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ABSTRACT

The epidemiology of Hodgkin’s Lymphoma (HL)
varies with age at clinical onset. In developing
countries, the disorder appears predominantly
during childhood and its incidence decreases
with age, while in industrialized countries, the in-
cidence rate increase with age. There has long
been a view that the differences in descriptive
epidemiology of Hodgkin’s Lymphoma around
the world, and also between children, young
adults and older adults may reflect differences in
etiology between them. Hodgkin's Lymphoma
has long been suspected to have an infectious
precursor, and indirect evidence has implicated
Epstein-Barr virus (EBV), as a causal agent. The
etiology of EBV-negative cases remains obscure.
Epidemiological investigation of the etiology of
Hodgkin’s Lymphoma is making steady progress,
and it leads to a better understanding and hence
prevention. This review considers in detail the
descriptive and the etiological epidemiology of
Hodgkin's Lymphoma.
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1. INTRODUCTION

Hodgkin lymphoma (HL) is a malignant disease of the
lymphoid tissue which originates from B lymphocyte and
less common T lymphocyte. Hodgkin’s Lymphoma cha-
racterized by the presence of multinucleated giant cell,
and known as Red-Stenberg cell, in the background of
numerous reactive lymphocyte [1,2]. There are marked
geographic variations in Hodgkin’s lymphoma incidence,
but they are different for various age groups. There is
also an interesting association between Hodgkin’s lym-
phoma and markers of social class [3]. A higher inci-
dence occurs in western countries and in westernized
populations including those who emigrate from low in-
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cidence sites to the United States, but HL is less common
in Asian countries, especially in the young adult [4]. Key
issues which are highlighted in the descriptive and the
etiological epidemiology of Hodgkin’s Lymphoma inclu-
de the evidence suggesting that HL is a complex of re-
lated conditions that are part mediated by infectious dis-
eases, immune deficits and genetic susceptibilities. The
apparent changing pattern of disease from country to
country and by time needs careful future study [5]. There-
fore; the comparison of HL rates in eastern and western
countries could reveal the relative importance of envi-
ronmental factors and genetic to disease etiology.

2. DESCRIPTIVE EPIDEMIOLOGY

Hodgkin’s lymphoma is an uncommon disorder with
heterogeneous clinical, histologic, and epidemiologic cha-
racteristics. Hodgkin’s lymphoma is one of the most com-
mon malignancies at young adult ages, and is a curable
disease in most patients [6]. The onset of HL in industri-
alized countries reveals a bimodal distribution with a
first peak in the third decade and a second peak after the
age of fifty and men are affected by HL slightly more
often than women among all subtypes [7]. The annual
age adjusted incidence rates of 2.4 and 2.8 per 100,000 in
the UK and USA respectively [8]. Increasingly there is a
great difference in incidence between western developed
and developing countries, the disorder appears predomi-
nantly during childhood and its incidence decreases with
age in developing countries [7]. The greatest recorded all-
age incidence rates of Hodgkin’s Lymphoma are in
whites in San Francisco and Connecticut, and in Italy.
Rates are particularly low in India, Japan, China [9].

The most common subtype among the young adults, is
nodular-sclerosis (NS). The frequency of mixed cellular-
ity (MC) increases with age, while that of NS reaches a
plateau in the group >30 years of age [7].

In one study in Iran we showed that HL was about 8%
of total lymphoid malignancies and the most common
subtype was mixed cellularity (50%) with mean age
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about 34 years, which was 10 years older than nodular
sclerosing patients. In addition in our study like others
our patients have a bimodal pattern of incidence, but it
was less prominent than western countries Table 1 [2].
Totally Hodgkin’s lymphoma has been reported to be
rare in Asian countries.

One study in the US from 2000 to 2007, 16,710 cases
of HL showed that Asians and black had low incidence
(Asian/White IRR 0.43, P < 0.01; black/white incidence
rate ratio (IRR) 0.86, P < 0.01). The bimodal pattern of
incidence also was less prominent for black males, Asian
and black presented at a mean age of 38 years compared
to 42 years for Whites (P < 0.001) [10].

