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Autoimmune conditions and immune system–related genetic variations are associated with risk of non-Hodgkin

lymphoma (NHL). In a pooled analysis of 8,692 NHL cases and 9,260 controls from 14 studies (1988–2007) within

the International Lymphoma Epidemiology Consortium, we evaluated the interaction between immune system ge-

netic variants and autoimmune conditions in NHL risk. We evaluated the immunity-related single nucleotide poly-

morphisms rs1800629 (tumor necrosis factor gene (TNF) G308A), rs1800890 (interleukin-10 gene (IL10) T3575A),

rs6457327 (human leukocyte antigen gene (HLA) class I), rs10484561 (HLA class II), and rs2647012 (HLA class

II)) and categorized autoimmune conditions as primarily mediated by B-cell or T-cell responses. We constructed

unconditional logistic regressionmodels tomeasure associations between autoimmune conditions andNHLwith strat-

ification by genotype. Autoimmune conditionsmediated by B-cell responses were associatedwith increased NHL risk,

specifically diffuse large B-cell lymphoma (odds ratio (OR) = 3.11, 95% confidence interval (CI): 2.25, 4.30) and mar-

ginal zone lymphoma (OR= 5.80, 95% CI: 3.82, 8.80); those mediated by T-cell responses were associated with

peripheral T-cell lymphoma (OR= 2.14, 95% CI: 1.35, 3.38). In the presence of the rs1800629 AG/AA genotype,

B-cell-mediated autoimmuneconditions increasedNHL risk (OR=3.27, 95%CI: 2.07, 5.16;P-interaction = 0.03) in com-

parison with the GG genotype (OR=1.82, 95%CI: 1.31, 2.53). This interaction was consistent across major B-cell NHL

subtypes, including marginal zone lymphoma (P-interaction = 0.02) and follicular lymphoma (P-interaction = 0.04).

autoimmune conditions; environment; genetics; interaction; human leukocyte antigen; lymphoma, non-Hodgkin;

tumor necrosis factor

Abbreviations: CI, confidence interval; DLBCL, diffuse large B-cell lymphoma; HLA, human leukocyte antigen gene; IL10,

interleukin-10 gene; InterLymph, International Lymphoma Epidemiology; MZL, marginal zone lymphoma; NHL, non-Hodgkin

lymphoma; OR, odds ratio; SNP, single nucleotide polymorphism; TNF, tumor necrosis factor gene.

Non-Hodgkin lymphomas (NHLs) are a histologically and
genetically heterogeneous group of malignancies originating
from B- and T-lymphocytes. They account for approximately

3% of the worldwide cancer burden and show global varia-
tions in patterns of incidence (1). Populations at high risk of
developing NHL include persons with severe immune system

406 Am J Epidemiol. 2015;181(6):406–421

American Journal of Epidemiology

© The Author 2015. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of

Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Vol. 181, No. 6

DOI: 10.1093/aje/kwu290

Advance Access publication:

February 23, 2015



dysregulation—resulting, for example, from human immu-
nodeficiency virus infection, immunosuppressive therapy
following solid organ transplantation, or an inherited immu-
nodeficiency syndrome (2). In the absence of these high-risk
conditions, there are relatively few established risk factors for
NHL; however, autoimmune conditions have been shown to
confer approximately 2- to 10-fold increased risks of NHL in
both clinical and epidemiologic studies (2–5).

Autoimmune conditions affect approximately 3% of the
general population and represent a group of over 80 disorders
in which an individual elicits an immune response to his/her
own tissues, resulting in inflammation and chronic antigenic
stimulation (6, 7). Autoimmune conditions can be broadly
categorized on the basis of whether they are mediated by pre-
dominantly B-cell responses or T-cell responses (8–12), al-
though there is overlap in the immune effector mechanisms
that mediate different autoimmune conditions. These dis-
eases can also be categorized as those that affect multiple
organs (e.g., systemic lupus erythematosus) and those that pri-
marily target specific organs or tissues (e.g., celiac disease).
A large epidemiologic evaluation of autoimmune conditions
and NHL risk comprising 12,982 NHL cases and 16,441 con-
trols was conducted by the International Lymphoma Epide-
miology (InterLymph) Consortium (1983–2004) (12). In line
with other analyses (3, 13, 14), it implicated Sjögren syn-
drome and systemic lupus erythematosus in increased B-cell
NHL risk and celiac disease and psoriasis in increased T-cell
NHL risk. A variety of factors have been proposed that may
mediate the associations between autoimmune conditions
and NHL risk, including those inherent to the pathology of
autoimmune conditions or inherent to external factors such
as disease-modifying immunosuppressive drugs or Epstein-
Barr virus infection (2). Recent evidence favors an important
role for inflammatory activity and disease severity in both
organ-specific and systemic autoimmune processes in deter-
mining the risk of NHL (15, 16).

The InterLymph Consortium investigators have also iden-
tified common susceptibility immune-response gene loci
that are associated with NHL, including 4 variants located
in 6p21.3 and rs1800890 (interleukin-10 gene (IL10)
T3575A) (17–21). The 4 single nucleotide polymorphisms
(SNPs) in the 6p21.3 region include rs1800629 (tumor necro-
sis factor gene (TNF) G308A), located in the human leuko-
cyte antigen gene (HLA) class III region; rs10484561 and
rs2647012 (19, 20), which are in high linkage disequilibrium
with the extended haplotypes DRB1*01:01-DQA1*01:01-
DQB1*05:01 and DRB1*15-DQA1*01-DQB1*06:02, re-
spectively (19), in the HLA class II region; and rs6457327
(21), which is near HLA-C in the HLA class I region. The
high relevance of HLA loci in the risk of several autoimmune
conditions is well established (22). Although genome-wide
association studies conducted by our research group and
others have continued to uncover novel loci (23–29), these
efforts have been accomplished primarily with genotyping
restricted to NHL cases and have been derived from a com-
bination of studydesigns, including cohort studies and clinical
case series where exposure data on autoimmune conditions
are not systematically collected. Thus, in the present analysis
our efforts were focused on the first 5 putative NHL loci iden-
tified in the published literature, for which we have complete

exposure (e.g., harmonized autoimmune conditions) and
genotyping data on both NHL cases and controls from partic-
ipating InterLymph studies. This analysis combined cleaned
and harmonized data derived from previous InterLymph
studies that evaluated the main associations of autoimmune
conditions (12) and genetic associations (17, 18) with NHL
etiology. Thus, a case-control study of gene-environment in-
teraction that comprised research included in the current
genome-wide association studies would not be possible be-
cause of the lack of uniform information on autoimmune con-
ditions from the majority of cohort and clinical studies and
because of the lack of genotyping or exposure information
from matched controls.

Our goal in the present study was to determine whether
a positive history of autoimmune disease and variation in
rs1800890, rs1800629, rs10484561, rs2647012, or rs6457327
contributed to NHL risk either independently, thereby suggest-
ing distinct pathways of pathogenesis, or jointly, thereby sug-
gesting a common pathway. We conducted a pooled analysis
of 8,692 NHL cases and 9,260 controls from 14 participating
studies with data available on both genetic variation and auto-
immune conditions. We evaluated gene-environment interac-
tion by testing whether the associations between autoimmune
conditions and NHL risk differed among persons who pos-
sessed 1 (or 2) of the implicated risk variants and thosewho had
no risk alleles (30, 31). Specifically, we evaluated the risk of
autoimmune conditions and NHL according to putative NHL
risk loci. These analyses were conducted within participating
InterLymph Consortium studies, for which data on both auto-
immune conditions and the 5 genetic loci were readily available
and had been harmonized in cases and controls.

