
3A. Engert, A. Younes (eds.), Hodgkin Lymphoma: A Comprehensive Overview, Hematologic Malignancies,
DOI 10.1007/978-3-319-12505-3_1, © Springer International Publishing 2015

     Abbreviations 

   aHR    Adjusted hazard ratio   
  CI    Confi dence interval   
  COX    Cyclooxygenase   
  EBNA    Epstein-Barr nuclear antigen   
  EBV    Epstein-Barr virus   
  GWAS    Genome-wide association study   
  HL    Hodgkin lymphoma   
  HLA    Human leukocyte antigen   
  HRS    Hodgkin Reed-Sternberg   
  IL    Interleukin   
  IM    Infectious mononucleosis   
  OR    Odds ratio   
  RR    Relative risk   
  SEER     Surveillance, Epidemiology, and End 

Results   

        S.  L.   Glaser ,  PhD      (*) •    T.  H.   Keegan ,  PhD         
 C.  A.   Clarke ,  PhD, MPH     
  Department of Research ,  Cancer Prevention 
Institute of California ,   2201 Walnut Avenue, 
Suite 300 ,  Fremont ,  CA   94538 ,  USA    

  Department of Health Research and Policy , 
 Stanford University School of Medicine , 
  Stanford ,  CA   94306 ,  USA   
 e-mail: sally.glaser@cpic.org; 
theresa.keegan@cpic.org; tina@cpic.org   

    E.  T.   Chang ,  Sc.D.      
  Health Sciences Practice ,  Exponent, Inc. , 
  149 Commonwealth Drive ,  Menlo Park , 
 CA   94025 ,  USA   

  Department of Health Research and Policy , 
 Stanford University School of Medicine , 
  Stanford ,  CA   94306 ,  USA     
 e-mail: echang@exponent.com   

  1      Epidemiology 

           Sally     L.     Glaser      ,     Ellen     T.     Chang     ,     Christina     A.     Clarke      , 
and     Theresa     H.     Keegan    

Contents

1.1  Incidence Patterns  . . . . . . . . . . . . . . . . . . .  4
1.1.1  Heterogeneity. . . . . . . . . . . . . . . . . . . . . . . .  4

1.2  Timing of Exposure to Common 
Infections. . . . . . . . . . . . . . . . . . . . . . . . . . .  9

1.2.1  Heterogeneity. . . . . . . . . . . . . . . . . . . . . . . .  9

1.3  Role of Epstein-Barr Virus (EBV)  . . . . . .  9
1.3.1  Heterogeneity. . . . . . . . . . . . . . . . . . . . . . . .  10

1.4  Immune Function. . . . . . . . . . . . . . . . . . . .  11
1.4.1  Immunodefi ciency  . . . . . . . . . . . . . . . . . . . .  11
1.4.2  Autoimmune Conditions  . . . . . . . . . . . . . . .  12
1.4.3  Infl ammation  . . . . . . . . . . . . . . . . . . . . . . . .  13
1.4.4  Heterogeneity. . . . . . . . . . . . . . . . . . . . . . . .  13

1.5  Genetic Susceptibility  . . . . . . . . . . . . . . . .  13
1.5.1  Familial Aggregation . . . . . . . . . . . . . . . . . .  13

1.5.2  Immune Gene Polymorphisms. . . . . . . . . . .  14
1.5.3  Other Candidate Genes  . . . . . . . . . . . . . . . .  14
1.5.4  Genome-wide Association Studies  . . . . . . .  14
1.5.5  Heterogeneity. . . . . . . . . . . . . . . . . . . . . . . .  15

1.6  Selected Lifestyle and Environmental 
Risk Factors  . . . . . . . . . . . . . . . . . . . . . . . .  16

1.6.1  Smoking . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16
1.6.2  Alcohol Consumption  . . . . . . . . . . . . . . . . .  16
1.6.3  Ultraviolet Radiation Exposure  . . . . . . . . . .  17
1.6.4  Body Size and Physical Activity  . . . . . . . . .  17
1.6.5  Reproductive Factors . . . . . . . . . . . . . . . . . .  17

1.7  Summary. . . . . . . . . . . . . . . . . . . . . . . . . . .  18

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18

mailto: sally.glaser@cpic.org
mailto: 
theresa.keegan@cpic.org
mailto: 
theresa.keegan@cpic.org
mailto: tina@cpic.org
mailto: echang@exponent.com


4

  SES    Socioeconomic status   
  SIR    Standardized incidence ratio   
  SLE    Systemic lupus erythematosus   
  UK    United Kingdom   
  USA    United States of America   
  UVR    Ultraviolet radiation   
  VCA    Viral capsid antigen   

       Hodgkin lymphoma (HL) is a relatively rare 
malignancy, occurring in the United States (USA) 
at approximately 1/20th the rate of lung cancer 
and 1/8th the rate of non-Hodgkin lymphoma in 
2010 [ 132 ]. Yet, it has inspired considerable sci-
entifi c interest because of its clinical heterogene-
ity, with some aspects characteristic of 
malignancy but others recalling an infectious 
process; the complexity of its histology, includ-
ing the infrequent malignant (Hodgkin Reed- 
Sternberg (HRS)) cell in an otherwise normal 
reactive infi ltrate, and the variability of cell sur-
face markers [ 173 ]; and its occurrence not only in 
older adults but also in children and young adults, 
in whom it is a common cancer [ 132 ]. Following 
MacMahon’s seminal papers on HL  epidemiology 
[ 171 ,  172 ], epidemiologists have worked to dis-
entangle the complexity of HL so as to arrive at a 
clear understanding of its pathogenesis and etiol-
ogy. However, even as study fi ndings have helped 
elucidate some aspects of HL etiology, they have 
continued to reveal signifi cant epidemiologic 
heterogeneity, which in turn complicates the 
interpretation of epidemiologic research con-
ducted for HL as a single entity and perhaps 
 challenges how it is currently categorized. 
Indeed, in 1999, HL was split into two main 
groups—classical HL, which comprises the 
majority of the histological subtypes, and nodular 
lymphocyte predominant HL, an uncommon dis-
ease considered a B-cell lymphoma despite HRS 
cell presence [ 110 ]. Even so, for classical HL, the 
central feature of its epidemiology is the consis-
tent observation of heterogeneity in its occur-
rence and risk factors. 

 Therefore, this chapter will provide an over-
view of the epidemiology of HL with particular 
attention to its etiologic heterogeneity. It will do 
so for several areas of established relevance: inci-

dence patterns, timing of exposure to common 
infections, the role of Epstein-Barr virus (EBV), 
altered immune function, genetic susceptibility, 
and selected lifestyle exposures. Where possible, 
it focuses on classical HL. 

1.1     Incidence Patterns 

 HL has a low and relatively stable incidence with 
a slight male excess. Worldwide, estimated age- 
adjusted incidence rates for 2012 were 1.1 and 
0.7 per 100,000 males and females, respectively 
[ 75 ]. Over time in the USA, HL incidence rates 
overall changed minimally since 1973 [ 132 ]. 

1.1.1     Heterogeneity 

 HL incidence varies internationally: estimated 
2012 incidence rates ranged from 2.3 and 1.9 per 
100,000 males and females in more developed 
regions to 0.8 and 0.5 per 100,000 males and 
females in less developed regions [ 75 ]. Additional 
rate variation occurs by race/ethnicity. In 
England, age-standardized rates of HL per 
100,000 person-years for 2001–2007 were higher 
in South Asians than whites [ 218 ]. Within the 
USA, the average annual age-adjusted incidence 
rates per 100,000 (2006–2010) were 3.2 in non- 
Hispanic whites (hereafter referred to as 
“whites”), 2.5 in blacks, 2.3 in Hispanics, and 
1.3 in Asians [ 225 ]. However, while HL rates 
showed little secular change for US whites, in US 
Asians they increased signifi cantly, at 2.2 % 
annually (3.1 % in females) between 1992 and 
2010 [ 132 ]; a similar, albeit larger, annual rate 
increase (6.5 %) occurred in Japan in that period 
[ 51 ]. This rate variation across relatively homo-
geneous populations suggests additional group- 
specifi c infl uences on disease occurrence. 

 Arguably, the hallmark of HL epidemiology is 
its unique variation in incidence by age at diag-
nosis. In 1902, Dorothy Reed (for whom the HRS 
cell was named in part) wrote, “The disease 
occurs in more than half the instances in early 
life; probably the majority of cases are in chil-
dren” [ 209 ]. In 1957, Brian MacMahon described 
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the age-incidence curve as bimodal [ 171 ] and, in 
1966, the young-adult incidence peak as “…a 
distinct bump, almost as though a separate group 
of cases with a symmetrical age distribution 
around age 25–29 had been superimposed on the 
basic lymphoma pattern” [ 172 ]. While this 
bimodal curve remains apparent in recent US 
data (Fig.  1.1  [ 225 ]), its shape varies substan-
tially by patient and tumor characteristics, includ-
ing race: Fig.  1.2  shows that the young-adult 
peak was most pronounced in whites, intermedi-
ate in blacks, and lowest in Hispanics and Asians 
[ 225 ]. In 1971, Correa and O’Conor showed in 
international data that the magnitudes of child-
hood and young-adult rates for males were indi-
rectly and directly correlated, respectively, with 
regional economic status [ 57 ]. Updating this 
analysis, Macfarlane et al. found that this correla-
tion had weakened as international economic dif-
ferentials narrowed over time [ 169 ]. However, 
HL rates in young adults are higher in popula-
tions experiencing improved standards of living, 
as noted in Singapore over time [ 125 ], and in 
comparisons of Asians in Asia to those who 
migrated to the USA [ 87 ] and Canada [ 8 ] and of 
US-born to foreign-born Asians in California 
[ 53 ]. Nevertheless, an age-specifi c social-class 
gradient persists both internationally [ 34 ] and 

within the USA: HL rates in California (1988–
1992) varied with neighborhood socioeconomic 
status (SES) for young but not older adults 
(Fig.  1.3 ) [ 52 ] and the SES gradient further dif-
fered by racial/ethnic group, being strongest for 
Hispanic and Asian females (Table  1.1 ).   

   The age-specifi c variation in HL incidence 
rates also differs by sex. HL is slightly less com-
mon in men than women—an uncommon pat-
tern in cancers [ 69 ]—at ages 15–29 but 
consistently more common in older men than 
women (Fig.  1.4 ) [ 225 ]. Furthermore, temporal 
rate increases seen for young adults have been 
more pronounced in women than men [ 50 ,  125 ]. 
HL rates also differ markedly by histological 
subtype (Fig.  1.5 ) [ 225 ]. Nodular sclerosis HL, 
the most common subtype (average annual age-
adjusted incidence rate of 1.6 per 100,000 in the 
USA in the period 2006–2010 [ 225 ]), primarily 
affects adults under age 45. Mixed cellularity, 
the next most common subtype (average annual 
age- adjusted incidence rate of 0.3 per 100,000 in 
the USA in the period 2006–2010 [ 225 ]), has a 
slight young-adult peak and rising rates with 
age. The positive associations of neighborhood 
SES with HL incidence in California young 
adults (Fig.  1.3 ) occurred primarily for nodular 
sclerosis HL [ 52 ].   
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 A challenge in sorting out these incidence pat-
terns involves the comingling of HIV-associated 
and HIV-unassociated cases in many reports. In 
the USA, 3.8 % of all HL was estimated to be 
HIV-associated, but this prevalence was higher 
among males than females (6.0 % vs. 1.2 %) and, 
among males, substantial among 40- to 59-year- 
olds (14.2 %), non-Hispanic blacks (16.9 %), 
Hispanics (9.9 %), lymphocyte-depleted HL 
(15.1 %), and mixed cellularity HL (10.5 %) 
[ 217 ]. The concentration of HIV-associated cases 
in these subgroups may skew some of the inci-
dence patterns and trends observed in population 
data. 

 Thus, the descriptive epidemiology of HL 
clearly illustrates variation in incidence across 
patient and characteristics. While some cluster-
ing of characteristics (e.g., young-adult HL pri-
marily comprising the nodular sclerosis subtype) 
suggests etiologically distinct subgroups of HL, 
the inconsistency of many such associations 
(e.g., the occurrence of mixed cellularity HL in 
some young adults) prevents the clean assign-
ment of subcategories of HL based on these 
characteristics.   

1.2     Timing of Exposure 
to Common Infections 

 Based on epidemiologic heterogeneity in HL by 
age, MacMahon proposed an infectious etiology 
for the disease in young adults [ 172 ]. Noting sim-
ilar incidence increases with age in young adults 
for HL and paralytic polio prior to the availability 
of polio vaccine, Gutensohn and Cole proposed 
that HL at these ages resulted from late infection 
with a common agent [ 103 ]. This “delayed- 
infection” hypothesis was supported by three 
lines of evidence: (1) the association between HL 
rates and social-class rates [ 52 ,  59 ,  82 ,  100 ,  103 ] 
and a twofold or greater increased risk of HL in 
young adults with a higher personal SES and 
educational level [ 1 ,  18 ,  55 ,  86 ,  103 ,  104 ,  216 ], 
which suggested that environmental conditions 
regulating exposure to infections impacted dis-
ease risk; (2) the increased HL risk in young 
adults associated with having an early birth order, 
a small family, a more highly educated mother, 

and, more recently, not attending nursery school 
[ 3 ,  18 ,  27 ,  39 ,  41 ,  104 ,  237 ], which suggested a 
role of protected childhood environments and 
thus reduced or delayed exposure to infectious 
agents; and (3) the fi nding of a threefold elevated 
risk of HL in young adults reporting a history of 
infectious mononucleosis (IM) [ 35 ,  56 ,  119 ,  120 , 
 123 ,  156 ,  178 ,  210 ] (a manifestation of primary 
infection with EBV (a ubiquitous B-lymphotropic 
oncogenic virus that establishes latent infection 
and causes IM [ 138 ])) occurring in adolescence 
or young adulthood rather than childhood (the 
more usual age at infection). 

