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Abstract
Background: Patients with certain autoimmune conditions are at a reduced risk 
of developing breast cancer compared to the general population. Despite this, 
little is known about outcomes in patients with breast cancer who have a concur-
rent autoimmune diagnosis.
Methods: This study compared differences in outcomes between women with 
breast cancer who had or did not have an autoimmune diagnosis. The SEER-
Medicare databases (2007–2014) were used to identify patients with breast cancer 
and diagnosis codes were used to identify those with an autoimmune disorder.
Results: The studied autoimmune diseases had a prevalence of 27% among 
the 137,324 patients with breast cancer. Autoimmune disease was associated 
with significantly longer overall survival (OS) and significantly lower cancer-
specific mortality (CSM) among stage IV breast cancer patients (p < 0.0001). 
After controlling for the effects of age, race, chronic kideny disease, chem-
otherapy, and radiation therapy autoimmune disease was still predictive of 
improved OS (HR: 1.45, 95% CI: 1.35–1.55, p < 0.0001) and CSM (HR: 1.40, 
95% CI: 1.29–1.5, p < 0.0001). By contrast, in patients with stage I–III breast 
cancer, the presence of an autoimmune diagnosis was associated with a lower 
OS (p < 0.0001, p < 0.0001, and p = 0.026, respectively), compared to patients 
without autoimmune disease.
Conclusions: We found a higher prevalence of rheumatoid arthritis, Crohn's dis-
ease, ulcerative colitis, and systemic lupus erythematosus in patients with breast 
cancer compared to age matched cohorts in the general population. The pres-
ence of an autoimmune diagnosis was associated with a lower OS in stages I–III 
breast cancer and improved OS and CSM in patients with stage IV disease. These 
results suggest that anti-tumor immunity plays an important role in late stage 
breast cancer and could potentially be exploited to improve the effectiveness of 
immunotherapy.
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1   |   INTRODUCTION

The relationship between autoimmunity and cancer is 
complex. There are conflicting reports in the published 
literature reporting both improved and inferior outcomes 
in patients with cancer and a concomitant diagnosis of 
an autoimmune rheumatic disease, which suggests a dy-
namic and bidirectional relationship between the two.1–6 
Autoimmune diseases are a heterogeneous group of 
conditions that share a common mechanism involving 
autoantibodies or autoreactive T cells that attack “self” 
antigens leading to immune-system-mediated organ in-
jury.7 Cancer mediated immune evasion is a hallmark of 
cancer.8 Therefore, overcoming cancer immune evasion, 
with the use of immune checkpoint inhibitors for exam-
ple, has led to paradigm shifts in the treatment of many 
different cancers. Immunotherapy is also now being ex-
plored in traditionally “immunologically cold” malig-
nancies like breast cancer highlighting the importance 
of studying the link between autoimmune disease and 
breast cancer.9

Several studies have shown a lower risk of developing 
breast cancer in patients with rheumatoid arthritis (RA) 
and systemic lupus erythematosus (SLE) compared to the 
general population.1,10–12 Many potential explanations for 
this may be endocrine in nature as estrogen exposure is a 
well described risk factor for breast cancer13 and women 
with SLE undergo natural menopause at an earlier age.14 
Treatment of autoimmune diseases may also influence 
cancer risk. There is some evidence that NSAIDs, often 
also used to treat rheumatic diseases, may reduce the 
risk of breast cancer.15 Another possible mechanism is 
the anti-tumor effect of the autoimmune disease itself. 
Research has found that a naturally produced HER2 auto-
antibody that is protective against breast cancer16 and the 
presence of CD8+ T cells within breast tumors was asso-
ciated with a 27% and 28% reduction in cancer mortality 
in ER+/HER2+ and ER-  cancers, respectively.17 While 
the relationship between breast cancer incidence and 
autoimmune disease has been previously evaluated in a 
number of studies, only a few other studies have explored 
the impact of autoimmune disease on survival outcomes 
in breast cancer patients.1–5 Most of these studies found 
poorer survival in patients with autoimmune disease and 
breast cancer,12–15 including specifically patients with early 
stage breast cancer.6 One notable exception was the study 
by Hemminki et al,4 which did not find any differences in 

overall survival (OS) in patients with breast cancer and a 
wide variety of autoimmune diseases, including RA. The 
objective of our study was to investigate the impact of a 
diagnosis of concomitant autoimmune disease on survival 
outcomes in patients with breast cancer.

