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Abstract

Background—The advent of cancer immunotherapy has made autoimmune disease in oncology 

populations clinically important. We analyzed the association of autoimmune disease with 

treatment and outcomes among lung cancer patients.

Methods—Using linked Surveillance Epidemiology and End Results (SEER)-Medicare data, we 

identified lung cancer patients diagnosed between 1992–2009 with autoimmune diseases. We 

recorded number and timing of autoimmune disease diagnoses, lung cancer treatment, and markers 

of healthcare utilization including emergency department visits, hospitalizations, and outpatient 

visits. To account for potential lead-time bias, we used a matched case-control analysis wherein 

living and deceased patients were matched on survival time. We performed unadjusted and 

multivariable adjusted logistic regressions separately by cancer stage for all-cause and lung 

cancer-specific mortality.

Results—Among 172,285 lung cancer patients, 23,084 (13.4%) had ≥1 autoimmune disease at 

any time. Overall, 10,927 patients (6.3%) had one autoimmune disease before cancer diagnosis; 

9,338 (5.4%) had two or more before cancer diagnosis; and 2,819 (1.6%) had one or more after 

cancer diagnosis. Healthcare utilization was higher in the autoimmune disease population. 
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Treatment patterns were similar among patients with and without autoimmune disease and there 

was no significant association with mortality.

Conclusions—Among patients with lung cancer, autoimmune disease does not influence 

treatment patterns and is not associated with mortality.
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Introduction

The intersection of autoimmune disease and cancer has long been the subject of laboratory 

research, clinical observations, and epidemiologic studies. While chronic inflammatory 

conditions predispose to cancer, an abundance of intra-tumoral infiltrating lymphocytes is 

associated with improved prognosis.[1] Hypothetically, a concurrent autoimmune disease 

could convey anti-cancer effects, as has been shown in patients with small cell lung cancer 

and certain autoimmune paraneoplastic syndromes, resulting in better clinical outcomes.[2] 

Conversely, the administration of chronic immunosuppression—the mainstay of treatment of 

autoimmune disease—increases risk and aggressiveness of cancer.[3, 4] Some treatments for 

autoimmune diseases, such as tumor necrosis factor inhibitors and methotrexate, have been 

linked to heightened cancer risk.[5–7] In some instances, underlying autoimmune disease 

increases treatment-related toxicities.[8, 9] Despite these observations, it was not until the 

recent emergence of immune checkpoint inhibitor therapy—for which pre-existing 

autoimmune conditions are often considered a contraindication—that the occurrence of 

autoimmune diseases among patients with cancer has received general interest.

Indeed, in the current era of cancer immunotherapy, autoimmune diseases have assumed a 

critical role in patient evaluation. Due to concerns over increased risk of immune-mediated 

adverse events—which may be unpredictable, possibly severe, and potentially permanent—

patients with active autoimmune disease have been universally excluded from cancer 

immunotherapy clinical trials. Although small series have reported the successful 

administration of immune checkpoint inhibitor therapy to this population,[10–12] and some 

checkpoint inhibitor clinical trials are tentatively expanding to include patients with pre-

existing autoimmune disease,[13] it remains unclear how best to approach these patients.

It is estimated that at least 13% of patients with lung cancer also have autoimmune disease, 

with rheumatoid arthritis, psoriasis, polymyalgia rheumatica, Addison’s disease, and 

systemic lupus erythematosis the most common.[14] Overall, the number of patients with 

autoimmune disease is estimated at 20–50 million individuals in the U.S.[15] Despite the 

heightened attention paid to these conditions in the age of cancer immunotherapy, little is 

known about their general impact on cancer treatment and outcomes. To address these 

knowledge gaps, we analyzed these effects among patients with lung cancer using a large, 

representative, population-based dataset.
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Materials and Methods

Data and Study Population

Data were obtained from linked 1992–2009 National Cancer Institute (NCI) Surveillance, 

Epidemiology, and End Results (SEER) program data and 1991–2011 Medicare claims data. 

Data were available from 17 registries broadly representing approximately 26% of the U.S. 

population.[16] This study was approved by the Institutional Review Board of the University 

of Texas Southwestern Medical Center (IRB# STU 082012-040).