1.2.1     Heterogeneity 

 While the timing of infection relates to HL 
development in general, the patterns of associ-
ation vary with age. In the 1970s, HL risk in 
young adults (ages 15–39 years) was associ-
ated with having fewer siblings, living in a 
single- vs. multiple- family house, and having 
better educated parents, whereas in children 
(ages 0–14 years) and older adults (ages 
55 years and older), risk increased with mea-
sures of more rather than fewer social expo-
sures in childhood [ 104 – 106 ]. These age 
differences in risk patterns, supported by later 
studies [ 3 ,  18 ,  27 ,  39 ,  237 ], were interpreted to 
suggest three etiologic forms of HL—child-
hood, young adult, and older adult—an impor-
tant initial paradigm of HL epidemiology. In 
more recent studies, many of these childhood 
social-class risk factors have not been associ-
ated with HL risk [ 41 ,  64 ,  85 ,  86 ,  123 ], 
 suggesting that temporal demographic changes, 
such as decreasing family size, may have 
altered some of the childhood exposures previ-
ously relevant to HL development [ 41 ,  86 ].   

1.3     Role of Epstein-Barr 
Virus (EBV)  

 The inference from the IM-HL association that 
EBV might have a direct role in HL etiology has 
been supported by serologic and tumor fi ndings. 
After HL patients were noted to have elevated 
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anti-EBV titers compared to controls (e.g., 
[ 74 ]), Mueller et al. demonstrated that IgA and 
IgG antibody titers against EBV lytic and latent 
antigens were signifi cantly elevated before HL 
diagnosis, with patterns that suggest viral reacti-
vation and enhanced replication [ 184 ]. These 
fi ndings suggest defective immunological sur-
veillance and control of infection with EBV 
leading to viral reactivation and, potentially, a 
higher risk of B-cell transformation and HL 
development. In the late 1980s, this possibility 
was supported by detection in some HL tumors 
of EBV gene products that were monoclonal 
and expressed by all HRS cells, indicating infec-
tion prior to malignant expansion [ 236 ]. More 
recently, increased HL risk was associated with 
detectable circulating plasma or serum EBV 
DNA [ 202 ,  234 ]. HL and IM patients were dis-
tinguished by modifi ed lytic antigens [ 174 ], and 
patterns of latent antigens [ 188 ], supporting the 
concept of immune dysregulation in HL inde-
pendent of IM history. 

1.3.1     Heterogeneity 

 The proportion of tumors with evidence of EBV 
in the malignant cells (hereafter called EBV- 
positive) varies substantially by patient demo-
graphic and tumor characteristics, providing 
strong evidence of the virus’ varying role across 
subsets of HL [ 84 ,  142 ]. In 1,546 patients from 
14 studies, the percentages of tumors that were 
EBV-positive were 34 and 64 % in developed 
and less developed countries, 23 and 70 % for 

nodular sclerosis and mixed cellularity histolo-
gies, 48 and 22 % in males and females, 36 % 
and 60–65 % in whites and most non-whites, 
and higher in children (57 %) and older adults 
(52 %) than in young adults (32 %) [ 84 ]. Similar 
differences in associations of EBV and HL by 
age, sex, and race/ethnicity emerged in more 
uniformly collected population-based data from 
1,032 US cases (Table  1.2 ) [ 91 ], 537 UK cases 
[ 143 ], 515 Dutch cases, and 157 northern 
Chinese cases [ 135 ]. Estimated incidence rate 
curves for EBV- positive and EBV-negative HL 
in the UK (Fig.  1.6 ) show the close resemblance 
between age-incidence curves for EBV-positive 
HL and mixed cellularity (Fig.  1.5 ), and for 
EBV-negative HL and nodular sclerosis 
(Fig.  1.5 ).

    Like descriptive fi ndings, analytic fi ndings 
also support EBV-positive and EBV-negative 
HL as separate pathogenic entities. Studies to 
relate risk of EBV-positive HL to IM history 
produced mixed fi ndings due, in part, to 
 possibly inaccurate self-reported history of IM 
[ 5 ,  41 ,  62 ,  90 ,  183 ,  190 ,  222 ]. However, in 
 prospective data linking serologically con-
fi rmed IM with HL diagnoses from a popula-
tion-based registry, Hjalgrim et al. observed 
that IM was associated only with risk of EBV-
positive HL (estimated RR = 4.0, 95 % CI 3.4–
4.5), with an estimated median time from IM to 
HL of 4.1 years (95 % CI 1.8–8.3) [ 119 ]. Chang 
et al. showed that EBV- positive HL patients 
were more likely than EBV- negative patients to 
be EBV carriers and to have more prevalent and 
elevated EBV antibody titers against both lytic 

   Table 1.2    Numbers of Hodgkin lymphoma cases and percentages with Epstein-Barr virus (EBV)-positive tumors by 
patient age group, race/ethnicity, and sex, California regions, 1988–1997 [ 91 ]   

 Age group 
(years) 

 White  Hispanic 

 Males  Females  Males  Females 

  N  
 % 
EBV-positive   N  

 % 
EBV-positive   N  

 % 
EBV-positive   N  

 % 
EBV-positive 

 0–14  10  50.0  11  9.1  20  70.0  9  88.9 
 15–34  137  25.6  189  13.2  55  38.2  47  12.8 
 35–54  88  19.3  84  9.5  23  47.8  28  39.3 
 55+  34  49.3  26  38.2  20  85.0  17  76.5 
 Total  304  29.9  352  17.1  118  53.4  101  37.6 
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and latent virus antigens [ 40 ]. In pre-diagnosis 
sera, anti-EBV antibody patterns were altered 
in EBV-positive but not EBV- negative HL 
[ 161 ], and detectable pretreatment circulating 
EBV DNA appeared to be a feature of EBV-
positive but not EBV-negative disease [ 79 ,  80 ]. 
These fi ndings support an aberrant immune 
response to EBV and thus abnormal immunity 
in patients with EBV-positive HL compared to 
those with EBV-negative HL, with risk likely 
exacerbated by differences in other factors 
(Table  1.3 ). Jarrett suggested that HL repre-
sents four entities—one in children (EBV-
positive), one in young adults experiencing late 
EBV infection (EBV-positive), one in older 
(and any immunosuppressed) persons (EBV-
positive), and one (EBV-negative) primarily in 
young adults [ 141 ,  144 ].

1.4         Immune Function 

 A role for immune function in HL pathogenesis 
is anticipated, as HL is a B-cell malignancy char-
acterized by immune dysregulation and, within 
the tumor, by a reactive infl ammatory infi ltrate 
and abnormal cytokine expression [ 173 ]. Indeed, 
the etiologic importance of immune function has 
been demonstrated directly by associations of HL 

risk with HIV infection (which depletes T-helper 
cell populations) and iatrogenic immunosuppres-
sion after organ transplantation, with diseases 
involving immune dysregulation, and with evi-
dence of infl ammation. 

1.4.1     Immunodefi ciency 

 Risk of HL is strongly increased in persons with 
primary immune defi ciencies [ 187 ] and with 
immunosuppression subsequent to HIV infection 
or organ transplantation. From large linkages of 
US population-based AIDS and cancer registries, 
HL risk in HIV-infected populations was esti-
mated at 11.5-fold (95 % CI 10.6–12.5) higher 
than in the general population, with greater risks 
for the mixed cellularity (RR = 18.3, 95 % CI 
15.9–20.9) and lymphocytic depletion (RR = 35.3, 
95 % CI 24.7–48.8) histological subtypes [ 78 ]. 
Compared to HIV-unrelated HL, HIV-HL is clini-
cally more aggressive, portends poorer survival, 
and is almost uniformly EBV-positive [ 16 ]. 
Among HIV-infected persons, HL risk is higher 
for those with CD4 cell counts of 150–199 cells/
μL than for those with fewer than 50 cells/μL 
[ 21 ], implying greater risk with moderate than 
with severe immunodefi ciency. Accordingly, 
HIV-HL rates have increased since the introduc-
tion of highly active antiretroviral therapies in 
1996 [ 73 ], presumably because of related 
improvements in average CD4 counts. With iatro-
genic immunosuppression following solid organ 
transplant, HL incidence is at least three times 
higher than in the general population (standard-
ized incidence ratio (SIR) = 3.6, 95 % CI 2.9–4.4), 
with risk signifi cantly elevated and increasing 
with time 1 year after transplant [ 54 ]. This obser-
vation also supports a role in HL pathogenesis for 
prolonged, moderate immunosuppression, as 
opposed to the acute, severe immunosuppression 
typical of induction therapy. In patients who had 
undergone bone marrow transplantation, the inci-
dence of HL was estimated at sixfold (SIR = 6.2, 
95 % CI 2.7–12.0 [ 211 ]) and nearly 15-fold higher 
(SIR = 14.8, 95 % CI 3.9–32.9) than expected 
[ 11 ]. HL occurring post transplant is also thought 
to be largely EBV-positive [ 211 ].  
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1.4.2     Autoimmune Conditions 

 HL risk is increased in persons with certain 
autoimmune diseases, although such evidence 
is impacted by the often-small sample sizes 
given the rarity of these conditions and by 

the possibility of reverse causality [ 223 ]. A 
large Scandinavian database linking disease 
registries showed HL risk ( n  = 9,314 cases com-
pared with 37,069 controls) increased twofold 
for systemic autoimmune disease overall, with 
signifi cantly elevated ORs ranging from two to 

     Table 1.3    Risk factor patterns for Hodgkin lymphoma (HL) subclassifi ed by tumor Epstein-Barr virus (EBV) status, 
selected studies   

 Risk factor  Study  Patient group 

 Adjusted odds ratios (95 % confi dence intervals) 

 EBV-positive HL 
vs. controls 

 EBV-negative HL 
vs. controls 

 EBV-positive vs. 
EBV-negative HL 

  Social-class measures  
 Lower vs. higher 
education 

 [ 40 ] a   All adults  0.8 (0.6–1.0) 

 Single vs. shared 
bedroom, age 11 

 [ 90 ] b   Young-adult 
women 

  4.0 (1.1–14.4)   1.0 (0.7–1.6) 

 N of older siblings 
(trend per sibling) 

 [ 123 ] c   Young adults  0.77 (0.56–1.05)  1.01 (0.83–1.22)   0.65 (0.45–0.95)  

 N of older siblings 
(trend per sibling) 

 Older adults   1.35 (1.06–1.70)   0.84 (0.68–1.03)   1.60 (1.12–2.29)  

  EBV infection  
 Elevated antibody to 
VCA 

 [ 161 ] d   All adults  3.1 (1.1–8.7)  1.7 (0.9–3.5)  1.4 (0.5–3.8) 

 Anti-EBNA-1: 
anti-EBNA-2 ≤ 1.0 

 4.7 (1.6–13.8)  0.4 (0.1–1.3)  14.0 (2.7–72.5) 

 IM  [ 123 ] e   Young adults   3.96 (2.19–7.18)   1.36 (0.81–2.26)   2.68 (1.40–5.12)  
 Years since IM: 1–4   11.86 

(3.10–45.3)  
 0.41 (0.04–3.75) 

  Smoking  
 Current vs. never  [ 37 ] f   All adults   2.26 (1.69–3.02)    1.40 (1.08–1.81)  
 Current vs. never  [ 145 ] g   All adults   1.81 (1.27–2.56)   1.02 (0.95–1.52)   1.45 (1.02–2.05)  
 Former vs. never  1.28 (0.93–1.78)  1.02 (0.79–1.33)  1.11 (0.79–1.57) 
  Ultraviolet radiation  
 High (quartile 4) vs. 
low lifetime 

 [ 180 ] h   All adults   0.56 (0.35–0.91)   0.86 (0.63–1.19) 

   a  N  = 95 EBV-positive HL cases, 303 EBV-negative HL cases (OR adjusted for age, sex, education level) 
  b Ages 19–44:  N  = 24 EBV-positive HL cases, 187 EBV-negative HL cases; ages 45–79:  N  = 13 EBV-positive HL cases, 44 
EBV-negative HL cases (OR for EBV-positive HL vs. controls adjusted for age, race/ethnicity, Catholic religion, ever smok-
ing, childhood household size, birth order, bedroom sharing at age 11, and number of playmates at age 8; OR for EBV-
negative HL vs. controls adjusted for age, race/ethnicity, Catholic religion, lactation, birthplace, living in a rented family 
home at age 8, childhood household size, birth order, bedroom sharing at age 11, and number of playmates at age 8) 
  c Ages 18–44:  N  = 85 EBV-positive HL cases, 253 EBV-negative HL cases; ages 45–74:  N  = 57 EBV-positive HL cases, 
104 EBV-negative HL cases (OR adjusted for age, gender, country, history of IM, maternal education) 
  d  N  = 40 EBV-positive HL cases, 88 EBV-negative HL cases (OR adjusted for age, sex, race, year of serum collection, 
and histology) 
  e  N  = 95 EBV-positive HL cases, 303 EBV-negative HL cases (OR adjusted for age, sex, education level, smoking status, 
elevated VCA IgG and IgA, and EA IgA and EBNA-1: EBNA-2 ≤ 1.0) 
  f Subset analysis within a meta-analysis of 14 case-control and 3 cohort studies 
  g Pooled analysis of seven case-control studies. Case series analyses, EBV-positive vs. EBV-negative, took into account 
the correlation between EBV status and histology 
  h  N =  208 EBV-positive HL cases, 526 EBV-negative HL cases (OR adjusted for age, sex, study center, education/socio-
economic status, and skin pigmentation)  
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fi ve for rheumatoid arthritis, systemic lupus 
erythematosus (SLE), Sjögren’s syndrome, and 
sarcoidosis [ 154 ]. In 1,155 HL cases over age 
67 years at diagnosis from the Surveillance, 
Epidemiology, and End Results (SEER)-
Medicare data and controls from the Medicare 
fi les, HL risk was similarly elevated among 
those with a history of SLE, scleroderma, or 
rheumatoid arthritis [ 7 ]. The association 
between autoimmune disease and HL risk 
appears to occur irrespective of age possibly 
due to autoantigen-mediated chronic B-cell 
stimulation leading to emergence of a malig-
nant clone (perhaps further enabled by acquired 
resistance to apoptosis in autoimmune disor-
ders) [ 70 ], to immunosuppressive treatment for 
autoimmune disorders, and/or to shared envi-
ronmental and/or genetic risk factors for both 
autoimmunity and HL [ 223 ].  