2   |   MATERIALS AND METHODS

Materials and methods were adapted from a previous 
study also published by this research group.18

2.1  |  Data source

SEER-Medicare19 is a linked national cancer registry that 
includes adults ≥65 years old or adults with end stage 
renal disease or disability residing within SEER survey 
areas, representing roughly 25% of the US population.20 
This linked database includes information on patient de-
mographics, cancer-specific data, and Medicare claims 
data. In this study, SEER-Medicare patients diagnosed 
with breast cancer from 2007–2014 were examined. ICD-9 
diagnosis codes were used to identify patients with com-
mon autoimmune diseases (Table S1). Chronic condition 
flags were also used to identify those with RA. To be in-
cluded, patients needed to be labeled with one or more rel-
evant ICD-9 codes or chronic condition flags either during 
a 2-year lookback period prior to the breast cancer diagno-
sis, or after the date of cancer diagnosis. The vast majority 
(87%) of patients included in the autoimmune cohort had 
their first autoimmune diagnosis code applied either up 
to 2 years before their cancer diagnosis (16%) or concur-
rently with the breast cancer diagnosis (71%). A minor-
ity (13%) of patients had their first autoimmune diagnosis 
code applied after their cancer diagnosis; the median du-
ration between breast cancer diagnosis and autoimmune 
diagnosis was approximately 2 years. The following au-
toimmune diseases were included in our investigation: 
Crohn's disease (CD), dermatomyositis, polymyositis, 
psoriasis, RA, sarcoidosis, systemic scleroderma, Sjogren's 
syndrome, SLE, and ulcerative colitis (UC). Common au-
toimmune diseases were drawn from a standard medical 
text.21 The autoimmune diseases included in this analy-
sis were then limited to those with ICD codes that could 
identify patients specifically affected with these condi-
tions (Table S1), and which also had at least 100 patients 
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included in the overall cohort.22 ICD-10 diagnosis codes 
were used to identify those whose deaths were caused by 
their breast cancer (Table S2).

Baseline characteristics included age, sex, race, level of 
urban development, poverty rates within the census tract, 
chronic kidney disease (CKD), hormone receptor status, 
breast cancer stage, and oncologic treatment history in-
cluding chemotherapy and any surgery or radiation treat-
ment within 4 months of cancer diagnosis. A diagnosis 
of CKD by SEER-Medicare required at least one or two 
(depending on the type of claim) insurance claims with 
a CKD diagnosis code.23 Breast cancer stage was defined 
according to the American Joint Committee on Cancer 
(AJCC) Cancer Staging Manual, Sixth16 and Seventh 
Editions.17 The specific chemotherapy drugs used in 
this cohort were identified using Healthcare Common 
Procedure Coding System (HCPCS) codes (Table  S3). A 
secure HIPPA-compliant server stored this study's re-
search data. The server is protected, by the Seidman 
Cancer Center at University Hospitals Cleveland Medical 
Center's firewall, and requires continuous logging and ac-
cess controls.

2.2  |  Exclusion criteria

Certain patients were excluded from the analysis: (1) indi-
viduals whose age was ≥90 years, as recorded on the date 
of breast cancer diagnosis; (2) individuals with health 
maintenance organization (HMO) insurance; (3) patients 
with an additional cancer diagnosis of any kind dur-
ing their lifetime; and (4) those first identified as having 
breast cancer during autopsy (Figure 1).

2.3  |  Primary outcomes

This study has two co-primary endpoints: OS and cancer-
specific mortality (CSM). Death from a non-cancer related 
cause was a competing risk. OS was defined as the time 
that elapsed between the date of breast cancer diagnosis 
and date of death. OS was censored for survivors at the 
date of last recorded follow up. CSM was defined as the 
time that elapsed between the date of cancer diagnosis 
and the date of death from a non-cancer cause. CSM was 
censored for those still alive at the date of last recorded 
follow up.

