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Abstract

We found that regular use of aspirin may reduce the risk of Hodgkin lymphoma (HL), a common
cancer of adolescents and young adults in the US. To explore possible biological mechanisms
underlying this association, we investigated whether polymorphic variation in genes involved in
nuclear factor (NF)-xB activation and inhibition, other inflammatory pathways, and aspirin
metabolism influences HL risk. Twenty single nucleotide polymorphisms (SNPs) in seven genes
were genotyped in DNA from 473 classical HL cases and 373 controls enrolled between 1997 and
2000 in a population-based case-control study in the Boston, Massachusetts, metropolitan area and
the state of Connecticut. We selected target genes and SNPs primarily using a candidate-SNP
approach and estimated haplotypes using the expectation-maximization algorithm. We used
multivariable logistic regression to estimate odds ratios (ORs) for associations with HL risk. HL risk
was significantly associated with rs1585215 in NFKB1 (AG vs. AA: OR=2.1, 95% confidence
interval [C1]=1.5-2.9; GG vs. AA: OR=3.5, 95% C1=2.2-5.7, Pyreng=1.7x1078) and with NFKB1
haplotypes (Pg|oba|:6.0><10*21). Similar associations were apparent across categories of age, sex,
tumor Epstein-Barr virus status, tumor histology, and regular aspirin use, although statistical power
was limited for stratified analyses. Nominally significant associations with HL risk were detected
for SNPs in NFKBIA and CYP2C9. HL risk was not associated with SNPs in IKKA/CHUK, PTGS2/
COX2, UDP1AG, or LTC4S. In conclusion, genetic variation in the NF-xB pathway appears to
influence risk of HL. Pooled studies are needed to detect any heterogeneity in the association with
NF-xB across HL subgroups, including aspirin users and non-users.
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Introduction

Methods

Hodgkin lymphoma (HL) is a relatively rare malignancy whose etiology is complex and poorly
understood. Because HL is one of the most common cancers of children and young adults, it
ranks third in average years of life lost to a malignancy (1). While the probability of survival
from HL is high in young people, survival is associated with substantial treatment-related health
risks later in life (2,3). Therefore, research into risk factors for HL, with the ultimate aim of
primary prevention, is an important public health strategy for reducing the occurrence of both
HL and its long-term complications.

At present, there are few established HL risk factors, especially ones that are easily amenable
to change. There is consistent evidence that a family history of hematopoietic malignancy, a
sheltered childhood social environment (for young-adult HL) or a crowded childhood social
environment (for childhood and older-adult HL), and certain immunodeficiency syndromes
are associated with increased risk of HL (4). Epstein-Barr virus (EBV) proteins and RNA are
also detected in 20-50% of HL tumors (5), and certain characteristics—including male sex,
older age, non-White race, low socioeconomic position (6), and infectious mononucleosis (7)
—are associated with increased risk of EBV-positive HL in particular.

Our recent discovery of a significant inverse association between regular aspirin use and risk
of HL (8) raises the possibility that aspirin use may have potential for primary prevention of
HL. Furthermore, the lack of an association between HL risk and non-steroidal anti-
inflammatory drugs (NSAIDs) other than aspirin in our study suggests that properties unique
to aspirin may explain its inverse relationship with HL risk. Unlike most other NSAIDs, aspirin
inhibits the activation of the transcription factor nuclear factor (NF)-«xB (9,10), a regulator of
immune activation, inflammation, cell growth, and apoptosis, and a necessary survival factor
that is constitutively activated in malignant HL cells (11). As the NF-xB pathway appears
critical to HL development, its inhibition by aspirin may help prevent disease onset. Other
inflammatory mediators blocked by aspirin, such as cyclooxygenases, and metabolism of
aspirin itself may also affect HL risk.

The observed inverse association with regular aspirin use points to several biological pathways
that could be involved in the etiology of HL. To further explore the potential importance of
these routes in HL development, we genotyped single nucleotide polymorphisms (SNPs) in
three genes involved in NF-kB activation and inhibition, two genes involved in other
inflammatory pathways affected by aspirin, and two genes involved in aspirin metabolism,
using DNA from participants in a population-based case-control study of HL. Our goal was to
examine whether polymorphic variation in these genes is associated with risk of HL, and
whether any such associations are modified by age group, tumor EBV status, or regular aspirin
use.

Study population

The source population for the population-based case-control study included the greater Boston,
Massachusetts, metropolitan area and the state of Connecticut, as described previously (8).
Briefly, eligible cases were individuals diagnosed with HL at ages 15 to 79 years between
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August 1, 1997, and December 31, 2000, living within the described geographic area, and
without evidence of human immunodeficiency virus (HIV) infection. Of 735 eligible HL cases,
permission for patient contact was granted by the treating physician for 677 (92%); 567 (77%)
participated in the study interview.

