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Abstract
Introduction  Patients with pre-existing autoimmune diseases have been excluded from clinical trials of immune checkpoint 
inhibitors (ICIs) for cancer. Real-world evidence is necessary to understand ICI safety in this population.
Methods  Patients treated with ICIs from 2011 to 2017 were identified using data from a large health insurer. Outcomes 
included time to (1) any hospitalization; (2) any hospitalization with an irAE diagnosis; and (3) outpatient corticosteroid 
treatment. The key exposure was pre-existing autoimmune disease, ascertained within 12 months before starting ICI treat-
ment, and defined either by strict criteria (one inpatient or two outpatient claims at least 30 days apart) or relaxed criteria 
only (any claim, without meeting strict criteria).
Results  Of 4438 ICI-treated patients, pre-existing autoimmune disease was present among 179 (4%) by strict criteria, and 
another 283 (6%) by relaxed criteria only. In multivariable models, pre-existing autoimmune disease by strict criteria was 
not associated with all-cause hospitalization (HR 1.27, 95% CI 0.998–1.62), but it was associated with hospitalization with 
an irAE diagnosis (HR 1.81, 95% CI 1.21–2.71) and with corticosteroid treatment (HR 1.93, 95% CI 1.35–2.76). Similarly, 
pre-existing autoimmune disease by relaxed criteria only was not associated with all-cause hospitalization (HR 1.11, 95% CI 
0.91–1.34), but was associated with hospitalization with an irAE diagnosis (HR 1.46, 95% CI 1.06–2.01) and corticosteroid 
treatment (HR 1.46, 95% CI 1.13–1.88).
Conclusion  Pre-existing autoimmune disease was not associated with time to any hospitalization after initiating ICI therapy, 
but it was associated with a modest increase in hospitalizations with irAE diagnoses and with corticosteroid treatment.
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Abbreviations
CPT	� Current procedural terminology
HCPCS	� Healthcare common procedural coding system

HR	� Hazard ratio
ICI	� Immune checkpoint inhibitor
irAE	� Immune-related adverse event

Introduction

Immunotherapy with immune checkpoint inhibitors (ICIs) 
has rapidly changed the therapeutic landscape for patients 
with cancer. Since initial approval of the anti-CTLA4 anti-
body ipilimumab in 2011 for metastatic melanoma [1], 
the anti-PD-1 monoclonal antibodies pembrolizumab and 
nivolumab and the anti-PD-L1 antibodies atezolizumab, ave-
lumab, and durvalumab have been approved for multiple 
cancer histologies [2–13]. Pembrolizumab is also approved 
for patients with microsatellite instability-high tumors, 
regardless of histology [14]. Hundreds of immunotherapy 
clinical trials are ongoing [15].
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Although the overall risk of serious adverse events is lower 
with single-agent PD-1 inhibition than with chemotherapy, up 
to 29% of patients in clinical trials of anti-PD-1 therapy expe-
rienced an immune-related adverse event (irAE), and up to 
10% of patients had a severe (grade 3 or higher) adverse event 
[11, 12, 16]. In one series of patients treated with combined 
ipilimumab with nivolumab in a tertiary care center, 91% 
experienced any significant adverse event, and 36% required 
hospitalization [17]. IrAEs may include colitis, hepatitis, hypo-
physitis, dermatitis, pneumonitis, and other inflammatory dis-
orders [17, 18]. IrAEs are generally manageable with prompt 
corticosteroid treatment, but serious events may require addi-
tional immunosuppressive therapy [19].

Data are limited regarding the association between pre-
existing autoimmune diseases and the risk of irAEs among 
patients who receive ICIs. Alterations in the CTLA-4 and 
PD-1 checkpoints are associated with autoimmune diseases 
[20–22], raising concerns that checkpoint inhibitors may con-
fer a higher risk of toxicity among patients who have such con-
ditions. Some clinical trials enrolled patients with autoimmune 
disease if they had not received recent immunosuppressive 
therapy [16, 23, 24], but most [2, 10–12, 23, 25–28] excluded 
such patients. These exclusions may have population-level 
impact, since up to 25% of Medicare patients with newly diag-
nosed cancer may have pre-existing autoimmune disease [29]. 
In case series of patients with melanoma with pre-existing 
autoimmune disease who were treated at academic centers, 
50% of those treated with ipilimumab developed a flare of the 
underlying disease or an irAE [30]; 38% of patients treated 
with PD-1 inhibitors had flares of underlying disease, and 
29% had conventional irAEs [31]. In a recent case series of 56 
patients with pre-existing autoimmune disease who received 
ICIs for lung cancer at academic centers, 55% developed a 
flare of underlying autoimmune disease or an irAE, although 
most events were mild [32].