2.4  |  Statistical analysis

Descriptive statistics were used to assess baseline patient 
and cancer characteristics, additionally the chi square test 
with continuity correction was used as the test of signifi-
cance for differences in categorical variables between the 
groups of patients who have and do not have an autoim-
mune diagnosis. The Kaplan-Meier method was used to 
estimate the OS with log rank test used for the difference 
between groups.24 CSM was estimated taking non-cancer 
death as competing risk into account.25,26 Multivariable 
Cox regression was employed to further estimate the ef-
fect of autoimmune disease on OS by controlling for age, 
race, CKD, chemotherapy, and radiation therapy.27 Gray's 
method26 was used to further clarify the effect of autoim-
mune disease on CSM adjusting for the effects of age, race, 
CKD, and oncologic treatment. All tests of significance to 
evaluate OS and CSM were two-sided and p-values ≤0.05 
were considered statistically significant. Analyses were 

F I G U R E  1   Consort flow diagram showing the selection of eligible breast cancer patients including specific exclusions from the SEER 
Medicare Database (2007–2014) and breakdown of number of patients by disease stage. HMO, health maintenance organization.
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conducted using R statistical software (version 4.1.3; The 
R Foundation) and SAS statistical software (version 9.4; 
SAS Institute Incorporated).

3   |   Selected results

3.1  |  Population characteristics and 
autoimmune disease prevalence

Patients with breast cancer (n = 242,480) were identified 
from the SEER-Medicare database. A total of 105,156 
patients did not meet eligibility criteria and were ex-
cluded, the remaining 137,324 patients were included 
in the analysis (Figure  1). Most, 56% (n = 77,337), had 
stage I disease. Approximately 26% (n = 35,488), 9% 
(n = 12,633), and 5% (n = 6681) had stage II–IV disease, 
respectively, while in approximately 4% of patients 
(n = 5185) stage was unknown. The overall prevalence of 
the included autoimmune diagnoses in the 137,324 eli-
gible patients was approximately 27%. Table 1 lists the 
prevalence of each included autoimmune disease; with 
RA (23.35%), psoriasis (2.41%), and SLE (1.12%) being 
the most prevalent.

Patient characteristics which included: sex, race, urban 
versus rural locality, and poverty rates, were numerically 
similar when comparing the cohorts of patients with and 
without an autoimmune diagnosis (Table 2). As expected, 
nearly all the patients in this cohort (>99%) were women. 
Most patients in the overall cohort self-reported as White 

(81%). In the entire cohort, approximately 11% self-
reported as Black, however, among patients with stage IV 
disease the proportion of Black women was even higher 
at 15%. Most patients lived in urban or mostly urban 
areas (86%), and only a minority lived in rural or mostly 
rural areas (14%). Most patients (81%) lived in munici-
palities with 0%–20% of residents living in poverty, 19% 
of patients live in municipalities with >20% of residents 
living in poverty. Patients in the autoimmune diagnosis 
group were older than those without a history of auto-
immune disease (68 vs. 62 years, p < 0.001). This was also 
seen but was less pronounced in the stage IV breast can-
cer cohort (69 vs. 66, p < 0.001). Disease stage at the time 
of diagnosis did differ significantly between both groups 
(p < 0.001), but absolute differences on a percentage basis 
were small. A similar trend was also noted with both hor-
mone receptor and HER2 status (all p values, p < 0.001). 
Patients with an autoimmune diagnosis were more likely 
to have CKD (27% vs. 14%, p < 0.001). The difference in 
the prevalence of CKD was even larger in those with stage 
IV breast cancer (43% vs. 25%, p < 0.001). The percent-
ages of those treated with radiation were similar in both 
groups. Significantly fewer women with an autoimmune 
diagnosis were treated with surgery (p < 0.001); however, 
this difference was small. With respect to chemotherapy, 
patients with autoimmune disease in the overall cohort 
were significantly more likely to have received chemo-
therapy (18% vs. 10%, p < 0.001). This difference was even 
more pronounced in patients with stage IV breast cancer 
(41% vs. 27%, p < 0.001).

Autoimmune disease Frequency (%)
General population 
estimate %

Crohn's disease 976 (0.71) 0.2129

Dermatomyositis 152 (0.11) n/aa

Polymyositis 205 (0.15) n/aa

Psoriasis 3305 (2.41) 1.1333b

RA 32,068 (23.35) 2.35–2.7128

Sarcoidosis 566 (0.41) 0.0631c

Scleroderma 370 (0.27) 0.02–0.0539,40c

Sjogren's syndrome 1231 (0.9) n/aa

SLE 1540 (1.12) 0.3730

UC 1504(1.1) 0.3229

Note: Frequency of autoimmune diseases in breast cancer by individual disease (n = 137,324) and 
estimates of prevalance from age (and for RA sex) matched cohorts without cancer for comparison. 
Overall prevalence of autoimmune disease was 27% (36,647/137,324).
Abbreviations: n/a, not applicable; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; UC, 
ulcerative colitis.
aInsufficient high quality prevalence data available.
bEstimate based on data from 1 year.
cIncludes age > 18.