Population-based controls were frequency matched to the expected distribution of the cases by
5-year age group, sex, and state of residence. From the Boston region, controls were randomly
identified from the current “Town Books” identifying all town or city residents aged 17 years
and older in the 132 cities and towns within the study area (12). Of the 720 potential controls
with valid contact information, 346 (48%) refused or did not respond to invitations to
participate, 4 had a language barrier, 2 were incapacitated, 1 was deceased, and 367 (51%)
consented to complete the interview.

In Connecticut, controls between 18 and 65 years of age were identified by random digit dialing
(RDD), while those between ages 66 and 79 years were randomly selected from Medicare files.
Among 450 eligible Connecticut residents identified by RDD (from 5,632 telephone numbers
attempted), 170 (38%) refused or did not respond to invitations to participate, 4 (1%) were
incapacitated, and 276 (61%) consented to complete the interview. Of 69 eligible Medicare
members, 31 (45%) refused or did not respond to invitations to participate, 2 (3%) were
incapacitated, and 36 (52%) consented to complete the interview. In total, 679 controls
participated by completing the study interview.

All study participants granted written informed consent (or, if younger than 18 years, assent)
at the time of enrollment in the study. The research protocol was approved by the Institutional
Review Boards (IRBs) of the Harvard School of Public Health, the Yale University School of
Medicine, the Johns Hopkins Medical School, all 68 participating hospitals, the Massachusetts
Cancer Registry, and the Connecticut Department of Public Health Human Investigation
Committee. The current analysis was also approved by the IRB of the Northern California
Cancer Center.

Histopathology

The study pathologists reviewed all available pathology material to verify the diagnosis of HL
(8). Among the 463 cases with information on histologic subtype, 354 (76%) were nodular
sclerosis, 64 (14%) were mixed cellularity, 14 (3%) were interfollicular variant, 11 (2%) were
lymphocyte rich, 4 (1%) were lymphocyte depleted, and 16 (3%) were nodular lymphocyte
predominant (NLP). Cases with NLP HL were excluded from this analysis, as it is considered
a separate disease entity from classical HL (13).

The presence of EBV in HL tissue was determined by in situ hybridization for EBV-encoded
RNA transcripts and/or by immunohistochemical assay for the viral latency membrane protein
1 in the malignant HL cells, as described previously (5,8). Among the cases with informative
EBV results, 312 (76%) were EBV-negative and 97 (24%) were EBV-positive.

Exposure assessment

Following the receipt of an introductory letter, participants completed a structured telephone
interview (or an abbreviated mailed questionnaire, for 2 cases and 29 controls) assessing known
and suspected risk factors for HL. Data on median household income in census tract and
percentage of census tract below poverty level were obtained based on participants’ residential
street address (14).
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DNA collection

Among the participants who completed the interview, 466 cases (85% of 551 cases, excluding
NLP HL) provided a blood specimen and 373 controls (55%) provided a buccal cell specimen.
In addition, 7 eligible cases who did not complete the interview, but with basic demographic
information, provided a blood specimen. Participants who donated a biospecimen were older,
more highly educated, and more likely to be of White race than those who did not.1 Buccal
cell specimens were self-collected by participants using a mailed kit with commercial
mouthwash. Initial DNA extraction from buccal cells was performed by using the Puregene
kit (Gentra Systems, Inc., Minneapolis, MN). DNA from the buccal and buffy coat specimens
was subsequently extracted by using the QlAamp DNA blood kit (Qiagen GmbH, Hilden,
Germany).

Gene and SNP selection

Genotyping

The target genes and SNPs in this study were selected based primarily on a candidate-SNP
approach, using a combination of database and literature searches. We searched the PubMed
database? to identify association studies of polymorphisms in genes on the NF-xB pathway
(e.g., NFKB1, NFKB2, NFKB3/RELA, NFKBIA, NFKBIB, NFKBIE, IKKA/CHUK, IKKB, and
IKKE), those involved in aspirin metabolism (e.g., CYP2C9, CYP3A4, CYP2E1, GSTP1, and
UGT1A6), and those involved in susceptibility to aspirin-intolerant asthma (e.g., CysLTR1,
FCER1B, and LTC4S), as well as PTGS2/COX2. In addition, we searched the SNP database3
and the Ensembl database# and used the bioinformatics tool SNPSelector® to identify validated
SNPs in coding regions or, secondarily, in untranslated regions of these genes. We limited the
list to SNPs known to have a minor allele frequency >5% in Europeans or Caucasians, who
comprise 89% of the study population. Genes without qualifying SNPs or previously published
association studies were excluded from the target gene list, leaving seven genes: NF-«B subunit
1 (NFKB1), NF-kB inhibitor o (NFKBIA), inhibitor of NF-kB a/conserved helix-loop-helix
ubiquitous kinase (IKKA/CHUK), prostaglandin-endoperoxide synthase 2/cyclooxygenase-2
(PTGS2/COX2), cytochrome p450, family 2, subfamily C, polypeptide 9 (CYP2C9), UDP
glucuronosyltransferase 1 family, polypeptide A6 (UDP1A6), and leukotriene C4 synthase
(LTC4S). We genotyped 20 SNPs in these genes, prioritizing 1) SNPs in coding regions, 2)
SNPs previously found to be associated with risk of other disorders, 3) SNPs in untranslated
regions or locus regions (15), and 4) haplotype-tagging SNPs (htSNPs), and favoring genes in
the NF-«xB pathway. The selected SNPs were as follows: NFKB1 rs1585215, rs1599961,
rs1609993, rs3774936, rs3774937, and rs3774938; NFKBIA rs696, rs8904, rs1050851, and
rs1957106; IKKA/CHUK rs2230804; PTGS2 rs5272, rs5277, rs20417, and rs689466;
CYP2C9rs1057910and rs1799853; UDP1A6 rs1105879 and rs2070959; and LTCA4S rs730012.