METHODS

Study population

We included data from 14 individual case-control studies
in the InterLymph Consortium (www.epi.grants.cancer.gov/
InterLymph) (Table 1). Case participants from these studies
were included if they met the following criteria for eligibility:
diagnosis of incident NHL between 1988 and 2007; age 17
years or older; no known human immunodeficiency virus
positivity; no history of organ transplantation; available data
regarding personal history of 1 or more autoimmune condi-
tions; and genotype information for 1 ormore genetic variants
of interest. Details on the design methods for each of the par-
ticipating studies have been previously provided (3, 12, 17–
20, 32–43). Selected demographic characteristics of study
participants are summarized in Table 1 and Web Table 1
(available at http://aje.oxfordjournals.org/).

This analysis was approved by the City of Hope Institutional
Review Board Committee (Duarte, California). Each partici-
pating study’s investigators obtained approval from human
subjects review committees and informed consent from all
participants. A deidentified pooled data set with study-level in-
dividual information on self-reported autoimmune conditions,
genotypes, study-specific matching variables, demographic
characteristics, potential confounders, and NHL subtypes was
provided by the InterLymph Data Coordinating Center (Mayo
Clinic, Rochester, Minnesota).
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Table 1. Select Characteristics of Studies Included in a Pooled Analyses of Autoimmune Conditions and Implicated Immunity Genes (rs1800629 (TNFG308A), rs1800890 (IL10 T3575A), and

rs10484561, rs2647012, and rs6457327 (HLA Classes I and II)), InterLymph Consortium, 1988–2007

Study Name Study Location
Dates of
Analysis

Age
Range,
years

Matching
Variables

Gene(s) Studied Cases Controls

TNF IL10 HLA No.
Participation

Rate, %
No.

Participation
Rate, %

Source

British Columbia Vancouver, Victoria,
British Columbia

2000–2004 20–80 Age, sex,
region

x x x 754 79 779 46 Random selection from
client registry of Ministry
of Health

EpiLymph Czech Republic 2001–2003 19–82 Age, sex,
region

x x x 180 90 260 60 Hospital-baseda

France 2000–2003 18–82 Age, sex,
region

x x x 156 91 169 74 Hospital-baseda

Germany 1999–2002 18–82 Age, sex,
region

x x x 494 87 668 44 Random selection from
population registries

Ireland 1998–2004 21–85 Age, sex,
region

x x x 96 90 131 75 Hospital-baseda

Italy 1998–2004 25–77 Age, sex,
region

x 85 93 193 66 Random selection from
population registries

Spain 1998–2003 17–96 Age, sex,
region

x x x 378 82 572 96 Hospital-baseda

Mayo Clinic Rochester, Minnesota 2002–2007 18–75 Age, sex,
region

x x x 848 67 1,095 70 Clinic-based

NCI-SEER Detroit, Michigan; Iowa;
Los Angeles, California;
Seattle, Washington

1998–2001 20–74 Age, sex,
study
site

x x x 1,161 76 937 52 Age <65 years: RDD; age
≥65 years: random
selection from CMMS

SCALE Study Denmark and Sweden 1999–2002 18–75 Age, sex,
country

x x x 2,567 81 2,001 71 Random selection from
population registries

United Kingdom Parts of North and
South West England

1998–2003 25–64 Age, sex
region

x x 515 75 522 71 Random selection from
general practice lists

UCSF-1 San Francisco, California 1988–1993 21–74 Age, sex,
region

x x x 378 72 810 78 Age <65 years: RDD; age
≥65 years: random
selection from CMMS

Yale University New Haven, Connecticut 1995–2001 23–86 Age (only
women)

x x x 520 72 618 RDD: 69 Age <65 years: RDD; age
≥65 years: random
selection from CMMS

CMMS: 47

New South
Wales

Australia 2000–2001 20–74 Age, sex,
region

x x x 560 85 505 61 Electoral rolls

Abbreviations: CMMS, Centers for Medicare andMedicaid Services;HLA, human leukocyte antigen gene; IL10, interleukin-10 gene; NCI, National Cancer Institute; RDD, randomdigit dialing;

SCALE, Scandinavian Lymphoma Etiology; SEER, Surveillance, Epidemiology, and End Results; TNF, tumor necrosis factor gene; UCSF, University of California, San Francisco.
a Patients admitted to a hospital for an infectious, parasitic, mental, nervous, circulatory, digestive, endocrine, metabolic, or respiratory condition.
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Exposure assessment

Self-reported history of autoimmune conditions was re-
corded in each participating study using structured question-
naires during in-person or telephone interviews (12). In most
studies (70%), respondents were asked whether any autoim-
mune condition had been diagnosed by a physician. Consis-
tent with the previous InterLymph Consortium study (12), we
examined the following: primary Sjögren syndrome, sys-
temic lupus erythematosus, rheumatoid arthritis, systemic

sclerosis or scleroderma, poly- or dermatomyositis, immune
thrombocytopenic purpura, type 1 diabetes (defined as diabe-
tes diagnosed at age ≤30 years), pernicious anemia, multiple
sclerosis,myasthenia gravis, celiac disease, psoriasis, sarcoid-
osis, Crohn’s disease, ulcerative colitis, autoimmune he-
molytic anemia, and Hashimoto’s thyroiditis. Rheumatoid
arthritis was restricted to participants who indicated that they
were receiving treatment (any treatment) for their disease, to
improve the specificity of self-reported diagnoses of rheuma-
toid arthritis (44–46).

Table 2. Categorization of Autoimmune Conditions in a Pooled Analyses of Autoimmune Conditions and Implicated

Immunity Genes, by Immune Response and Organ Involvement, InterLymph Consortium, 1988–2007

Subcategory Associated Autoimmune Condition(s) % of Category

Immune response

B-cell responses Autoimmune hemolytic anemia 7.6

Hashimoto’s thyroiditis/hypothyroidism 2.6

Myasthenia gravis 2.4

Pernicious anemia 7.4

Rheumatoid arthritis 42.6

Sjögren’s syndrome 16.6

Systemic lupus erythematosus 20.8

T-cell responses Celiac disease 6.3

Dermatomyositis/polymyositis 3.1

Immune thrombocytopenic purpura 0.5

Inflammatory bowel disease (ulcerative colitis, Crohn’s
disease)

24.7

Multiple sclerosis 3.2

Psoriasis 49.0

Sarcoidosis 4.0

Systemic sclerosis/scleroderma 1.2

Type 1 diabetes 8.0

Organ involvement

Involvement of multiple organs Rheumatoid arthritis 43.1

Sjögren’s syndrome 16.8

Systemic lupus erythematosus 21.0

Dermatomyositis/polymyositis 7.2

Sarcoidosis 9.3

Systemic sclerosis/scleroderma 2.7

Targeted toward a single
organ or system

Pancreas Type 1 diabetes 100

Gastrointestinal/hepatobiliary Pernicious anemia 9.4

Celiac disease 18.5

Inflammatory bowel disease (Crohn’s disease, ulcerative
colitis)

72.1

Dermatological Psoriasis 100

Hematological Autoimmune hemolytic anemia 87.9

Immune thrombocytopenic purpura 12.1

Neurological Myasthenia gravis 24.3

Multiple sclerosis 75.7

Endocrine Hashimoto’s thyroiditis/hypothyroidism 100

NHL and Autoimmune Conditions by Putative NHL Loci 409
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We assessed the duration of autoimmune conditions as the
interval (in years) between self-reported age at onset of the
autoimmune condition and age at diagnosis of NHL (cases)
or age at interview (controls). Participants with an unknown
date of autoimmune disease diagnosis or those diagnosed
within 2 years of their NHL diagnosis (or 2 years of interview
for controls) were excluded from the analysis, to minimize
the inclusion of autoimmune paraneoplastic phenomena aris-
ing due to incipient, as-yet-undiagnosed NHL.
To facilitate the interpretation of any identified associa-

tions and to improve statistical power for evaluating gene-
environment interactions, we categorized autoimmune
conditions on the basis of the type of primary immune re-
sponse involved in mediating autoimmunity: specifically,
predominance of B-cell activation versus predominance of
T-cell activation, based on a consensus panel comprised of rheu-
matologists, immunologists, and hematologist-oncologists.
Conditions included in each pathway category are delineated
in Table 2. Autoimmune conditions were also categorized by
organ involvement as multiple-organ-targeted versus primarily
single-organ-targeted, with further organ-specific evaluations
for pancreatic, gastrointestinal/hepatobiliary, dermatological,
hematological, neurological, and endocrine organs (Table 2).
In other words, conditions in which multiple organ systems
were the targets of the autoimmune process were classified as
having multiple-organ involvement, whereas those in which
the target of the autoimmune processwas 1 organ or system (re-
gardless of whether the disease itself might then affect multiple
organs, as in diabetes) were classified as having single-organ
involvement.