Most adults with cancer are treated outside major aca-
demic centers [33]. Little is known regarding the risks and 
benefits of ICIs for patients with pre-existing autoimmune 
disease across sites of care. To address this gap and inform 
the balance of benefits and harms of ICIs among patients 
with pre-existing autoimmune disease, we analyzed claims 
data from a large US national private insurer to evaluate the 
association between pre-existing autoimmune disease and 
serious irAEs, as measured by hospitalizations and prescrip-
tions for corticosteroids.

Materials and methods

Cohort

Our analysis used un-identifiable member claims data from 
Aetna, a large private national US health insurer. Patients 

were identified who had any Current Procedural Terminol-
ogy (CPT)/Healthcare Common Procedural Coding System 
(HCPCS) code corresponding to administration of an ICI 
(ipilimumab, nivolumab, pembrolizumab, atezolizumab, 
avelumab, or durvalumab; CPT codes listed in Supplemen-
tal Table 1, footnotes) from January 1, 2011 through June 
30, 2017. Continuous enrollment in an Aetna medical plan 
was required for at least 1 year prior to first ICI therapy; 
patients were censored if they disenrolled from their health 
plan or reached the end of the follow-up period on June 30, 
2017 within 30 days after an ICI dose. For the corticoster-
oid treatment outcome, we additionally required continu-
ous enrollment in an Aetna prescription (oral) drug benefit 
plan beginning 60 days before first ICI administration to 
capture baseline corticosteroid treatment, and we censored 
patients if they disenrolled from prescription drug coverage 
or reached the end of the follow-up period on June 30, 2017 
within 30 days after an ICI dose (Fig. 1).

Outcomes

The first outcome was time to any-cause hospitalization 
while receiving ICI therapy, defined by identifying acute 
care hospital claims with an inpatient place of service. The 
second outcome was time to any hospitalization with a diag-
nosis consistent with an irAE; these diagnoses were identi-
fied by manually reviewing all diagnosis codes for claims 
occurring during an inpatient stay (N = 3678), separated 
from individual patient data, to identify codes consistent 
with probable irAEs [34] (e.g., “toxic gastroenteritis and 
colitis”); Supplemental Table 2. Classification of these codes 
was performed blinded to the pre-existing autoimmune dis-
ease status of individual patients.

The third outcome was time to first outpatient systemic 
corticosteroid treatment with prednisone, methylpredniso-
lone, or hydrocortisone after initiating ICI therapy, given 
the role of steroids in guideline-concordant management of 
irAEs [19]. Dexamethasone was not included, since guide-
lines call for prednisone or methylprednisolone as initial 
management of irAEs [19] or with concurrent chemotherapy 
[35]; furthermore, in initial exploration of the data set, dexa-
methasone frequently followed hospitalizations consistent 
with brain metastases (i.e., diagnoses of cerebral edema) 
rather than irAEs.

Pre‑existing autoimmune disease

The primary independent variable of interest was a pre-
existing autoimmune disease during the 12 months prior to 
initiation of ICI therapy. This was defined by either “strict” 
criteria, corresponding to an inpatient claim for an auto-
immune diagnosis or two outpatient claims 30 days apart 
[29, 36, 37], or “relaxed” criteria only, corresponding to 
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any claim with a diagnosis of pre-existing autoimmune 
disease, without fulfillment of strict criteria. Categories of 
pre-existing diseases and specific diagnosis codes are listed 
in Supplemental Table 3. Endocrine disorders, including dia-
betes and hypothyroidism, were not considered pre-existing 
autoimmune diseases for this analysis [32].

Covariates

Additional independent variables included age, sex, cancer 
type, ICI regimen, and claims for any cytotoxic chemo-
therapy during the year prior to initiation of ICI therapy, 
and other comorbidity, measured by modifying the National 
Cancer Institute comorbidity index [38] to exclude rheu-
matologic disease, which was instead captured specifically 
as a pre-existing autoimmune condition. For the outcome 
of corticosteroid treatment, additional covariates included 
any prior corticosteroid prescription in the 60 days before, 

and any claim for chronic obstructive pulmonary disease 
(COPD) in the year before, starting an ICI.

Analysis

Analyses were conducted in a time-to-event fashion. To 
depict the distribution of our outcomes over time, cumula-
tive incidence curves were constructed, subject to competing 
risks of death or cessation of ICI therapy (defined as a gap 
of 30 days or more following an ICI dose). Our analysis, 
therefore, focused specifically on irAEs occurring during 
or immediately after ICI therapy. Landmark analyses were 
performed after 3 months of ICI treatment.