T A B L E  1   Frequency of autoimmune 
disease in breast cancer cohort 
(n = 36,647) compared to frequency in 
general population.
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3.2  |  Survival analysis

In the overall cohort, patients with breast cancer who 
also had a known autoimmune diagnosis had a longer 
OS (p = 0.0014), which was statistically significant when 
compared to patients without an autoimmune diagnosis, 
however, the difference was very modest and the survival 
curves were almost completely overlapping (Figure  2). 
The median overall survival (mOS) was not reached for ei-
ther subgroup. In patients with breast cancer who also had 
RA, we observed significant OS differences (p < 0.0001) 
between them and those, with a diagnosis of a different 
non-RA autoimmune diagnosis, and patients without a 
diagnosis of an autoimmune disease (Figure 3A). The dif-
ference in OS between those with RA and those without 
an autoimmune diagnosis was small with mostly over-
lapping OS curves. Patients with breast cancer who also 
had a diagnosis of RA, had significantly longer OS than 
patients with a diagnosis of a different autoimmune dis-
ease. There was also a significant difference in CSM be-
tween the 3 groups (p < 0.0001), with CSM being lower in 
the patients with a diagnosis of an autoimmune disease, 
whether RA or a different autoimmune diagnosis, than in 
patients without an autoimmune diagnosis. There was not 
a statistically significant difference in CSM between the 
two autoimmune subsets, RA versus other autoimmune 
diagnosis (p = 0.536; Figure 3B).

Patients with stage I–III breast cancer and an autoim-
mune diagnosis, were found to have a significantly worse 
OS (p < 0.0001, p < 0.0001, and p = 0.026, respectively) 
than patients without an autoimmune diagnosis, with the 
greatest separation of OS curves occurring after 60 months 
(Figure 4A–C). The mOS was not reached in patients with 

stage I-II breast cancer, in both the autoimmune and non-
autoimmune diagnosis groups. Among patients with stage 
III breast cancer without an associated autoimmune diag-
nosis, the mOS was not reached; among patients with an 
associated autoimmune diagnosis and stage III breast can-
cer the mOS was 113 months. After adjusting for age, race, 
CKD, chemotherapy, and radiation therapy, the presence 
of an autoimmune diagnosis was predictive of a signifi-
cantly improved OS in patients with stage I–III breast can-
cer (hazard ratio (HR): 1.05, 95% confidence interval (CI): 
1.01–1.10, p = 0.25, HR: 1.24, 95% CI: 1.18–1.31, p < 0.0001, 
HR: 1.34, 95% CI: 1.25–1.43, p < 0.0001, respectively; 
Table S4A–S6A). Among patients with stage I–III breast 
cancer, CSM did not significantly differ by the presence or 
absence of an autoimmune diagnosis (p = 0.587, p = 0.678, 
p = 0.083, respectively) (Figure 5A–C). However, after con-
trolling for age, race, CKD, and oncologic treatment, an 
autoimmune diagnosis was associated with a lower CSM 
(HR: 1.35, 95% (CI): 1.20–1.51, p < 0.0001, HR: 1.36, 95% 
CI: 1.26–1.47, p < 0.0001, HR: 1.41, 95% CI: 1.29–1.53, 
p < 0.0001, respectively) (Table S4B–S6B).

By contrast, among patients with stage IV breast cancer, 
we observed that an autoimmune diagnosis was correlated 
with a significantly higher OS (Figure 4D), and a signifi-
cantly lower CSM (p < 0.0001) (Figure 5D). The estimated 
mOS in the patients with stage IV breast cancer and an 
autoimmune diagnosis was 36 months versus 30 months 
for patients with stage IV breast cancer who did not have a 
documented autoimmune diagnosis. Even after adjusting 
for the effects of age, race, CKD, and oncologic treatment, 
an autoimmune diagnosis was still predictive of improved 
OS (HR: 1.45, 95% CI: 1.35–1.55, p < 0.0001) and CSM 
(HR: 1.40, 95% CI: 1.29–1.50, p < 0.0001; Tables S7A,B).