A point of considerable interest is that in the Danish
data the 2 modes are of approximately equal prominence,
whereas in the United States the 1¥ mode is much less
marked than the 2"

There are few studies in exploring the relative contri-
butions of hereditary and environmental etiologic factors
of Hodgkin’s lymphoma, and individual risk factors in an
Asians. A study which compared HL incidence rate in
Chinese, Japanese, Filipino, and Asian Indian in the US
and in Asia reports HL incidence rates were quite low in
all Asian subgroups but approximately double in US Asi-
an, as in native Asian. The consistently low rates of HL
in native Asians suggest genetic resistance to the disease,
possibly associated with HLA type. In addition, environ-
mental and lifestyle difference between the Asia and USA
is important. The other study from Eastern Asian coun-
tries and among Chinese immigrants in North America
indicate increasing incidence trends for HL being associ-
ated with westernization [11]. A shift from Mixed Cellu-
lar dominant histologic subtype of HL seen over 20-year
period within Japan, particularly in young adults [12].

Table 1. Frequency of Hodgkin’s lymphoma sub-types in adults
classified by WHO.

N %  Median oM
Sub-type of HL cases of HL age M/F mode mode
Hodgkin a1 305 13 49% 47%
lymphoma
Classic HL 39 95
Nodular 36%
sclerosis 14 CH 22
Mixed 51%
cellularity 20 CH 33
Lymphoctye-rich 3 7%CH
Lymphocyte- 0
depleted 2 S%CH
Nodular
lymphocytic 2 5

predominant HL

M = male; F = female; HL = Hodgkin’s lymphoma; CH = Classic HL.
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International and inter-ethnic differences and in case-
control data risk factor patterns, implicate environmental
influences in the etiology of HL [13]. Hodgkin’s lym-
phoma tends to be more common in young adult with
higher socio-economic classes [14]. In western countries,
the young adult peak is largely consisted of nodular scle-
rosis tumors, whereas the rise at older ages are largely of
mixed cellularity and lymphocytic-depleted histology
[15], pattern of low social class determinants in children
and older adult with HL, the age groups at risk for mixed
cellularity (MC). These data support the involvement of
the underling infectious agent given intense exposure,
and EBV is a likely candidate based on its high preva-
lence in these groups [16]. Subtypes of HL in different
countries are showed in below Table 2. The most com-
mon subtype of HL, based on different studies in the
most Asian countries such as Iran, Korea, Thailand, Ja-
pan is mixed cellularity and relative paucity of NS sub-
type, particularly in males [13], which seems to be re-
lated to the etiologic factors of disease (environment and/
or inheritance).

3. ETIOLOGIC EPIDEMIOLOGY

Epidemiological data pointed towards an infectious
agent as a potential cause of Hodgkin’s Lymphoma. There
is an association between early birth order, high maternal
education, low number of siblings and playmates, single
family dwellings in childhood and occurrence of HL in
younger patients in developed countries [17]. An infec-
tious agent is also in agreement with the clinical charac-
teristics of HL, e.g. fever, weight loss, night sweat and
the laboratory findings of elevated erythrocyte sediment-
tation rate or interleukin 6 in the serum [18].

3.1. EBV

Recognition of an association of HL with infectious
mononucleosis predates the discovery of EBV.

Table 2. Subtypes of Hodgkin’s disease in various countries.

Iran  Korea Thailand Japans US UK

HL O Nw) N®)  NEe) WA N o %
14 26 58 20 70 Upto

NS @4y @3L7) (369 (69 (424) 80
20 38 64 2

MC e (es) (of) (n SLGD <10 15

LD ( 4?8) 6 (7.3) (éé) 0 8 (5) 1 rare

Lp (fg) 4(26) (111?5) 247) 18(11) 6 10

NLPHD 2. 8(98) 3(19) 3(71) 8(B) 5 5

(4.8)
Total 41 82 157 36 155
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Several studies following up individuals who have had
infectious mononucleosis have shown a raised risk of HL,
generally with a relative risk of about 3 [19]. A study
showed that persons with serologic evidence of EBV in-
fection had 2.5- to 4-times the risk of developing HL as
persons without EBV infection [20].

Remarkably, the change in lymphocyte cell population
is sustained over years or longer [21]. The statistical ana-
lysis suggested that HL tended to occur 2.9 years after
infectious mononucleosis [22,23].

Investigators have reported that EBV infectious mon-
onucleosis is associated with a lifelong “immunologic
scar” [23]. In recent studies, autoimmune and related con-
ditions have drawn attention to a potential role for in-
flammatory and immune-related conditions in the patho-
genesis and etiology of the malignancy [24]. Also there
are new insights into infectious mononucleosis and dis-
turbances in cellular immunity, new insight relating to
the role that viruses may play in molecular pathogenesis
of HL, an emerging appreciation of the increased inci-
dence of HL in HIV and its relationship to immune sup-
pression [21]. A role for suppression T cell suggested in
the 1970s and increasing evidence shows a role for these
cells in suppressing antitumor immune responses. EBV
was more common in tumors in men than in women pa-
tients and was more prevalent with increasing age. In
addition, the virus was more common in tumors of the
mixed cellularity subtype than of the nodular sclerosis.
The risk increase was essentially restricted to EBV-posi-
tive HL in younger adults, and conversely, no increased
risk was seen for EBV-negative HL [25]. About 50% of
all cases of classical HL, in western countries are EBV

positive, means the virus is carried within the tumor cells.

