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HIGHLIGHTS
Incidence
♦ Approximately 15% of childhood malignancies were lymphomas making them the

third most frequent type of cancer in children following leukemia and malignant
brain tumors.  The percentage of childhood cancer that were lymphoma varied by
age from only 3% for children younger than 5 years of age to 24% for 15-19 year olds
(Figure II.1).

♦ The two predominant types of lymphomas were Hodgkin’s disease and the non-
Hodgkin’s lymphomas (NHL).  For younger children NHL was more frequent than
Hodgkin’s disease, while the reverse was true for adolescents (Figure II.3).

♦ In the US, approximately 1,700 children and adolescents younger than 20 years of
age are diagnosed with lymphomas each year of which approximately 850-900 are
cases of Hodgkin’s disease and 750-800 are cases of NHL.

♦ The most common subtypes of Hodgkin’s disease were nodular sclerosis (70% of
cases); mixed cellularity (16% of cases); lymphocytic predominance (7% of cases);
cases not otherwise specified (NOS) (6% of cases); and lymphocytic depletion subtype
(<2% of cases) among children younger than 20 years of age.  The relative frequen-
cies of the mixed cellularity and nodular sclerosis subtypes were age and sex depen-
dent (Figure II.2 and Table II.2).

♦ The incidence of Hodgkin’s disease for children and adolescents younger than 20
years of age decreased slightly between 1975 and 1995, from 14.5 per million (1975-
79) to 12.1 per million (1990-95) (Table II.3).

♦ The non-Hodgkin’s lymphomas of children are a heterogeneous group of tumors,
with Burkitt’s and Burkitt-like tumors predominating among 5-14 year olds, and
with diffuse large cell lymphomas being the most common subtype among 15-19
year olds (Figure II.9).

♦ The incidence of NHL varied much less by age than Hodgkin’s disease (Figure II.3).
NHL incidence increased up until age 4 years where it reached a plateau of approxi-
mately 10 per million (Figure II.4), which was maintained until the second decade of
life when rates increased again.

♦ The incidence of NHL was higher in males than females (Figure II.10) and higher
among whites than blacks (Figure II.12).

♦ The incidence of NHL among children younger than 15 years of age was fairly
constant over the past 21 years, while there appeared to have been a slight increase
in incidence for the 15-19 year old population (Table II.3 and Figure II.13).

Survival
♦ The 5-year survival rate was 91% for Hodgkin’s disease (Figure II.8) for children

and adolescents younger than 20 years of age, compared to 72% for NHL (Figure
II.14).

♦ The 5-year survival rate for those younger than 20 years of age with NHL increased
from 56% in 1975-84 to 72% in 1985-94 (Figure II.14).

Risk factors
♦ For Hodgkin’s disease arising in young adults, genetic susceptibility may be a factor

for some cases, based on the greatly increased risk for Hodgkin’s disease in young
adult monozygotic twins of patients with Hodgkin’s disease compared to the risk of
dizygotic twins of patients with Hodgkin’s disease (Table II.4).

♦ Congenital immunodeficiency syndromes and acquired immunodeficiency syndrome
(AIDS) are associated with an increased risk of NHL (Table II.6).
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INTRODUCTION

The lymphomas, combining Hodgkin’s
disease and the non-Hodgkin’s lymphomas
(NHL), are the third most frequent type of
cancer in children following leukemia and
malignant brain tumors.  NHL and
Hodgkin’s disease are both malignancies of
lymphoid cells, and each includes distinc-
tive biological subtypes.  In the US, ap-
proximately 1,700 children and adolescents
younger than 20 years of age are diagnosed
with lymphomas each year, of which 850-
900 are Hodgkin’s disease and 750-800 are
non-Hodgkin’s lymphoma.  The lymphomas
account for 10% of malignancies among
children younger than 15 years of age and
15% of malignancies among those younger
than 20 years of age.  Figure II.1 illustrates
that the contribution of Hodgkin’s disease
and the non-Hodgkin’s lymphomas to the
overall childhood cancer burden is mark-
edly age dependent, increasing from only
3% of cancers among children younger than

5 years of age to 24% of cancers arising
among those 15-19 years of age.

MATERIAL AND METHODS

The International Classification for
Childhood Cancers (ICCC) Group II of
Lymphomas and Reticuloendothelial Neo-
plasms is divided into 5 subgroups [1]:

a. Hodgkin’s disease;
b. Non-Hodgkin’s lymphoma;
c. Burkitt’s lymphoma;
d. Miscellaneous lymphoreticular

neoplasms; and
e. Unspecified lymphomas.

