow transplantation. Various mul-
tiagent regimens have been studied, including VIPA110 (eto-
poside, ifosfamide, and cytarabine), DHAP92 (dexametha-
sone, cytarabine, and cisplatin), ICE111 (ifosfamide, carbo-
platin, and etoposide), and MIED (methotrexate, ifosfamide,
etoposide, and dexamethasone). Children who are shown
to have chemosensitive recurrent disease are considered
candidates for an intensification phase with autologous he-
matopoietic stem cell support or allogeneic bone marrow
transplantation.112-115

Future Directions

Approximately 30% of children with NHL either relapse or
don’t respond to initial therapy.6 Late effects also remain a
concern.120,121 Thus, a major goal for the future is to de-
velop treatment strategies that will provide a cure for the
remaining 30% while reducing treatment-related morbid-
ity. The identification of both clinical and biologic features
that predict treatment outcome may enable investigators to
determine which patients need novel or aggressive ther-
apy.122,123 The continued investigation of lymphoma related
cytogenetic and molecular abnormalities may lead to novel
and more successful treatment strategies, including those
directed toward tumor-specific molecular lesions.
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