Genotyping was performed at the High-Throughput Polymorphism Detection Core of the
Dana-Farber/Harvard Cancer Center. All samples were genotyped using the ABI PRISM
7900HT Sequence Detection System (Applied Biosystems, Foster City, CA). The 5’ nuclease
assay (TagMan®) was used to distinguish the two alleles of each gene. Polymerase chain
reaction (PCR) amplification was carried out on 5-20 ng DNA. TagMan® primers and probes
were designed using the Primer Express® Oligo Design software v2.0 (ABI PRISM) or using
the ABI Assays-By-Design service. In each assay, 10-12 blinded quality control (QC) samples
(5-6 sets of 2 replicate DNAs each) were included. The concordance rate in QC samples that

1Bandell C and Mueller NE, personal communication
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.nchi.nlm.nih.gov/sites/entrez?db=snp
http://www.ensembl.org/Homo_sapiens/Info/Index

5http://WWW.ama-assn.org/ama/pub/category/1736.htmI
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yielded a non-missing call was 100% in each assay. Among HL cases, the call rate ranged
between 94% (for NFKB1 rs1585215) and 99% (for CYP2C9 rs1799853), and was 97% overall.
Among controls, the call rate ranged between 94% (for NFKB1 rs3774938) and 99% (for
NFKB1 rs1609993 and CYP2C9 rs1057910), and was 97% overall.

Statistical analysis

Results

Tests of Hardy-Weinberg equilibrium were performed among controls for all loci, with no
significant departures. Each SNP was included separately in a logistic regression model, with
genotype as a categorical variable, to estimate odds ratios (ORs) with 95% confidence intervals
(Cls) for associations with HL risk, controlling for 5-year age group, sex, state of residence,
and race/ethnicity (White, Black, Hispanic, Asian, or other/mixed/unknown). If there were
fewer than 10 cases and controls with the homozygous variant genotype, then the homozygous
variant and heterozygous genotypes were combined. Tests for trend were performed with
genotypes coded according to the number of variant alleles. Likelihood ratio tests were used
to evaluate the statistical significance of gene-environment interactions. Heterogeneity by
tumor EBV status or histology was examined by using case-case comparisons in logistic
regression models controlling for 5-year age group and sex.

Haplotype frequencies were estimated by using the estimation maximization algorithm as
implemented inPROC HAPLOTYPE in SAS/GENETICS (SAS Institute, Cary, NC). The most
common haplotype served as the reference group. Omnibus tests of haplotype associations
with HL risk were performed by using global likelihood ratio tests. Haplotypes with frequency
below 0.05% were excluded from the analysis, and those with frequency below 5% were pooled
for score calculation. Haplotype-specific ORs were estimated by using the most common
haplotype as the reference group. Omnibus tests of haplotype interactions with age group, sex,
or regular aspirin use were performed by using likelihood ratio tests as implemented in the
HAPPY SAS macr06(16). To adjust conservatively for multiple testing, we interpreted the
statistical significance of our results using a more stringent P-value cutoff with Bonferroni
correction for as many as 500 tests, i.e., P<0.05/500 or <10~4). P-values described as
“nominally” significant were those between 104 and 0.05. All analyses were performed by
using SAS version 9.1.3 (SAS Institute, Cary, NC).

In this analysis, the HL cases were somewhat younger and had less formal education than
controls, but had a similar distribution of sex, race/ethnicity, state of residence, and area-level
indicators of socioeconomic position (Table 1). The distribution of genotypes among HL cases
and controls is shown in Table 2.