Detection of EBV in tumors in these regions is least
common in young adult disease especially those with the
NS subtype. In some area such as Asia, Latin America,
and Africa, the percentage is much higher with the per-
centage in children approaching 90% - 100% [26,27].
EBV genome has been found within the tumor in about
20% - 40% of Hodgkin’s lymphoma patients with a prior
diagnosis of infectious mononucleosis [24]. The Mixed
Cellular subtype harboring EBV DNA in up to 70% of
cases and the Nodular Sclerosis subtype being positive in
15% - 30% of cases [28]. Also in most Asian countries
detection of EBV in HL is less in young adults and are
more detectable in older ages and children. Because of
these differences, infectious cofactors other than EBV
have been suggested, but there is not a general agreement,
in support of any other particular association [29].

As we mentioned EBV induce immune suppression,
and in an EBV positive person, is more common (like
HIV positive) in MC subtype; therefore in MC subtype of
HL, which is more common in Asian countries, immu-
nodeficiency has a more important role in comparison
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with other subtypes, Like Non-Hodgkin’s Lymphoma
which immune deficiency is one of the most important
risk factors for them [30]. We can see the various sub-
types of HL in different countries in Table 2.

Different studies show that the proportions of cases
with EBV-positive tumors differed significantly across
age, sex, ethnicity, histologic subtype, country of resi-
dence and regional economic level. Table 3 shows that in
all age groups, MC and lymphocyte depleted were asso-
ciated with high levels of EBV-positive cases, whereas
NS and particularly Lymphocyte Predominant had rela-
tively low percentages. In more developed regions, chil-
dren with NS were at slightly higher risk of having
EBV-positive disease than young adults, and found that
the higher risks for females of EBV-positive NS in
childhood and at older ages relative to young adulthood.
Despite this variation, EBV prevalence was higher in
children than in young adults for all subtypes. Across
ethnic categories, the respective EBV prevalence in the 4
age groups (0 - 14, 15 - 39, 40 - 54, >55 years) was
higher among Asians, Hispanics, and others than among,
whites or blacks, who had relatively, low proportions at
all ages [31].

Henrik Hjalgrim, et al. based on their study suggested
that the risk of EBV-positive HL in young adulthood was
inversely associated with the number of younger siblings,
consistent with late primary EBV infection being caus-
ally involved in HL development [32].

Therefore the proportion of cases of HL that are asso-
ciated with EBV is greater: 1) mixed cellularity and
lymphocyte depleted than for nodular sclerosis and lym-
phocyte predominant subtypes; 2) in children (but not
adults) from less economically developed than from
more developed areas; 3) in males than in females (ex-
cept at ages over 50); 4) in Asians and Hispanics than in
blacks and whites; 5) in children and older adults than in
young adults [19,33].

Some studies suggested that tumor EBV status may
carry prognostic significance in both younger (favorable)
and older (unfavorable) adult patients [34,35]. Finally, it
is possible that tumor EBV status defines etiologically
distinct diseases, means, EBV-positive and EBV negative
Hodgkin’s Lymphoma [36,37].

Table 3. Percentage of EBV-positive patients in each histologic
subtype- and age-specific group.

HL subtype%  Age (year) 0-14 15-39 40-54 +55
NS 40 18 22 41
LP 17 16 12 23
MS 79 70 80 62
LD 82 41 82 50
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3.2. HIV

An excess of Hodgkin’s disease has been noted in peo-
ple with HIV infection, especially those with AIDS, for
whom a relative risk of about 10 has been found [38,39],
the risk is likely to relate to immunosuppression [39,40].

Hodgkin’s lymphoma in the setting of HIV has distinc-
tive features and is usually associated with EBV infec-
tion [41]. HL in patients with HIV tends to present at an
advanced stage with associated B symptoms and extra-
nodal involvement and is most often a mixed cellularity
and lymphocyte-depleted subtypes [40]. Model fitting
suggested that for persons with AIDS with moderate im-
munosuppretion at the onset of AIDS, HL risk was 15-
fold higher than in the general population. Lower CD4
counts were associated with less risk, the risk fall as CD4
count fall [21].