Genotyping

Genotyping data were collected for rs1800890 (IL10
T3575A), rs1800629 (TNF G308A), rs10484561, rs2647012,
and rs6457327 (Table 1). Genotyping methods have been pre-
viously described (18–20). Briefly, rs1800629 and rs1800890
were genotyped using either TaqMan (Applied Biosystems,
Inc., Foster City, California) (all studies except EpiLymph) or
Pyrosequencing (Qiagen NV, Hilden, Germany) (EpiLymph).
Assay conditions for TaqMan assays are available on the
National Cancer Institute’s SNP500Cancer website (http://
snp500cancer.nci.nih.gov). For quality control, each labora-
tory analyzed the same set of genotypes in DNA samples
from 102 ethnically diverse individuals, obtained from the
Coriell Institute for Medical Research (Camden, New Jersey;
http://www.coriell.org/).
For HLA SNPs (rs6457327, rs10484561, and rs2647012),

genotyping was conducted using the Illumina 317K (Illu-
mina, Inc., San Diego, California; Scandinavian Lymphoma
Etiology (SCALE) study), the Illumina Human CNV370-
Duo BeadChip (Illumina, Inc.; University of California,
San Francisco, study), TaqMan (Applied Biosystems, Inc.;
National Cancer Institute–Surveillance, Epidemiology, and
End Results (SEER) study, New South Wales study, Yale
University study, British Columbia study, and University of
California, San Francisco, study), the Illumina GoldenGate
1536SNPOligoPoolAssay (Illumina, Inc.;MayoClinic study),
the Sequenom MassARRAY iPLEX (SF1B) (Sequenom, Inc.,
San Diego, California; University of California, San Francisco, T
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study), and (for rs10484561) the Illumina GoldenGate or
Pyrosequencing (Qiagen NV; all EpiLymph studies), where
call rates were ≥95% and sample completion rates were
≥90% (19, 20).

NHL classification

NHL subtypes were grouped using the InterLymph Pathol-
ogy Working Group guidelines (47, 48), which are based on
the World Health Organization classification (49). We pre-
sent results for all NHL and for common subtypes, including
diffuse large B-cell lymphoma (DLBCL), follicular lym-
phoma, chronic lymphocytic leukemia/small lymphocytic
lymphoma, marginal zone lymphoma (MZL), and peripheral
T-cell lymphoma.

Statistical methods

Confirming the main associations. We first evaluated the
main associations between autoimmune conditions and all
NHL and major NHL subtypes and between gene variants
and NHL/NHL subtypes in the subset of 8,692 NHL cases
and 9,260 controls from the InterLymph Consortium study
population who had available genotyping data (of the origi-
nal 12,982 NHL cases and 16,441 controls included in the
previous evaluation of autoimmune conditions (12) (Web
Tables 2 and 3)).We further evaluated themain association be-
tween autoimmune conditions andNHL according to immunol-
ogy and pathology: autoimmune conditions largely mediated
by B-cell responses versus those largely mediated by T-cell
responses, based on our a priori categorization, and multiple-
organ-targeted involvement versus single-organ-targeted
involvement (Tables 3 and 4). We calculated pooled odds
ratios and 95% confidence intervals for NHL risk using joint
fixed-effects unconditional logistic regression models adjust-
ing for age, sex, race/ethnicity, and region/study center. Other
potential confounders, such as socioeconomic status, smok-
ing status, and family history, did not change risk estimates
by ≥10% and thus were not retained in the final model.

For each of the main analyses, we conducted χ2 tests for
heterogeneity between the studies to ensure that the data
from disperse studies could be pooled.

Independence of genotypes and autoimmune conditions.

We examined the association between the (dichotomized)
variant alleles and risk of autoimmune conditions (as defined
by B-cell- or T-cell-mediated immune response) among con-
trols using unconditional logistic regression to calculate odds
ratios and 95% confidence intervals (Web Table 4).

Associations with autoimmune conditions by genotype and

P-interaction. We first evaluated interaction on the multi-
plicative scale. For each grouping of autoimmune conditions,
we calculated odds ratios and 95% confidence intervals for
all NHL and the major NHL subtypes according to dichoto-
mized genotype. For this dichotomization, we modeled the
genotypes in the dominant fashion based on our previous
publications, which clearly indicated a dominant model of as-
sociation (17, 18). The P value for interaction was estimated
using the Wald test for homogeneity of the associations be-
tween autoimmune conditions and NHL risk according to
genotype strata (Tables 5–9). T
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We further evaluated interaction on an additive scale and
calculated odds ratios and 95% confidence intervals using a
common referent group to evaluate joint associations between

autoimmune conditions and variant genotypes, whereby per-
sons without a variant genotype and without autoimmune
conditions were the referent group (Table 10).

Table 5. Associations Between Categories of Autoimmune Conditions and Non-Hodgkin Lymphoma and Specific Subtypes in a Pooled Analysis,

According to rs1800629 (TNF G308A) Genotype, InterLymph Consortium, 1988–2007

Autoimmune Condition
Category

rs1800629 Genotype

P-Interaction
GG AG/AA

Cases Controls
ORa 95% CI

Cases Controls
ORa 95% CI

Everb Neverb Ever Never Ever Never Ever Never

Non-Hodgkin lymphoma

Any autoimmune disease 307 5,288 247 5,701 1.18 0.99, 1.41 171 2,445 103 2,348 1.43 1.11, 1.85 0.19

B-cell 102 5,288 58 5,701 1.82 1.31, 2.53 84 2,445 25 2,348 3.27 2.07, 5.16 0.03

T-cell 213 5,288 196 5,701 1.00 0.81, 1.22 97 2,445 82 2,348 0.95 0.70, 1.29 0.83

Multiple organs 95 5,288 62 5,701 1.49 1.08, 2.07 81 2,445 32 2,348 2.42 1.59, 3.69 0.07

Single organ 220 5,288 191 5,701 1.08 0.88, 1.32 98 2,445 75 2,348 1.06 0.78, 1.45 0.97

Diffuse large B-cell lymphoma

Any autoimmune disease 88 1,483 247 5,701 1.32 1.02, 1.70 53 773 103 2,348 1.56 1.10, 2.21 0.46

B-cell 37 1,483 58 5,701 2.66 1.73, 4.07 30 773 25 2,348 4.03 2.31, 7.01 0.21

T-cell 55 1,483 196 5,701 1.00 0.73, 1.36 30 773 82 2,348 1.08 0.70, 1.67 0.82

Multiple organs 30 1,483 62 5,701 1.91 1.22, 3.00 27 773 32 2,348 3.12 1.82, 5.36 0.14

Single organ 62 1,483 191 5,701 1.17 0.87, 1.58 32 773 75 2,348 1.20 0.78, 1.85 0.99

Follicular lymphoma

Any autoimmune disease 51 1,367 247 5,701 0.80 0.58, 1.09 27 528 103 2,348 1.10 0.71, 1.72 0.25