1.4.3     Infl ammation 

 Cytokines, produced in HL tumors by HRS cells 
and believed to act as autocrine growth factors 
and maintainers of the infl ammatory infi ltrate 
[ 173 ], have been linked to HL risk through fi nd-
ings of elevated serum/plasma levels of interleu-
kin (IL)-2 [ 61 ]; IL-6 [ 22 ,  60 ,  81 ], including 
before treatment [ 22 ,  81 ]; IL-10 [ 112 ,  117 ,  127 ]; 
IL-12 [ 61 ]; CC chemokine ligand (CCL)117 and 
CCL22 [ 193 ]; and infl ammatory marker YKL-40 
[ 22 ]. Genetic evidence for cytokine associations 
with HL risk is described below. 

 Further, a role for chronic and, perhaps, sub-
clinical infl ammation in HL etiology has been 
suggested by reduced risks of HL with regular 
aspirin use (OR = 0.60, 95 % CI 0.42–0.85) in a 
large US case-control study [ 42 ], with >2 vs. ≤2 
prescriptions of low-dose aspirin (OR = 0.7, 95 % 
CI 0.5–1.2) in a prospective nested case-control 
study in linked northern Danish cancer registry 
and prescription databases [ 46 ] and, in a larger 
version of that study, with long-term (≥7 years) 
vs. never/rare use (OR = 0.65, 95 % CI 0.39–1.09) 
[ 48 ]. In contrast, risks of HL tended to be 
e levated for use of other NSAIDS, although con-
founding by indication was not ruled out. Aspirin 

may exert a protective effect by triggering HL 
cell death through inhibition of NF-κB [ 10 ,  242 ], 
which is constitutively activated in and required 
for survival by HRS cells [ 12 ,  13 ,  118 ,  140 ], or 
through its irreversible binding to the active site 
of cyclooxygenase (COX)-1 and COX-2 [ 232 ], 
potent mediators of infl ammation and tumor 
growth overexpressed in HL [ 96 ,  133 ].  

1.4.4     Heterogeneity 

 The lack of variation in associations of aspirin 
use and the  NFKB1  polymorphism with HL risk 
by age group, sex, and tumor EBV status 
(described below) suggests that infl ammation is 
an essential underlying component of HL patho-
genesis [ 45 ,  46 ]. However, relative risks of HL 
after organ transplant are higher in males than 
females [ 207 ], inferring gender-related variation 
in the importance of immunosuppression. For 
autoimmune conditions, stratifi ed analyses to 
inform heterogeneity of risk have been limited by 
low statistical power. However, HL risk with sys-
temic autoimmune disease was stronger for 
mixed cellularity HL in a subset of Swedish 
patients with histological subtype information 
[ 154 ], while Baecklund et al. found that risk of 
HL with rheumatoid arthritis did not vary by his-
tological subtype or EBV presence [ 9 ].   

1.5     Genetic Susceptibility 

1.5.1     Familial Aggregation 

 Case studies showed that families of HL pro-
bands can have affected 1st-, 2nd-, and 3rd- 
degree members with HL [ 128 ,  165 ] and with 
hematologic [ 23 ,  68 ,  93 ,  167 ,  200 ,  208 ] and other 
malignancies [ 32 ,  101 ,  168 ,  177 ]; can share 
human leukocyte antigen (HLA) haplotypes [ 38 , 
 111 ]; and can be consanguineous [ 32 ,  108 ]—
consistent with an inherited predisposition. HL 
risk was found to be nearly 100 times higher in 
identical than fraternal twins [ 170 ], indicating a 
substantially stronger effect of shared genes than 
shared environment. Case-control and cohort 

1 Epidemiology



14

studies have reported a three- to sevenfold 
increased risk of HL in fi rst-degree relatives of 
patients [ 31 ,  44 ,  77 ,  92 ,  99 ,  101 ,  108 ,  113 ,  149 , 
 176 ,  205 ,  208 ,  213 ] and familial associations 
with hematopoietic malignancies [ 36 ,  44 ,  49 , 
 235 ]. Linkages of population-based cancer and 
family record registries yielded similar fi ndings 
[ 6 ,  64 ,  93 ,  95 ,  115 ] as well as showed higher HL 
risks for siblings than parents of cases [ 93 ], a 
younger age at diagnosis for familial than 
 nonfamilial cases [ 6 ,  203 ,  220 ], and an elevated 
family occurrence of some autoimmune diseases 
[ 121 ,  159 ]. In affected families, analyses have 
implicated the HLA region of chromosome 6 and 
polymorphisms of various cytokine genes, as 
reviewed below. In 44 high-risk families, a 
genome-wide linkage screen found strong link-
age consistent with recessive inheritance on chro-
mosome 4p, as well as on chromosomes 2, 4q, 7, 
11, and 17 [ 94 ]. A study of 97 HL patients from 
high-risk UK families identifi ed a risk-elevating 
deletion in the  NPAT  gene on chromosome 
11q22.3 [ 214 ].  

1.5.2     Immune Gene Polymorphisms 

 The highly polymorphic HLA system, which 
plays an essential role in immune function and 
recognition of self vs. foreign antigens, has long 
been associated with HL risk [ 15 ,  111 ,  128 ,  129 , 
 166 ], including class II polymorphisms ( DRB5- 
0101    , the haplotype of  DRB*1501-DQA1*0102- 
DQB1*0602 , and a  TAP1  allele) in family studies 
[ 111 ], and various HLA genotypes in population 
studies, with considerable patient subgroup spec-
ifi city as described below. While this evidence 
suggests recessive inheritance and additional 
genetic and environmental factors [ 15 ,  38 ,  204 , 
 219 ], it is unclear whether the identifi ed associa-
tions involve true susceptibility alleles or refl ect 
the strong linkage disequilibrium in the HLA 
region [ 2 ], although fi ndings from recent genome- 
wide association studies (GWAS) (described 
below) have introduced greater precision into 
genetic fi ndings. 

    HL risk has been linked with several single 
nucleotide polymorphisms (SNPs) in  IL6  [ 163 ], 

including a promoter region polymorphism 
(−174G>C) in young adults [ 60 ]; in  IL1R1  
(involved in activation of NF-κB) and  IL4R  
(expressed on HRS cells) [ 163 ]; with  IL12  + 
1188A>C in 90 case twins vs. 90 convenience 
controls [ 61 ]; and with  IL10  −1082A>G (possi-
bly restricted to EBV-positive cases [ 65 ]) and 
 IL10  −3575 T > A (in predominantly late-stage 
patients over age 40 [ 243 ]). Patients homozygous 
for  IL10  −592C>A and −1082A>G had elevated 
IL-10 plasma levels [ 127 ]. An intronic SNP in 
 NFKB1  was linked to increased HL risk 
(rs1585215 GG vs. AA: OR = 3.5, 95 % CI 2.2–
5.7,  P  trend  = 1.7 × 10 −8 ), as were  NFKB1  haplo-
types ( P  global  = 6.0 × 10 −21 ) [ 45 ]. In 200 
hospital-based cases and 220 population controls, 
HL risk was associated with combinations of 
variants of several anti-infl ammatory ( ILR4 , 
 TLR7 ,  IL10 ) and proinfl ammatory ( IL18 ,  COX-2 ) 
genes (ORs rising with increasing numbers of 
adverse alleles compared to none: for heterozy-
gotes = 1.10, 95 % CI 1.02–1.83; for two risk 
alleles = 1.35, 95 % CI 1.06–3.75; for three to 
four risk alleles = 3.26, 95 % CI 1.27–7.34, 
( P  trend  = 0.01)) [ 182 ]. In a large European study, 
HL risk was associated with several SNPs in 
genes in the JAK-STAT pathway ( STAT3 ,  STAT6 , 
and  TP63 ), particularly  STAT6¸  which appeared 
to reduce risk 40–45 %, and for  IFNG , also asso-
ciated with risk of SLE [ 33 ].  

1.5.3     Other Candidate Genes 

 A recent analysis identifi ed an elevated HL risk 
with several DNA repair genes (allelic variants in 
 XPC ,  NBN ,  XRCC3 , and  XRCC1 ) and docu-
mented signifi cant gene-gene interactions (for 
 BEV  and  DSB  SNPs involved in oxidative dam-
age repair) [ 181 ].  

1.5.4     Genome-wide Association 
Studies 

 By early 2014, four GWAS in persons of 
European origin had been conducted to 
 identify  common genetic variants that confer 
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susceptibility to HL [ 63 ,  72 ,  76 ,  231 ]. The fi rst 
identifi ed putative susceptibility loci at 2p16.1 
(the transcription factor  REL ), 8q24.21 (the RNA 
oncogene  PVT1 ), and 10p14 (the transcription 
factor  GATA3 ), while also confi rming a strong 
association with  HLA-DRA  [ 72 ]. The second 
identifi ed new loci at 6p21.32, which contains 
 HLA-DRB1  and  HLA-DQB1 , and confi rmed a 
previously detected SNP in the HLA region [ 63 ]. 
The third GWAS identifi ed two new loci for over-
all HL in the HLA region, one adjacent to the 
class-I- related ligand  MICB  and the other at 
 HLA-DRA  [ 231 ]. A genome-wide meta-analysis 
combining two large European sets, including 
one previously published [ 72 ], identifi ed new 
loci at 3p24.1 (the eomesodermin transcription 
factor  EOMES ) and 6p23.3 (intergenic to the 
G-protein/elongation factor  HBS1L  and the tran-
scription factor  MYB ) [ 76 ]. Together, these fi nd-
ings strongly implicate HLA class I and class II 
components in HL susceptibility and offer addi-
tional insight into the genetic and mechanistic 
origins of HL. Of note, the HLA locus (specifi -
cally,  HLA-DRB1  and  HLA-DQB1 ) was also 
implicated by a GWAS and linkage analysis com-
bined with a gene expression profi le analysis 
conducted to identify genetic factors infl uencing 
the antibody response to EBV protein EBNA-1 in 
Mexican American families [ 212 ]. Four putative 
HL susceptibility SNPs previously identifi ed in 
the HLA region were also associated with the 
antibody response to EBNA-1, highlighting 
immune-related mechanisms by which EBV may 
contribute to HL pathogenesis.  

1.5.5     Heterogeneity 

 The association of HL risk with familial lym-
phoma has been reported to vary by age, sex, and 
familial relationship. In linked Swedish registry 
data, Goldin et al. found HL risk higher for fami-
lies of probands than controls under 40 years 
(RR = 4.25, 95 % CI 1.85–9.77) and older than 
40 years (RR = 2.56, 95 % CI 0.90–7.25) [ 93 ]. In 
similar data, Crump et al. noted HL risk to be 
increased 8- to 11-fold in persons under age 37 
with an affected sibling and sevenfold for those 

with an affected parent [ 64 ]. Other studies found 
higher risks of familial lymphoma for HL patients 
younger than 60 years at diagnosis [ 36 ] and for 
offspring diagnosed under age 50 years [ 116 ]. 
Some studies, but not all [ 64 ], noted higher HL 
risk for male relatives of patients (particularly 
brothers), for same-sex siblings, and for siblings 
compared with parents of cases [ 6 ,  93 ,  99 ,  114 , 
 226 ]. Same-sex concordance has been hypothe-
sized to refl ect a susceptibility gene in the pseu-
doautosomal regions of the sex chromosomes 
[ 130 ,  131 ] or shared environmental exposures. 
Multiplex families with EBV-positive HL have 
been reported [ 146 ], but tumors in familial cases 
do not appear consistently to be concordant for 
EBV [ 165 ]. 