As shown in Table 2, HL risk was significantly associated with NFKB1 rs1585215, even after
Bonferroni correction for multiple testing (Pyeng=1.7%1078). The OR for rs1585215 AG vs.
AA was 2.1 (95% C1=0.9-5.2) among regular aspirin users (>2 times/week) and 2.4 (95%
Cl=1.6-3.4) among non-regular aspirin users (<2 times/week); and the OR for GG vs. AA was
2.4 (0.6-10.5) among regular aspirin users and 3.8 (95% CI=2.2—6.4) among non-regular users
(Pneterogeneity=0.89). Conversely, the OR for regular vs. non-regular aspirin use was 1.0 (95%
Cl=0.4-2.5) for those with rs1585215 AA; 0.5 (95% C1=0.3-0.9) for AG; and 0.4 (95%
Cl=0.1-1.6) for GG.

Risk of HL was nominally associated with NFKBIA rs696, rs8904, rs1050851, and rs1957106,
and CYP2C9 rs1799853 (Table 2). There were no apparent risk associations with SNPs in

6http://WWW.hsph.harvard.edu/fa\cuIty/kraft/softetc/happy.sas
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PTGS2, IKKA, UGT1AG, or LTC4S. These results did not change substantially after additional
adjustment for race/ethnicity, education, socioeconomic position, or regular aspirin use, nor
when analyses were limited only to Whites or cases with histopathologically confirmed HL
(data not shown). Although HapMap data show that NFKB1 rs1585215 is in a region of high
linkage disequilibrium (LD) (17), rs1585215 was not in the same haplotype block as the other
five SNPs in NFKBL1 in our study population, either overall or among only Whites (18).

In exploratory stratified analyses by age group, NFKBIA rs696, rs8904, and rs1957106 and
CYP2C9rs179953 were nominally associated with HL risk only among young adults, although
there were no statistically significant interactions between genotype and age group (Table 3).
Similarly, there were no statistically significant interactions between genotype and tumor EBV
status, although NFKBIA rs1957106 was nominally associated only with risk of EBV-positive
HL, whereas PTGS2 rs20417 was nominally associated only with risk of EBV-negative HL
(Table 4). There were no noteworthy differences in genotype associations with HL risk by sex,
tumor histology (nodular sclerosis vs. mixed cellularity), or regular aspirin use (data not
shown).

The distribution of estimated haplotypes with frequency of more than 5% is shown in Table
5. The results of the haplotype analysis were qualitatively similar to those of the SNP analysis.
There was a significant global association of haplotypes in NFKB1 with HL risk, including
after adjustment for multiple testing (Pg|oba|:6.0><10*21), driven by the association with
rs1585215. Haplotypes in NFKBIA, PTGS2, CYP2C9, and UGT1A6 were not globally
associated with HL risk overall. There was no significant heterogeneity in haplotype
associations by age group, sex, tumor EBV status, histology, or regular aspirin use (data not
shown).

Discussion

In this population-based case-control study, we found that a single SNP and haplotypes in
NFKBZ1were significantly associated with risk of overall HL. In addition, selected SNPs in
NFKBIA, and CYP2C9 were suggestively associated with HL risk. There were no statistically
significant interactions of genotype or haplotype with age group, sex, tumor EBV status,
histology, or regular aspirin use, although this study had limited power to detect such
interactions. Taken together, our results suggest that genetic variants in the NF-xB pathway
and potentially in aspirin metabolism are involved in HL development. These etiologic
pathways may affect HL risk independently of aspirin use, but biological interactions with
aspirin may also exist, thereby suggesting mechanisms by which aspirin use may decrease HL
risk. Larger studies, perhaps using pooled data, are needed to establish whether the association
of polymorphic variation in NFKB1, NFKBIA, and CYP2C9 with HL risk does or does not vary
between regular and non-regular aspirin users, as well as whether the association with aspirin
use varies by genotype.

Strong biochemical and genetic evidence has accumulated to establish the cancer-initiating
and promoting properties of NF-xB, including inhibition of apoptosis, production of growth
and angiogenesis factors, and direct stimulation of cell-cycle progression (19), including in
hematopoietic cells (20). Activated NF-kB is detected in virtually all malignant HL cells
(21), whereas NF-xB inhibition decreases proliferation and causes spontaneous apoptosis of
HL cells (11,22). Because NF-kB signaling involves a cascade of interacting proteins, genetic
variation in any of these proteins may affect NF-xB activity and, as a result, HL development.
Genetic variation in NFKB1, which encodes a subunit of the most common NF-«B protein
complex, was shown to be associated with risk of other malignancies (23-25), but has not
previously been studied in relation to HL risk. Other studies found an association between
NFKBL1 variation and risk of ulcerative colitis (26,27), a chronic inflammatory bowel disease
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that is in turn associated with increased risk of HL (28-30), suggesting that these diseases may
share NF-xB-mediated pathogenetic pathways.