Since only 3% of the registered child-
hood lymphomas and reticuloendothelial
neoplasms in the Surveillance, Epidemiol-
ogy and End Results (SEER) program for
the period 1975-95 were not histologically
confirmed, all cases were included in the
analyses.  Table II.1 shows the frequency
distribution of these cases by sex among
children younger than 20 years of age
diagnosed with lymphoma.  For the pur-
poses of this chapter, Hodgkin’s disease
(defined by subgroup IIa) and NHL (defined
by subgroups IIb, IIc, and IIe) are consid-
ered separately because of their distinctive
nature.  The miscellaneous lymphoreticular
neoplasms (IId) are excluded from further
analysis as there were few cases (only 79
cases) in this subgroup from 1975-95.

Table II.1: Number of cases of lymphoma by type
and sex, age <20, all races, SEER, 1975-95

Total Males

(%)

Females

(%)

Total 4595 2734

(59%)

1861

(41%)

Hodgkin’s (IIa) 2613 1353

(52%)

1260

(48%)

NHL (IIb,c,e) 1903 1334

(70%)

569

(30%)

Miscellaneous (IId) 79 47

(59%)

32

(41%)
Figure II.1:  Hodgkin's disease and NHL as a percent of

total childhood cancer, by age, all races, both sexes
SEER, 1990-95
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Hodgkin’s disease is an unusual malig-
nancy of lymphoid cells whose distinctive
hallmark is the Reed-Sternberg cell.  In
most cases Reed-Sternberg cells appear to
be clonal in nature and from the B lympho-
cyte lineage, as evidenced by immunoglobu-
lin gene rearrangements in these cells [2-5].
Reed-Sternberg cells account for only a
small percentage of the tumor mass [6],
with most of the tumor composed of a
reactive infiltrate of lymphocytes, plasma
cells, and eosinophils.  The Reed-Sternberg
cells of some patients with Hodgkin’s
disease contain copies of the Epstein-Barr
virus (EBV) genome [7,8].  Detection of
EBV in Reed-Sternberg cells is more com-
mon among cases diagnosed in young
children and for cases of the mixed cellular-
ity subtype [7,8] (see Histologic subtype
and Risk Factors sections below).

Histologic subtype

Childhood Hodgkin’s disease, similar to
that arising in adults, is usually classified
according to the Rye classification scheme,
which includes four histologic subtypes:
lymphocytic predominance, mixed cellular-
ity, lymphocytic depletion, and nodular
sclerosis [9].  The lymphocytic predomi-
nance subtype is now recognized as having
a distinctive biological and clinical behavior
from the other subtypes of Hodgkin’s dis-
ease and is relatively uncommon among
children [10,11].  Among children younger
than 20 years of age diagnosed with
Hodgkin’s disease during 1975-95, the
nodular sclerosis subtype was by far the
most common and accounted for 70% of all
cases.  Mixed cellularity was the second
most common subtype (16% of cases),
followed by lymphocytic predominance (7%
of cases), and cases not otherwise specified
(NOS), (6% of cases).  The lymphocytic
depletion subtype was distinctly uncommon
(<2% of cases) among Hodgkin’s disease
cases diagnosed in those younger than 20
years of age.

The relative frequencies of the mixed
cellularity and nodular sclerosis subtypes
were age and sex dependent.  Mixed cellu-
larity subtype was more common among
children younger than 10 years of age (32%
of all Hodgkin’s cases) than among those
diagnosed at 10-14 or 15-19 years of age
(15% and 13% of Hodgkin’s cases, respec-
tively) (Table II.2 and Figure II.2).  Mixed
cellularity was also more common among
males than females in each age group.

Table II.2: Percent distribution of Hodgkin’s by subtype, age and
sex all races, SEER, 1975-95

Age (in years) at
diagnosis

<10 10-14 15-19

Both M F Both M F Both M F

Mixed Cellularity 32% 34% 25% 15% 21% 9% 13% 17% 10%

Nodular Sclerosis 46% 44% 51% 69% 59% 79% 74% 67% 81%

Lymphocytic
Predominance

14% 15% 12% 7% 10% 3% 5% 7% 2%

Figure II.2:  Hodgkin's disease age-adjusted* incidence
rates by Rye classification, sex and age

all races, SEER (10 areas), 1977-95
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Nodular sclerosis subtype accounted for the
vast majority (81%) of Hodgkin’s disease
among 15-19 year old females, and a some-
what lower percentage (approximately
67%) of Hodgkin’s disease among 15-19
year old males (Table II.2).

Age-specific incidence

The overall annual incidence rate for
Hodgkin’s disease among children younger
than 20 years of age was 12.1 per million
for the years 1990-95.  For Hodgkin’s
disease, the contribution to overall child-
hood cancer incidence was less than 1%
among children younger than 5 years of
age, but increased to 16% for 15-19 year
olds (Figure II.1).  The incidence of
Hodgkin’s disease was markedly age depen-
dent (Figures II.3 and II.4), with incidence
increasing from less than one per million
for children in the first 3 years of life, to

Figure II.3:  Hodgkin's disease and NHL age-specific and age-adjusted*
incidence rates by age, all races, both sexes
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Figure II.4:  Hodgkin's disease and NHL age-specific
incidence rates, all races, both sexes
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43.2 per million for 19 year olds (Figure
II.4).1   While the overall incidence of
Hodgkin’s disease for children younger than
20 years of age was similar to that for NHL
(12.1 versus 10.5 per million, respectively)
(Figure II.3), the incidence of Hodgkin’s
disease was 2-3 fold higher than NHL
among 15-19 year olds, while the incidence
of NHL was higher among those younger
than 10 years of age (Figure II.4).

