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A B S T R A C T

Purpose
Autoimmune diseases (AIs) are associated with elevated risk for Hodgkin’s lymphoma (HL);
however, information on the interplay of AIs and HL on survival is sparse.

Patients and Methods
We evaluated survival patterns for 7,414 patients with HL in relation to a pre-existing hospital
discharge diagnosis of an AI. We also assessed survival patterns in relation to a prior AI diagnosis
among 29,240 population-based matched controls.

Results
Among female patients with HL with (v those without) a pre-existing AI, the 5-year and 10-year
overall survival was 46.0% (63.3%) and 41.0% (51.9%); for males, the corresponding numbers
were 48.5% (59.2%) and 43.6% (51.5%), respectively (P � .001). Among female controls with (v
those without) a pre-existing AI, the 5-year and 10-year overall survival was 79.1% (90.2%) and
67.2% (83.3%); for males, the corresponding numbers were 82.5% (90.3%) and 68.6% (81.6%),
respectively (P � .001). Female patients with HL with (v those without) a pre-existing AI had a
1.8-fold (range, 1.3- to 2.4-fold) increased relative risk of dying at 5 years of follow-up; for males,
the corresponding excess relative risk of dying was 1.7-fold (range, 1.3- to 2.2-fold).

Conclusion
Patients with HL have an overall excellent outcome from treatment but also pose some of the
most complex challenges of cancer survivorship due to many late effects (eg, second malignan-
cies, thyroid disease, cardiovascular disease, and altered reproductive and sexual function). Our
finding that patients with HL with a hospital discharge diagnosis of an AI have a substantially
higher risk of dying, emphasizes that underlying chronic diseases, such as AIs, should be high of
the list of survivorship concerns for clinicians that treat HL.

J Clin Oncol 28:5081-5087. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Hodgkin’s lymphoma is a potentially fatal lympho-
proliferative malignancy of B-cell origin.1 It com-
prises approximately 11% of all lymphomas in
Western countries and has a unique bimodal age-
incidence shape.2 The incidence of Hodgkin’s lym-
phoma in Western countries is estimated to be
around 2.3 to 3.1 per 100,000 males and 1.6 to 2.3
per 100,000 females, which underscores the fact that
it is rare in the general population.3,4 Although the
overall risk of developing Hodgkin’s lymphoma is
small (a life time risk of 0.24% for males and 0.20%
for females), it accounts for approximately 15% of
all cancers in young adults.4

Clues about the etiology of Hodgkin’s lym-
phoma have been suggested by the bimodal age dis-

tribution; by elevated risks in males, in individuals
with higher socioeconomic status, and in smaller
families; and by the occurrence of Epstein-Barr virus
in Hodgkin’s lymphoma tumor cells.5 The impor-
tance of genetic factors in Hodgkin’s lymphoma has
been indicated by reports of multiply affected fami-
lies from case series, a twin study, a case-control
study, and population-based registry studies.6-11 In-
terestingly, after the introduction of highly active
antiretroviral therapy in 1996 for HIV-infected per-
sons, AIDS-related non-Hodgkin’s lymphomas
have declined substantially; however, the incidence
of Hodgkin’s lymphoma has reportedly increased.12

Furthermore, increased risk of Hodgkin’s lymphoma
has been observed among individuals who have un-
dergone organ- or bone marrow transplantation
procedures known to cause uncontrolled and dys-
functional lymphocyte proliferation.1,13-15 Recently,

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 28 � NUMBER 34 � DECEMBER 1 2010

© 2010 by American Society of Clinical Oncology 5081



we found individuals with a history of autoimmunity to have an
elevated risk of developing Hodgkin’s lymphoma,16 supporting a role
for chronic immune stimulation and inflammation in the etiology of
Hodgkin’s lymphoma.17

A prior registry-based United States study assessed survival pat-
terns in patients with non-Hodgkin’s lymphoma with and without a
history of rheumatoid arthritis and found that patients with non-
Hodgkin’s lymphoma with a history of rheumatoid arthritis had a
better lymphoma survival and a lower risk of relapse or progression
but were twice as likely to die from causes unrelated to lymphoma,
which resulted in very similar overall survival patterns for the
two groups.18

Using high-quality data from Sweden, we have conducted the
first, to our knowledge, large population-based study to systematically
assess whether a history of autoimmunity impacts survival in patients
with Hodgkin’s lymphoma. Our nationwide study includes all pa-
tients with primary (n � 7,414) Hodgkin’s lymphoma diagnosed in
Sweden between 1965 and 2004. The aim of our study was to examine
the association between a broad range of autoimmune diseases and
5-year and 10-year survival patterns in patients with Hodgkin’s lym-
phoma. To better understand the interplay of autoimmune disease
and Hodgkin’s lymphoma on survival, we also evaluated survival
patterns in relation to a pre-existing autoimmune disease among
29,240 population-based matched controls.