 Associations of HL risk with HLA genotype 
appeared heterogeneous by patient and disease 
characteristics. Risk was increased for HLA class 
II  DPB1*0301  in whites [ 25 ,  199 ,  229 ,  230 ] but 
decreased for  DPB1*0201  [ 25 ] and for 
 DPB1*0401  in Asians using population-stratifi ed 
controls [ 199 ]. In northern Chinese,  HLA  class I 
but not class II expression was associated with 
EBV-positive vs. EBV-negative HL [ 134 ], and 
 HLA-A*02  positivity did not differ signifi cantly 
between HL cases and controls or between EBV- 
positive and EBV-negative HL [ 136 ]. The  HLA- 
A*02:07  subtype (rare in Caucasians) was 
associated with higher risk of EBV-positive HL 
and lower risk of EBV-negative HL [ 136 ]. 
 DPB1*0301  associations were restricted to nodu-
lar sclerosis HL in one study [ 151 ] and to EBV- 
positive tumors in young adults in another [ 4 ]; 
the risk association with a  TAP1  allele was lim-
ited to nodular sclerosis [ 111 ]. For EBV-positive 
HL, risk was elevated with specifi c class I A mic-
rosatellite markers (D6S265, D6S510) (ORs of 
6.0, 95 % CI 1.7–22.1, to 9.8, 95 % CI 2.7–34.9, 
for seven SNPs) [ 67 ], whereas for EBV-negative 
HL, it was associated with a class III marker 
(D6S273) [ 194 ]. Subsequent studies detected 
associations of  HLA-A*01  with increased risk 
and  HLA-A*02  with decreased risk of EBV- 
positive HL and signifi cantly lower prevalence of 
 HLA-A*02  patients among 152 EBV-positive 
patients (35.5 %) than 322 EBV-negative patients 
(50.9 %) [ 192 ]. Further analysis revealed several 
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 HLA  alleles signifi cantly associated with HL 
overall ( HLA-B5  and  HLA-DR7  [the latter 
inversely associated]), with EBV-negative HL 
( HLA-DR2 ,  HLA-DR5 , and the haplotype  HLA-
A2- B7-DR2 ), and with EBV-positive HL ( HLA- 
B37     and  HLA-DR10 , as well as  HLA-A*01  and 
 HLA-A*02  [the latter inversely associated]) 
[ 137 ]. A pooled study confi rmed independent 
dose-response relationships of  HLA-A*01  and 
 HLA-A*02  with EBV-positive HL risk and 
showed that the  HLA-A*02  allele appeared to 
protect against the association between history of 
IM and risk of EBV-positive HL [ 126 ]. In GWAS, 
previously reported associations with class I vari-
ants in  HLA-A  and  HCG9  were restricted to EBV- 
positive HL, and a previously reported class II 
variant in  HLA-DRA  was restricted to EBV- 
negative nodular sclerosis HL [ 231 ]. As HLA-A 
molecules present EBV peptides to T cells, it is 
feasible that SNPs with low affi nity for EBV and 
thus an ineffi cient immune response could affect 
risk of EBV-positive HL [ 29 ,  67 ,  191 ]. 
Observations linking risk of IM in young adults 
with HLA class I polymorphisms (including 
markers D6S510 and D6S265) [ 175 ], and results 
showing overlap in putative susceptibility genes 
between the EBV antibody response and HL risk 
[ 212 ], strengthen support for a role for manage-
ment of EBV infection in the etiology of EBV- 
positive HL.   

1.6     Selected Lifestyle 
and Environmental Risk 
Factors 

1.6.1     Smoking 

 Early case-control and cohort studies found that 
self-reported cigarette smoking was associated 
with an increased risk for HL [ 19 ,  30 ,  40 ,  62 ,  89 , 
 122 ,  150 ,  164 ,  194 ,  195 ,  239 ]; recently, this risk 
was further explored in two meta-analyses [ 37 , 
 215 ], a pooled analysis [ 145 ], and a large cohort 
of UK women [ 155 ]. The meta-analyses found an 
increased risk of HL in current cigarette smokers 
(OR = 1.4, 95 % CI 1.2–1.6 [ 37 ]; pooled effect 
estimate = 1.3, 95 % CI 1.1–1.6 [ 215 ]) with sig-

nifi cant dose response effects for the number of 
cigarettes smoked per day, years of smoking, and 
pack-years [ 37 ,  215 ]. Current (but not former 
[ 37 ,  145 ,  215 ]) smoking was associated with an 
increased risk of HL (as above), with associa-
tions in both nodular sclerosis (pooled effect esti-
mate = 1.35, 95 % CI 1.12–1.63   ) and mixed 
cellularity subtypes (pooled effect estimate = 2.53, 
95 % CI: 1.72–3.72) [ 215 ]. In a subset analysis, 
Castillo et al. found that currently smoking men 
and persons over 30 years of age increased HL 
risks of 78 and 76 %, respectively [ 37 ]. However, 
a subsequent metaregression analysis found no 
differences by age and confl icting results for gen-
der [ 215 ]. Current cigarette smokers were found 
to have a higher risk of EBV-positive HL [ 37 , 
 145 ] and mixed cellularity HL (OR = 1.6, 95 % 
CI 1.3–2.0) (Table  1.3 ) [ 145 ], while smoking 
generally was not associated with increased risk 
of nodular sclerosis or EBV-negative HL [ 89 , 
 122 ,  145 ,  239 ]. Tobacco smoke may impact HL 
pathogenesis through its associated immunosup-
pression [ 224 ], especially that permitting reacti-
vation of latent EBV infection.  

1.6.2     Alcohol Consumption 

 Moderate alcohol consumption has been associ-
ated with reduced risk of HL. Five case-control 
studies reported a signifi cant halving of HL risk 
for drinkers at most levels of total alcohol intake 
[ 18 ,  19 ,  97 ,  147 ,  194 ], while four others reported 
nonsignifi cant protective effects or null associa-
tions [ 150 ,  179 ,  228 ,  239 ]. Few of these studies 
had suffi cient numbers of cases to assess level of 
drinking by relevant HL subtypes, although one 
study reported null associations for both EBV- 
positive and EBV-negative diseases [ 239 ]. 
However, as most of these studies used nondrink-
ers as reference groups, their fi ndings may be 
biased by pre-diagnostic “alcohol-related pain” 
[ 24 ], which could have led to voluntary cessation 
of alcohol consumption before development of 
full-blown HL. One prospective cohort study 
reported nonsignifi cant protective effects of alco-
hol similar to those reported by case-control 
studies [ 164 ], but used nondrinkers as opposed to 
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lifetime abstainers as a reference group. A pro-
spective cohort study of women found occasional 
drinkers to have a lower HL risk than nondrink-
ers, but without evidence for a lower HL risk with 
increasing alcohol intake [ 155 ]. Alcohol could 
infl uence lymphomagenesis through its moderate 
immunosuppressive effects [ 66 ].  

1.6.3     Ultraviolet Radiation 
Exposure 

 A large, population-based case-control study in 
Sweden and Denmark detected a consistent 
inverse association, with signifi cant inverse dose 
response trends, between risk of HL and expo-
sure to ultraviolet radiation (UVR), as estimated 
by sunbathing habits, sunburn history, sun vaca-
tions abroad, and solarium visits [ 71 ]. Subsequent 
studies mostly reported no signifi cant associa-
tion, although small sample sizes constrained sta-
tistical power [ 26 ,  47 ,  98 ,  206 ,  241 ]. In a recent, 
large, pooled analysis of four case-control studies 
including 1,320 HL cases and 6,381 controls, 
inverse associations with HL risk were detected 
for history of sunburn (OR = 0.77, 95 % CI 0.63–
0.95) and sunlamp use (OR = 0.81, 95 % CI 0.69–
0.96), with a signifi cant inverse exposure-response 
trend detected in association with estimated life-
time UVR exposure [ 180 ]. Inverse associations 
were especially pronounced for EBV-positive HL 
(Table  1.3 ). The putative inverse association 
between UVR exposure and HL risk may be a 
consequence of activation of antiproliferative 
vitamin D production by UVR [ 107 ], immuno-
modulation by regulatory T cells induced by 
UVR [ 197 ], or triggering of the DNA damage 
response by UVR [ 17 ,  196 ].  

1.6.4     Body Size and Physical 
Activity 

 HL patients have been found to be signifi cantly 
heavier at birth and heavier and taller as children 
than controls matched on age, sex, and social 
class [ 139 ]; intrauterine characteristics have been 
noted as possible contributors to birth weight 

associations in recent cohort studies (fetal growth, 
adjusted hazard ratio (aHR) of childhood/young 
adult HL = 1.09, 95 % CI 1.03–1.16 per standard 
deviation increment,  P   trend   = 0.005 [ 64 ]; placental 
length, aHR = 0.7, 95 % CI 0.53–0.92 [ 14 ]). Adult 
height also has been implicated as a risk factor in 
some studies [ 104 ,  109 ,  148 ,  189 ] but not all [ 157 , 
 164 ,  201 ,  238 ]. Adult height could be associated 
with HL risk because of better nutrition [ 102 , 
 221 ], which, like HL risk, is likely related to 
higher childhood socioeconomic status [ 185 , 
 186 ]; common genetic determinants [ 67 ,  94 ,  102 , 
 151 ]; or promotion of nascent HL tumors in taller 
persons by higher circulating levels of insulin-like 
growth factors and other growth hormones [ 102 , 
 198 ]. Obesity has been associated with a nearly 
two- [ 201 ] to threefold [ 238 ,  240 ] increased risk 
in men but not in women [ 28 ,  43 ,  238 ,  240 ], 
although one study found a nonsignifi cant asso-
ciation in both sexes [ 164 ]. The stronger relation-
ship between obesity and HL risk in men may be 
due to their greater tendency to visceral adiposity 
[ 238 ]. A meta- analysis of fi ve prospective studies 
found an increased risk of HL for obese, but not 
overweight, men and women [ 160 ], while a pro-
spective cohort of women found increased risks of 
HL for both overweight and obese women [ 189 ]. 
Higher body mass index was associated with 
increased HL risk in young-adult women but 
reduced risks in older women [ 148 ,  162 ]. Higher 
body size could infl uence risk of HL by triggering 
higher levels of IL-6 [ 60 ], insulin resistance, com-
pensatory hyperinsulinemia, or increased produc-
tion of growth factors, including estrogens [ 20 ]. A 
meta-analysis of seven case-control and fi ve 
cohort studies did not fi nd evidence for an asso-
ciation of HL risk with physical activity [ 233 ].  

1.6.5     Reproductive Factors 

 The marked, unusual, age-varying gender pat-
terns of HL incidence rates, particularly the 
change from female-dominated in young adult-
hood to male-dominated at later ages, provoked 
some interest in the effect of reproductive factors 
on HL risk [ 83 ,  100 ]. Studies have described a 
slight to moderate decrease in HL risk with 
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higher parity, with some fi nding a more protec-
tive apparent effect in women of reproductive age 
[ 1 ,  58 ,  152 ,  153 ,  158 ,  227 ,  244 ] and one confi rm-
ing no effect in men or due to social-class con-
founding [ 58 ]. These data, and fi ndings of lower 
HL risk with nursing, exogenous hormone use, 
and a history of endometriosis [ 88 ], suggest an 
effect of steroid or other hormones on HL 
 pathogenesis, possibly through infl uences on 
 regulation of immune system development or 
function.   

1.7     Summary 

 The epidemiology of HL reveals a disease with 
complex pathogenesis, with the distinctive pat-
terns of its incidence rates and risk profi les by 
age, race/ethnicity, sex, economic level, and 
tumor characteristics. Efforts to interpret and 
summarize these heterogeneous fi ndings have 
resulted in models of multiple-disease etiologies 
[ 141 ,  172 ]. However, epidemiologic efforts to 
further understand etiologic pathways have been 
hampered by two challenges. One is the recent 
observation that some markers of childhood 
social class initially predictive of risk no longer 
are associated with HL [ 41 ,  86 ]. This change 
leaves few established risk factors for HL, espe-
cially for the largest subgroup of patients, i.e., 
young adults with EBV-negative HL [ 124 ]. 
Moreover, the factors shown to strongly impact 
risk (e.g., HIV infection) have low population 
prevalence, and few novel ones have been identi-
fi ed. Thus, epidemiologic research into the etiol-
ogy of HL currently lacks strong leads, especially 
for EBV-negative young-adult disease. The other 
challenge to advancing the epidemiology of HL, 
given its heterogeneity, is the problem of con-
ducting adequately powered studies in meaning-
ful patient subgroups of such an uncommon 
disease. The apparent importance for HL etiol-
ogy of age, sex, tumor EBV status, histological 
subtype, genetic predisposition, and environmen-
tal exposures indicates that, to be informative, 
studies must be large enough to examine and dis-
entangle the joint contributions of these factors to 
HL development. 

 The accumulated epidemiologic evidence 
points to HL as an uncommon outcome in at least 
two circumstances: (1) under conditions of sus-
tained, moderate immunosuppression (as with 
HIV infection or organ transplant) and (2) in oth-
erwise healthy persons with subclinical immune 
dysfunction provoked by early and concurrent 
environmental exposures, including EBV infec-
tion. Beyond this, however, our understanding of 
HL etiology remains poor. To meet the ultimate 
public health goal of disease prevention, epide-
miologic research into HL must be focused in 
novel directions and involve study populations of 
substantial size in order to address its etiologic 
heterogeneity.     

  Acknowledgements   The authors thank Juan Yang for 
help with this chapter. The collection of cancer incidence 
data used in this study was supported by the California 
Department of Public Health as part of the statewide can-
cer reporting program mandated by California Health and 
Safety Code Section 103885; the National Cancer 
Institute’s Surveillance, Epidemiology, and End Results 
Program under contract HHSN261201000140C awarded 
to the Cancer Prevention Institute of California, contract 
HHSN261201000035C awarded to the University of 
Southern California, and contract HHSN261201000034C 
awarded to the Public Health Institute; and the Centers for 
Disease Control and Prevention’s National Program of 
Cancer Registries, under agreement U58DP003862-01 
awarded to the California Department of Public Health. 
The ideas and opinions expressed herein are those of the 
author(s), and endorsement by the State of California, 
Department of Public Health the National Cancer Institute, 
and the Centers for Disease Control and Prevention or 
their contractors and subcontractors is not intended nor 
should be inferred.  

   References 

     1.    Abramson JH, Pridan H, Sacks MI et al (1978) A 
case-control study of Hodgkin’s disease in Israel. J 
Natl Cancer Inst 61:307–314  

    2.    Ahmad T, Neville M, Marshall SE et al (2003) 
Haplotype-specifi c linkage disequilibrium patterns 
defi ne the genetic topography of the human 
MHC. Hum Mol Genet 12(6):647–656  

     3.    Alexander FE, Ricketts TJ, McKinney PA et al 
(1991) Community lifestyle characteristics and inci-
dence of Hodgkin’s disease in young people. Int J 
Cancer 48(1):10–14  

    4.    Alexander FE, Jarrett RF, Cartwright RA et al (2001) 
Epstein-Barr Virus and HLA-DPB1-*0301 in young 

S.L. Glaser et al.