Sex-specific incidence

The incidence of Hodgkin’s disease was
slightly higher among females than males
for children younger than 20 years of age
during 1990-95 (M/F = 0.9) (Figure II.5).

However, the differential by sex was age
dependent.  Among children younger than
15 years of age, Hodgkin’s disease was
more common among males (M/F = 1.3),
with the differential greatest for children
younger than 5 years of age (M/F = 5.3).
However, for children diagnosed with
Hodgkin’s disease at ages 15-19 years,
Hodgkin’s disease incidence was higher
among females (M/F = 0.8).

Black-white differences in incidence

When considering children younger
than 20 years of age, black children had a
lower incidence of Hodgkin’s disease than
white children (Figure II.6).  However, the
incidence was very similar for black and
white children younger than 10 years of
age.  For those over 10 years of age, the
ratio of white to black incidence was ap-
proximately 1.4:1.

Figure II.5:  Hodgkin's disease age-specific
and age-adjusted* incidence rates by age
and sex with male to female ratios (M/F)

all races, SEER, 1990-95
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Enumeration of the population at risk by single years of age was
available only for the census years 1980 and 1990.  The US Bureau
of the Census provides intercensal population estimates by 5-year
age groups, but not by single years of age.  Therefore, the
population estimates for 1980 were used in rate calculations for
cases diagnosed from 1976-84 and the 1990 estimates were used for
cases diagnosed from 1986-94.

W/B=1.3

Figure II.6:  Hodgkin's disease age-specific and
age-adjusted* incidence rates by age with white
to black ratios (W/B) both sexes, SEER, 1990-95
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Table II.3: Hodgkin’s and NHL age-adjusted* incidence rates
all races, both sexes, SEER, 1975-79 through 1990-95

1975-79 1980-84 1985-89 1990-95

Hodgkin’s <15 years 7.4 6.7 6.3 5.5
Males 8.4 8.0 7.5 6.2
Females 6.4 5.3 5.1 4.9

Hodgkin’s <20 years 14.5 13.8 13.1 12.1
Males 14.8 14.8 13.4 11.6
Females 14.2 12.8 12.8 12.6

NHL <15 years 8.5 8.1 8.6 8.5
Males 11.7 12.6 11.7 12.7
Females 5.2 3.4 5.3 4.2

NHL <20 years 9.1 9.7 10.0 10.5
Males 12.1 14.0 13.4 14.6
Females 5.9 5.2 6.5 6.1

*Adjusted to the 1970 US standard population

TRENDS

The age-adjusted incidence rate for
Hodgkin’s disease for children younger than
20 years of age decreased from 14.5 per
million in 1975-79 to 12.1 per million in
1990-95 (Table II.3).  The incidence for
children younger than 15 years of age
declined during this period from approxi-
mately 7.4 per million to 5.5 per million.
The incidence for 15-19 year olds declined
from 35.9 per million (1975-79) to 32.0 per
million (1990-95) (Figure II.7).  The decline
in Hodgkin’s incidence rates for the
younger than 15 year age group occurred
for both males and females [estimated
annual percentage change (EAPC) of -2.0%
and -1.4%, respectively].  The decline in
incidence for 15-19 year olds appeared to be
greater for males (EAPC = -1.4%) than for
females (EAPC = -0.1%).  A similar pattern
of declining rates for males and stable rates
for females was observed in regions of the
United Kingdom for the years 1984-93 [12].
Another report described little change or
slight decline in the occurrence of Hodgkin’s
disease among 20 populations from around
the world for the period from the early
1970s to the 1980s [13].  In contrast to
these reports, increasing incidence rates for
the 15-24 year olds were reported for males
and females in four geographical areas of
the US for the period from 1947-50 to 1984-
88 [13].

Figure II.7:  Trends in Hodgkin's disease age-adjusted*
incidence rates by age, all races, both sexes, SEER, 1975-95
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SURVIVAL

For cases diagnosed from 1985-94, the
5-year survival rate for Hodgkin’s disease
was 91% for children younger than 20
years of age (Figure II.8).  White children
had a slight survival advantage over black
children (92% versus 84% 5-year survival),
and males and females had similar out-
come (90% versus 92% 5-year survival).
Outcomes were also similar for children
diagnosed younger than 15 years of age
compared to 15-19 year olds (92% versus
90% 5-year survival).