F I G U R E  2   Kaplan–Meier estimation 
of OS for patients with breast cancer with 
and without an autoimmune diagnosis. 
OS, overall survival.
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In the entire breast cancer cohort, certain baseline 
patient characteristics were correlated with OS. After 
adjusting for the impact of the following factors: autoim-
mune diagnosis, race, CKD, chemotherapy, and radiation 
therapy, each year of additional age was associated with 
a lower OS across all stages (I, HR: 1.09, 95% (CI): 1.09–
1.10, p < 0.0001; II, HR: 1.06, 95% CI: 1.06–1.06, p < 0.0001; 
III, HR: 1.03, 95% CI: 1.03–1.04, p < 0.0001; IV, HR: 1.036, 
95% CI: 1.03–1.04, p < 0.0001). Patients with breast cancer 
who self-identify as Black had significantly worse OS than 

patients self-identifying as White across all stages, even 
after adjusting for the impact of an autoimmune diagno-
sis, age, CKD and oncologic treatment, (I, HR: 1.33, 95% 
(CI): 1.23–1.43, p < 0.0001; II, HR: 1.34, 95% CI: 1.25–1.43, 
p < 0.0001; III, HR: 1.42, 95% CI: 1.32–1.54, p < 0.0001; 
IV, HR: 1.32, 95% CI: 1.23–1.43, p < 0.0001). We also ob-
served that patients with breast cancer who self-identified 
as other than Black or White had significantly improved 
OS compared to patients who self-identified as White for 
all stages (I, HR: 0.58, 95% (CI): 0.51–0.65, p < 0.0001; II, 

F I G U R E  3   (A) Kaplan-Meier 
estimation of OS for patients with breast 
cancer with RA, with autoimmune 
diagnosis other than RA or without an 
autoimmune diagnosis. (B) Cumulative 
incidence of CSM for patients with breast 
cancer with RA, with autoimmune 
diagnosis other than RA or without 
autoimmune diagnosis. CSM, cancer-
specific mortality; OS, overall survival; 
RA, rheumatoid arthritis.

(A)

(B)
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HR: 0.73, 95% CI: 0.66–0.82, p < 0.0001; III, HR: 0.86, 95% 
CI: 0.75–0.97, p = 0.018; IV, HR: 0.72, 95% CI: 0.63–0.82, 
p < 0.0001). CKD was predictive of lower OS even when 
age, race, autoimmune disease and oncologic treatment 
are adjusted for across all stages (I, HR: 0.35, 95% (CI): 
0.33–0.36, p < 0.0001; II, HR: 0.39, 95% CI: 0.38–0.40, 
p < 0.0001; III, HR: 0.47, 95% CI: 0.44–0.50, p < 0.0001; IV, 
HR: 0.76, 95% CI: 0.71–0.8, p < 0.0001) (Tables S4A–S7A).

4   |   DISCUSSION

This study used a national cohort to investigate the im-
pact of common autoimmune disorders on breast cancer 
survival outcomes. Our survival analysis showed a statisti-
cally significant improvement in OS among patients with 
breast cancer and a diagnosis of an autoimmune disease 
compared to those without autoimmune disease. This im-
provement in OS was primarily driven by patients with 
an RA diagnosis who were found to have a significantly 
higher OS, compared both to patients with a different 
non-RA autoimmune diagnosis and patients without an 

autoimmune diagnosis. Patients with a different non-RA 
autoimmune diagnosis had lower OS than patients with-
out an autoimmune diagnosis. Given that patients with a 
diagnosis of an autoimmune disease other than RA had a 
significantly lower CSM than patients without any auto-
immune diagnosis, the lower OS in patients with a non-
RA autoimmune diagnosis is likely not cancer related, 
and is possibly due to differences in baseline character-
istics such as older age and higher rates of CKD among 
patients with autoimmune disease.