PATIENTS AND METHODS

Hospitals and Patients

Using the Swedish Cancer Registry,19-21 all individuals registered with a
first cancer diagnosis of Hodgkin’s lymphoma (International Classification of
Diseases, seventh revision, code 201) between January 1, 1965, and December
31, 2004, were identified. For each patient with Hodgkin’s lymphoma, four
population-based controls matched by sex, year of birth, and county of resi-
dence were chosen randomly from the Swedish Population database. All
controls had to be alive at the time of Hodgkin’s lymphoma diagnosis for the
corresponding case (index date) and free of cancer at the date of the corre-
sponding case’s diagnosis.

All patients with Hodgkin’s lymphoma and controls were further linked
with the Swedish Inpatient Registry 1964 to 2004,22 which contains individual-
based information on discharges from inpatient care (coded according to
International Classification of Diseases seventh to tenth revisions). Through
this linkage, we collected information on discharge diagnoses (primary and
underlying diagnoses) including autoimmune and related conditions (Table
119-25); about half were captured as underlying diagnoses (the same was true
for patients with Hodgkin’s lymphoma and controls). To avoid potential bias,
we included only information about autoimmune or related conditions re-
corded before Hodgkin’s lymphoma diagnosis.

Through linkage with the Cause of Death Register and the Register of
Total Population, we collected information on vital status until December
31, 2004.

This study was approved by the Karolinska Ethics committee. Also, an
exemption from institutional review board was obtained from the National
Institutes of Health Office of Human Subjects Research because we analyzed
existing data without personal identifiers. Informed consent was waived be-
cause there was no contact with study subjects.

Statistical Analysis

Survival curves for those with and without a history of autoimmune
disease(s) were estimated using the Kaplan-Meier method (MatlabR2006b,
The MathWorks Inc, 1994 to 2007) and are presented separately for men and
women, stratified by median age for each sex. Survival curves were compared
using the log-rank test.

Cox proportional hazard models (PROC PHREG, SAS version 9.1; SAS
Institute, Cary, NC) were used to compare 5-year mortality in patients with
and without a history of autoimmune disease. Adjusted hazard ratios (HR)
and 95% CIs were estimated separately for men and women. Adjustment
variables included in the models were age at diagnosis (index date for controls)
in seven groups (� 15, 15 to 25, 25 to 35, 35 to 45, 45 to 55, 55-65, 65�;
reference group: youngest age), year of diagnosis (index year for controls) in
quartiles (reference group: earliest decade). Cox proportional hazard models
were stratified by the covariates to assess interactions. In a sensitivity analysis,
we fitted the proportional hazard models using age as the time scale adjusting
for time since diagnosis.

RESULTS

As presented in Table 1, we identified a total of 7,414 patients with
Hodgkin’s lymphoma (59% males; median age, 47 years). The median
year of Hodgkin’s lymphoma diagnosis was 1982. A total of 29,240
population-based matched controls were included. Through digital
linkage with hospital discharge records, we found 201 (2.7%) and 371
(1.3%) of the patients with Hodgkin’s lymphoma and the controls,
respectively, to have a pre-existing autoimmune disease.

Patterns of Survival and Mortality Among Patients

With Hodgkin’s Lymphoma

We found the 5-year overall survival for patients with Hodgkin’s
lymphoma with and without a pre-existing autoimmune disease to be
47.3% and 60.9%, respectively (P � .001, log-rank test). When we
conducted analyses by sex, the estimated 5-year overall survival for
female patients with Hodgkin’s lymphoma with and without a history
of autoimmune disease was 46.0% and 63.3%, respectively (P � .001,
log-rank test; Fig 1). We estimated 10-year overall survival for female
patients with Hodgkin’s lymphoma with and without a history of
autoimmune disease to be 41.0% and 51.9% (P � .001, log-rank test).
For males, patients with Hodgkin’s lymphoma with and without a
pre-existing autoimmune disease, we found the 5-year overall survival
to be 48.5% and 59.2% (P � .01, log-rank test; Fig 2). The corre-
sponding numbers for 10-year overall survival were 43.6% and
51.5% (P � .02, log-rank test).