RISK FACTORS (TABLE II.4)

Available epidemiological and molecu-
lar biological data suggest that Hodgkin’s
disease among children and adolescents
represents at least two distinctive condi-
tions [14-16].  In one condition, EBV ge-
nomic sequences are typically present in
the Reed-Sternberg cells.  This form of
Hodgkin’s disease is more common for



41National Cancer Institute SEER Pediatric Monograph

ICCC IILYMPHOMAS AND RETICULOENDOTHELIAL NEOPLASMS

Figure II.8:  Hodgkin's disease 5 year-relative survival rates
by sex, race, age and time period

SEER (9 areas), 1975-84 and 1985-94
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Table II.4: Current knowledge on causes of Hodgkin’s disease in children

Exposure or Characteristic Comments References

Family history of Hodgkin’s
disease

Monozygotic twins of young adult patients have a 99-fold increased risk.
Other siblings have a 7-fold increased risk.

22,33,34

Epstein-Barr virus infection EBV-associated HD is associated with mixed cellularity vs. nodular
sclerosis histologic subtypes, children from economically less-developed
vs. more-developed regions and young adult males vs. females.
Additionally, history of infectious mononucleosis and high titer
antibodies to EBV are associated with HD among young adults, although
paradoxically HD cases among the young adult population typically do
not have detectable EBV genomic sequences in tumor tissue.

7,8,16-18,20,21,35-37

Socioeconomic status For young adult disease (ages 16-44), risk increases with socioeconomic
status and with related characteristics such as small family size and
single family housing.  In children younger than 10 years of age, risk
appears higher for lower socioeconomic status.

15,38-40

Social contacts For young adult disease, having fewer siblings and childhood playmates
is associated with higher risk.  These findings suggest that infections in
early childhood may reduce risk of young adult disease.

19,33

Clustering Young adult cases (age 16-45 years) tend to cluster more than older cases
(age 46-70).

41

Known to increase risk

Factors for which evidence is
inconsistent or limited
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childhood cases occurring in developing
countries compared to cases occurring in
countries with higher socioeconomic status
[7,8].  EBV involvement is also associated
with male sex, mixed cellularity subtype,
and young age at diagnosis [7,8,16-18].
However, the associated environmental
and/or genetic factors that cause EBV
infection, which is common among young
children (particularly in developing coun-
tries), to result in Hodgkin’s disease in a
very small percentage of children are not
understood.  A second form of Hodgkin’s
disease is primarily of the nodular sclerosis
subtype, arising in older adolescents and
young adults living in more affluent societ-
ies [15,16].  In spite of observations sug-
gesting a relationship between Hodgkin’s
disease among older adolescents/young
adults and infectious mononucleosis and
high titers of antibodies against EBV [19-
21], cases of Hodgkin’s disease in this
population typically do not have EBV
genomic sequences detectable in tumor
tissue [7,8].

For Hodgkin’s disease arising in young
adults, genetic susceptibility may be a
factor for some cases, based on the greatly
increased relative risk for Hodgkin’s dis-
ease occurring in both members of monozy-
gotic twin pairs compared to the risk of
occurrence in dizygotic twin pairs [22].
Further support for genetic predisposition
to Hodgkin’s disease is the consistently low
incidence of Hodgkin’s disease (especially of
the nodular sclerosis subtype) among
populations of East Asian ethnic origin and
the high incidence (especially of mixed
cellularity subtype) among some popula-
tions of South Asian origin, with these
differences appearing to be independent of
socioeconomic status [15].
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(but in the jaws of young children in Af-
rica), and with lymphoblastic lymphomas
commonly present as large mediastinal
masses.  The lymphoblastic lymphomas of
children are indistinguishable histologically
from T-cell acute lymphoblastic leukemia
(ALL).  The clinical and biological charac-
teristics of each of these categories of
childhood NHL are summarized in Table
II.5.

Histologic subtype

Figure II.9 illustrates the distinctive
distributions by age and by sex of the NHL
subtypes that predominate in US children
in the geographic areas covered by the
SEER Program.  For Burkitt’s and
Burkitt’s-like lymphoma, the incidence was
much higher for males than for females.
Five to fourteen year olds had higher rates
than children younger than 5 years of age
and adolescents 15-19 years of age.  For
children younger than 20 years of age, the
incidence for the Burkitt’s lymphomas was
nearly 5.0-fold higher for males (3.2 per
million) than for females (0.7 per million).