In resting cells, NF-kB is sequestered in the cytoplasm by members of the 1xB family (31),
including NF-«xBla (also known as 1kBa), which inhibits the DNA-binding activity of the NF-
kB1 complex (32). A small study of eight familial HL cases found no mutations in the coding
region or promoter of NFKBIA, and there was no difference in the frequency of four
NFKBIA polymorphisms (including two SNPs in this study, rs696 and rs8904) between 51 HL
cases and 50 controls (33). On the other hand, NFKBIA polymorphisms were associated with
risk of multiple myeloma (34,35), as well as multiple sclerosis (36), sarcoidosis (37) and a
subset of Crohn’s disease (38)—chronic inflammatory diseases that may contribute to or share
etiologic features with HL (39). Degradation of 1xB, which allows NF-kxB to translocate to the
nucleus and activate transcription, occurs via phosphorylation by kB kinases (IKKs) (40).
IKKa in particular can also activate NF-xB by phosphorylating NF-xB2 directly, resulting in
the induction of genes essential for B-cell development and formation of secondary lymphoid
organs (41). Disease associations with IKKA polymorphisms have not been thoroughly
examined, although a small Japanese case-control study found no association with risk of
several autoimmune inflammatory conditions (42). Our findings that overall HL risk varied
according to genetic variation in NFKBL1 indicate that the etiologic role of the NF-xB pathway
in HL development may depend on genotype. Although we did not observe statistically
significant associations with SNPs or haplotypes in NFKBIA or IKKA, it remains possible that
these genes or others in the NF-xB pathway have an etiologic role not observed in our study.

When interpreting the results of our study, some limitations should be taken into account. First,
due to sample size restrictions, our study had low statistical power for subgroup analyses and
consideration of genotype models other than the additive. Therefore, we were likely unable to
detect modest associations and, in particular, gene-environment interactions with HL risk.
Given this limitation, it remains unclear whether the observed genetic associations are
independent of aspirin use (i.e., do not vary between regular and non-regular aspirin users) or
whether we lacked sufficient power to detect existing heterogeneity by aspirin use. Conversely,
several of the observed nominal associations may be due to chance.

Second, we used a candidate-SNP approach that was not designed to include htSNPs capturing
unigue genetic variation across each gene, and we were thus unable to examine associations
with haplotypes of all the selected genes. Because the selected SNPs had limited gene coverage
and we included only a few genes in each biological pathway, our results do not rule out a true
role of the studied genes and pathways in HL etiology. Likewise, we did not choose only
functional SNPs, and some of the SNPs that we found to be associated with HL risk may be
markers linked to the relevant functional genetic variants. According to current data from the
HapMap CEU (Caucasian) sample, rs1585215 is in LD (r2>0.5) with more than 70 other known
SNPs in NFKB1, but all are intronic (17). Additional studies are needed to determine whether
rs1585215 or a linked variant affects HL risk, and how the relevant SNP changes NFKB1
function. Third, the lack of full study participation and provision of a DNA specimen, especially
by controls, raises the possibility of selection bias, although it is somewhat unlikely that
participation rates varied by the genotypes of interest in this study.

These limitations are counterbalanced by the considerable strengths of our study. First, this is
the largest genetic association study of HL to date, giving us greater power to detect
associations. Second, we selected a range of target genes on several different but related
biological pathways, enabling us to investigate a variety of avenues through which aspirin may
influence HL development. Third, the population-based study design gave us the best possible
estimate of the prevalence of regular aspirin use in the source population, represented by the
controls. Fourth, 90% of our study population was non-Hispanic White based on self-report,
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which has been shown to be accurate in classifying European genetic ancestry (43). Our
secondary analysis restricted to Whites showed no difference in results, suggesting negligible
bias due to population stratification (44).

In summary, by suggesting a genetic basis for the involvement of NF-xB in HL pathogenesis,
our results highlight a biological pathway that is influenced by aspirin and affects HL
development, and may explain the observed inverse association between regular aspirin use
and HL risk. Additional biological processes influenced by aspirin, particularly those related
to immune function, offer other promising avenues for research in HL etiology. Further large
studies are needed to replicate our results, as well as enable more detailed investigation of
interactions with aspirin use and disease subtype. If future findings support the hypothesis that
regular aspirin use decreases HL risk, then these studies may offer a potential starting point
for preventing HL and its adverse secondary health effects. A validated risk prediction model
could aid in identifying subgroups that may benefit the most from regular aspirin use,
particularly those at high risk of HL due to a strong family history, HIV infection or other
immunodeficiency, and/or genetic susceptibility—perhaps, as our study suggests, including
NFKB1 genotype.

Acknowledgments

The authors are grateful to Edward Weir, Michael Borowitz, and Risa Mann (Johns Hopkins Medical Institute) for
conducting the pathology review. We thank Kathryn Trainor, Patricia Morey, and Karen Pawlish (Harvard School of
Public Health) for project and data management; Mary Fronk (Harvard School of Public Health) for administrative
support; David Hunter (Harvard School of Public Health) for expert consultation; and Stacey Morin, Linda Post (Johns
Hopkins Medical Institute), Judith Fine, Rajni Mehta, Patricia Owens (Yale University Rapid Case Ascertainment
and School of Medicine), and Dan Friedman (Massachusetts Cancer Registry) for technical assistance at their study
centers.