In patients with non-metastatic breast cancer (stages 
I–III) we observed that an autoimmune diagnosis was as-
sociated with worse OS. However, in these patients we ob-
served no difference in CSM in those with or without an 
autoimmune diagnosis. Furthermore, when controlling 
for differences in age, race, CKD, chemotherapy, and ra-
diation therapy, we found that an autoimmune diagnosis 
was actually associated with a significantly improved OS 
compared to patients with non-metastatic breast cancer 
without an autoimmune diagnosis. Interestingly, in pa-
tients with stage IV breast cancer, we found the inverse 
relationship; a diagnosis of an autoimmune disorder was 

F I G U R E  4   Kaplan-Meier estimation of OS for patients with breast cancer with and without an autoimmune diagnosis by breast cancer 
stage: (A) stage I (B) stage II (C) stage III (D) stage IV. OS, overall survival.

(A) (B)

(C) (D)
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correlated with significantly improved OS and a mOS that 
was approximately 6 months longer than patients with 
stage IV breast cancer without an autoimmune diagnosis. 
This improved OS was at least in part due to a reduction in 
CSM associated with an autoimmune diagnosis and was 
not wholly explained by differences in baseline patient 
characteristics.

The improvement in OS identified in this study in pa-
tients with breast cancer and an autoimmune diagnosis 
both in the overall cohort, among patients with RA specifi-
cally and in stage IV breast cancer contrasts with most pre-
viously reported studies.12–15 However this study's findings 
showing reduced OS in stage I-II breast cancer agreed with 
existing literature.4,6 A study using an older SEER-Medicare 
cohort (1992–2000) found significantly reduced OS in pa-
tients with breast cancer and RA, including in stage I-II 

disease. However, patients with stage III–IV disease and 
RA, who were grouped together, did not have significantly 
worse OS than those without RA. Another study using the 
SEER-Medicare cohort and Texas Cancer Registry which 
specifically looked at SLE also found reduced survival in pa-
tients with autoimmune diseases and stage I-II breast can-
cer.6 A study using the Texas Cancer Registry alone found 
a significant reduction in survival in patients with RA and 
breast cancer even when stage was adjusted for.13 One study 
using a Swedish national cohort showed worse OS and 
CSM in patients with both RA and breast cancer.5 Notably, 
that study used a cohort with limited data on disease stage 
and therefore could not breakdown cohorts of patients with 
cancer by stage possibly masking an improvement in stage 
IV disease. It also used hospitalization for RA as its criteria 
to identify patients with RA thus likely identifying patients 

F I G U R E  5   Cumulative incidence of CSM for patients with breast cancer with and without an autoimmune diagnosis by breast cancer 
stage: (A) stage I (B) stage II (C) stage III (D) stage IV. CSM, cancer specific mortality.

(A) (B)

(C) (D)
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with more severe or poorly controlled RA possibly exag-
gerating the negative effects RA had on survival. Finally, 
another study using a Swedish national cohort and looking 
at a wide variety of autoimmune diseases did not find a sig-
nificant difference in survival between patients with breast 
cancer with and without autoimmune disease. That study 
also did not find a significant difference in survival when 
looking specifically at RA.4

The overall prevalence of autoimmune disease in 
this population was approximately 27%. Several autoim-
mune diagnoses were enriched in this breast cancer co-
hort (Table 1). Most notably, the prevalence of RA among 
breast cancer patients was more than 8 times greater than 
the prevalence among females over the age of 60 in the 
United States (23% vs. 3%, respectively).28 The prevalence 
of UC and CD were also greater in the breast cancer co-
hort compared to age matched cohorts in the general 
population (UC: 1.1% vs. 0.32%; CD: 0.71% vs. 0.21%).29 A 
higher prevalence for a diagnosis of SLE was also observed 
among breast cancer patients (1.12% vs. 0.4%). Using 
prevalence data for adults older than 18 as a comparator, 
there is enrichment of sarcoidosis (0.41% vs. 0.05%), and 
scleroderma (0.27% vs. 0.05%) in the studied cohort.30–32 
Data on the prevalence of psoriasis is limited to a study 
analyzing Medicare claims from one single year. Breast 
cancer patients in this cohort had a prevalence of psoria-
sis of 2.41% compared to 1.13% as described in Takeshita 
et al.33 We excluded comparison with dermatomyositis, 
polymyositis, and Sjogren's syndrome due to insufficient 
high-quality prevalence data.34,35 While there may be a 
biologic explanation for higher rates of autoimmune dis-
ease found among breast cancer patients, it is important to 
note methodological differences in estimating prevalence. 
For example, Rasch et al. relied on clinical criteria to iden-
tify RA whereas our study used diagnosis codes.28