NON-HODGKIN’S LYMPHOMA

Table II.5: Major histopathological categories of non-Hodgkin’s lymphoma in children*

Category (REAL) Category (Working
Formulation)

Clinical Presentation Chromosomal
Translocation

Genes
Affected

Burkitt’s and Burkitt-like
lymphomas

ML small noncleaved cell Intraabdominal
(sporadic), jaw (endemic)

t(8;14)(q24;q32)
t(2;8)(p11;q24)

t(8;22)(q24;q11)

C-MYC, IgH

IgK,Igl

Lymphoblastic lymphoma,
precursor T

Lymphoblastic
convoluted and
nonconvoluted

Mediastinal MTS1/p16ink4a
Deletion TAL1

t(1;14)(p34;q11)
t(11;14)(p13;q11)

TAL1, TCRad,
RHOMB1,
HOX11

Anaplastic large cell lymphoma ML immunoblastic or ML
large cell

Variable t(2;5)(p23;q35) ALK, NMP

Diffuse large cell lymphoma ML large cell Variable t(8;14)(q24;q32) in
adults, but not
well characterized
in children

BCL2, IgH (in
adults)

* Adapted from Shad and Magrath [31], and from Goldsby and Carroll [6].

The non-Hodgkin’s lymphomas that
develop in children are distinct from the
more common forms of lymphomas in
adults.  While the lymphomas in adults are
more commonly of low or intermediate
grade, almost all of those that occur in
children can be classified into one of four
high-grade categories:  1) the Burkitt’s and
Burkitt-like lymphomas (small noncleaved
cell lymphomas); 2) lymphoblastic lympho-
mas; 3) diffuse large B-cell lymphomas;
and 4) anaplastic large cell lymphomas.
Each of these types of childhood NHL is
associated with distinctive molecular
biological characteristics, with transloca-
tions resulting in activation of the C-MYC
gene occurring in the Burkitt’s and Burkitt-
like lymphomas, translocations involving
the TAL1 gene and the T-cell receptor genes
typifying the lymphoblastic lymphomas,
and translocations involving the NPM gene
at chromosome band 5q35 in the anaplastic
large cell lymphomas.  These NHL catego-
ries are also associated with characteristic
clinical presentations, with the Burkitt’s
and Burkitt-like lymphomas commonly
present in the abdomen among US children
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In contrast to the Burkitt’s lymphomas, the
incidence of diffuse large cell lymphoma
rose steadily with increasing age, with
males showing somewhat higher incidence
than females for the population younger
than 20 year age group (M/F = 1.4).  Lym-
phoblastic lymphoma occurred at similar
frequency across all 5-year age groups, and
like the other lymphoma subtypes for
children younger than 20 years of age was
more common in males than females (M/F
= 2.5).

Age-specific incidence

The contribution of the non-Hodgkin’s
lymphomas to the overall cancer incidence
increased from 3% for children younger
than 5 years of age to 8-9% for 10-14 and
15-19 year olds (Figure II.1).  Figure II.3
illustrates that the incidence of NHL varied
much less by age than did Hodgkin’s dis-
ease.  The incidence of NHL rapidly in-
creased in the first three years of life,
before reaching a plateau rate of approxi-
mately 10 per million at around 4 years of
age (Figure II.4).  A similar age-incidence

Figure II.10:  NHL age-specific incidence
rates by sex, all races, SEER

1976-84 and 1986-94 combined
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Figure II.9:  NHL age-specific incidence rates by histologic group
sex, and age, all races, SEER (9 areas), 1977-95
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pattern was observed for males and fe-
males (Figure II.10), but the incidence rate
among children older than 4 years of age
was much higher for males than for fe-
males.  While incidence rates for NHL
remained fairly stable through the remain-
der of the first decade, the incidence began
increasing after age 10 (Figures II.4 and
II.10).  Part of this increase in incidence
among adolescents was due to higher rates
for diffuse large cell lymphomas compared
to rates for this subtype in younger chil-
dren (Figure II.9).

Sex-specific incidence

There was a notable male predomi-
nance for NHL in children, with 70% of the
cases occurring in males (Table II.1).  The
male predominance was seen for all age
groups (Figures II.10 and II.11), although
it was more pronounced for children
younger than 15 years of age (M/F = 3.0)

Figure II.11:  NHL age-specific and age-adjusted*
incidence rates by age and sex with male to female

 ratios (M/F), all races, SEER, 1990-95
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Figure II.12:  NHL age-specific and age-adjusted* incidence rates by age
and race with white to black ratios (W/B) both sexes, SEER, 1990-95
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compared to 15-19 year olds (M/F = 1.7).
As noted in the preceding paragraph, the
age-incidence pattern is similar for males
and females, although incidence is higher
at all age groups for males than females
(Figure II.10).

Black-white difference in incidence

The incidence of NHL among white
children was 1.4-fold and 1.3-fold higher
than that for black children for the younger
than 15 years of age group and younger
than 20 years of age group, respectively
(Figure II.12).  The difference in incidence
between white and black children appeared
greatest for children 5-9 years of age and
15-19 years of age (Figure II.12).