B-cell 11 1,367 58 5,701 0.72 0.37, 1.39 12 528 25 2,348 2.06 1.01, 4.20 0.04

T-cell 42 1,367 196 5,701 0.83 0.59, 1.17 16 528 82 2,348 0.82 0.47, 1.43 0.94

Multiple organs 13 1,367 62 5,701 0.79 0.43, 1.44 12 528 32 2,348 1.79 0.90, 3.57 0.09

Single organ 40 1,367 191 5,701 0.81 0.57, 1.16 16 528 75 2,348 0.85 0.49, 1.49 0.91

CLL/SLL

Any autoimmune disease 55 908 247 5,701 1.08 0.79, 1.49 27 390 103 2,348 1.20 0.76, 1.91 0.81

B-cell 12 908 58 5,701 1.25 0.65, 2.41 8 390 25 2,348 2.71 1.16, 6.33 0.22

T-cell 44 908 196 5,701 1.04 0.73, 1.48 19 390 82 2,348 0.90 0.53, 1.55 0.64

Multiple organs 13 908 62 5,701 1.05 0.56, 1.97 10 390 32 2,348 2.20 1.04, 4.69 0.34

Single organ 43 908 191 5,701 1.09 0.76, 1.55 17 390 75 2,348 0.88 0.50, 1.56 0.65

Marginal zone lymphoma

Any autoimmune disease 21 316 247 5,701 1.42 0.89, 2.27 20 157 103 2,348 2.55 1.52, 4.28 0.06

B-cell 13 316 58 5,701 3.42 1.82, 6.42 18 157 25 2,348 8.47 4.45, 16.1 0.02

T-cell 8 316 196 5,701 0.70 0.34, 1.45 4 157 82 2,348 0.67 0.24, 1.87 0.99

Multiple organs 12 316 62 5,701 2.87 1.51, 5.43 16 157 32 2,348 5.80 3.07, 11.0 0.05

Single organ 9 316 191 5,701 0.82 0.41, 1.63 5 157 75 2,348 0.94 0.37, 2.40 0.82

Peripheral T-cell lymphoma

Any autoimmune disease 15 168 247 5,701 1.87 1.08, 3.25 10 78 103 2,348 2.39 1.18, 4.82 0.47

B-cell 2 168 58 5,701 1.31 0.32, 5.46 2 78 25 2,348 2.55 0.59, 11.2 0.47

T-cell 13 168 196 5,701 1.94 1.07, 3.51 8 78 82 2,348 2.29 1.05, 4.99 0.63

Multiple organs 2 168 62 5,701 1.13 0.27, 4.70 3 78 32 2,348 2.82 0.83, 9.59 0.28

Single organ 13 168 191 5,701 2.01 1.11, 3.63 7 78 75 2,348 2.22 0.97, 5.07 0.78

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; OR, odds ratio; SLL, small lymphocytic lymphoma; TNF, tumor

necrosis factor gene.
a ORs and 95% CIs were calculated using joint fixed-effects unconditional logistic regression models. Results were adjusted for age, sex, race/

ethnicity, and region/study center.
b Number of participants ever or never diagnosed with the specified condition(s).
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Analyses were conducted using SAS 9.3 (SAS Institute, Inc.,
Cary, North Carolina). All tests were 2-sided, and P-interaction
values less than 0.05 were considered statistically significant.

To account for multiple comparisons, we applied a conserva-
tive Bonferroni correction for 5 tests at an overall α level of
0.05 to all analysis (P = 0.01). For evaluation of rs1800629

Table 6. Associations Between Categories of Autoimmune Conditions and Non-Hodgkin Lymphoma and Specific Subtypes in a Pooled Analysis,

According to rs1800890 (IL10 T3575A) Genotype, InterLymph Consortium, 1988–2007

Autoimmune Condition
Category

rs1800890 Genotype

P-Interaction
TT AT/AA

Cases Controls
ORa 95% CI

Cases Controls
ORa 95% CI

Everb Neverb Ever Never Ever Never Ever Never

Non-Hodgkin lymphoma

Any autoimmune disease 175 2,942 141 3,361 1.30 1.03, 1.63 306 4,862 238 5,044 1.25 1.05, 1.49 0.70

B-cell 70 2,942 30 3,361 2.56 1.66, 3.97 114 4,862 60 5,044 2.01 1.46, 2.76 0.28

T-cell 116 2,942 115 3,361 1.03 0.79, 1.34 199 4,862 185 5,044 1.01 0.82, 1.24 0.89

Multiple organs 66 2,942 36 3,361 1.97 1.30, 2.98 108 4,862 68 5,044 1.61 1.18, 2.20 0.33

Single organ 118 2,942 108 3,361 1.12 0.86, 1.47 205 4,862 180 5,044 1.08 0.88, 1.34 0.84

Diffuse large B-cell lymphoma

Any autoimmune disease 54 820 141 3,361 1.55 1.12, 2.15 92 1,482 238 5,044 1.36 1.05, 1.75 0.47

B-cell 25 820 30 3,361 3.48 2.01, 6.01 42 1,482 60 5,044 2.76 1.83, 4.16 0.37

T-cell 34 820 115 3,361 1.19 0.80, 1.78 56 1,482 185 5,044 1.02 0.75, 1.39 0.53

Multiple organs 22 820 36 3,361 2.65 1.53, 4.57 35 1,482 68 5,044 2.04 1.33, 3.11 0.31

Single organ 36 820 108 3,361 1.32 0.89, 1.95 63 1,482 180 5,044 1.18 0.87, 1.59 0.67

Follicular lymphoma

Any autoimmune disease 29 703 141 3,361 0.94 0.62, 1.43 44 1,183 238 5,044 0.78 0.56, 1.09 0.39

B-cell 10 703 30 3,361 1.39 0.66, 2.91 11 1,183 60 5,044 0.75 0.39, 1.44 0.16

T-cell 22 703 115 3,361 0.90 0.56, 1.44 33 1,183 185 5,044 0.77 0.52, 1.12 0.52

Multiple organs 10 703 36 3,361 1.28 0.62, 2.62 13 1,183 68 5,044 0.80 0.44, 1.46 0.26

Single organ 22 703 108 3,361 0.92 0.57, 1.47 31 1,183 180 5,044 0.74 0.50, 1.09 0.39

CLL/SLL

Any autoimmune disease 25 523 141 3,361 0.96 0.61, 1.51 57 793 238 5,044 1.24 0.91, 1.70 0.23

B-cell 6 523 30 3,361 1.49 0.60, 3.70 14 793 60 5,044 1.48 0.80, 2.74 0.88

T-cell 20 523 115 3,361 0.87 0.53, 1.44 43 793 185 5,044 1.14 0.80, 1.63 0.25

Multiple organs 6 523 36 3,361 1.15 0.47, 2.81 17 793 68 5,044 1.27 0.73, 2.21 0.56

Single organ 20 523 108 3,361 0.94 0.57, 1.55 40 793 180 5,044 1.15 0.79, 1.66 0.43

Marginal zone lymphoma

Any autoimmune disease 15 195 141 3,361 1.75 1.00, 3.06 27 268 238 5,044 2.10 1.37, 3.22 0.53

B-cell 9 195 30 3,361 4.85 2.24, 10.5 23 268 60 5,044 6.38 3.84, 10.6 0.40

T-cell 7 195 115 3,361 1.01 0.46, 2.20 5 268 185 5,044 0.53 0.21, 1.30 0.28

Multiple organs 10 195 36 3,361 4.48 2.17, 9.25 19 268 68 5,044 4.78 2.80, 8.16 0.65

Single organ 5 195 108 3,361 0.77 0.31, 1.91 9 268 180 5,044 0.97 0.49, 1.94 0.69

Peripheral T-cell lymphoma

Any autoimmune disease 6 112 141 3,361 1.21 0.52, 2.83 19 138 238 5,044 2.75 1.65, 4.59 0.12