There were several notable findings in terms of baseline 
patient characteristics of this cohort related to race and 
CKD. Whites were overrepresented in this breast cancer 
cohort compared to the general population of the United 
States (81% vs. 72%) while Blacks were underrepresented 
in this cohort compared to the general population (11% 
vs. 13%).36 The kidney damage caused by diseases such as 
SLE could explain the elevated rates of CKD among those 
with autoimmune disease. Furthermore, patients on dial-
ysis, even those younger than 65 years of age, are eligible 
for Medicaid enrollment which may partially explain the 
relatively high frequency of CKD in both those who had 
and did not have an autoimmune diagnosis, 27% and 14%, 
respectively.37 Among patients with metastatic breast can-
cer the presence of CKD, a significant additional comor-
bidity, was predictive of lower OS even when autoimmune 
disease, age, race, chemotherapy, and radiation therapy 
are controlled for.

The large size of this cohort decreases the possibility 
that the observed differences in OS are due to random 
chance. The 7-year period data was collected over allowed 
for long term follow up. Furthermore, the years included 
in this study predate the use of immune checkpoint inhib-
itors in breast cancer, removing a possible confounder, and 
isolating the effect of autoimmune disease on outcomes 
from that of treatment with immunotherapy. There were 
also certain limitations to this analysis. SEER-Medicare 
data largely includes patients >65 years old. Therefore, 
the findings of this study may not be generalizable to a 
younger population with breast cancer. Using diagnosis 
codes to identify patients with autoimmune disease could 
potentially allow patients that do not meet clinical and 
laboratory criteria for an autoimmune diagnosis to be in-
cluded in the autoimmune group. Similarly, those with a 
true history of autoimmune disease that was not captured 
by the SEER-Medicare database may not have been in-
cluded. A small percentage of patients in the autoimmune 
cohort (13%) had their earliest autoimmune diagnosis 
code applied after their cancer diagnosis. This raises the 
possibility of survivor bias, longer lived patients are more 
likely to have the opportunity to develop new conditions. 
However, in these patients who had an autoimmune dis-
ease that developed or came to medical attention relatively 
soon after their cancer diagnosis, the autoimmune process 
could reasonably have influenced the disease course. It is 
difficult to discern if an autoimmune disease diagnosed 
after a cancer diagnosis was simply not documented until 
the patient was receiving closer monitoring due to their 
cancer treatment or if the patient truly did not develop an 
autoimmune disease until they reached advanced age.

Furthermore, the Charlson comorbidity and National 
Cancer Institute indices were excluded from the multivar-
iate regressions due to collinearity between comorbidity 
indices and autoimmune disease (Tables S4A–S7B). Both 
indices include “rheumatologic conditions”, which makes 
interpreting the significance of a difference in either of the 
indices between the autoimmune and non-autoimmune 
populations difficult. The SEER-Medicare database does 
not include data on risk factors,38 meaning that tobacco 
use in this study population cannot be determined with 
any reliability. Therefore, excluding a difference in the 
prevalence of tobacco usage as an underlying driver of 
survival differences between the patients with and with-
out an autoimmune diagnosis is difficult.

5   |   CONCLUSIONS

This study observed a higher prevalence of specific com-
mon autoimmune diseases such as RA, CD, UC, and 
SLE in patients with breast cancer compared to cohorts 
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of similar age ranges in the general population. A diag-
nosis of an autoimmune disease in patients with stage 
I–III breast cancer was associated with a significantly 
worse OS, which disappeared when controlling for dif-
ferences in age, race, CKD, chemotherapy, and radia-
tion therapy. Moreover, in patients with non-metastatic 
breast cancer the presence of an autoimmune diagno-
sis was not associated with any significant differences 
in CSM. By contrast, in patients with advanced stage 
breast cancer, a diagnosis of an autoimmune disease 
was associated with significantly improved OS and CSM 
even when controlling for differences in age, race, CKD, 
and oncologic treatments. This study raises the possi-
bility that anti-tumor immunity plays an important role 
in late stage breast cancer. Additional investigation is 
required to further elucidate the interplay between au-
toimmune diseases and breast cancer; as well as to ex-
plore the relationship between autoimmune disorders 
and outcomes in other cancer types. Pathways found to 
be contributing to the development of an elevated anti-
tumor immune response in patients with autoimmune 
disease could be exploited to improve the effectiveness 
of immunotherapy and for future drug development.
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