19

adult Hodgkin’s disease: evidence for inherited sus-
ceptibility to Epstein-Barr Virus in cases that are 
EBV(+ve). Cancer Epidemiol Biomarkers Prev 
10:705–709  

    5.    Alexander FE, Lawrence DJ, Freeland J et al (2003) 
An epidemiologic study of index and family infectious 
mononucleosis and adult Hodgkin’s disease (HD): evi-
dence for a specifi c association with EBV+ve HD in 
young adults. Int J Cancer 107(2):298–302  

      6.    Altieri A, Hemminki K (2006) The familial risk of 
Hodgkin’s lymphoma ranks among the highest in the 
Swedish Family-Cancer Database. Leukemia 
20(11):2062–2063  

    7.    Anderson LA, Gadalla S, Morton LM et al (2009) 
Population-based study of autoimmune conditions 
and the risk of specifi c lymphoid malignancies. Int J 
Cancer 125:398–405  

    8.    Au WY, Gascoyne RD, Gallagher RE et al (2004) 
Hodgkin’s lymphoma in Chinese migrants to British 
Columbia: a 25-year survey. Ann Oncol 15(4):
626–630  

    9.    Baecklund E, Iliadou A, Askling J et al (2006) 
Association of chronic infl ammation, not its treat-
ment, with increased lymphoma risk in rheumatoid 
arthritis. Arthritis Rheum 54:692–701  

    10.    Baeuerle PA, Baltimore D (1996) NF-kappa B: ten 
years after. Cell 87(1):13–20  

    11.    Baker KS, DeFor TE, Burns LJ et al (2003) New 
malignancies after blood or marrow stem-cell trans-
plantation in children and adults: incidence and risk 
factors. J Clin Oncol 21(7):1352–1358  

    12.    Bargou RC, Leng C, Krappmann D et al (1996) 
High-level nuclear NF-kappa B and Oct-2 is a com-
mon feature of cultured Hodgkin/Reed-Sternberg 
cells. Blood 87(10):4340–4347  

    13.    Bargou RC, Emmerich F, Krappmann D et al (1997) 
Constitutive nuclear factor-kappaB-RelA activation 
is required for proliferation and survival of 
Hodgkin’s disease tumor cells. J Clin Invest 
100(12):2961–2969  

    14.    Barker DJ, Osmond C, Thornburg KL et al (2013) 
The intrauterine origins of Hodgkin’s lymphoma. 
Cancer Epidemiol 37(3):321–323  

     15.    Berberich FR, Berberich MS, King MC et al (1983) 
Hodgkin’s disease susceptibility: linkage to the HLA 
locus demonstrated by a new concordance method. 
Hum Immunol 6:207–217  

    16.    Berenguer J, Miralles P, Ribera JM et al (2008) 
Characteristics and outcome of AIDS-related 
Hodgkin lymphoma before and after the introduc-
tion of highly active antiretroviral therapy. JAIDS 
47(4):422–428  

    17.    Bergink S, Jaspers NGJ, Vermeulen W (2007) 
Regulation of UV-induced DNA damage response 
by ubiquitylation. DNA Repair 6(9):1231–1242  

       18.    Bernard SM, Cartwright RA, Darwin CM et al 
(1987) Hodgkin’s disease: case control epidemio-
logical study in Yorkshire. Br J Cancer 55(1):85–90  

     19.    Besson H, Brennan P, Becker N et al (2006) Tobacco 
smoking, alcohol drinking and Hodgkin’s 

 lymphoma: a European multi-centre case-control 
study (EPILYMPH). Br J Cancer 95(3):378–384  

    20.    Bianchini F, Kaaks R, Vainio H (2002) Overweight, 
obesity, and cancer risk. Lancet Oncol 3(9):565–574  

    21.    Biggar RJ, Jaffe ES, Goedert JJ et al (2006) Hodgkin 
lymphoma and immunodefi ciency in persons with 
HIV/AIDS. Blood 108(12):3786–3791  

      22.    Biggar RJ, Johansen JS, Ekström Smedby K et al (2008) 
Serum YKL-40 and interleukin 6 levels in Hodgkin 
lymphoma. Clin Cancer Res 14(21):6974–6978  

    23.    Bjerrum OW, Hasselbalch HC, Drivsholm A et al 
(1986) Non-Hodgkin malignant lymphomas and 
Hodgkin’s disease in fi rst-degree relatives. Evidence 
for a mutual genetic predisposition? Scand J 
Haematol 36(4):398–401  

    24.    Bobrove AM (1983) Alcohol-related pain and 
Hodgkin’s disease. West J Med 138(6):874–875  

     25.    Bodmer JG, Tonks S, Oza AM et al (1989) HLA-DP 
based resistance to Hodgkin’s disease. Lancet 
333(8652):1455–1456  

    26.    Boffetta P, van der Hel O, Kricker A et al (2008) 
Exposure to ultraviolet radiation and risk of malig-
nant lymphoma and multiple myeloma – a multicen-
tre European case-control study. Int J Epidemiol 
37(5):1080–1094  

     27.    Bonelli L, Vitale V, Bistolfi  F et al (1990) Hodgkin’s 
disease in adults: association with social factors and 
age at tonsillectomy. A case-control study. Int J 
Cancer 45(3):423–427  

    28.    Bosetti C, Dal Maso L, Negri E et al (2005) Re: body 
mass index and risk of malignant lymphoma in 
Scandinavian men and women. J Natl Cancer Inst 
97(11):860–861  

    29.    Brennan RM, Burrows SR (2008) A mechanism for 
the HLA-A*01-associated risk for EBV+ Hodgkin 
lymphoma and infectious mononucleosis. Blood 
112(6):2589–2590  

    30.    Briggs NC, Hall HI, Brann EA et al (2002) Cigarette 
smoking and risk of Hodgkin’s disease: a population- 
based case-control study. Am J Epidemiol 
156:1011–1020  

    31.    Brown JR, Neuberg D, Phillips K et al (2008) 
Prevalence of familial malignancy in a prospectively 
screened cohort of patients with lymphoproliferative 
disorders. Br J Haematol 143(3):361–368  

     32.    Buehler SK, Firme F, Fodor G et al (1975) Common 
variable immunodefi ciency, Hodgkin’s disease, and 
other malignancies in a Newfoundland family. 
Lancet 1(7900):195–197  

    33.    Butterbach K, Beckmann L, de Sanjose S et al 
(2011) Association of JAK-STAT pathway related 
genes with lymphoma risk: results of a European 
case-control study (EpiLymph). Br J Haematol 
153(3):318–333  

    34.    Caporaso NE, Goldin LR, Anderson WF et al (2009) 
Current insight on trends, causes, and mechanisms 
of Hodgkin’s lymphoma. Cancer J 15:117–123  

    35.    Carter CD, Brown TM Jr, Herbert JT et al (1977) 
Cancer incidence following infectious mononucleo-
sis. Am J Epidemiol 105(1):30–36  

1 Epidemiology



20

     36.    Casey R, Brennan P, Becker N et al (2006) Infl uence 
of familial cancer history on lymphoid neoplasms 
risk validated in the large European case-control 
study epilymph. Eur J Cancer 42(15):2570–2576  

          37.    Castillo JJ, Dalia S, Shum H (2011) Meta-analysis of 
the association between cigarette smoking and inci-
dence of Hodgkin’s Lymphoma. J Clin Oncol 
29(29):3900–3906  

     38.    Chakravarti A, Halloran SL, Bale SJ (1986) 
Etiological heterogeneity in Hodgkin’s disease: 
HLA linked and unlinked determinants of suscepti-
bility independent of histological concordance. 
Genet Epidemiol 3(6):407–415  

     39.    Chang ET, Montgomery SM, Richiardi L et al 
(2004) Number of siblings and risk of Hodgkin’s 
lymphoma. Cancer Epidemiol Biomarkers Prev 
13(7):1236–1243  

      40.    Chang ET, Zheng T, Lennette ET et al (2004) 
Heterogeneity of risk factors and antibody profi les in 
Epstein-Barr virus genome-positive and -negative 
Hodgkin lymphoma. J Infect Dis 189:2271–2281  

        41.    Chang ET, Zheng T, Weir EG et al (2004) Childhood 
social environment and Hodgkin’s lymphoma: new 
fi ndings from a population-based case-control study. 
Cancer Epidemiol Biomarkers Prev 13(8):1361–1370  

    42.    Chang ET, Zheng T, Weir EG et al (2004) Aspirin 
and the risk of Hodgkin’s lymphoma in a population- 
based case-control study. J Natl Cancer Inst 
96:305–315  

    43.    Chang ET, Hjalgrim H, Smedby KE et al (2005) 
Body mass index and risk of malignant lymphoma in 
Scandinavian men and women. J Natl Cancer Inst 
97(3):210–218  

     44.    Chang ET, Smedby KE, Hjalgrim H et al (2005) 
Family history of hematopoietic malignancy and risk 
of lymphoma. J Natl Cancer Inst 97(19):1466–1474  

     45.    Chang ET, Birmann BM, Kasperzyk JL (2009) 
Polymorphic variation in NFKB1 and other aspirin- 
related genes and risk of Hodgkin lymphoma. 
Cancer Epidemiol Biomarkers Prev 18(3):976–986  

     46.    Chang ET, Cronin-Fenton DP, Friis S et al (2010) 
Aspirin and other nonsteroidal anti-infl ammatory 
drugs in relation to Hodgkin lymphoma risk in 
northern Denmark. Cancer Epidemiol Biomarkers 
Prev 19:59–64  

    47.    Chang ET, Canchola AJ, Cockburn M et al (2011) 
Adulthood residential ultraviolet radiation, sun sen-
sitivity, dietary vitamin D, and risk of lymphoid 
malignancies in the California Teachers Study. 
Blood 118(6):1591–1599  

    48.    Chang ET, Froslev T, Sorensen HT et al (2011) A 
nationwide study of aspirin, other non-steroidal anti- 
infl ammatory drugs, and Hodgkin lymphoma risk in 
Denmark. Br J Cancer 105(11):1776–1782  

    49.    Chatterjee N, Hartge P, Cerhan JR et al (2004) Risk 
of non-Hodgkin’s lymphoma and family history of 
lymphatic, hematologic, and other cancers. Cancer 
Epidemiol Biomarkers Prev 13(9):1415–1421  

    50.    Chen YT, Zheng T, Mei-Chu C et al (1997) The 
increase in Hodgkin’s disease incidence among 

young adults. Experience in Connecticut, 1935–
1992. Cancer 79:2209–2218  

    51.      Chihara D, Ito H, Matsuda T et al (2014) Differences 
in incidence and trends of haematological malignan-
cies in Japan and the United States. Br J Haematol 
164(4):536–45  

        52.    Clarke CA, Glaser SL, Keegan THM (2005) 
Neighborhood socioeconomic status and Hodgkin 
lymphoma incidence in California. Cancer 
Epidemiol Biomarkers Prev 14:1441–1447  

    53.    Clarke CA, Glaser SL, Gomez SL et al (2011) 
Lymphoid malignancies in U.S. Asians: incidence rate 
differences by birthplace and acculturation. Cancer 
Epidemiol Biomarkers Prev 20(6):1064–1077  

    54.    Clarke CA, Morton LM, Lynch C et al (2013) Risk 
of lymphoma subtypes after solid organ transplanta-
tion in the United States. Br J Cancer 
109(1):280–288  

    55.    Cohen BM, Smetana HF, Miller RW (1964) 
Hodgkin’s disease: long survival in a study of 388 
world war II army cases. Cancer 17:856–866  

    56.    Connelly RR, Christine BW (1974) A cohort study 
of cancer following infectious mononucleosis. 
Cancer Res 34(5):1172–1178  

    57.    Correa P, O’Conor GT (1971) Epidemiologic patterns 
of Hodgkin’s disease. Int J Cancer 8(2):192–201  

     58.    Costas L, Casabonne D, Benavente Y et al (2012) 
Reproductive factors and lymphoid neoplasms in 
Europe: fi ndings from the EpiLymph case-control 
study. Cancer Causes Control 23(1):195–206  

    59.    Cozen W, Katz J, Mack TM (1992) Risk patterns of 
Hodgkin’s disease in Los Angeles vary by cell type. 
Cancer Epidemiol Biomarkers Prev 1(4):261–268  

      60.    Cozen W, Gill PS, Ingles SA et al (2004) IL-6 levels 
and genotype are associated with risk of young adult 
Hodgkin lymphoma. Blood 103(8):3216–3221  

      61.    Cozen W, Gill PS, Salam MT et al (2008) 
Interleukin-2, interleukin-12, and interferon-
{gamma} levels and risk of young adult Hodgkin 
lymphoma. Blood 111(7):3377–3382  

     62.    Cozen W, Hamilton AS, Zhao P et al (2009) A protec-
tive role for early oral exposures in the etiology of 
young adult Hodgkin lymphoma. Blood 114(19):
4014–4020  

     63.    Cozen W, Li D, Best T et al (2012) A genome-wide 
meta-analysis of nodular sclerosing Hodgkin lym-
phoma identifi es risk loci at 6p21.32. Blood 
119(2):469–475  

        64.    Crump C, Sundquist K, Sieh W et al (2012) Perinatal 
and family risk factors for Hodgkin lymphoma in 
childhood through young adulthood. Am J Epidemiol 
176(12):1147–1158  

    65.    da Silva GN, Bacchi MM, Rainho CA et al (2007) 
Epstein-Barr virus infection and single nucleotide 
polymorphisms in the promoter region of interleukin 
10 gene in patients with Hodgkin lymphoma. Arch 
Pathol Lab Med 131:1691–1696  

    66.    Diaz LE, Montero A, Gonzalez-Gross M et al (2002) 
Infl uence of alcohol consumption on immunological 
status: a review. Eur J Clin Nutr 56(Suppl 3):S50–S53  

S.L. Glaser et al.