B-cell 1 112 30 3,361 1.28 0.17, 9.59 3 138 60 5,044 1.90 0.59, 6.19 0.68

T-cell 5 112 115 3,361 1.18 0.47, 2.98 16 138 185 5,044 2.92 1.68, 5.08 0.12

Multiple organs 1 112 36 3,361 0.99 0.13, 7.38 4 138 68 5,044 2.17 0.78, 6.08 0.47

Single organ 5 112 108 3,361 1.25 0.50, 3.17 15 138 180 5,044 2.83 1.60, 5.00 0.18

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; IL10, interleukin-10 gene; OR, odds ratio; SLL, small lymphocytic

lymphoma.
a ORs and 95% CIs were calculated using joint fixed-effects unconditional logistic regression models. Results were adjusted for age, sex, race/

ethnicity, and region/study center.
b Number of participants ever or never diagnosed with the specified condition(s).
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and rs200890, sensitivity analyses restricting the subjects to
persons of European ancestry was conducted; because results
did not vary by race (18), we used the data for all participants

to maximize statistical power. Because the prior genotyping
efforts for rs10484561, rs2647012, and rs6457327 were re-
stricted to persons of European ancestry (19–21), all analyses

Table 7. Associations Between Categories of Autoimmune Conditions and Non-Hodgkin Lymphoma and Specific Subtypes in a Pooled Analysis,

According to HLA Single Nucleotide Polymorphism rs6457327 Genotype, InterLymph Consortium, 1988–2007

Autoimmune Condition
Category

rs6457327 Genotype

P-Interaction
CC AC/AA

Cases Controls
ORa 95% CI

Cases Controls
ORa 95% CI

Everb Neverb Ever Never Ever Never Ever Never

Non-Hodgkin lymphoma

Any autoimmune disease 70 1,677 61 1,973 1.30 0.91, 1.86 82 2,042 93 2,732 1.15 0.84, 1.56 0.47

B-cell 32 1,677 17 1,973 2.13 1.17, 3.89 41 2,042 26 2,732 1.94 1.17, 3.21 0.73

T-cell 40 1,677 46 1,973 0.98 0.64, 1.52 44 2,042 69 2,732 0.85 0.58, 1.26 0.53

Multiple organs 25 1,677 12 1,973 2.25 1.12, 4.54 34 2,042 23 2,732 1.71 1.00, 2.94 0.51

Single organ 47 1,677 51 1,973 1.06 0.70, 1.59 51 2,042 71 2,732 0.98 0.68, 1.42 0.64

Diffuse large B-cell lymphoma

Any autoimmune disease 24 506 61 1,973 1.50 0.92, 2.44 26 572 93 2,732 1.33 0.85, 2.09 0.66

B-cell 13 506 17 1,973 2.98 1.42, 6.24 16 572 26 2,732 2.89 1.52, 5.48 0.87

T-cell 13 506 46 1,973 1.06 0.56, 1.98 11 572 69 2,732 0.77 0.40, 1.48 0.47

Multiple organs 9 506 12 1,973 2.79 1.15, 6.77 11 572 23 2,732 2.17 1.04, 4.51 0.64

Single organ 17 506 51 1,973 1.27 0.72, 2.23 16 572 71 2,732 1.11 0.63, 1.93 0.67

Follicular lymphoma

Any autoimmune disease 14 427 61 1,973 0.95 0.51, 1.76 17 498 93 2,732 0.91 0.53, 1.55 0.86

B-cell 2 427 17 1,973 0.41 0.09, 1.85 6 498 26 2,732 0.95 0.38, 2.34 0.38

T-cell 12 427 46 1,973 1.11 0.57, 2.17 13 498 69 2,732 1.01 0.55, 1.86 0.78

Multiple organs 2 427 12 1,973 0.66 0.14, 3.09 8 498 23 2,732 1.51 0.66, 3.45 0.34

Single organ 12 427 51 1,973 0.96 0.49, 1.86 11 498 71 2,732 0.81 0.42, 1.56 0.65

CLL/SLL

Any autoimmune disease 4 198 61 1,973 0.80 0.28, 2.28 5 270 93 2,732 0.61 0.24, 1.52 0.69

B-cell 2 198 17 1,973 1.57 0.35, 7.08 3 270 26 2,732 1.57 0.46, 5.31 0.96

T-cell 2 198 46 1,973 0.52 0.12, 2.19 2 270 69 2,732 0.30 0.07, 1.25 0.61

Multiple organs 1 198 12 1,973 1.33 0.17, 10.6 3 270 23 2,732 1.58 0.46, 5.39 0.85

Single organ 3 198 51 1,973 0.68 0.21, 2.26 2 270 71 2,732 0.31 0.07, 1.26 0.38

Marginal zone lymphoma

Any autoimmune disease 7 137 61 1,973 1.55 0.69, 3.49 7 166 93 2,732 1.21 0.55, 2.66 0.52

B-cell 5 137 17 1,973 3.78 1.34, 10.7 4 166 26 2,732 2.37 0.81, 6.94 0.35

T-cell 2 137 46 1,973 0.59 0.14, 2.50 3 166 69 2,732 0.71 0.22, 2.29 0.91

Multiple organs 5 137 12 1,973 6.05 2.04, 18.0 1 166 23 2,732 0.66 0.09, 4.91 0.04

Single organ 2 137 51 1,973 0.51 0.12, 2.13 6 166 71 2,732 1.39 0.59, 3.25 0.30

Peripheral T-cell lymphoma

Any autoimmune disease 2 60 61 1,973 1.14 0.27, 4.80 5 69 93 2,732 2.29 0.90, 5.86 0.43

B-cell 1 60 17 1,973 2.42 0.31, 18.9 1 69 26 2,732 1.67 0.22, 12.6 0.83

T-cell 1 60 46 1,973 0.72 0.10, 5.29 4 69 69 2,732 2.45 0.86, 6.95 0.30

Multiple organs 0 60 12 1,973 —
c

— 2 69 23 2,732 3.63 0.83, 15.8 0.98

Single organ 2 60 51 1,973 1.35 0.32, 5.71 3 69 71 2,732 1.80 0.55, 5.89 0.78

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; HLA, human leukocyte antigen gene; OR, odds ratio; SLL, small
lymphocytic lymphoma.

a ORs and 95% CIs were calculated using joint fixed-effects unconditional logistic regression models. Results were adjusted for age, sex, race/
ethnicity, and region/study center.

b Number of participants ever or never diagnosed with the specified condition(s).
c Not calculated because of the small number of cases.
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with these HLA SNPs were similarly restricted to persons of
European ancestry. Additional sensitivity analyses were also
applied to autoimmune conditions whereby more prevalent

conditions that contributed to the distinct categories were
excluded individually (e.g., rheumatoid arthritis, Sjögren’s
syndrome, systemic lupus erythromatosus), in an attempt to

Table 8. Associations Between Categories of Autoimmune Conditions and Non-Hodgkin Lymphoma and Specific Subtypes in a Pooled Analysis,

According to HLA Single Nucleotide Polymorphism rs2647012 Genotype, InterLymph Consortium, 1988–2007

Autoimmune Condition
Category

rs2647012 Genotype

P-Interaction
GG AG/AA

Cases Controls
ORa 95% CI

Cases Controls
ORa 95% CI

Everb Neverb Ever Never Ever Never Ever Never

Non-Hodgkin lymphoma

Any autoimmune disease 150 1,853 69 1,350 1.36 1.00, 1.85 221 2,839 116 2,298 1.25 0.97, 1.59 0.78

B-cell 51 1,853 21 1,350 1.67 0.98, 2.84 82 2,839 34 2,298 2.05 1.34, 3.12 0.51

T-cell 106 1,853 53 1,350 1.18 0.83, 1.69 148 2,839 87 2,298 0.97 0.73, 1.30 0.49

Multiple organs 52 1,853 25 1,350 1.48 0.90, 2.45 82 2,839 42 2,298 1.53 1.03, 2.27 0.85