Trends in incidence rates

The incidence of NHL remained stable
for children younger than 15 years of age
from 1975 through 1995 (Table II.3).  How-

Figure II.13:  Trends in NHL age-adjusted*
incidence rates, all races
both sexes, SEER, 1975-95
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Figure II.14:  NHL 5-year relative survival rates by sex, race, age
and time period, SEER (9 areas), 1975-84 and 1985-94
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ever, the incidence among 15-19 year olds
increased from 10.7 per million (1975-79) to
16.3 per million (1990-95) (Figure II.13).
This increase among the older adolescents/
young adults is similar to that reported for
young adults older than 20 years of age
[13,23].

SURVIVAL

The 5-year survival rate for children
younger than 20 years of age with NHL
was 72% for the years 1985-94, a substan-
tial improvement from the 56% survival
rate for the years 1975-84 (Figure II.14).
For the most recent 10-year period, survival
was similar for white and black children
and was similar for males and females.
During this 10-year period, children
younger than 10 years of age had slightly
better 5-year survival rates than did those
10-19 years of age (approximately 76%
versus 70%).

RISK FACTORS (TABLE II.6)

The etiology of most cases of childhood
NHL is unknown.  In a small proportion of
cases, childhood NHL is linked with various
disorders of immune dysfunction.  Congeni-
tal immunodeficiency syndromes (e.g.,
Wiskott-Aldrich, ataxia-telangiectasia, X-
linked lymphoproliferative syndrome, and

severe combined immunodeficiency) and
acquired immunodeficiency syndrome
(AIDS) from human immunodeficiency
virus (HIV) infection are associated with an
increased risk of NHL [24-26].  Persons who
are immuno-compromised as a result of
organ and bone marrow transplantation
are also at increased risk of NHL
[24,27,28].  EBV is associated with the
endemic or ‘African-type’ Burkitt’s lympho-
mas, but much less commonly with the
sporadic Burkitt’s lymphomas in the US
[29-31].  Few epidemiologic studies of
childhood cancer have focused exclusively
on NHL, and most prenatal and perinatal
exposures evaluated to date were not
associated with increased or decreased risk
[32].

SUMMARY

Overall, age-adjusted incidence rates
for Hodgkin’s disease and NHL were simi-
lar for children and adolescents younger
than 20 years of age, although the age-
specific incidence patterns are markedly
different.  Among young children, Hodgkin’s
disease is more common among males than
females, whereas for older adolescents
Hodgkin’s disease is more common among
females.  Hodgkin’s disease has a high 5-
year relative survival rate, currently
greater than 90%.  For unknown reasons,

Table II.6: Current knowledge on causes of non-Hodgkin’s lymphoma (NHL) in children

Exposure or Characteristic Comments References

Immunodeficiency Immunosuppressive therapy, congenital immunodeficiency syndromes (e.g.,
ataxia telangiectasia), acquired immunodeficiency syndrome (AIDS) all
predispose to NHL.

24-27,42,43

Epstein-Barr virus EBV is associated with ‘African-type’ Burkitt’s lymphoma, and chronic
immune suppression due to malaria may be a co-factor in this situation.  EBV
is also associated with NHL in patients with immunodeficiency.

27,29-31,44,45

Radiation While a few studies report increased NHL risk in adults or children with
ionizing or electromagnetic field (EMF) radiation, others report no association.

46-50

Known risk factors

Substantial evidence
implicating factor

Factors for which evidence is
inconsistent or limited
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the incidence of Hodgkin’s disease appears
to be slowly decreasing for both younger
children and for older adolescents.  Sub-
stantial evidence implicates EBV in the
etiology of a subset of Hodgkin’s disease
(primarily mixed cellularity subtype), but
the mechanism by which EBV results in
development of Hodgkin’s disease and the
potential role of co-factors are not under-
stood.

The non-Hodgkin’s lymphomas of
children are a heterogeneous group of
tumors, with Burkitt’s and Burkitt-like
tumors predominating among 5-14 year
olds, and with diffuse large cell lymphomas
being the most common subtype among 15-
19 year olds.  Particularly for the Burkitt’s
lymphomas, there is a marked sex differen-
tial, with males having a much higher
incidence than females.  Survival rates
have improved substantially for NHL
between the late 1970s and the late 1980s
are now over 70%, with similar rates for
both sexes and for whites and blacks.  The
incidence of NHL among children younger
than 15 years of age appears fairly con-
stant over the past 21 years, while there
appears to have been a slight increase in
incidence for the 15-19 year old age group.
The etiology of childhood NHL is poorly
understood, although a small proportion of
cases arise in children with congenital or
acquired severe immune dysfunction.

Reference List

1. Parkin D, Stiller C, Draper G, et al: Interna-
tional Incidence of Childhood Cancer. Lyon:
World Health Organization, 1988.

2. Kuppers R, Hansmann ML, Rajewsky K:
Clonality and germinal centre B-cell derivation
of Hodgkin/Reed- Sternberg cells in Hodgkin’s
disease. Ann Oncol 9:S17-20, 1998.