We included Medicare patients age ≥66 years diagnosed with a primary lung cancer 

diagnosed between 1992–2009. These years were selected because Medicare claims were 

first available in 1991, allowing a one-year lead-in time to measure autoimmune disease and 

covariates prior to lung cancer diagnosis. Likewise, 2009 was the most recent year of 

available data for the analysis. We included patients age ≥66 years to allow for one-year of 

complete Medicare claims data pre-diagnosis. All patients had full coverage of Medicare 

Parts A and B from one year before and one year after the lung cancer diagnosis. We 

excluded HMO members and patients with only autopsy or death certificate records to 

ensure complete claims data. We included only patients with non-small cell lung cancer or 

small cell lung cancer histology. We excluded patients with incomplete diagnosis or death 

dates or discrepancies in SEER and Medicare birth dates of one year or more.

Autoimmune Disease

We identified patients with autoimmune disease using ICD-9 codes for 7 systemic and 36 

organ-specific autoimmune diseases. As described in our prior study, we did not include 

autoimmune diseases that are not routinely excluded from cancer immunotherapy (e.g., type 

1 diabetes).[14] For this study, we counted only those diseases documented in 1 or more 

inpatient claims or 2 or more outpatient claims at least 30 days apart (claim “rule-out” 

approach, which provides a more conservative estimate than using a single outpatient claim).

We classified presence of autoimmune disease using four categories depending on the 

number and timing of the first diagnosis of autoimmune disease relative to the lung cancer 

diagnosis: none; one disease before; two or more diseases before; and one or more diseases 

after. Timing of the first documented diagnosis was used to determine whether patients were 

diagnosed before vs. after cancer diagnosis (e.g., patients with the same condition 

documented in claims both before and after lung cancer were considered to have been 

diagnosed before cancer). We separated those with one vs. more than one because the 

number of conditions may be differentially associated with mortality and may reflect 

ascertainment bias. For example, those with more than one disease may be more likely to be 

alive at follow-up as patients living longer have more opportunity for both development, 

documentation, and treatment of conditions. This could occur as a result of having more 

available claims data among those with greater healthcare utilization, a longer-time period 

before the lung cancer (e.g., claims are only available starting at age 65), or a longer survival 

time. We examined timing of diagnosis relative to lung cancer because autoimmune diseases 

diagnosed before vs. after lung cancer may have differential effects on treatment selection, 

toxicity, and mortality. For example, compared to those diagnosed after lung cancer, patients 
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diagnosed with autoimmune disease before lung cancer may experience an earlier lung 

cancer diagnosis due to greater healthcare utilization; for these patients, lead time bias may 

result in an apparent survival advantage. Similarly, patients with shorter survival time after 

lung cancer diagnosis would have fewer available claims and fewer opportunities for the 

diagnosis of autoimmune disease. Given small sample sizes, we could not distinguish 

between those with only one vs. more than one autoimmune condition diagnosed after their 

lung cancer.

Outcomes

The primary outcomes of interest were all-cause and lung cancer-specific mortality defined 

using the cause of death to site recode of “039” for lung cancer-specific death and the non-

missing date of death in SEER for all-cause death.

Stratifying variables and covariates

We defined lung cancer stage as American Joint Committee on Cancer (AJCC) Stage I/II, 

III, or IV per the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 

Third and Sixth Editions. We included multiple covariates associated with mortality among 

lung cancer patients. These included sociodemographic factors such as age at diagnosis 

(<75, 75–84, or ≥85 years), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, 

Hispanic or other), marital status (married/common law, separated/widowed/divorced, 

single/never married, or unknown). We categorized tumor histology as small cell, 

adenocarcinoma, squamous, or other non-small cell histology. We measured lung cancer 

treatment (surgery only, chemotherapy only, radiation only, more than one treatment, or no 

treatment) using previously described methods. [17, 18] We measured comorbidity in the 12 

months before lung cancer using the Charlson comorbidity index-Klabunde adaptation [19, 

20]; for this analysis, we removed rheumatologic (ie, autoimmune) diseases from the 

Charlson score. Patients with Medicaid were identified using the state buy-in variable.[21] 

We measured healthcare utilization in the one year prior to lung cancer diagnosis, including 

the number of inpatient hospitalizations and outpatient visits and whether or not the patient 

had emergency department visit (yes/no). We focused on measuring overall utilization and 

not lung cancer-specific diagnostic procedures, thus did not measure utilization in the week 

prior to lung cancer diagnosis. To improve model fit, we included outpatient visits as a 

continuous variable and inpatient hospitalizations as 0, 1, or ≥2.