When we calculated the risk of dying within the 5 years after
Hodgkin’s lymphoma diagnosis for patients with (v without) a history
of any autoimmune disease, we found an increased risk of dying for
both female (HR, 1.8; 95% CI, 1.3 to 2.4) and male Hodgkin’s lym-
phoma patients (HR, 1.7; 95% CI, 1.3 to 2.2) with a history of auto-
immune disease (Table 2).

Among female patients with Hodgkin’s lymphoma with a history
of autoimmune disease, an increased risk of dying within 5 years after
Hodgkin’s lymphoma diagnosis was associated with the following
individual autoimmune conditions: rheumatoid arthritis (HR, 1.7;
95% CI, 1.0 to 2.8), chronic rheumatic heart disease (HR, 4.2; 95% CI,
1.04 to 17.1), Crohn’s disease (HR, 5.6; 95% CI, 1.8 to 17.7), and
polymyalgia rheumatica (HR, 3.3; 95% CI, 1.6 to 7.0). For male pa-
tients with Hodgkin’s lymphoma, we found an increased risk for a
history of rheumatoid arthritis (HR, 2.1; 95% CI, 1.5 to 3.0), systemic
lupus erythematosus (HR, 2.5; 95% CI, 1.1 to 6.2), pernicious anemia
(HR, 6.0; 95% CI, 1.9 to 18.9), and ankylosing spondylitis (HR, 4.8;
95% CI, 1.5 to 14.9).
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Comparisons Between Patients Hodgkin’s Lymphoma

and Population-Based Controls

We found the 5-year overall survival for controls with and
without a pre-existing autoimmune disease to be 80.9% and 90.8%
(P � .001, log-rank test). Among female controls with a pre-existing
autoimmune disease, we found the 5-year overall survival to be 79.1%
while those without a prior history of and autoimmune disease had a
90.2% 5-year overall survival (P � .001, log-rank test; Fig 1). The
corresponding 10-year overall survival was 67.2% and 83.3%
(P � .001, log-rank test). For male controls with a pre-existing autoim-
mune disease, we found the 5-year overall survival to be 82.5% while
those without a prior history of and autoimmune disease had a 90.3%

5-year overall survival (P� .001, log-rank test; Fig 2). The correspond-
ing 10-year overall survival was 68.6% and 81.6% (P � .001, log-rank
test). In adjusted Cox proportional hazards models, the risk of dying
associated with a prior autoimmune disease was elevated among male
and female controls and patients with Hodgkin’s lymphoma. For male
controls, a pre-existing autoimmune disease was associated with an
excess risk of dying (HR, 1.7; 95% CI, 1.3 to 2.2), and for women, the
corresponding estimate was 1.8 (95% CI, 1.4 to 2.4). When we as-
sessed the impact of autoimmune disease between patients with
Hodgkin’s lymphoma and controls we found that patients with
Hodgkin’s lymphoma with versus without an autoimmune disease
have a significantly worse survival compared to controls with versus

Table 1. Characteristics of Patients With Hodgkin’s Lymphoma and Controls

Variable

Patients Controls

No. % No. %

Total No. 7,414 100 29,240 100
Median age at Hodgkin’s lymphoma diagnosis (index date

for controls), years 47 47
Interquartile range 27-67 27-66

Age group, years
� 15 271 3.7 1,084 3.7
15-24 1,225 16.5 4,899 16.8
25-34 1,154 15.6 4,610 15.8
35-44 851 11.5 3,392 11.6
45-54 774 10.4 3,080 10.5
55-64 984 13.3 3,898 13.3
65-74 1,219 16.4 4,742 16.2
� 75 936 12.6 3,535 12.1

Sex
Male 4,363 58.9 17,240 59.0
Female 3,051 41.1 12,000 41.0

Median calendar year at Hodgkin’s lymphoma diagnosis 1982 NA
Interquartile range 1973-1993