3. Izban KF, Nawrocki JF, Alkan S, et al: Mono-
clonal IgH gene rearrangement in
microdissected nodules from nodular sclerosis
Hodgkin disease. Am J Clin Pathol 110:599-
606, 1998.

4. Vockerodt M, Soares M, Kanzler H, et al:
Detection of clonal Hodgkin and Reed-
Sternberg cells with identical somatically

mutated and rearranged VH genes in different
biopsies in relapsed Hodgkin’s disease. Blood
92:2899-907, 1998.

5. Irsch J, Nitsch S, Hansmann ML, et al: Isola-
tion of viable Hodgkin and Reed-Sternberg
cells from Hodgkin disease tissues. Proc Natl
Acad Sci U S A 95:10117-22, 1998.

6. Goldsby RE, Carroll WL: The molecular biology
of pediatric lymphomas. J Pediatr Hematol
Oncol 20:282-96, 1998.

7. Sleckman BG, Mauch PM, Ambinder RF, et al:
Epstein-Barr virus in Hodgkin’s disease:
correlation of risk factors and disease charac-
teristics with molecular evidence of viral
infection. Cancer Epidemiol Biomarkers Prev
7:1117-21, 1998.

8. Glaser SL, Lin RJ, Stewart SL, et al: Epstein-
Barr virus-associated Hodgkin’s disease:
epidemiologic characteristics in international
data. Int J Cancer 70:375-82, 1997.

9. Hudson M, Donaldson S: Hodgkin’s disease. In
Principles and Practice of Pediatric Oncology
(Pizzo P, Poplack D, eds). Philadelphia:
Lippincott-Raven Publishers, 1997, pp 523-543.

10. Harris NL: The many faces of Hodgkin’s
disease around the world: what have we
learned from its pathology? Ann Oncol 9:S45-
56, 1998.

11. Franklin J, Tesch H, Hansmann ML, et al:
Lymphocyte predominant Hodgkin’s disease:
pathology and clinical implication. Ann Oncol
9:S39-44, 1998.

12. Cartwright R, McNally R, Roman E, et al:
Incidence and time trends in Hodgkin’s
disease: from parts of the United Kingdom
(1984-1993) [In Process Citation]. Leuk
Lymphoma 31:367-77, 1998.

13. Hartge P, Devesa SS, Fraumeni JF, Jr.:
Hodgkin’s and non-Hodgkin’s lymphomas.
Cancer Surv 20:423-53, 1994.

14. MacMahon B: Epidemiology of Hodgkin’s
disease. Cancer Res 26:1189-201, 1966.

15. Stiller CA: What causes Hodgkin’s disease in
children? Eur J Cancer 34:523-8, 1998.

16. Armstrong AA, Alexander FE, Cartwright R, et
al: Epstein-Barr virus and Hodgkin’s disease:
further evidence for the three disease hypoth-
esis. Leukemia 12:1272-6, 1998.

17. Armstrong AA, Alexander FE, Paes RP, et al:
Association of Epstein-Barr virus with pediat-
ric Hodgkin’s disease. Am J Pathol 142:1683-8,
1993.

18. Kusuda M, Toriyama K, Kamidigo NO, et al: A
comparison of epidemiologic, histologic, and
virologic studies on Hodgkin’s disease in
western Kenya and Nagasaki, Japan. Am J
Trop Med Hyg 59:801-7, 1998.

19. Gutensohn N, Cole P: Childhood social environ-
ment and Hodgkin’s disease. N Engl J Med
304:135-40, 1981.



49National Cancer Institute SEER Pediatric Monograph

ICCC IILYMPHOMAS AND RETICULOENDOTHELIAL NEOPLASMS

20. Evans AS, Gutensohn NM: A population-based
case-control study of EBV and other viral
antibodies among persons with Hodgkin’s
disease and their siblings. Int J Cancer 34:149-
57, 1984.

21. Mueller N, Evans A, Harris NL, et al:
Hodgkin’s disease and Epstein-Barr virus.
Altered antibody pattern before diagnosis. N
Engl J Med 320:689-95, 1989.

22. Mack TM, Cozen W, Shibata DK, et al: Concor-
dance for Hodgkin’s disease in identical twins
suggesting genetic susceptibility to the young-
adult form of the disease [see comments]. N
Engl J Med 332:413-8, 1995.

23. Devesa SS, Blot WJ, Stone BJ, et al: Recent
cancer trends in the United States. J Natl
Cancer Inst 87:175-82, 1995.

24. Kersey JH, Shapiro RS, Filipovich AH: Rela-
tionship of immunodeficiency to lymphoid
malignancy. Pediatr Infect Dis J 7:S10-2, 1988.

25. Filipovich AH, Mathur A, Kamat D, et al:
Primary immunodeficiencies: genetic risk
factors for lymphoma. Cancer Res 52:5465s-
5467s, 1992.