Statistical analysis

First, we compared all measured variables across the four autoimmune groups (none, 1 

before, ≥2 before, ≥1 after) using descriptive statistics (number, percent). Next, we 

conducted our primary outcome analysis, which was designed to account for lead-time bias. 

Given the potential for closer monitoring, more imaging, and faster work-up of symptoms, 

patients with existing autoimmune disease may be diagnosed with earlier stage cancer 

compared to those without autoimmune disease. A diagnosis earlier in the natural history of 

disease could result in lead-time bias (i.e., wherein survival time appears longer for those 

with vs. without autoimmune disease). To account for this, we used Coarsened Exact 

Matching (CEM) to match case-control patients on survival time. In our analysis cases 
(patients who died during follow-up) were matched to controls (alive at the end of follow-
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up) on survival time in one-month increments. After matching, the association of 

autoimmune disease with mortality (yes/no) was examined using logistic regression. We 

chose Coarsened Exact Matching (CEM) because it offers several advantages over 

traditional matching methods, and is described in detail elsewhere.[22] We have previously 

used this approach to adjust for lead-time bias.[23] Survival was measured as the interval in 

months between lung cancer diagnosis date (defined as the 15th of the month because SEER 

provides only month and year of diagnosis) and death date per SEER. Patients were 

followed until date of death or the end of 2009 (last date of death in 2011 SEER 

submission).

We fitted unadjusted and multivariable covariate-adjusted logistic regression models 

separately by cancer stage (I/II, III, IV) and separately for both outcomes (all-cause and 

lung-cancer specific mortality). Lung cancer stages I and II were combined due to small 

numbers diagnosed with stage II disease. Coarsened exact matching was performed using 

Stata 14.2 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: 

StataCorp LP.). Specifically, we used the -cem- command followed by weighted logistic 

regression with iweight=cem_weights under the condition of cem_matched=1, in which 

weights and matching analyses reflect the matching ratio of the number of controls and to 

the number of cases(e.g., 1:2 or 1:40).

Results

We identified 172,285 patients with lung cancer, of whom 23,084 (13.4%) had at least one 

autoimmune disease either before or after their lung cancer diagnosis. Across all stages, 

10,927 patients (6.3%) had one autoimmune disease before lung cancer diagnosis, 9,338 

(5.4%) had two or more autoimmune diseases before lung cancer diagnosis, and 2,819 

(1.6%) had one or more autoimmune diseases diagnosed after lung cancer diagnosis.

Table 1 demonstrates that all characteristics were significantly different across the four 

patient groups. In brief, men were less likely to be represented in any of the autoimmune 

disease groups and the percent of women was highest among patients with ≥2 diseases 

diagnosed before lung cancer. Lung cancer stage distribution varied across groups; stage I 

was most common and stage IV was least common among patients with ≥1 disease 

diagnosed after cancer. Patients with ≥2 diseases diagnosed before cancer had the most 

healthcare utilization in the year prior to cancer diagnosis, followed by those with ≥1 disease 

before cancer, then patients with no autoimmune disease; patients with ≥1 disease diagnosed 

after cancer had the least healthcare utilization.

Results of our lead-time-corrected analysis are displayed in Figure 1 and described briefly 

below. Figure 1 shows odds ratios and 95% confidence intervals for all autoimmune disease 

groups compared to those with no autoimmune disease across unadjusted and adjusted 

models, presented by lung cancer stage and cause of death. While several of the unadjusted 

models demonstrated both positive and negative associations with mortality, they were all 

attenuated in the adjusted models. Separately by stage, we describe the statistically 

significant results emerging from the adjusted models below.
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Among patients with Stage I/II disease, the association with mortality varied by the number 

and timing of autoimmune diseases and cause of death. For all-cause mortality, having one 

autoimmune disease before lung cancer was associated with increased odds of all-cause 

death compared to those with no autoimmune conditions (adjusted OR [aOR]=1.09, 95% CI: 

1.01–1.19). In contrast, for lung-cancer specific mortality, having one or more autoimmune 

disease after the diagnosis of lung cancer was associated with lower mortality in adjusted 

models (aOR=0.80, 95% CI: 0.70–0.91).