Personal history of autoimmunity prior to Hodgkin
lymphoma diagnosis

No 7213 97.3 28,869 97.3
Yes, one autoimmune disease 180 2.4 338 1.2
Yes, two or more autoimmune diseases 21 0.3 33 0.1

NOTE. All residents of Sweden are, upon birth or immigration, assigned a unique national registration number that is used in government-maintained nationwide
health care and population registers, whereby record linkage is possible with a high degree of accuracy. For each individual the date of death is centrally registered
in the Swedish Cause of Death Registry. Sweden provides universal medical health care for the entire population. Patients with lymphoproliferative tumors are
typically diagnosed, treated, and followed clinically by physicians at hospital-based hematology/oncology centers. These centers are part of regional university
hospital networks, which offer inpatient hospital care to a defined primary catchment area population in addition to being the referral center for a whole health care
region. Since 1958, all physicians and pathologists/cytologists in Sweden are obliged by law to report each incident case of cancer that they diagnose and/or treat
to the centralized nationwide Swedish Cancer Registry. The Registry contains information on diagnosis, sex, date of birth, date of diagnosis, and region/hospital
where the diagnosis was made. 19,20 In a recent large, nationwide validation study focusing on lymphoproliferative tumors diagnosed between 1964 to 2003, for
Hodgkin’s lymphoma, the diagnostic accuracy in Swedish hospitals and the completeness in the Cancer Registry was more than 95%.21 In the Swedish Cancer
Registry, all individuals registered with a first cancer diagnosis of Hodgkin’s lymphoma (International Classification of Diseases 7th revision, code 201) between
January 1, 1965, and December 31, 2004, were identified. As described in the Methods section, for each patient with Hodgkin’s lymphoma, four matched
population-based controls were chosen randomly from the Swedish Population database. All patients with Hodgkin’s lymphoma and controls were linked with the
Swedish Inpatient Registry 1964 to 200422 which contains individual-based information on discharges from inpatient care (coded according to International
Classification of Diseases 7th to 10th revisions). The Swedish Inpatient Registry provides population-based (country wise) coverage that encompassed � 50% of
the population in the mid-1970s; coverage increased from then over time, reaching 100% in 1987.22 Through this linkage, we collected information on patients with
Hodgkin’s lymphoma and controls whose discharge diagnoses (primary and underlying diagnoses) included autoimmune and related conditions (Table 1). We found
about half of the autoimmune and related conditions to be recorded as an underlying diagnosis (the same was true for patients with Hodgkin’s lymphoma and
controls). To avoid potential bias, we included only information about autoimmune or related conditions recorded prior to Hodgkin’s lymphoma diagnosis. All
autoimmune and related conditions were analyzed both individually and by grouping into categories based on our current understanding of biological
characteristics23-25: conditions with detectable autoantibodies and systemic involvement; conditions with detectable autoantibodies and organ involvement; and
conditions without detectable autoantibodies. The following autoimmune diseases were included: conditions with detectable autoantibodies and systemic
involvement: rheumatoid arthritis, Sjögren’s syndrome, systemic lupus erythematosus, systemic sclerosis; conditions with detectable autoantibodies and organ
involvement: Addison’s disease, amyotrophic lateral sclerosis, autoimmune hemolytic anemia, chronic rheumatic heart disease, discoid lupus erythematosus,
Graves’ disease, Hashimoto’s thyroiditis, immune thrombocytopenic purpura, insulin-dependent diabetes, localized scleroderma, lupoid hepatitis, multiple sclerosis,
myasthenia gravis, pernicious anemia, polyarteritis nodosa, primary biliary cirrhosis, Wegener’s granulomatosis; and conditions without detectable autoantibodies:
ankylosing spondylitis, Behcet’s disease, chorea minor, Crohn’s disease, polymyalgia rheumatica, psoriasis, Reiter’s disease, rheumatic fever, sarcoidosis, and
ulcerative colitis.
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without an autoimmune disease. This was particular true during ther-
apy or shortly thereafter (difference in 1-year survival in cases with v
without autoimmune disease 13.3% v 2.4% difference in controls
1-year survival; P � .001; Figs 1 and 2). Also at 5 years of follow-up, the
difference was more pronounced among patients with Hodgkin’s
lymphoma compared with controls (13.6% v 9.9%); however, the
decrease was not statistically different.