We also thank the participating staff members at the following hospitals: in Massachusetts, AtlantiCare Medical
Center, Beth Israel Deaconess Medical Center, Beverly Hospital, Boston Medical Center, Brigham and Women’s
Hospital, Brockton Hospital, Brockton VVA/West Roxbury Hospital, Cambridge Hospital, Caritas Southwood Hospital,
Carney Hospital, Children’s Hospital Boston, Dana-Farber Cancer Institute, Deaconess Glover Memorial Hospital,
Deaconess Waltham Hospital, Emerson Hospital, Faulkner Hospital, Good Samaritan Medical Center, Harvard
Vanguard, Holy Family Hospital and Medical Center, Jordan Hospital, Lahey Hitchcock Medical Center, Lawrence
General Hospital, Lawrence Memorial Hospital of Medford, Lowell General Hospital, Massachusetts Eye and Ear
Infirmary, Massachusetts General Hospital, Melrose-Wakefield Hospital, MetroWest Medical Center, Morton
Hospital, Mount Auburn Hospital, New England Baptist Hospital, New England Medical Center, Newton-Wellesley
Hospital, North Shore Medical Center, Norwood Hospital, Quincy Hospital, Saint’s Memorial Hospital, South Shore
Hospital, St. Elizabeth’s Hospital, Sturdy Memorial Hospital, University of Massachusetts Medical Center, and
Winchester Hospital; in Connecticut, Bridgeport Hospital, Bristol Hospital, Charlotte Hungerford Hospital, Danbury
Hospital, Day-Kimball Hospital, Greenwich Hospital, Griffin Hospital, Hartford Hospital, Johnson Memorial
Hospital, Lawrence and Memorial Hospital, Manchester Memorial Hospital, MidState Medical Center, Middlesex
Memorial Hospital, Milford Hospital, New Britain General Hospital, New Milford Hospital, Norwalk Hospital,
Rockville General Hospital, Sharon Hospital, St. Francis Hospital and Medical Center, St. Mary’s Hospital, St.
Raphael’s Hospital, St. Vincent’s Medical Center, Stamford Hospital, WW Backus Hospital, Waterbury Hospital,
Windham Hospital, and Yale-New Haven Hospital. Certain data used in this study were obtained from the Connecticut
Tumor Registry located in the Connecticut Department of Public Health. The authors assume full responsibility for
analyses and interpretation of these data.

Financial support: This study was supported by grants P01 CA069266-01A1 (N.E.M.), R03 CA130048 (E.T.C.), T32
CA09001-24 (E.T.C.), and KO7 CA115687 (B.M.B.) from the National Cancer Institute.

References

1. Ries, LAG.; Melbert, D.; Krapcho, M., et al., editors. SEER Cancer Statistics Review, 1975-2004.
Bethesda, MD: National Cancer Institute; 2007.

2. Connors JM. State-of-the-art therapeutics: Hodgkin’s lymphoma. J Clin Oncol 2005;23:6400-8.
[PubMed: 16155026]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2010 March 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chang et al.

Page 9

3. Sklar CA, Mertens AC, Mitby P, et al. Premature menopause in survivors of childhood cancer: a report

4.

9.
10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Cancer

from the childhood cancer survivor study. J Natl Cancer Inst 2006;98:890-6. [PubMed: 16818852]

Mueller, NE.; Grufferman, S.; Chang, ET. Chapter 2: The epidemiology of Hodgkin lymphoma. In:

Hoppe, RT.; Mauch, PM.; Armitage, JO.; Diehl, V.; Weiss, LM., editors. Hodgkin Lymphoma. Vol.
2. Philadelphia: Lippincott Williams & Wilkins; 2007. p. 7-23.

. Gulley ML, Glaser SL, Craig FE, et al. Guidelines for interpreting EBER in situ hybridization and

LMP1 immunohistochemical tests for detecting Epstein-Barr virus in Hodgkin lymphoma. Am J Clin
Pathol 2002;117:259-67. [PubMed: 11863222]

. Glaser SL, Lin RJ, Stewart SL, et al. Epstein-Barr virus-associated Hodgkin’s disease: epidemiologic

characteristics in international data. Int J Cancer 1997;70:375-82. [PubMed: 9033642]

. Hjalgrim H, Askling J, Rostgaard K, et al. Characteristics of Hodgkin’s lymphoma after infectious

mononucleosis. N Engl J Med 2003;349:1324-1332. [PubMed: 14523140]

. Chang ET, Zheng T, Weir EG, et al. Aspirin and the risk of Hodgkin’s lymphoma in a population-

based case-control study. J Natl Cancer Inst 2004;96:305-15. [PubMed: 14970279]
Baeuerle PA, Baltimore D. NF-kappa B: ten years after. Cell 1996;87:13-20. [PubMed: 8858144]