Among patients with Stage III disease, no combination of number and timing of 

autoimmune diseases was significantly associated with all-cause death. For lung-cancer 

specific mortality, associations differed in direction as follows. Compared to patients with no 

autoimmune diseases, those with one disease diagnosed before cancer had higher odds of 

death (adjusted OR=1.13, 1.04–1.22) whereas those with one or more diseases diagnosed 

after cancer had decreased odds of death (adjusted OR=0.71, 0.61–0.83).

Among patients with Stage IV disease, no combination of number or timing of autoimmune 

diseases was significantly associated with either cause of death.

Discussion

We present the first comprehensive analysis of the prognostic impact of autoimmune disease 

among lung cancer patients using a large, robust, population-based SEER-Medicare data. 

Our analysis reveals that autoimmune disease in general is not associated with increased 

mortality. However, we found two exceptions in adjusted models where a very modest 

increased risk of death was observed for patients with one autoimmune disease diagnosed 

before lung cancer: among patients with stage I/II cancer who had increased all-cause 

mortality and patients with stage III cancer who had increased lung cancer-specific 

mortality. This was not the case for individuals with more than one autoimmune disease. It is 

possible that this pattern is related to intolerance of therapy. While we controlled for use of 

treatment, SEER-Medicare data cannot be used to test the impact of treatment intolerance. 

Notably, in both cases where statistically significant increased risk of death was observed, 

the lower bound of the confidence intervals was very close to 1.

We also observed two instances in which patients with one or more autoimmune diseases 

diagnosed after lung cancer had decreased risk of lung-cancer specific mortality: among 

patients with stage I/II and stage III cancer. That some patients with an autoimmune disease 

diagnosed after their lung cancer had improved outcomes presumably suggests resilience or 

reflects the favorable clinical state required for patients to live long enough and be healthy 

enough after their lung cancer diagnosis to develop and be evaluated for a new medical 

condition. While our case-control analysis in which we matched living and deceased patients 

on survival time likely lessened the likelihood of ascertainment bias, these results could 

nevertheless reflect such a bias. Theoretically, the emergence of post-cancer autoimmune 

disease diagnosis could also imply anti-tumor immune effects. However, in thoracic 

oncology, clinically evident immune cross-reactivity between host and tumor tissues has 

generally been limited to a subset of small cell lung cancer, and these conditions typically 

present before cancer diagnosis.[24]
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In general, lung cancer treatment patterns were similar between patients with and without 

pre-existing autoimmune disease. In particular, rates of radiation therapy alone 

(approximately 20% of cases) and combined modality therapy (approximately 25% of cases) 

were comparable. This observation contrasts practice recommendations and patterns in 

breast cancer, where a history of autoimmune/connective tissue disease is considered a 

contraindication to radiation therapy due to heightened toxicities.[8, 9] That pre-existing 

autoimmune disease did not seem to impact lung cancer treatment selection is particularly 

notable because it did clearly impact healthcare utilization leading up to the lung cancer 

diagnosis, including outpatient visits (median 30 for patients without autoimmune disease, 

median 38–45 for patients with autoimmune disease) and emergency department visits (59% 

of patients with autoimmune disease, 53% of patients with autoimmune disease).

Our results also raise important questions for further study using SEER-Medicare or other 

large databases. For example, future studies could explore how specific autoimmune 

diseases are associated with mortality in cancer patients. Additionally, effective treatments 

for autoimmune diseases such as disease modifying anti-rheumatic drugs (DMARDs) and 

anti-tumor necrosis factor (TNF) agents may affect tolerability and response to subsequent 

anticancer therapy compared to those who did not receive therapy. Given that TNF inhibitors 

became widely used in the 2000s, this dataset (which spans the pre and post TNF inhibitor 

era) covers a unique period of time in lung cancer therapy. Importantly, given the time-frame 

of our data set, presumably none of the patients in the present analysis received immune 

checkpoint therapy, which is now a mainstay of treatment for advanced disease. Further 

research is warranted to understand the impact of immune checkpoint inhibitors on existing 

and incident autoimmune disease. While our analysis shows that lung cancer patients with 

autoimmune disease had similar mortality as those without autoimmune disease, it is unclear 

how this may change with the increasing use of immune checkpoint inhibitors.