26. McClain KL, Joshi VV, Murphy SB: Cancers in
children with HIV infection. Hematol Oncol
Clin North Am 10:1189-201, 1996.

27. Hanto DW, Najarian JS: Advances in the
diagnosis and treatment of EBV-associated
lymphoproliferative diseases in
immunocompromised hosts. J Surg Oncol
30:215-20, 1985.

28. Penn I: The changing pattern of posttransplant
malignancies. Transplant Proc 23:1101-3, 1991.

29. de-The G, Geser A, Day NE, et al: Epidemio-
logical evidence for causal relationship be-
tween Epstein-Barr virus and Burkitt’s
lymphoma from Ugandan prospective study.
Nature 274:756-61, 1978.

30. Gutierrez MI, Bhatia K, Barriga F, et al:
Molecular epidemiology of Burkitt’s lymphoma
from South America: differences in breakpoint
location and Epstein-Barr virus association
from tumors in other world regions. Blood
79:3261-6, 1992.

31. Shad A, Magrath I: Malignant non-Hodgkin’s
lymphomas in children. In Principles and
Practice of Pediatric Oncology (Pizzo P, Poplack
D, eds). Philadelphia: Lippincott-Raven
Publishers, 1997, pp 545-587.

32. Adami J, Glimelius B, Cnattingius S, et al:
Maternal and perinatal factors associated with
non-Hodgkin’s lymphoma among children. Int
J Cancer 65:774-7, 1996.

33. Grufferman S, Cole P, Smith PG, et al:
Hodgkin’s disease in siblings. N Engl J Med
296:248-50, 1977.

34. Ferraris AM, Racchi O, Rapezzi D, et al:
Familial Hodgkin’s disease: a disease of young
adulthood? Ann Hematol 74:131-4, 1997.

35. Ambinder R, Browning P, Lorenzana I, et al:
Epstein-Barr virus and childhood Hodgkin’s
disease in Honduras and the United States.
Blood 81:462-7, 1993.

36. Chang KL, Albujar PF, Chen YY, et al: High
prevalence of Epstein-Barr virus in the Reed-
Sternberg cells of Hodgkin’s disease occurring
in Peru. Blood 81:496-501, 1993.

37. Pallesen G, Hamilton-Dutoit SJ, Rowe M, et al:
Expression of Epstein-Barr virus latent gene
products in tumour cells of Hodgkin’s disease
[see comments]. Lancet 337:320-2, 1991.

38. Grufferman S, Delzell E: Epidemiology of
Hodgkin’s disease. Epidemiol Rev 6:76-106,
1984.

39. Gutensohn NM: Social class and age at
diagnosis of Hodgkin’s disease: new epidemio-
logic evidence for the “two-disease hypothesis”.
Cancer Treat Rep 66:689-95, 1982.

40. Gutensohn NM, Shapiro DS: Social class risk
factors among children with Hodgkin’s disease.
Int J Cancer 30:433-5, 1982.

41. Greenberg RS, Grufferman S, Cole P: An
evaluation of space-time clustering in Hodgkin’s
disease. J Chronic Dis 36:257-62, 1983.

42. Spector BD, Perry GSd, Kersey JH: Genetically
determined immunodeficiency diseases (GDID)
and malignancy: report from the immunodefi-
ciency—cancer registry. Clin Immunol
Immunopathol 11:12-29, 1978.

43. Taylor AM, Metcalfe JA, Thick J, et al: Leuke-
mia and lymphoma in ataxia telangiectasia.
Blood 87:423-38, 1996.

44. Niedobitek G, Young LS, Herbst H: Epstein-
Barr virus infection and the pathogenesis of
malignant lymphomas. Cancer Surv 30:143-62,
1997.

45. McClain K, Wu W-S, Joshi VV, et al: Lympho-
mas and B-cell leukemias of children with
AIDS are infrequently associated with muta-
tions or translocations of c-myc or with Epstein
Barr virus. Blood 88:A1505, 1996.

46. Boice JD, Jr.: Radiation and non-Hodgkin’s
lymphoma. Cancer Res 52:5489s-5491s, 1992.

47. Pearce N, Bethwaite P: Increasing incidence of
non-Hodgkin’s lymphoma: occupational and
environmental factors. Cancer Res 52:5496s-
5500s, 1992.

48. Tynes T, Haldorsen T: Electromagnetic fields
and cancer in children residing near Norwe-
gian high-voltage power lines. Am J Epidemiol
145:219-26, 1997.

49. Verkasalo PK, Pukkala E, Hongisto MY, et al:
Risk of cancer in Finnish children living close
to power lines [see comments]. BMJ 307:895-9,
1993.

50. Olsen JH, Nielsen A, Schulgen G: Residence
near high voltage facilities and risk of cancer
in children [see comments]. BMJ 307:891-5.



50National Cancer Institute SEER Pediatric Monograph