21

      67.    Diepstra A, Niens M, Vellenga E et al (2005) 
Association with HLA class I in Epstein-Barr-virus- 
positive and with HLA class III in Epstein-Barr- 
virus-negative Hodgkin’s lymphoma. Lancet 
365:2216–2224  

    68.    Donhuijsen-Ant R, Abken H, Bornkamm G et al 
(1988) Fatal Hodgkin and non-Hodgkin lymphoma 
associated with persistent Epstein-Barr virus in four 
brothers. Ann Intern Med 109(12):946–952  

    69.    Edgren G, Liang L, Adami H-O et al (2012) 
Enigmatic sex disparities in cancer incidence. Eur J 
Epidemiol 27(3):187–196  

    70.    Eguchi K (2001) Apoptosis in autoimmune diseases. 
Intern Med 40:275–284  

    71.    Ekström Smedby K, Hjalgrim H, Melbye M et al 
(2005) Ultraviolet radiation exposure and risk of 
malignant lymphomas. J Natl Cancer Inst 97(3):
199–209  

      72.    Enciso-Mora V, Broderick P, Ma Y et al (2010) A 
genome-wide association study of Hodgkin’s lym-
phoma identifi es new susceptibility loci at 2p16.1 
(REL), 8q24.21 and 10p14 (GATA3). Nat Genet 
42(12):1126–1130  

    73.    Engels EA, Pfeiffer RM, Goedert JJ et al (2006) 
Trends in cancer risk among people with AIDS in 
the United States 1980–2002. AIDS 20(12):
1645–1654  

    74.    Evans AS, Gutensohn NM (1984) A population- 
based case-control study of EBV and other viral 
antibodies among persons with Hodgkin’s disease 
and their siblings. Int J Cancer 34:149–157  

     75.   Ferlay J, Soerjomataram I, Ervik M et al (2013) 
GLOBOCAN 2012 v1.0, cancer incidence and mor-
tality worldwide. In: IARC CancerBase No 11 
[Internet]. Available from:   http://globocan.iarc.fr/    . 
Accessed on day/month/year .  International Agency 
for Research on Cancer  

     76.    Frampton M, da Silva Filho MI, Broderick P et al 
(2013) Variation at 3p24.1 and 6q23.3 infl uences the 
risk of Hodgkin’s lymphoma. Nat Commun 4:2549  

    77.    Friedman DL, Kadan-Lottick NS, Whitton J et al 
(2005) Increased risk of cancer among siblings of 
long-term childhood cancer survivors: a report from 
the Childhood Cancer Survivor Study. Cancer 
Epidemiol Biomarkers Prev 14(8):1922–1927  

    78.    Frisch M, Biggar RJ, Engels EA et al (2001) 
Association of cancer with AIDS-related immuno-
suppression in adults. JAMA 285(13):1736–1745  

    79.    Gallagher A, Armstrong AA, MacKenzie J et al 
(1999) Detection of Epstein-Barr virus (EBV) 
genomes in the serum of patients with  EBV- associated 
Hodgkin’s disease. Int J Cancer 84(4):442–448  

    80.    Gandhi MK, Lambley E, Burrows J et al (2006) 
Plasma Epstein-Barr virus (EBV) DNA is a bio-
marker for EBV-positive Hodgkin’s lymphoma. Clin 
Cancer Res 12:460–464  

     81.       Gause A, Keymis S, Scholz R et al (1992) Increased 
levels of circulating cytokines in patients with 
untreated Hodgkin’s disease. Lymphokine Cytokine 
Res 11:109–113  

    82.   Glaser SL (1987) Regional variation in Hodgkin’s 
disease incidence by histological subtype in the 
US. Cancer 60:2841–2847  

    83.    Glaser SL (1994) Reproductive factors in Hodgkin’s 
disease in women: a review. Am J Epidemiol 
139:237–246  

     84.    Glaser SL, Lin RJ, Stewart SL et al (1997) Epstein- 
Barr virus-associated Hodgkin’s disease: epidemio-
logic characteristics in international data. Int J 
Cancer 70:375–382  

    85.    Glaser SL, Clarke CA, Stearns CB (2001) Age varia-
tion in Hodgkin’s disease risk factors in older 
women: evidence from a population-based case- 
control study. Leuk Lymphoma 42:997–1004  

       86.    Glaser SL, Clarke CA, Nugent RA (2002) Social 
class and risk of Hodgkin’s disease in young-adult 
women in 1988–94. Int J Cancer 98:110–117  

    87.    Glaser SL, Hsu JL (2002) Hodgkin’s disease in 
Asians: incidence patterns and risk factors in 
population- based data. Leuk Res 26:261–269  

    88.    Glaser SL, Clarke CA, Nugent RA et al (2003) 
Reproductive risk factors in Hodgkin’s disease in 
women. Am J Epidemiol 158:553–563  

     89.    Glaser SL, Keegan TH, Clarke CA et al (2004) 
Smoking and Hodgkin lymphoma risk in women 
United States. Cancer Causes Control 15(4):
387–397  

     90.    Glaser SL, Keegan THM, Clarke CA et al (2005) 
Exposure to childhood infections and risk of EBV- 
defi ned Hodgkin’s lymphoma in women. Int J 
Cancer 115:599–605  

     91.    Glaser SL, Gulley ML, Clarke CA et al (2008) 
Racial/ethnic variation in EBV-positive classical 
Hodgkin lymphoma in California populations. Int J 
Cancer 123:1499–1507  

    92.    Goldgar DE, Easton DF, Cannon-Albright LA et al 
(1994) Systematic population-based assessment of 
cancer risk in fi rst-degree relatives of cancer pro-
bands. J Natl Cancer Inst 86:1600–1608  

        93.    Goldin LR, Pfeiffer RM, Gridley G et al (2004) 
Familial aggregation of Hodgkin lymphoma and 
related tumors. Cancer 100:1902–1908  

     94.    Goldin LR, McMaster ML, Ter-Minassian M et al 
(2005) A genome screen of families at high risk for 
Hodgkin lymphoma: evidence for a susceptibility 
gene on chromosome 4. J Med Genet 42:595–601  

    95.    Goldin LR, Björkholm M, Kristinsson SY et al 
(2009) Highly increased familial risks for specifi c 
lymphoma subtypes. Br J Haematol 146(1):91–94  

    96.    Goodwin JS, Messner RP, Bankhurst AD et al (1977) 
Prostaglandin-producing suppressor cells in 
Hodgkin’s disease. N Engl J Med 297(18):963–968  

    97.    Gorini G, Stagnaro E, Fontana V et al (2007) 
Alcohol consumption and risk of Hodgkin’s lym-
phoma and multiple myeloma: a multicentre case- 
control study. Ann Oncol 18(1):143–148  

    98.    Grandin L, Orsi L, Troussard X et al (2008) UV 
radiation exposure, skin type and lymphoid malig-
nancies: results of a French case-control study. 
Cancer Causes Control 19(3):305–315  

1 Epidemiology

http://globocan.iarc.fr/


22

     99.    Grufferman S, Cole P, Smith PG (1977) Hodgkin’s 
disease in siblings. N Engl J Med 296(5):
248–250  

     100.    Grufferman S, Delzell E (1984) Epidemiology of 
Hodgkin’s disease. Epidemiol Rev 6:76–106  

     101.    Grufferman S, Ambinder RF, Shugart YY et al 
(1998) Increased cancer risk in families of children 
with Hodgkin’s disease. Am J Epidemiol 147(11):S8  

      102.    Gunnell D, Okasha M, Smith GD et al (2001) 
Height, leg length, and cancer risk: a systematic 
review. Epidemiol Rev 23(2):313–342  

      103.    Gutensohn (Mueller) N, Cole P (1977) Epidemiology 
of Hodgkin’s disease in the young. Int J Cancer 
19(5):595–604  

       104.    Gutensohn (Mueller) N, Cole P (1981) Childhood 
social environment and Hodgkin’s disease. N Engl J 
Med 304:135–140  

   105.    Gutensohn (Mueller) NM (1982) Social class and 
age at diagnosis of Hodgkin’s disease: new epide-
miologic evidence for the “two-disease hypothesis”. 
Cancer Treat Rep 66(4):689–695  

    106.    Gutensohn (Mueller) NM (1982) Social class risk 
factors among children with Hodgkin’s disease. Int J 
Cancer 30(4):433–435  

    107.    Guyton KZ, Kensler TW, Posner GH (2003) Vitamin 
D and vitamin D analogs as cancer chemopreventive 
agents. Nutr Rev 61(7):227–238  

     108.    Haim N, Cohen Y, Robinson E (1982) Malignant 
lymphoma in fi rst-degree blood relatives. Cancer 
49(10):2197–2200  

    109.    Hancock BW, Mosely R, Coup AJ (1976) Height 
and Hodgkin’s disease (letter). Lancet 2:1364  

    110.    Harris NL, Jaffe ES, Diebold J et al (1999) World 
Health Organization classifi cation of neoplastic dis-
eases of the hematopoietic and lymphoid tissues: 
report of the Clinical Advisory Committee meeting- 
Airlie House, Virginia, November 1997 [see com-
ments]. J Clin Oncol 17(12):3835–3849  

       111.    Harty LC, Lin AY, Goldstein AM et al (2002) 
HLA-DR, HLA-DQ, and TAP genes in familial 
Hodgkin disease. Blood 99:690–693  

    112.    Heath CW Jr, Brodsky AL, Potolsky AI (1972) 
Infectious mononucleosis in a general population. 
Am J Epidemiol 95(1):46–52  

    113.    Hemminki K, Czene K (2002) Attributable risks of 
familial cancer from the Family-Cancer Database. 
Cancer Epidemiol Biomarkers Prev 11:1638–1644  

    114.    Hemminki K, Li X (2002) Cancer risks in twins: 
results from the Swedish family-cancer database. Int 
J Cancer 99(6):873–878  

    115.    Hemminki K, Li X (2004) Familial risk in testicular 
cancer as a clue to a heritable and environmental 
aetiology. Br J Cancer 90(9):1765–1770  

    116.    Hemminki K, Li X, Czene K (2004) Familial risk of 
cancer: data for clinical counseling and cancer 
genetics. Int J Cancer 108:109–114  

    117.    Herling M, Rassidakis GZ, Medeiros LJ et al (2003) 
Expression of Epstein-Barr virus latent membrane 
protein-1 in Hodgkin and Reed-Sternberg cells of 
classical Hodgkin’s lymphoma: associations with 

presenting features, serum interleukin 10 levels, and 
clinical outcome. Clin Cancer Res 9(6):2114–2120  

    118.    Hinz M, Loser P, Mathas S et al (2001) Constitutive 
NF-kappaB maintains high expression of a charac-
teristic gene network, including CD40, CD86, and a 
set of antiapoptotic genes in Hodgkin/Reed- 
Sternberg cells. Blood 97(9):2798–2807  

     119.    Hjalgrim H, Askling J, Sorensen P et al (2000) Risk 
of Hodgkin’s disease and other cancers after infec-
tious mononucleosis. J Natl Cancer Inst 92(18):
1522–1528  

    120.    Hjalgrim H, Askling J, Rostgaard K et al (2003) 
Characteristics of Hodgkin’s lymphoma after infec-
tious mononucleosis. N Engl J Med 349:1324–1332  

    121.    Hjalgrim H, Rasmussen S, Rostgaard K et al (2004) 
Familial clustering of Hodgkin lymphoma and mul-
tiple sclerosis. J Natl Cancer Inst 96(10):780–784  

     122.    Hjalgrim H, Ekström-Smedby K, Rostgaard K et al 
(2007) Cigarette smoking and risk of Hodgkin lym-
phoma: a population-based case-control study. 
Cancer Epidemiol Biomarkers Prev 16:1561–1566  

       123.    Hjalgrim H, Smedby KE, Rostgaard K et al (2007) 
Infectious mononucleosis, childhood social environ-
ment, and risk of Hodgkin lymphoma. Cancer Res 
67:2382–2388  

    124.    Hjalgrim H, Engels EA (2008) Infectious aetiology 
of Hodgkin and non-Hodgkin lymphomas: a review 
of the epidemiological evidence. J Intern Med 
264(6):537–548  

     125.    Hjalgrim H, Seow A, Rostgaard K et al (2008) 
Changing patterns of Hodgkin lymphoma incidence 
in Singapore. Int J Cancer 123(3):716–719  

    126.    Hjalgrim H, Rostgaard K, Johnson PC (2010) 
HLA-A alleles and infectious mononucleosis sug-
gest a critical role for cytotoxic T-cell response in 
EBV-related Hodgkin lymphoma. Proc Natl Acad 
Sci U S A 107(14):6400–6405  

     127.    Hohaus S, Giachelia M, Massini G (2009) Clinical 
signifi cance of interleukin-10 gene polymorphisms 
and plasma levels in Hodgkin lymphoma. Leuk Res 
33(10):1352–1356  

     128.    Hors J, Steinberg G, Andrieu JM et al (1980) HLA 
genotypes in familial Hodgkin’s disease. Excess of 
HLA identical affected sibs. Eur J Cancer 
16(6):809–815  

    129.    Hors J, Dausset J (1983) HLA and susceptibility to 
Hodgkin’s disease. Immunol Rev 70:167–192  

    130.    Horwitz M, Wiernik PH (1999) Pseudoautosomal 
linkage of Hodgkin disease. Am J Hum Genet 
65(5):1413–1422  

    131.    Horwitz MS, Mealiffe ME (2006) Further evidence 
for a pseudoautosomal gene for Hodgkin’s lym-
phoma: reply to ‘the familial risk of Hodgkin’s lym-
phoma ranks among the highest in the Swedish 
Family-Cancer Database’ by Altieri A and 
Hemminki K. Leukemia 21(2):351–351  