Causes of Death Among Patients With Hodgkin’s

Lymphoma With a Pre-Existing Autoimmune Disease

Using data from mortality records, we assessed reported causes of
death for patients with Hodgkin’s lymphoma with a history of auto-
immune disorders. Among deceased female and male patients with a
pre-existing autoimmune disease, lymphoma and treatment-related
complications were the most commonly reported causes of death: 74
(76%) of 98 and 50 (68%) of 74. When we restricted the assessment to
patients with a prior history of rheumatoid arthritis the corresponding
numbers were 23 (74%) of 31 and 26 (70%) of 37, respectively. There
was no difference in the proportion of cardiovascular deaths among
deceased patients with Hodgkin’s lymphoma with (22 of 68; 32%)

versus without (1,216 of 4,909; 25%) a history of rheumatoid arthritis
(P � .43, Fisher’s exact test).

DISCUSSION

Autoimmune diseases, characterized by inappropriate immune re-
sponses directed toward cells and tissues of its host,26 are known to
increase non-Hodgkin’s lymphoma risk.27-38 Inspired by the link be-
tween autoimmunity and risks of different subtypes of lymphomas,39

we recently conducted the first, large population-based study to assess
the association between a broad range of autoimmune conditions and
risk of Hodgkin’s lymphoma. We found individuals with a history of
certain systemic autoimmune conditions to have an elevated risk of
developing Hodgkin’s lymphoma,16 suggesting that chronic immune
stimulation and inflammation might also play a role in the pathophys-
iology of Hodgkin’s lymphoma.17 In this study including almost 7,500
patients with Hodgkin’s lymphoma we expanded on our recent find-
ings and established the influence of a preceding diagnosis of an
autoimmune disease on survival. We found that patients with
Hodgkin’s lymphoma with a hospital discharge diagnosis of certain
autoimmune diseases had a significantly higher risk of dying within 5
and 10 years of follow-up, respectively. Our findings emphasize the
fact that underlying chronic diseases, such as a pre-existing autoim-
mune disease should be high of the list of survivorship concerns for
clinicians that treat patients with Hodgkin’s lymphoma.

To improve our understanding of the observed excess mortality
among individuals with a prior history of autoimmune disease, we
assessed various possible explanations. To pursue the theory that
host-related factors are important, we explored our findings by sex.
Given that autoimmune conditions are known to be common among
females and rare among males,40 we speculated that autoimmunity
might be associated with different survival patterns for male and
female patients with Hodgkin’s lymphoma, respectively. We found
female patients with Hodgkin’s lymphoma with a history of an auto-
immune disease to have a 1.8-fold increased risk of dying within 5
years of follow-up; for males, the corresponding excess risk of dying
was 1.7-fold. This is particularly of note given that females affected
with Hodgkin’s lymphoma typically have a better prognosis than
males.3,4 Furthermore, we assessed the influence of individual auto-
immune conditions in relation to outcome. For females, we found
several autoimmune conditions (including rheumatoid arthritis,
chronic rheumatic heart disease, Crohn’s disease, and polymyalgia
rheumatica) to be associated with an increased risk of dying, while
among males, an excess mortality was found to be associated with
rheumatoid arthritis, systemic lupus erythematosus, pernicious ane-
mia, and ankylosing spondylitis (Table 2). Thus, our results do not
support the theory that sex-specific biologic mechanisms (such as
hormonal pathways or other biologic factors) with ability to modulate
the host immune response are reflected in survival differences by sex.40

To assess if our findings might be due to autoimmune disease-related
factors,5 we compared overall survival patterns for patients with
Hodgkin’s lymphoma with a pre-existing autoimmune disease with
that of controls from the general population. Compared to matched
controls, the impact of a pre-existing autoimmune disease on overall
survival was significantly more pronounced among patients with
Hodgkin’s lymphoma. In fact, during therapy or shortly thereafter,
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autoimmune disease.
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population controls with, versus those without, a personal history of any
autoimmune disease.
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patients with Hodgkin’s lymphoma with (v those without) a pre-
existing autoimmune disease had a 13% poorer survival. Future stud-
ies are needed to explore whether these patterns could be due to more
aggressive tumor biology, lower tolerance to Hodgkin’s lymphoma
therapy, or if there are other underlying mechanisms.