. Yamamoto Y, Yin MJ, Lin KM, Gaynor RB. Sulindac inhibits activation of the NF-kappaB pathway.
J Biol Chem 1999;274:27307-14. [PubMed: 10480951]

Bargou RC, Emmerich F, Krappmann D, et al. Constitutive nuclear factor-kappaB-RelA activation
is required for proliferation and survival of Hodgkin’s disease tumor cells. J Clin Invest
1997;100:2961-9. [PubMed: 9399941]

Bohlke K, Harlow BL, Cramer DW, Spiegelman D, Mueller NE. Evaluation of a population roster
as a source of population controls: the Massachusetts Resident Lists. Am J Epidemiol 1999;150:354—
8. [PubMed: 10453811]

Jaffe, ES.; Harris, NL.; Stein, H.; Vardiman, JW., editors. Pathology and genetics of tumours of
hematopoietic and lymphoid tissues. Lyon: IARC Press; 2001. World Health Organization
classification of tumours.

FFIEC geocoding system [database on the Internet]. Washington (DC): United States Federal
Financial Institutions Examination Council (FFIEC); [updated 2002 Jul 26 July; cited 2002 Dec].
Available from: http://www.ffiec.gov/geocode/default.htm

Bhatti P, Church DM, Rutter JL, Struewing JP, Sigurdson AJ. Candidate Single Nucleotide
Polymorphism Selection using Publicly Available Tools: A Guide for Epidemiologists. Am J
Epidemiol 2006;164:794-804. [PubMed: 16923772]

Kraft P, Cox DG, Paynter RA, Hunter D, De Vivo I. Accounting for haplotype uncertainty in matched
association studies: a comparison of simple and flexible techniques. Genet Epidemiol 2005;28:261—
72. [PubMed: 15637718]

The International HapMap Project. Nature 2003;426:789-96. [PubMed: 14685227]

Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD and haplotype
maps. Bioinformatics 2005;21:263-5. [PubMed: 15297300]

Karin M. Nuclear factor-kappaB in cancer development and progression. Nature 2006;441:431-6.
[PubMed: 16724054]

Bottero V, Withoff S, Verma IM. NF-kappaB and the regulation of hematopoiesis. Cell Death Differ
2006;13:785-97. [PubMed: 16528384]

Bargou RC, Leng C, Krappmann D, et al. High-level nuclear NF-kappa B and Oct-2 is a common
feature of cultured Hodgkin/Reed-Sternberg cells. Blood 1996;87:4340-7. [PubMed: 8639794]
Izban KF, Ergin M, Huang Q, et al. 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 2001;14:297-310. [PubMed: 11301346]
Lin SC, Liu CJ, Yeh WI, Lui MT, Chang KW, Chang CS. Functional polymorphism in NFKB1
promoter is related to the risks of oral squamous cell carcinoma occurring on older male areca (betel)
chewers. Cancer Lett. 2005

Bu H, Rosdahl I, Sun XF, Zhang H. Importance of polymorphisms in NF-kappaB1 and NF-
kappaBlalpha genes for melanoma risk, clinicopathological features and tumor progression in
Swedish melanoma patients. J Cancer Res Clin Oncol 2007;133:859-66. [PubMed: 17492467]

Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2010 March 1.


http://www.ffiec.gov/geocode/default.htm

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chang et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 10

Lewander A, Butchi AK, Gao J, et al. Polymorphism in the promoter region of the NFKB1 gene
increases the risk of sporadic colorectal cancer in Swedish but not in Chinese populations. Scand J
Gastroenterol 2007;42:1332-8. [PubMed: 17852842]

Borm ME, van Bodegraven AA, Mulder CJ, Kraal G, Bouma G. A NFKB1 promoter polymorphism
is involved in susceptibility to ulcerative colitis. Int J Immunogenet 2005;32:401-5. [PubMed:
16313306]

Karban AS, Okazaki T, Panhuysen Cl, et al. Functional annotation of a novel NFKB1 promoter
polymorphism that increases risk for ulcerative colitis. Hum Mol Genet 2004;13:35-45. [PubMed:
14613970]

Thomas E, Brewster DH, Black RJ, Macfarlane GJ. Risk of malignancy among patients with
rheumatic conditions. Int J Cancer 2000;88:497-502. [PubMed: 11054684]

Palli D, Trallori G, Bagnoli S, et al. Hodgkin’s disease risk is increased in patients with ulcerative
colitis. Gastroenterology 2000;119:647-53. [PubMed: 10982757]

Landgren O, Engels EA, Pfeiffer RM, et al. Autoimmunity and susceptibility to Hodgkin lymphoma:
a population-based case-control study in Scandinavia. J Natl Cancer Inst 2006;98:1321-1330.
[PubMed: 16985251]