       132.   Howlader N, Noone A, Krapcho M et al (2013) 
SEER cancer statistics review, 1975-2010,   http://
seer.cancer.gov/csr/1975_2010/</csr/1975_2010/>    , 
based on November 2012 SEER data submission, 

S.L. Glaser et al.

http://seer.cancer.gov/csr/1975_2010/</csr/1975_2010/>
http://seer.cancer.gov/csr/1975_2010/</csr/1975_2010/>


23

posted to the SEER web site, April 2013. In .  National 
Cancer Institute, Bethesda  

    133.    Hsu SM, Hsu PL, Lo SS et al (1988) Expression of 
prostaglandin H synthase (cyclooxygenase) in 
Hodgkin’s mononuclear and Reed-Sternberg cells. 
Functional resemblance between H-RS cells and his-
tiocytes or interdigitating reticulum cells. Am J 
Pathol 133(1):5–12  

    134.    Huang X, van den Berg A, Gao Z et al (2010) 
Expression of HLA class I and HLA class II by 
tumor cells in Chinese classical Hodgkin lymphoma 
patients. PLoS One 5(5):e10865  

    135.    Huang X, Nolte I, Gao Z et al (2011) Epidemiology 
of classical Hodgkin lymphoma and its association 
with Epstein Barr virus in Northern China. PLoS 
One 6(6):e21152  

     136.    Huang X, Hepkema B, Nolte I et al (2012) HLA- 
A*02:07 is a protective allele for EBV negative and 
a susceptibility allele for EBV positive classical 
Hodgkin lymphoma in China. PLoS One 7(2):
e31865  

    137.    Huang X, Kushekhar K, Nolte I et al (2012) HLA 
associations in classical Hodgkin lymphoma: EBV 
status matters. PLoS One 7(7):e39986  

    138.    IARC Working Group on the Evaluation of 
Carcinogenic Risks to Humans (1997) Epstein-Barr 
virus and Kaposi’s sarcoma herpesvirus/human her-
pesvirus8, vol 7. International Agency for Research 
on Cancer, Lyon  

    139.    Isager H, Andersen E (1978) Pre-morbid factors in 
Hodgkin’s disease. I. Birth weight and growth pat-
tern from 8 to 14 years of age. Scand J Haematol 
21:250–255  

    140.    Izban KF, Ergin M, Huang Q et al (2001) 
Characterization of NF-kappaB expression in 
Hodgkin's disease: inhibition of constitutively 
expressed NF-kappaB results in spontaneous caspase- 
independent apoptosis in Hodgkin and Reed-
Sternberg cells. Mod Pathol 14(4):297–310  

     141.    Jarrett RF (2002) Viruses and Hodgkin’s lymphoma. 
Ann Oncol 13(Suppl 1):23–29  

    142.    Jarrett RF (2003) Risk factors for Hodgkin’s lym-
phoma by EBV status and signifi cance of detection 
of EBV genomes in serum of patients with EBV- 
associated Hodgkin’s lymphoma. Leuk Lymphoma 
44(Suppl 3):S27–S32  

     143.    Jarrett RF, Krajewski AS, Angus B et al (2003) The 
Scotland and Newcastle epidemiological study of 
Hodgkin’s disease: impact of histopathological 
review and EBV status on incidence estimates. J 
Clin Pathol 56:811–816  

    144.    Jarrett RF (2006) Viruses and lymphoma/leukaemia. 
J Pathol 208(2):176–186  

         145.    Kamper-Jorgensen M, Rostgaard K, Glaser SL et al 
(2013) Cigarette smoking and risk of Hodgkin lym-
phoma and its subtypes: a pooled analysis from the 
International Lymphoma Epidemiology Consortium 
(InterLymph). Ann Oncol 24(9):2245–2255  

    146.    Kamper PM, Kjeldsen E, Clausen N et al (2005) 
Epstein-Barr virus-associated familial Hodgkin 

 lymphoma: paediatric onset in three of fi ve siblings. 
Br J Haematol 129(5):615–617  

    147.    Kanda J, Matsuo K, Kawase T et al (2009) Association 
of alcohol intake and smoking with malignant lym-
phoma risk in Japanese: a hospital- based case-control 
study at Aichi Cancer Center. Cancer Epidemiol 
Biomarkers Prev 18(9):2436–2441  

     148.    Keegan THM, Glaser SL, Clarke CA et al (2006) 
Body size, physical activity and risk of Hodgkin 
lymphoma in women. Cancer Epidemiol Biomarkers 
Prev 15:1095–1101  

    149.    Kerzin-Storrar L, Faed MJ, MacGillivray JB et al 
(1983) Incidence of familial Hodgkin’s disease. Br J 
Cancer 47(5):707–712  

     150.    Klatsky AL, Li Y, Baer D et al (2009) Alcohol con-
sumption and risk of hematologic malignancies. Ann 
Epidemiol 19(10):746–753  

     151.    Klitz W, Aldrich CL, Fildes N et al (1994) 
Localization of predisposition to Hodgkin disease in 
the HLA class II region. Am J Hum Genet 54(3):
497–505  

    152.    Kravdal O, Hansen S (1993) Hodgkin’s disease: the 
protective effect of childbearing. Int J Cancer 
55:909–914  

    153.    Kravdal O, Hansen S (1996) The importance of 
childbearing for Hodgkin’s disease: new evidence 
from incidence and mortality models. Int J Epidemiol 
25(4):737–743  

     154.    Kristinsson SY, Landgren O, Sjoberg J et al (2009) 
Autoimmunity and risk for Hodgkin’s lymphoma by 
subtype. Haematologica 94(10):1468–1469  

     155.    Kroll ME, Murphy F, Pirie K et al (2012) Alcohol 
drinking, tobacco smoking and subtypes of haemato-
logical malignancy in the UK Million Women Study. 
Br J Cancer 107(5):879–887  

    156.    Kvåle G, Høiby EA, Pedersen E (1979) Hodgkin’s 
disease in patients with previous infectious mono-
nucleosis. Int J Cancer 23:593–597  

    157.    La Vecchia C, Negri E, Parazzini F (1990) Height 
and cancer risk in a network of case-control studies 
from northern Italy. Int J Cancer 45(2):275–279  

    158.    Lambe M, Hsieh C-c, Tsaih S-W et al (1998) 
Childbearing and the risk of Hodgkin’s disease. 
Cancer Epidemiol Biomarkers Prev 7:831–834  

    159.    Landgren O, Kerstann KF, Gridley G et al (2005) Re: 
familial clustering of Hodgkin lymphoma and multi-
ple sclerosis. J Natl Cancer Inst 97(7):543–544  

    160.    Larsson SC, Wolk A (2011) Body mass index and 
risk of non-Hodgkin’s and Hodgkin’s lymphoma: a 
meta-analysis of prospective studies. Eur J Cancer 
47(16):2422–2430  

     161.    Levin LI, Chang ET, Ambinder RF (2012) Atypical 
prediagnosis Epstein-Barr virus serology restricted 
to EBV-positive Hodgkin lymphoma. Blood 
120(18):3750–3755  

    162.    Li Q, Chang ET, Bassig BA et al (2013) Body size 
and risk of Hodgkin’s lymphoma by age and gender: 
a population-based case-control study in Connecticut 
and Massachusetts. Cancer Causes Control 24(2):
287–295  

1 Epidemiology



24

     163.    Liang X, Caporaso N, McMaster ML et al (2009) 
Common genetic variants in candidate genes and 
risk of familial lymphoid malignancies. Br J 
Haematol 146(4):418–423  

       164.    Lim U, Morton LM, Subar AF et al (2007) Alcohol, 
smoking, and body size in relation to incident 
Hodgkin’s and non-Hodgkin’s lymphoma risk. Am J 
Epidemiol 166(6):697–708  

     165.    Lin AY, Kingma DW, Lennette ET et al (1996) 
Epstein-Barr virus and familial Hodgkin’s disease. 
Blood 88(8):3160–3165  

    166.    Lynch HT, Saldivar VA, Guirgis HA et al (1976) 
Familial Hodgkin’s disease and associated cancer. 
Cancer 38:2033–2041  

    167.    Lynch HT, Marcus JN, Weisenburger DD et al 
(1989) Genetic and immunopathological fi ndings in 
a lymphoma family. Br J Cancer 59(4):622–626  

    168.    Lynch HT, Marcus JN, Lynch JF (1992) Genetics of 
Hodgkin’s and non-Hodgkin’s lymphoma: a review. 
Cancer Invest 10(3):247–256  

    169.    Macfarlane G, Evstifeeva T, Boyle P et al (1995) 
International patterns in the occurrence of Hodgkin’s 
disease in children and young adult males. Int J 
Cancer 61(2):165–169  

    170.    Mack TM, Cozen W, Shibata DK et al (1995) 
Concordance for Hodgkin’s disease in identical twins 
suggesting genetic susceptibility to the young- adult 
form of the disease. N Engl J Med 332:413–418  

     171.    MacMahon B (1957) Epidemiological evidence on 
the nature of Hodgkin’s disease. Cancer 
10:1045–1054  

       172.    MacMahon B (1966) Epidemiology of Hodgkin’s 
disease. Cancer Res 26(6):1189–1201  

      173.    Mani H, Jaffe ES (2009) Hodgkin lymphoma: an 
update on its biology with new insights into classifi -
cation. Clin Lymph Res 9:206–216  

    174.   McAllister SC, Shedd D, Mueller NE et al (2014) 
Serum IgA to Epstein-Barr virus early antigen- 
diffuse identifi es Hodgkin’s lymphoma. J Med Virol 
86(9):1621–8  

    175.    McAulay KA, Higgins CD, Macsween KF et al 
(2007) HLA class I polymorphisms are associated 
with development of infectious mononucleosis upon 
primary EBV infection. J Clin Invest 117:3042–3048  

    176.    McDuffi e H, Pahwa P, Karunanayake C et al (2009) 
Clustering of cancer among families of cases with 
Hodgkin Lymphoma (HL), Multiple Myeloma 
(MM), Non-Hodgkin’s Lymphoma (NHL), Soft 
Tissue Sarcoma (STS) and control subjects. BMC 
Cancer 9(1):70  

    177.    McKeen EA, Mulvihill JJ, Levine PH et al (1984) 
The concurrence of Saethre-Chotzen syndrome and 
malignancy in a family with in vitro immune dys-
function. Cancer 54(12):2946–2951  

    178.    Miller RW, Beebe GW (1973) Infectious mononu-
cleosis and the empirical risk of cancer. J Natl 
Cancer Inst 50:315–321  

    179.    Monnereau A, Orsi L, Troussard X et al (2008) 
Cigarette smoking, alcohol drinking, and risk of lym-
phoid neoplasms: results of a French case–control 
study. Cancer Causes Control 19(10):1147–1160  

     180.    Monnereau A, Glaser SL, Schupp CW et al (2013) 
Exposure to UV radiation and risk of Hodgkin lym-
phoma: a pooled analysis. Blood 122(20):3492–3499  

    181.    Monroy CM, Cortes AC, Lopez M et al (2011) 
Hodgkin lymphoma risk: role of genetic polymor-
phisms and gene-gene interactions in DNA repair 
pathways. Mol Carcinog 50(11):825–834  

    182.    Monroy CM, Cortes AC, Lopez MS et al (2011) 
Hodgkin disease risk: role of genetic polymorphisms 
and gene-gene interactions in infl ammation pathway 
genes. Mol Carcinog 50(1):36–46  

    183.    Montella M, Maso LD, Crispo A et al (2006) Do 
childhood diseases affect NHL and HL risk? A case- 
control study from northern and southern Italy. Leuk 
Res 30(8):917–922  

    184.    Mueller N, Evans A, Harris NL et al (1989) 
Hodgkin’s disease and Epstein-Barr virus. Altered 
antibody pattern before diagnosis. N Engl J Med 
320(11):689–695  

    185.    Mueller N (1996) Hodgkin’s disease. In: Schottenfeld 
D, Fraumeni JF Jr (eds) Cancer epidemiology and 
prevention, 2nd edn. Oxford University Press, 
New York, pp 893–919  

    186.    Mueller N, Grufferman S (1999) The epidemiology 
of Hodgkin’s disease. In: Mauch PM, Armitage JO, 
Diehl V et al (eds) Hodgkin’s disease. Lippincott 
Williams & Wilkins, Philadelphia, pp 61–77  

    187.      Mueller NE, Grufferman S (2006) Hodgkin lym-
phoma. In: Schottenfeld D, Fraumeni JF (eds) 
Cancer Epidemiology and Prevention, 3rd edn. 
Oxford University Press, New York, pp 872–897  

    188.    Mueller NE, Lennette ET, Dupnik K et al (2012) 
Antibody titers against EBNA1 and EBNA2 in rela-
tion to Hodgkin lymphoma and history of infectious 
mononucleosis. Int J Cancer 130(12):2886–2891  

     189.    Murphy F, Kroll ME, Pirie K et al (2013) Body size 
in relation to incidence of subtypes of haematologi-
cal malignancy in the prospective Million Women 
Study. Br J Cancer 108(11):2390–2398  

    190.    Newton R, Crouch S, Ansell P et al (2007) Hodgkin’s 
lymphoma and infection: fi ndings from a UK case- 
control study. Br J Cancer 97(9):1310–1314  

    191.    Niens M, van den Berg A, Diepstra A et al (2006) 
The human leukocyte antigen class I region is asso-
ciated with EBV-positive Hodgkin’s lymphoma: 
HLA-A and HLA complex group 9 are putative 
 candidate genes. Cancer Epidemiol Biomarkers Prev 
15:2280–2284  

    192.    Niens M, Jarrett RF, Hepkema B et al (2007) HLA- 
A*02 is associated with a reduced risk and HLA- 
A*01 with an increased risk of developing 
EBV-positive Hodgkin lymphoma. Blood 110:
3310–3315  

    193.    Niens M, Visser L, Nolte IM et al (2008) Serum che-
mokine levels in Hodgkin lymphoma patients: 
highly increased levels of CCL17 and CCL22. Br J 
Haematol 140(5):527–536  

      194.    Nieters A, Deeg B, Becker N (2006) Tobacco and 
alcohol consumption and risk of lymphoma: results 
of a population-based case-control study in Germany. 
Int J Cancer 118(2):422–430  

S.L. Glaser et al.