Single organ 105 1,853 47 1,350 1.29 0.89, 1.86 146 2,839 77 2,298 1.13 0.84, 1.52 0.68

Diffuse large B-cell lymphoma

Any autoimmune disease 49 478 69 1,350 1.72 1.13, 2.59 57 732 116 2,298 1.25 0.88, 1.78 0.22

B-cell 22 478 21 1,350 2.97 1.54, 5.70 27 732 34 2,298 2.76 1.60, 4.78 0.84

T-cell 31 478 53 1,350 1.26 0.77, 2.08 36 732 87 2,298 0.95 0.62, 1.46 0.34

Multiple organs 19 478 25 1,350 2.28 1.18, 4.42 25 732 42 2,298 1.93 1.12, 3.32 0.73

Single organ 34 478 47 1,350 1.51 0.93, 2.47 37 732 77 2,298 1.12 0.73, 1.72 0.30

Follicular lymphoma

Any autoimmune disease 24 526 69 1,350 0.85 0.51, 1.41 23 509 116 2,298 0.91 0.57, 1.46 0.78

B-cell 6 526 21 1,350 0.77 0.31, 1.94 7 509 34 2,298 1.03 0.45, 2.36 0.60

T-cell 20 526 53 1,350 0.90 0.51, 1.59 17 509 87 2,298 0.88 0.51, 1.52 0.99

Multiple organs 8 526 25 1,350 0.91 0.40, 2.04 8 509 42 2,298 0.89 0.40, 2.02 0.98

Single organ 18 526 47 1,350 0.88 0.48, 1.61 16 509 77 2,298 0.95 0.54, 1.65 0.79

CLL/SLL

Any autoimmune disease 27 323 69 1,350 1.20 0.71, 2.02 46 625 116 2,298 1.00 0.67, 1.50 0.71

B-cell 6 323 21 1,350 0.91 0.33, 2.48 10 625 34 2,298 1.40 0.63, 3.08 0.54

T-cell 21 323 53 1,350 1.23 0.68, 2.23 37 625 87 2,298 0.90 0.58, 1.40 0.52

Multiple organs 7 323 25 1,350 0.86 0.35, 2.15 13 625 42 2,298 1.08 0.54, 2.14 0.77

Single organ 20 323 47 1,350 1.34 0.72, 2.50 37 625 77 2,298 0.98 0.61, 1.56 0.59

Marginal zone lymphoma

Any autoimmune disease 8 107 69 1,350 1.42 0.65, 3.08 25 214 116 2,298 2.04 1.28, 3.25 0.33

B-cell 5 107 21 1,350 2.93 1.05, 8.17 21 214 34 2,298 6.24 3.49, 11.1 0.12

T-cell 3 107 53 1,350 0.69 0.21, 2.29 5 214 87 2,298 0.53 0.21, 1.33 0.75

Multiple organs 5 107 25 1,350 2.64 0.96, 7.26 19 214 42 2,298 4.66 2.60, 8.34 0.23

Single organ 3 107 47 1,350 0.74 0.22, 2.47 6 214 77 2,298 0.70 0.30, 1.64 0.97

Peripheral T-cell lymphoma

Any autoimmune disease 6 53 69 1,350 2.11 0.85, 5.24 17 103 116 2,298 2.64 1.48, 4.72 0.60

B-cell 0 53 21 1,350 —
c

— 3 103 34 2,298 2.48 0.71, 8.63 0.97

T-cell 6 53 53 1,350 2.80 1.11, 7.07 14 103 87 2,298 2.63 1.39, 4.96 0.97

Multiple organs 1 53 25 1,350 1.16 0.15, 9.03 3 103 42 2,298 1.66 0.48, 5.70 0.73

Single organ 5 53 47 1,350 2.35 0.86, 6.40 14 103 77 2,298 3.00 1.58, 5.69 0.62

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; HLA, human leukocyte antigen gene; OR, odds ratio; SLL, small
lymphocytic lymphoma.

a ORs and 95% CIs were calculated using joint fixed-effects unconditional logistic regression models. Results were adjusted for age, sex, race/
ethnicity, and region/study center.

b Number of participants ever or never diagnosed with the specified condition(s).
c Not calculated because of the small number of cases.
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ensure that our associations based on these categories (e.g.,
B-cell response) were robust and not driven by any single
condition.

RESULTS

These analyses comprised 8,692 NHL cases and 9,260 con-
trols from 14 participating InterLymph Consortium studies

Table 9. Associations Between Categories of Autoimmune Conditions and Non-Hodgkin Lymphoma and Specific Subtypes in a Pooled Analysis,

According to HLA Single Nucleotide Polymorphism rs10484561 Genotype, InterLymph Consortium, 1988–2007

Autoimmune Condition
Category

rs10484561 Genotype

P-Interaction
TT GT/GG

Cases Controls
ORa 95% CI

Cases Controls
ORa 95% CI

Everb Neverb Ever Never Ever Never Ever Never

Non-Hodgkin lymphoma

Any autoimmune disease 322 4,717 209 4,952 1.19 0.98, 1.44 85 1,532 44 1,318 1.31 0.89, 1.94 0.68

B-cell 122 4,717 58 4,952 1.99 1.43, 2.78 29 1,532 15 1,318 1.40 0.73, 2.68 0.35

T-cell 212 4,717 161 4,952 0.90 0.72, 1.13 60 1,532 30 1,318 1.32 0.82, 2.10 0.17

Multiple organs 118 4,717 68 4,952 1.48 1.07, 2.03 28 1,532 13 1,318 1.56 0.79, 3.10 0.92

Single organ 214 4,717 147 4,952 1.06 0.84, 1.36 61 1,532 32 1,318 1.25 0.79, 1.98 0.51

Diffuse large B-cell lymphoma

Any autoimmune disease 95 1,291 209 4,952 1.33 1.02, 1.75 25 430 44 1,318 1.35 0.79, 2.31 0.77

B-cell 44 1,291 58 4,952 2.76 1.80, 4.23 13 430 15 1,318 2.35 1.07, 5.18 0.86

T-cell 59 1,291 161 4,952 0.97 0.70, 1.35 14 430 30 1,318 1.05 0.53, 2.08 0.70

Multiple organs 39 1,291 68 4,952 1.90 1.23, 2.94 10 430 13 1,318 2.01 0.84, 4.83 0.81

Single organ 63 1,291 147 4,952 1.18 0.85, 1.63 17 430 32 1,318 1.24 0.66, 2.35 0.71

Follicular lymphoma

Any autoimmune disease 36 829 209 4,952 0.91 0.63, 1.32 15 448 44 1,318 0.86 0.47, 1.58 0.87

B-cell 11 829 58 4,952 0.98 0.51, 1.90 3 448 15 1,318 0.44 0.12, 1.53 0.27

T-cell 27 829 161 4,952 0.90 0.59, 1.37 13 448 30 1,318 1.15 0.58, 2.27 0.52

Multiple organs 13 829 68 4,952 1.01 0.55, 1.85 5 448 13 1,318 0.89 0.31, 2.55 0.87

Single organ 25 829 147 4,952 0.90 0.58, 1.40 11 448 32 1,318 0.88 0.43, 1.80 0.97

CLL/SLL

Any autoimmune disease 65 1,002 209 4,952 0.95 0.69, 1.33 13 228 44 1,318 1.19 0.58, 2.42 0.68

B-cell 14 1,002 58 4,952 1.20 0.62, 2.33 3 228 15 1,318 0.86 0.22, 3.40 0.64

T-cell 52 1,002 161 4,952 0.86 0.60, 1.24 10 228 30 1,318 1.32 0.58, 3.02 0.41

Multiple organs 15 1,002 68 4,952 0.78 0.42, 1.45 5 228 13 1,318 1.83 0.58, 5.83 0.35