A potential limitation of this study is our use of administrative claims to define autoimmune 

disease, which may lead to misclassification. In contrast to a cancer diagnosis, which is 

typically a binary determination based on pathologic findings, the clinical diagnosis of 

autoimmune disease incorporates a combination of clinical, serologic, radiographic, and 

histologic data. For instance, establishing a diagnosis of lupus is challenging, as more than 

25% of healthy adults have low-level antinuclear antibody (ANA) positivity, but only 1% of 

the general population is estimated to have the disease.[25, 26] Although our use of a 

conservative method to identify autoimmune disease (≥2 outpatient claims separated by 30 

days; or ≥1 inpatient claim) is intended to limit misclassification, we recognize that it may 

also exclude some patients with bona fide autoimmune diagnoses. Importantly, it is possible 

that autoimmune diseases noted in a patient’s medical history, even if inaccurate, could 

impact immunotherapy utilization, as oncologists may not have the time or resources to 

verify these diagnoses in their busy clinical practices. We cannot determine with these data 

what proportion of autoimmune diseases were active requiring systemic immune 

suppression—the threshold generally employed for patient exclusion from cancer 

immunotherapy clinical trials. However, by excluding autoimmune conditions that do not 

require chronic immune suppression (eg, type 1 diabetes, autoimmune thyroid disease) from 

our analysis, we increase the likelihood that patients in our cohort may have ongoing 

immune modification leading up to or following their lung cancer diagnosis. Ultimately, 
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whether potential diagnostic misclassification could mask a potential impact of autoimmune 

disease on treatment selection or clinical outcomes (and what direction the impact would be) 

remains unknown. Further, using these data, we are not able to determine how treatment 

with disease modifying anti-rheumatic drugs or TNF inhibitors influences or primes the 

immune system to respond to cancer therapy. Although immune checkpoint inhibitors are 

currently approved only for patients with stage IV NSCLC, we believe our inclusion of 

patients with earlier stage NSCLC and with small cell lung cancer is relevant because (1) a 

substantial proportion of patients with earlier-stage NSCLC subsequently develop recurrent, 

advanced disease, and (2) immune checkpoint inhibitors are currently under investigation in 

stage I–III NSCLC and in small cell lung cancer, with encouraging preliminary results.[27–

29] Importantly, our findings cannot be generalized to other populations currently treated 

with immune checkpoint inhibitors, which have varying clinical characteristics and 

outcomes. Use of linked SEER-Medicare data in this study limits our observations to those 

patients over age 65 years. However, given the advanced age at diagnosis, this age group still 

accounts for more than two-thirds of lung cancer patients.[30] Finally, because our study 

period predates the approval of immunotherapy for lung cancer by more than 5 years, we 

cannot determine the impact of autoimmune disease on selection, toxicity, or efficacy of 

immune checkpoint inhibitors for lung cancer.

Our study has several methodologic strengths. We carefully controlled for ascertainment 

bias, common in administrative claims data, by modeling both the number and timing of 

autoimmune disease relative to the lung cancer diagnosis. We controlled for the potential of 

lead-time bias using an innovative case-control approach. These advancements improve 

upon standard approaches used in observational, administrative claims research on cancer 

outcomes and greatly improve the validity of our results.

In conclusion, cancer immunotherapy represents a rapidly changing and expanding field, 

with recent drug approvals in melanoma, non-small cell lung cancer, renal cell carcinoma, 

bladder cancer, Hodgkin lymphoma, Merkel cell cancer, head and neck cancer, and any 

cancer that is microsatellite instability (MSI) high—and others likely forthcoming. The 

emergence of these promising therapies has, for the first time, generated widespread interest 

in the intersection of autoimmunity and cancer. However, clinicians have had little or no 

guidance on the evaluation and management of patients with both oncologic and 

autoimmune diagnoses. The present study demonstrates that, despite having higher 

healthcare utilization rates leading up to their lung cancer diagnosis, patients with 

autoimmune disease (1) receive similar treatments, and (2) appear to have similar lung 

cancer-specific and all-cause mortality, as patients without autoimmune disease. Future 

research into how these patients are best approached in the present era of cancer 

immunotherapy will be critical to optimizing treatment and outcomes.
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Highlights

• Autoimmune disease’s impact on cancer treatment and outcomes is examined.

• Healthcare utilization is increased in cancer patients with autoimmune 

disease.

• The presence of autoimmune disease doesn’t impact lung cancer treatment 

selection.

• There is no significant association between autoimmune disease and 

mortality.
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Figure 1. 
Odds of death among lung cancer patients by the number and timing of diagnosed 

autoimmune diseases, compared to those with no diagnosed autoimmune conditions, 

separately by lung cancer stage at diagnosis.
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