25

    195.    Nieters A, Rohrmann S, Becker N (2008) Smoking 
and lymphoma risk in the European prospective 
investigation into cancer and nutrition. Am J 
Epidemiol 167(9):1081–1089  

    196.    Nikitin PA, Luftig MA (2012) The DNA damage 
response in viral-induced cellular transformation. Br 
J Cancer 106(3):429–435  

    197.    Norval M, McLoone P, Lesiak A et al (2008) The 
effect of chronic ultraviolet radiation on the human 
immune system. Photochem Photobiol 84(1):19–28  

    198.    Okasha M, Gunnell D, Holly J et al (2002) Childhood 
growth and adult cancer. Best Pract Res Clin 
Endocrinol Metab 16(2):225–241  

     199.    Oza AM, Tonks S, Lim J et al (1994) A clinical and 
epidemiological study of human leukocyte antigen- 
DPB alleles in Hodgkin’s disease. Cancer Res 
54(19):5101–5105  

    200.    Padua L, Palmisani MT, Di Trapani G et al (1994) 
Myasthenia gravis and thymic Hodgkin’s disease 
associated in one patient with familial lymphoprolif-
erative disorders. Clin Neuropathol 13(5):
292–294  

     201.    Paffenbarger RS Jr, Wing AL, Hyde RT (1977) 
Characteristics in youth indicative of adult-onset 
Hodgkin’s disease. J Natl Cancer Inst 58(5):
1489–1491  

    202.    Pajand O, Pourakbari B, Mahjob F et al (2011) 
Detection of Epstein-Barr virus DNA in plasma and 
lymph node biopsy samples of pediatric and adult 
patients with Hodgkin lymphoma. Pediatr Hematol 
Oncol 28(1):10–15  

    203.    Paltiel O, Schmit T, Adler B et al (2000) The inci-
dence of lymphoma in fi rst-degree relatives of 
patients with Hodgkin disease and non-Hodgkin 
lymphoma: results and limitations of a registry- 
linked study. Cancer 88(10):2357–2366  

    204.    Paltiel O (2008) Family matters in Hodgkin lym-
phoma. Leuk Lymphoma 49(7):1234–1235  

    205.    Pang D, Alston RD, Eden TOB et al (2008) Cancer 
risks among relatives of children with Hodgkin and 
non-Hodgkin lymphoma. Int J Cancer 123(6):
1407–1410  

    206.    Petridou ET, Dikalioti SK, Skalkidou A et al (2007) 
Sun exposure, birth weight, and childhood lympho-
mas: a case control study in Greece. Cancer Causes 
Control 18(9):1031–1037  

    207.    Quinlan S, Landgren O, Morton L et al (2010) 
Hodgkin lymphoma among US solid organ trans-
plant recipients. Transplantation 90(9):1011–1015  

     208.    Razis DV, Diamond HD, Craver LF (1959) Familial 
Hodgkin’s disease: its signifi cance and implications. 
Ann Intern Med 51:933–971  

    209.    Reed DM (1902) On the pathological changes in 
Hodgkin’s disease, with especial reference to its 
relation to tuberculosis. Johns Hopkins Hosp Rep 
10:133–396  

    210.    Rosdahl N, Larsen SO, Thamdrup AB (1973) 
Infectious mononucleosis in Denmark. 
Epidemiological observations based on positive Paul-
Bunnell reactions from 1940–1969. Scand J Infect 
Dis 5(3):163–170  

     211.    Rowlings PA, Curtis RE, Passweg JR et al (1999) 
Increased incidence of Hodgkin’s disease after allo-
geneic bone marrow transplantation. J Clin Oncol 
17(10):3122–3127  

     212.    Rubicz R, Yolken R, Drigalenko E et al (2013) A 
genome-wide integrative genomic study localizes 
genetic factors infl uencing antibodies against 
Epstein-Barr virus nuclear antigen 1 (EBNA-1). 
PLoS Genet 9(1):e1003147  

    213.    Rudant J, Menegaux F, Leverger G et al (2007) 
Family history of cancer in children with acute leu-
kemia, Hodgkin’s lymphoma or non-Hodgkin’s lym-
phoma: the ESCALE study (SFCE). Int J Cancer 
121(1):119–126  

    214.    Saarinen S, Pukkala E, Vahteristo P et al (2013) 
High familial risk in nodular lymphocyte- 
predominant Hodgkin lymphoma. J Clin Oncol 
31(7):938–943  

         215.    Sergentanis TN, Kanavidis P, Michelakos T et al 
(2013) Cigarette smoking and risk of lymphoma in 
adults: a comprehensive meta-analysis on Hodgkin 
and non-Hodgkin disease. Eur J Cancer Prev 22(2):
131–150  

    216.    Serraino D, Franceschi S, Talamini R et al (1991) 
Socio-economic indicators, infectious diseases and 
Hodgkin’s disease. Int J Cancer 47:352–357  

    217.    Shiels MS, Koritzinsky EH, Clarke CA et al (2014) 
Prevalence of HIV infection among U.S. Hodgkin 
lymphoma cases. Cancer Epidemiol Biomark Prev 
23(2):274–281  

    218.    Shirley MH, Sayeed S, Barnes I et al (2013) 
Incidence of haematological malignancies by ethnic 
group in England, 2001–7. Br J Haematol 163(4):
465–477  

    219.    Shugart YY, Hemminki K, Vaittinen P et al (2000) A 
genetic study of Hodgkin’s lymphoma: an estimate of 
heritability and anticipation based on the familial can-
cer database in Sweden. Hum Genet 106:553–556  

    220.    Shugart YY, Hemminki K, Vaittinen P et al (2001) 
Apparent anticipation and heterogeneous transmis-
sion patterns in familial Hodgkin’s and non- Hodgkin’s 
lymphoma: report from a study based on Swedish 
cancer database. Leuk Lymphoma 42:407–415  

    221.    Silventoinen K (2003) Determinants of variation in 
adult body height. J Biosoc Sci 35(2):263–285  

    222.    Sleckman BG, Mauch PM, Ambinder RF et al 
(1998) Epstein-Barr virus in Hodgkin’s disease: cor-
relation of risk factors and disease characteristics 
with molecular evidence of viral infection. Cancer 
Epidemiol Biomarkers Prev 7:1117–1121  

     223.    Smedby KE, Baecklund E, Askling J (2006) 
Malignant lymphomas in autoimmunity and infl am-
mation: a review of risks, risk factors, and lymphoma 
characteristics. Cancer Epidemiol Biomarkers Prev 
15:2069–2077  

    224.    Sopori ML, Kozak W (1998) Immunomodulatory 
effects of cigarette smoke. J Neuroimmunol 
83(1–2):148–156  

              225.   Surveillance, Epidemiology, and End Results (SEER) 
Program (  www.seer.cancer.gov     <  http://www.seer.
cancer.gov    ) SEER*Stat Database: Incidence – SEER 

1 Epidemiology

http://www.seer.cancer.gov/
http://www.seer.cancer.gov/
http://www.seer.cancer.gov/


26

18 Regs Research Data + Hurricane Katrina Impacted 
Louisiana Cases, Nov 2012 Sub (2000–2010) 
<Katrina/Rita Population Adjustment> – Linked To 
County Attributes – Total U.S., 1969–2011 Counties, 
National Cancer Institute, DCCPS, Surveillance 
Research Program, Surveillance Systems Branch, 
released April 2013, based on the November 2012 
submission  

    226.    Swerdlow AJ, De Stavola B, Maconochie N et al 
(1996) A population-based study of cancer risk in 
twins: relationships to birth order and sexes of the 
twin pair. Int J Cancer 67(4):472–478  

    227.    Tavani A, Pregnolato A, La Vecchia C et al (1997) A 
case-control study of reproductive factors and risk of 
lymphomas and myelomas. Leuk Res 21:885–888  

    228.    Tavani A, Pregnolato A, Negri E et al (1997) Diet 
and risk of lymphoid neoplasms and soft tissue sar-
comas. Nutr Cancer 27(3):256–260  

    229.    Taylor GM, Gokhale DA, Crowther D et al (1996) 
Increased frequency of HLA-DPB1*0301 in Hodgkin’s 
disease suggests that susceptibility is HVR-sequence 
and subtype-associated. Leukemia 10:854–859  

    230.    Taylor GM, Gokhale DA, Crowther D et al (1999) 
Further investigation of the role of HLA-DPB1 in 
adult Hodgkin’s disease (HD) suggests an infl uence 
on susceptibility to different HD subtypes. Br J 
Cancer 80:1405–1411  

      231.    Urayama KY, Jarrett RF, Hjalgrim H et al (2012) 
Genome-wide association study of classical Hodgkin 
lymphoma and Epstein-Barr virus status-defi ned 
subgroups. J Natl Cancer Inst 104(3):240–253  

    232.    Van Der Ouderaa FJ, Buytenhek M, Nugteren DH 
et al (1980) Acetylation of prostaglandin endoperox-
ide synthetase with acetylsalicylic acid. Eur J 
Biochem 109(1):1–8  

    233.    Vermaete NV, Wolter P, Verhoef GE et al (2013) 
Physical activity and risk of lymphoma: a meta- 
analysis. Cancer Epidemiol Biomarkers Prev 
22(7):1173–1184  

    234.    Wagner HJ, Schläger F, Claviez A et al (2001) 
Detection of Epstein–Barr virus DNA in peripheral 
blood of paediatric patients with Hodgkin’s disease 

by real-time polymerase chain reaction. Eur J Cancer 
37(15):1853–1857  

    235.    Wang SS, Slager SL, Brennan P et al (2007) Family 
history of hematopoietic malignancies and risk of 
non-Hodgkin lymphoma (NHL): a pooled analysis 
of 10 211 cases and 11 905 controls from the 
International Lymphoma Epidemiology Consortium 
(InterLymph). Blood 109(8):3479–3488  

    236.    Weiss LM, Movahed LA, Warnke RA et al (1989) 
Detection of Epstein-Barr viral genomes in Reed- 
Sternberg cells of Hodgkin’s disease. N Engl J Med 
320:502–506  

     237.    Westergaard T, Melbye M, Pedersen JB et al (1997) 
Birth order, sibship size and risk of Hodgkin’s dis-
ease in children and young adults: a population- 
based study of 31 million person-years. Int J Cancer 
72:977–981  

       238.    Willett EV, Roman E (2006) Obesity and the risk of 
Hodgkin lymphoma (United Kingdom). Cancer 
Causes Control 17:1103–1106  

       239.    Willett EV, O’Connor S, Smith AG et al (2007) Does 
smoking or alcohol modify the risk of Epstein-Barr 
Virus-positive or -negative Hodgkin lymphoma? 
Epidemiology 18(1):130–136  

     240.    Wolk A, Gridley G, Svensson M et al (2001) A pro-
spective study of obesity and cancer risk (Sweden). 
Cancer Causes Control 12(1):13–21  

    241.    Wong K-Y, Tai B-C, Chia S-E et al (2012) Sun expo-
sure and risk of lymphoid neoplasms in Singapore. 
Cancer Causes Control 23(7):1055–1064  

    242.    Yamamoto Y, Yin MJ, Lin KM et al (1999) Sulindac 
inhibits activation of the NF-kappaB pathway. J Biol 
Chem 274(38):27307–27314  

    243.    Yri OE, Ekstrom PO, Hilden V et al (2012) 
Polymorphisms in genes encoding interleukin-10 
and drug metabolizing enzymes GSTP1, GSTT1, 
GSTA1 and UGT1A1 infl uence risk and outcome in 
Hodgkin lymphoma. Leuk Lymphoma 53(10):
1934–1944  

    244.    Zwitter M, Zakelj MP, Kosmelj K (1996) A case- 
control study of Hodgkin’s disease and pregnancy. 
Br J Cancer 73:246–251      

S.L. Glaser et al.


	1: Epidemiology
	1.1	 Incidence Patterns
	1.1.1	 Heterogeneity

	1.2	 Timing of Exposure to Common Infections
	1.2.1	 Heterogeneity

	1.3	 Role of Epstein-Barr Virus (EBV)
	1.3.1	 Heterogeneity

	1.4	 Immune Function
	1.4.1	 Immunodeficiency
	1.4.2	 Autoimmune Conditions
	1.4.3	 Inflammation
	1.4.4	 Heterogeneity

	1.5	 Genetic Susceptibility
	1.5.1	 Familial Aggregation
	1.5.2	 Immune Gene Polymorphisms
	1.5.3	 Other Candidate Genes
	1.5.4	 Genome-wide Association Studies
	1.5.5	 Heterogeneity

	1.6	 Selected Lifestyle and Environmental Risk Factors
	1.6.1	 Smoking
	1.6.2	 Alcohol Consumption
	1.6.3	 Ultraviolet Radiation Exposure
	1.6.4	 Body Size and Physical Activity
	1.6.5	 Reproductive Factors

	1.7	 Summary
	References