In a register of 500 tumours in people with congenital
immunodeficiency, 9% were Hodgkin’s disease [42], and
a significant relative risk of 6 has been found for Hodg-
kin’s Lymphoma in patients who have undergone allo-
geneic bone marrow transplantation [43].

4. INHERITANCE

The risk of developing HL among family member of
patients affected by HL increase from three-to nine-fold
[45]. One study showed a significant association between
HL and parental consanguinity and pointed to the possi-
ble etiologic role of recessive inheritance [45]. Evidence
from multiple affected families from case series, a case-
control study, a twin study, and population-based Regis-
try studies implicate a role for genetic factors [24].

The relative risk for HL among first degree relatives of
cases compared with controls was 3.1. Relative risks
were higher in males compared with females, and in sib-
lings of cases compared with parents and offspring. Iden-
tifying inherited susceptibility genes is an important step
towards defining the pathway leading to development of
HL and understanding its etiology. There are many stud-
ies of somatic mutations in HL tumor cells, but although
there are associations with HLA types, specific germline
genes causing susceptibility have not yet been identified.
On the other hand it is not known whether or how extrin-
sic risk factors interact with genetic susceptibility [46].
Genetic susceptibility to HL has been shown by associa-
tions demonstrated to various HLA antigens [47].

Oza et al. in the single study of HL-HLA relationship
found that HLA-DPB1*0301 increased risk of HL in all
ethnic groups, while HLA-DPB1*0401 was associated
with a lowered risk of HL in Japanese and Chinese and
an elevated risk for US whites and Israelis [48]. There-
fore; HLA-DPB1*1401, or factors related to it, could
explain some of the lower incidence of HL in certain
Asian ethnic groups, although environmental factors in-
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volves as well and indicate that HL etiology is complex.

A study that analyzed the Swedish Cancer Registry and
compared with a matched healthy cohort revealed that
HL was fourth in a list of cancers with high familial indi-
ces, just behind cancer affecting eye or testis (52 first de-
gree relatives/8766 HL cases) [49]. But, familial Hodgkin’s
Lymphoma is estimated to contribute to only a minority
of cases. In addition, no consistent mechanisms of inheri-
tance have been identified so far and evidence for a gene-
tic aberration present in all cases of familial HL is lacking.

Young adults (ages 15 - 39) HL risk, was associated
with having fewer siblings, living in the single vs. multi-
ple house, and having better educated parents, whereas in
older adults (ages 55 and older), and children (ages O -
14), risk increased with measures of more rather than
fewer social exposure in childhood [19]. A study showed
a protective role for increased early oral exposure to the
microbiome, suggesting that factors associated with in-
creased T helper Type 2 (Th2) and decreased T helper Type
1 (Thl) cytokines are etiologically relevant to young
adult HL [50). Young adult HL is a heritable cancer, and
susceptibility has been linked to genetically determine
higher Interleukin 6 (a Th2 cytokine) and lower Inter-
leukin 12 (a Thl cytokine) responses. Together these data
are quite consistent with the exposure model known as
the “hygiene hypothesis” a etiologic model for adoles-
cent/young adult Hodgkin lymphoma [51]. These results
emphasize an interaction between genetic and environ-
mental risk factors in Hodgkin’s lymphoma [24].

5. CONCLUSION

There is evidence of etiologic heterogeneity among
types of NHL, with different incidence patterns accord-
ing to age, sex, race and specially geography. The extent
to which these differences reflect differences in etiology
needs further study.

Epidemiologic studies indicate that environmental
factors may play an important role in the etiology of ho-
dgkin’s lymphoma, especially some infectious agents in
the developing world, and they are significant causes of
some subtype of HL. Future epidemiologic research on
HL will be enhanced by the analyses of subtypes of HL,
the improved reliability and validity of exposure assess-
ment tools to evaluate environmental, and the evaluation
of susceptible subgroups of individuals whose risk of HL
may differ from that of the general population. Finding
the relation between environmental factors and inheri-
tance in etiology of HL is also important and it needs
more investigation.

Lower rate of Hodgkin Lymphoma in Asian countries
is suggestive of genetic resistance, in addition, interna-
tional and inter-ethnic differences implicate environ-
mental influence. Differences in HL risk reported in sev-
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eral studies indicate that such studies of HL risk factors
should be conducted for specific Asian population.
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