Ghosh S, May MJ, Kopp EB. NF-kappa B and Rel proteins: evolutionarily conserved mediators of
immune responses. Annu Rev Immunol 1998;16:225-60. [PubMed: 9597130]

Malek S, Chen Y, Huxford T, Ghosh G. IkappaBbeta, but not IkappaBalpha, functions as a classical
cytoplasmic inhibitor of NF-kappaB dimers by masking both NF-kappaB nuclear localization
sequences in resting cells. J Biol Chem 2001;276:45225-35. [PubMed: 11571291]

Oshorne J, Lake A, Alexander FE, Taylor GM, Jarrett RF. Germline mutations and polymorphisms
in the NFKBIA gene in Hodgkin lymphoma. Int J Cancer 2005;116:646-51. [PubMed: 15858823]
Parker KM, Ma MH, Manyak S, et al. Identification of polymorphisms of the IkappaBalpha gene
associated with an increased risk of multiple myeloma. Cancer Genet Cytogenet 2002;137:43-8.
[PubMed: 12377412]

Spink CF, Gray LC, Davies FE, Morgan GJ, Bidwell JL. Haplotypic structure across the IkappaBalpha
gene (NFKBIA) and association with multiple myeloma. Cancer Lett. 2006

Miterski B, Bohringer S, Klein W, et al. Inhibitors in the NFkappaB cascade comprise prime candidate
genes predisposing to multiple sclerosis, especially in selected combinations. Genes Immun
2002;3:211-9. [PubMed: 12058256]

Abdallah A, Sato H, Grutters JC, et al. Inhibitor kappa B-alpha (IkappaB-alpha) promoter
polymorphisms in UK and Dutch sarcoidosis. Genes Immun 2003;4:450-4. [PubMed: 12944982]

Klein W, Tromm A, Folwaczny C, et al. A polymorphism of the NFKBIA gene is associated with
Crohn’s disease patients lacking a predisposing allele of the CARD15 gene. Int J Colorectal Dis
2004;19:153-6. [PubMed: 13680285]

Khan G. Epstein-Barr virus, cytokines, and inflammation: a cocktail for the pathogenesis of Hodgkin’s
lymphoma? Exp Hematol 2006;34:399-406. [PubMed: 16569586]

Yamamoto Y, Gaynor RB. IkappaB kinases: key regulators of the NF-kappaB pathway. Trends
Biochem Sci 2004;29:72-9. [PubMed: 15102433]

Senftleben U, Cao Y, Xiao G, et al. Activation by IKKalpha of a second, evolutionary conserved,
NF-kappa B signaling pathway. Science 2001;293:1495-9. [PubMed: 11520989]

Hagiwara K, Tsuchiya N, Takazoe M, Yamamoto K, Tokunaga K. Identification of the gene variations
in human IKKA. Immunogenetics 1999;50:363-5. [PubMed: 10630303]

Sinha M, Larkin EK, Elston RC, Redline S. Self-reported race and genetic admixture. N Engl J Med
2006;354:421-2. [PubMed: 16436780]

Wacholder S, Rothman N, Caporaso N. Population stratification in epidemiologic studies of common
genetic variants and cancer: quantification of bias. J Natl Cancer Inst 2000;92:1151-8. [PubMed:
10904088]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2010 March 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Chang et al.

Table 1

Page 11

Characteristics of Hodgkin lymphoma cases and controls included in analysis

Cases (N=473)

Controls (N=373)

Characteristic N (%) N (%)
Age (years)
15-39 287 (61%) 201 (54%)
40-54 111 (23%) 82 (22%)
55-79 75 (16%) 90 (24%)
Sex
Male 242 (51%) 211 (57%)
Female 231 (49%) 162 (43%)
Race/ethnicity
White 423 (89%) 336 (90%)
Black 13 (3%) 15 (4%)
Hispanic 20 (4%) 7 (2%)
Asian 4 (1%) 8 (2%)
Other/mixed/unknown 13 (3%) 7 (2%)
State
Massachusetts 278 (59%) 215 (58%)
Connecticut 195 (41%) 158 (42%)
Education
Less than high school 42 (9%) 19 (5%)
High school graduate 120 (26%) 90 (24%)
College 236 (51%) 183 (49%)
Advanced degree 68 (15%) 80 (22%)
Annual household income”
<$60,000 121 (26%) 84 (23%)
$60,000-79,999 180 (39%) 161 (43%)
$80,000-99,999 98 (21%) 78 (21%)
>$100,000 67 (14%) 50 (13%)
Percent below poverty level”
<2% 96 (21%) 82 (22%)
2-<4% 139 (30%) 115 (31%)
4-<6% 83 (18%) 67 (18%)
>6% 148 (32%) 109 (29%)
Aspirin use
None 333 (73%) 224 (63%)
<2/week 70 (15%) 58 (16%)
>2/week 54 (12%) 72 (20%)

*

Based on participants’ census tract of residence

Missing data are excluded.
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