We evaluated causes of death among patients with Hodgkin’s
lymphoma with a history of autoimmune disease. Because cardiovas-
cular comorbidity is well-known to occur among patients affected
with rheumatoid arthritis,41-44 we were particularly interested in the
proportion of cardiovascular deaths among patients with Hodgkin’s
lymphoma with a history of rheumatoid arthritis. Among deceased
patients with Hodgkin’s lymphoma with a history of any autoimmune
disease, we found 72% of the patients to have lymphoma as the
reported cause of death. Similarly, when we restricted the assessment
to patients with Hodgkin’s lymphoma with a history of rheuma-

toid arthritis, we found 72% of the dead patients to have lym-
phoma as the reported cause of death. In addition, cardiovascular
deaths were significantly more common among patients with ver-
sus without a history of rheumatoid arthritis. These results are in
contrast to a prior study of patients with non-Hodgkin’s lym-
phoma with a history of rheumatoid arthritis showing an im-
proved lymphoma survival but a two-fold excess risk of dying from
causes unrelated to lymphoma.18

It is possible that autoimmune disease therapy–related factors
might have played a role.5 However, the findings on the risk for
lymphoma after autoimmune therapies (such as methotrexate and
tumor necrosis factor–alpha blocking agents) are inconclusive.45-47

Spontaneous lymphoma regression has been reported in rheumatoid
arthritis patients after removal of immunosuppressive therapy.48,49

These reports also suggest that lymphomas developing in patients with

Table 2. Risk of Dying 5 Years After Diagnosis of Hodgkin’s Lymphoma Among Patients With (v those without) a Personal History of Selected
Autoimmune Diseases

Parameter

Male Female

No.

HR� 95% CI P

No.

HR� 95% CI PDead Alive Dead Alive

Autoimmune disease/category 1,791 2,572 1,138 1,913
Any autoimmune disease 52 49 1.7 1.3 to 2.2 54 46 1.8 1.3 to 2.4
Autoantibodies detectable
Systemic involvement 36 10 1.8 1.3 to 2.5 22 22 1.3 0.9 to 2.0
Rheumatoid arthritis 32 9 2.1 1.5 to 3.0 15 18 1.7 1.0 to 2.8
Sjögren’s syndrome 1 0 .41 3 2 1.48 0.61 to 3.61
Systemic lupus erythematosus 5 1 2.5 1.1 to 6.2 .41 6 3 2.1 0.9 to 4.7
Systemic sclerosis 1 0 2 0 .14
Organ involvement 10 21 1.2 0.6 to 2.2 18 12 2.3 1.4 to 3.6
Addison’s disease 1 0 .41 0 0 NA
Amyotrophic lateral sclerosis 1 0 .41 0 0 NA
Autoimmune hemolytic anemia 1 3 0.8 0.1 to 5.8 1 0 .37
Chronic rheumatic heart disease 1 2 0.7 0.1 to 5.2 2 1 4.2 1.04 to 17.1
Discoid lupus erythematosus 0 0 NA 0 0 NA
Graves’ disease 0 1 1.00 3 1 1.9 0.6 to 5.9
Hashimoto’s thyroiditis 0 0 NA 0 1 1.00
ITP 2 4 1.4 0.3 to 5.4 0 0 NA
Insulin-dependent diabetes 0 7 .046 0 3 .30
Localized scleroderma 0 0 NA 0 0 NA
Lupoid hepatitis 0 1 1.00 0 0 NA
Multiple sclerosis 0 1 1.00 1 4 2.1 0.3 to 14.9
Myasthenia gravis 1 0 .41 0 1 1.00
Pernicious anemia 3 1 6.0 1.9 to 18.9 4 0 .019
Polyarteritis nodosa 1 0 .41 2 0 .14
Primary biliary cirrhosis 0 0 NA 5 1 2.4 0.97 to 5.7
Wegener’s granulomatosis 0 1 1.00 0 0 NA
Autoantibodies not detectable 11 19 1.3 0.7 to 2.4 20 14 1.6 1.03 to 2.5
Ankylosing spondylitis 3 1 4.8 1.5 to 14.9 1 0 .37
Behcet’s disease 0 0 NA 0 0 NA
Crohn’s disease 1 3 1.0 0.1 to 7.3 3 1 5.6 1.8 to 17.7
Polymyalgia rheumatica 1 2 2.9 0.4 to 20.8 7 3 3.3 1.6 to 7.0
Psoriasis 2 4 0.8 0.2 to 3.1 2 0 .14
Reiter’s disease 0 0 NA 0 0 NA
Rheumatic fever 0 1 1.00 1 0 .37
Sarcoidosis 2 6 0.7 0.2 to 2.8 6 9 0.9 0.4 to 1.9
Ulcerative colitis 2 3 3.4 0.8 to 13.6 1 1 1.0 0.1 to 7.0