Single organ 51 1,002 147 4,952 1.01 0.69, 1.49 8 228 32 1,318 0.92 0.38, 2.25 0.92

Marginal zone lymphoma

Any autoimmune disease 31 337 209 4,952 1.79 1.19, 2.68 3 82 44 1,318 0.90 0.27, 3.01 0.28

B-cell 24 337 58 4,952 5.41 3.27, 8.95 2 82 15 1,318 1.80 0.39, 8.35 0.15

T-cell 8 337 161 4,952 0.57 0.28, 1.19 1 82 30 1,318 0.44 0.06, 3.33 0.82

Multiple organs 22 337 68 4,952 3.83 2.29, 6.42 2 82 13 1,318 2.01 0.43, 9.53 0.37

Single organ 9 337 147 4,952 0.73 0.37, 1.47 1 82 32 1,318 0.42 0.06, 3.16 0.61

Peripheral T-cell lymphoma

Any autoimmune disease 20 170 209 4,952 2.03 1.22, 3.39 4 40 44 1,318 2.92 0.96, 8.87 0.66

B-cell 3 170 58 4,952 1.53 0.46, 5.11 1 40 15 1,318 2.44 0.30, 20.1 0.84

T-cell 17 170 161 4,952 2.08 1.20, 3.62 3 40 30 1,318 3.09 0.87, 11.0 0.62

Multiple organs 4 170 68 4,952 1.48 0.52, 4.25 0 40 13 1,318 —
c

— 0.98

Single organ 16 170 147 4,952 2.18 1.24, 3.85 4 40 32 1,318 4.15 1.35, 12.8 0.37

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; HLA, human leukocyte antigen gene; OR, odds ratio; SLL, small

lymphocytic lymphoma.
a ORs and 95% CIs were calculated using joint fixed-effects unconditional logistic regression models. Results were adjusted for age, sex, race/

ethnicity, and region/study center.
b Number of participants ever or never diagnosed with the specified condition(s).
c Not calculated because of the small number of cases.
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carried out in North America, Europe, and Australia that had
collected information on autoimmune conditions and had
genotyped at least one of the 5 SNPs of interest (Table 1).
Thirteen of the 14 studies provided data on rs1800629 (TNF
G308A) or rs1800890 (IL10 T3575A) variants, and 13 of
the 14 studies contributed data on the 3 HLA class I and
class II SNPs (see Table 1). The included studies comprised
9 population-based case-control studies, 4 hospital-based
case-control studies, and 1 clinic-based case-control study
(Table 1).

In our evaluation of associations between autoimmune con-
ditions and genetic variants among controls (Web Table 4), 2
statistically significant associations were identified: a relation-
ship between hemolytic anemia and rs10484561 and a relation-
ship between dermatomyositis/polymyositis and rs1800629.
However, this is within the number of associations that one
would expect to observe on the basis of chance alone. Because
their inclusion did not alter the main associations between the
immunity categories and NHL risk, we continued to include
these conditions to retain a consistent definition of the immune-
response categories throughout our analyses.

Main autoimmune condition–gene associations

In our subset of cases and controls, our results remained con-
sistent with previously published autoimmune condition (Web
Table 2) and genetic (Web Table 3) main associations.

We found statistically significant increased NHL risks
among participants with autoimmune conditions that were
mediated predominantly by B-cell responses (odds ratio
(OR) = 2.25, 95% confidence interval (CI): 1.74, 2.90), that
had multiple organ involvement (OR = 1.78, 95% CI: 1.40,
2.28), and that targeted hematological organs (OR = 3.32,
95% CI: 1.27, 8.63) (Table 3). These associations were con-
sistent for DLBCL and MZL and were most pronounced for
autoimmune conditions mediated by B-cell responses (OR =
3.11 (95% CI: 2.25, 4.30) and OR = 5.80 (95% CI: 3.82,
8.80), respectively) and single-organ-targeted (hematologi-
cal) conditions (for DLBCL, OR = 6.13, 95% CI: 2.10, 17.9)
(Tables 3 and 4). Associations with peripheral T-cell lympho-
ma were observed predominantly for autoimmune conditions

mediated primarily by T-cell responses (OR = 2.14, 95% CI:
1.35, 3.38) and autoimmune conditions targeting specific
organs (OR = 2.12, 95% CI: 1.33, 3.39), such as the gastroin-
testinal/hepatobiliary organ system (OR = 3.24, 95% CI: 1.71,
6.13) and the skin (i.e., psoriasis) (OR = 2.12, 95% CI: 1.08,
4.17) (Table 4). Although associations with hematological
targeted conditions were also observed for MZL and periph-
eral T-cell lymphoma, those associations were based on only
1 and 2 cases, respectively.

Autoimmune condition–gene interactions (rs1800629

(TNF G308A) and rs1800890 (IL10 T3575A))

Among persons with the rs1800629 (TNF G308A) AG/
AA genotype, those with autoimmune conditions predom-
inantly mediated by B-cell responses had a 3.27-fold in-
creased NHL risk (95% CI: 2.07, 5.16), as compared with
a 1.82-fold (95% CI: 1.31, 2.53) increased risk among per-
sons with the GG genotype (P-interaction = 0.03) (Table 5).
The increased risk of B-cell response conditions among per-
sons with the AG/AA genotype was consistently observed
across the major NHL subtypes, with significant interaction
for follicular lymphoma (P = 0.04) and MZL (P = 0.02). In-
teractions observed for MZL were particularly pronounced,
with 8-fold increased risks for autoimmune diseases medi-
ated by B-cell responses among persons with the variant al-
lele (or AG/AA genotype), compared with a 3-fold risk for
persons with the GG genotype. Although no significant inter-
action was observed, increased risks of DLBCL and chronic
lymphocytic leukemia/small lymphocytic lymphoma were
also observed among persons with autoimmune conditions
who harbored the rs1800629 (TNF G308A) allele, but not
among those who did not carry the variant allele. These re-
sults were consistent in sensitivity analysis where individual
autoimmune conditions were excluded, ensuring that our re-
sults were not driven by any single condition.

Consistent with results from the stratified analysis, in analysis
using a single common referent group, the greatest risk of NHL
was observed among persons who had both the rs1800629
AG/AA genotype and an autoimmune condition mediated by
B-cell responses (OR = 3.86, 95%CI: 2.36, 6.31), as compared

Table 10. Joint Associations Between Categories of Autoimmune Conditions and rs1800629 (TNFG308A) Genotype in the Risk of Non-Hodgkin

Lymphoma and Specific Subtypes, InterLymph Consortium, 1988–2007

TNF
G308A

Genotype

Autoimmune
Condition
Category

Non-Hodgkin Lymphoma Marginal Zone Lymphoma Diffuse Large B-Cell Lymphoma

No. of
Cases

No. of
Controls

ORa 95% CI
No. of
Cases

No. of
Controls

ORa 95% CI
No. of
Cases

No. of
Controls

ORa 95% CI

GG None 5,288 5,701 1.00 Referent 316 5,701 1.00 Referent 1,483 5,701 1.00 Referent

AG/AA None 2,445 2,348 1.10 1.02, 1.18 157 2,348 1.23 1.01, 1.51 773 2,348 1.22 1.10, 1.35

GG T-cell 213 196 0.99 0.81, 1.22 8 196 0.69 0.33, 1.41 55 196 1.00 0.74, 1.37

AG/AA T-cell 97 82 1.05 0.77, 1.42 4 82 0.83 0.30, 2.30 30 82 1.31 0.85, 2.01

GG B-cell 94 51 1.91 1.35, 2.71 13 51 3.79 2.01, 7.16 33 51 2.66 1.70, 4.18

AG/AA B-cell 74 21 3.86 2.36, 6.31 16 21 13.70 6.86, 27.5 23 21 4.43 2.41, 8.16

Abbreviations: CI, confidence interval; OR, odds ratio; TNF, tumor necrosis factor gene.
a ORs and 95% CIs were calculated using joint fixed-effects unconditional logistic regression models. Results were adjusted for age, sex, race/

ethnicity, and region/study center.
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with those with the GG genotype who did not have an auto-
immune condition (Table 10). The increased risks among
persons with both the AG/AA genotype and B-cell-mediated
autoimmune conditions were particularly pronounced for
DLBCL (OR = 4.43, 95% CI: 2.41, 8.16) and MZL (OR =
13.7, 95% CI: 6.86, 27.5).
No statistically significant interactions between rs1800890

(IL10 T3575A) genotypes and autoimmune conditions were
observedwith eitherNHLoverall oranyNHLsubtype (Table6).
The elevated risks of NHL, DLBCL, MZL, and peripheral
T-cell lymphoma observed for autoimmune conditions were
similar across rs1800890 genotypes.