NOTE. Reference groups: no personal history of the same autoimmune condition.
Abbreviations: HR, hazard ratio; NA, not applicable; ITP, immune thrombocytopenic purpura.
�Adjusted for age and calendar period. P values (two sided) based on Fisher’s exact test are given when no case or control subjects have the specified condition.
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rheumatoid arthritis may be clinically distinct and have more favor-
able long-term outcomes. In contrast, it has been reported that lym-
phomas developing after transplant are more likely to be of more
aggressive subtypes, which has been proposed to be attributed to the
level of immunosuppression and resulting infection caused by the
Epstein-Barr virus (EBV).50 Currently, the literature on the role of
immunosuppression and EBV in rheumatoid arthritis-related lym-
phomas is inconsistent.32,47,48,51 New biologic therapies blocking tu-
mor necrosis factor–alpha are potent and have undoubtedly advanced
the management of patients with rheumatoid arthritis as well as pa-
tients with other autoimmune conditions. Until better data become
available on potential risks for lymphomagenesis, careful evaluation at
the initiation of the treatment as well as long-term surveillance of the
patients receiving such drugs remains necessary.45

Unfortunately, we were unable to assess these issues in our study
because we did not have access to clinical data, laboratory results, or
biologic specimens. Future population-based studies including de-
tailed clinical information, treatment data, and stored specimens for
individual patients are needed to clarify our findings.

To our knowledge, our study is the largest to date to assess the
association of personal history of autoimmune and related conditions
with survival among patients with Hodgkin’s lymphoma. We in-
cluded all patients with Hodgkin’s lymphoma diagnosed in Sweden
during a 40-year period (29% were�65 years). We used digital record
linkage of central databases to obtain information on a prior history of
autoimmune disease, thereby eliminating any possible recall bias.
Limitations of this study include lack of information on potential
confounders, lack of validation of the hospital discharge registry–
based diagnoses for autoimmune conditions, lack of information on
subtype of Hodgkin’s lymphoma and on potentially important char-
acteristics of the Hodgkin’s lymphoma tumors that may be pathoge-
netically relevant, such as EBV status. Using modern diagnostic tools
and criteria,1 a central pathology review of each individual patient with
Hodgkin’s lymphoma might reclassify some patients with Hodgkin’s
lymphoma as non-Hodgkin’s lymphomas (particularly true for cases
diagnosed in earlier calendar years). However, while we were not able
to conduct a pathology review, a recent study including 203 patients
with Hodgkin’s lymphoma diagnosed in Sweden between 1958 and
2003 found the diagnostic accuracy to be 97%21 suggesting the influ-
ence of any misclassification of this type is small. Another limitation is

that we could not assess the association of survival for milder
autoimmune disease states that were not recorded on hospital
discharge records.

In summary, patients with Hodgkin’s lymphoma have an overall
excellent outcome from treatment but also pose some of the most
complex challenges of cancer survivorship due to many late effects
(such as second malignancies, thyroid disease, cardiovascular disease,
and altered reproductive and sexual function).52,53 Our finding that
patients with Hodgkin’s lymphoma with a pre-existing hospital dis-
charge diagnosis of an autoimmune disease have a substantially higher
risk of dying emphasizes that underlying chronic diseases, such as
autoimmune diseases should be high of the list of survivorship con-
cerns for clinicians that treat Hodgkin’s lymphoma. Although the
underlying biologic mechanisms remain to be explained, clinicians
should be aware of the impact of autoimmune disease in this increas-
ingly large population and further studies to better understand the
determinants of outcome in these patients are a priority. Also, there is
need for long-term surveillance studies of patients receiving novel
autoimmune drugs, to improve our understanding on the role of
immune modulation in relation to lymphomagenesis.45
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