HLA class I (rs6457327) and class II SNPs (rs2647012,

rs10484561)

In general, we observed little evidence of interaction be-
tween autoimmune conditions and the rs6457327 SNP located
in theHLA class I region near HLA-C. The main associations
for relationships of any autoimmune condition, B-cell re-
sponse conditions, and autoimmune conditions involving
multiple organs with NHL and DLBCL did not differ by
rs6457327 genotype status (Table 7). We observed no evi-
dence of interaction between the rs2647012 or rs10484561
SNP and autoimmune conditions in the risk of NHL or any
NHL subtype (Tables 8 and 9). Althoughwe observed elevated
risk forMZLwhenwe restricted the analysis to the rs10484561
TT genotype, the low frequency of the GT/GG genotype and
the few exposed MZL cases (n = 1–3) made these results
tenuous.

DISCUSSION

We identified possible interactions between the rs1800629
(TNF G308A) allele and autoimmune conditions that pre-
dominantly involve B-cell responses in the risks of DLBCL
and MZL. Because tumor necrosis factor α activates the nu-
clear factor-kB pathway, a central mechanism for inflamma-
tion and immune system status, interactions between TNF
and autoimmune conditions would suggest a shared biologi-
cal pathway linked to immune system activation (50). If this
were true, our results would support possible synergy be-
tween a genetic propensity toward a chronic inflammatory
state in TNF G308A carriers through heightened tumor
necrosis factor α overexpression (51, 52) and the chronic in-
flammation and B-cell activation seen in persons with auto-
immune conditions.
Recently, it has been noted that a distinct form of immune

response characterized by inflammation, B-cell activation,
and the production of inflammatory cytokines plays a central
role in driving autoimmune responses (53–55). This immune
response pattern has been termed T-helper 17 and is distinct
from the earlier defined T-helper 1 and T-helper 2 immune
response patterns. Interleukin-23 is involved in the promo-
tion of T-helper 17 responses, which are mediated by the pro-
duction of interleukin-17, interleukin-6, and tumor necrosis
factor α. Thus, the potential interaction between autoimmune
conditions characterized by B-cell-mediated responses and
autoantibody production with the TNF genotype may suggest
a potential role for T-helper 17 immune responses in the

pathogenesis of both NHL and autoimmunity. Clinical studies
that directly measure levels of inflammatory markers among
persons with and without the TNF G308A allele and autoim-
mune conditions that involve B-cell activation would also be
particularly useful and would aid in the understanding of NHL
etiology.
The 3HLA class I/II SNPs identified to date as susceptibil-

ity loci for NHL subtypes, including the SNP tagging HLA-
DRB1*01:01 (rs10484561), have largely been associated
with follicular lymphoma (56, 57), although rs10484561 has
also been implicated in DLBCL etiology (19–21). The SNPs
rs10484561, rs2647012, and rs6457327 yielded no interac-
tions with autoimmune conditions for DLBCL or follicular
lymphoma, afinding that is consistent with results from a pre-
viously published analysis within a single study (31). Given
the lack of association between autoimmune conditions and
follicular lymphoma, the absence of an observed interaction
is not unexpected. Additionally identified SNPs in chronic
lymphocytic leukemia/small lymphocytic lymphoma etiol-
ogy (23–25, 28, 58) were not included in the present analysis
because of the lack of data among controls, the lack of data on
autoimmune conditions among cases in non-InterLymph
studies, and the lack of association between autoimmune con-
ditions and chronic lymphocytic leukemia/small lymphocytic
lymphoma, providing little justification for their inclusion.
Strengths of this analysis included the large sample size

compiled in our international effort, permitting analysis by
NHL subtype. To further enhance our statistical power and
to address our biological hypothesis, we created biologically
based categories for autoimmune conditions. These provided
specificity by demonstrating that autoimmune conditions
mediated by B-cell effector mechanisms increased risks of
DLBCL and MZL and that those involving T-cell-mediated
responses increased risk of peripheral T-cell lymphoma.
When autoimmune conditions were categorized by whether
or not they targeted a single organ and by the specific organs
targeted, differential risks were observed; conditions affect-
ing multiple organs were implicated in the risks of DLBCL
andMZL, whereas single-organ-targeted autoimmune condi-
tions were implicated in peripheral T-cell lymphoma. Our
large sample size and novel use of biology-based catego-
ries allowed for the evaluation of statistically significant inter-
actions between genotypes and autoimmune conditions. Given
the rarity of autoimmune conditions, pooled analysis of indi-
vidual data provide an optimal means of conducting such an
investigation.
Several limitations of this study should be considered, in-

cluding the use of self-reported data on autoimmune condi-
tions (although most studies queried participants about their
personal history of physician-diagnosed conditions (3)) and
the relatively low prevalence of autoimmune conditions, which
restricted our ability to evaluate interactions with individual
autoimmune conditions. Similarly, wewere unable to examine
associations with the rarer B-cell and T-cell NHL subtypes. In
addition, given the large number of tests conducted, we cannot
exclude the possibility that our results were due to chance, as
our P-interaction values did not reach the level of significance
(P = 0.01) set for Bonferroni correction. Nevertheless, we be-
lieve that our results remain of high interest, as the differences
in risk by genotype (e.g., higher risk among TNF G308A
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variant genotypes AG/AA) and the subtypes for which differ-
ences were observed (e.g., DLBCL, MZL) were consistent
with our strong a priori hypotheses. Finally, we acknowledge
that survival bias is a concern in case-control studies of NHL,
from which this analysis was derived. Epidemiologic studies
that include more aggressive NHL subtypes such as DLBCL
probably do suffer from survival bias, since some persons have
died and others are too ill to participate. We acknowledge that
the antigenic stimulus or other stimuli from autoimmune dis-
eases that promote lymphomagenesis are probably part of a
chronic process and may be limited to autoimmune diseases
that progress over a longer time course. Therefore, patientswith
more advanced autoimmune diseases or more rapidly pro-
gressing NHL may have been less likely to participate in such
epidemiologic studies. It is possible that participation based on
severity of autoimmune diseases would be applicable to both
cases and controls, in which case the participation/survival
bias would have been nondifferential and would have biased
our risk estimates toward the null. In the scenario in which ag-
gressive lymphomas from severe autoimmune conditions were
not included in our analysis, the bias would have been differ-
ential and would have pointed toward the null.

Our results support the need for expanded research on the
potential overlap of autoimmune-condition biological path-
ways with lymphomagenesis (59). Future fine mapping efforts
and functional studies of implicated SNPs (including that for
TNF, where the functional role of the putative loci has not yet
been fully deciphered) are also warranted (52). Future efforts
that incorporate haplotype analyses, particularly within the
HLA region, in which there is tight linkage disequilibrium,
are also warranted. Expanded gene-environment evaluation
of established risk factors may further prove fruitful in delineat-
ing key biological mechanisms involved in lymphomagenesis.
Finally, follow-up of our results among large-scale cohortswith
celiac disease or Sjögren’s syndrome could also prove fruitful.
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