Univariable and multivariable analyses examined the 
association between pre-existing autoimmune disorders and 
the cause-specific hazard of our outcomes [39]. This was 
accomplished with proportional hazards models in which 
patients were censored on the date of death, disenrollment 

Fig. 1   Derivation of study 
cohort. Asterisk ICI treatment 
did not itself require prescrip-
tion drug coverage, since infu-
sional therapy could be covered 
under the medical plan

Yes

No

All patients treated with checkpoint 
inhibitors, January 2011-June 2017

N=6163

Secondary analysis cohort for 
corticosteroid treatment outcome
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Excluded from primary analysis cohort
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None
N=3976

Yes,
meeting 

strict 
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No
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from the health plan, June 30th 2017, or 30 days following 
an ICI dose, whichever came first.

Sensitivity analysis

A sensitivity analysis was conducted to explore the impact 
of coding pre-existing autoimmune disease as a continuous 
independent variable representing the number of days in the 
prior 12 months with a claim for such a disease—represent-
ing the intensity of any medical care required for such a dis-
ease—rather than as a categorical variable defined accord-
ing to “strict” and “relaxed” criteria as above. A second 
sensitivity analysis was conducted to explore the impact of 
excluding patients with prescriptions for any systemic corti-
costeroid in the 60 days prior to initiating ICI therapy on the 
outcome of subsequent systemic corticosteroid prescriptions.

Results

Cohort

The derivation of the study cohort is illustrated in Fig. 1. 
Of 4438 patients identified, 179 (4%) had pre-existing 
autoimmune disease by strict criteria, and 283 (6%) had 
pre-existing autoimmune disease by relaxed criteria only. 
The most common categories of pre-existing autoimmune 
diseases were inflammatory/rheumatoid arthritis and gas-
trointestinal/inflammatory bowel disease (Supplemental 
Table 3). Lung cancer was the most common indication for 
ICI therapy (42% of patients) followed by melanoma (34%). 
ICI regimens administered included nivolumab (52%), pem-
brolizumab (20%), atezolizumab (3%), ipilimumab (21%), 
and ipilimumab + nivolumab (5%). The median duration 
of ICI treatment was 13.7 weeks (95% CI 13.4–14.4; Sup-
plemental Table 1). Simultaneous cytotoxic chemotherapy 
(within 7 days of ICI initiation) was administered to 96 
patients (2.2%).

Any hospitalization

After 3 months of ICI therapy, the cumulative incidence 
of all-cause hospitalization in the full cohort was 28.6% 
(95% CI 27.2–29.9%). Among patients with no pre-existing 
autoimmune disease, it was 28.0% (95%CI 26.6–29.5%); 
among patients with pre-existing autoimmune disease by 
strict criteria, it was 35.0% (95% CI 27.9–42.3); and among 
patients with pre-existing autoimmune disease by relaxed 
criteria only, it was 31.7% (95% CI 26.2–37.3%); Table 1; 
Supplemental Fig. 1.

In multivariable analyses, there was no significant asso-
ciation between pre-existing autoimmune disease as defined 
by either strict criteria (Hazard ratio, HR, 1.27, 95% CI, 

0.998–1.62) or relaxed criteria only (HR 1.11, 95% CI 
0.91–1.34) and all-cause hospitalization; Table 1 and Fig. 2. 
When pre-existing autoimmune disease was coded as a con-
tinuous variable corresponding to the number of days in the 
prior year with a claim for such a diagnosis, there remained 
no significant association with all-cause hospitalization (HR 
1.017, 95% CI 1.000–1.034 per day; P = 0.053).

Hospitalization with an irAE diagnosis

After 3 months of ICI therapy, the overall cumulative inci-
dence of hospitalization with a probable irAE diagnosis was 
7.8% (95% CI 7.0–8.6%). Among patients with no pre-exist-
ing autoimmune disease, it was 7.5% (95% CI 6.7–8.4%). 
Among patients with pre-existing autoimmune disease by 
strict criteria, it was 11.1% (95% CI 6.9–16.3%), and among 
patients with pre-existing autoimmune disease by relaxed 
criteria only, it was 10.0% (95% CI 6.8–13.9%); Table 2; 
Supplemental Fig. 2.

In multivariable analyses, pre-existing autoimmune dis-
ease by strict criteria and relaxed criteria only were each 
associated with hospitalization with an irAE diagnosis (HR 
1.81, 95% CI 1.21–2.71 and 1.46, 95% CI 1.06–2.01, respec-
tively); Table 2 and Fig. 2. When pre-existing autoimmune 
disease was coded as a continuous variable corresponding 
to the number of days in the prior year with a claim for 
such a diagnosis, there was a significant association with 
this outcome (adjusted HR 1.05, 95% CI 1.03–1.08 per day; 
P < 0.001).

Systemic corticosteroid treatment

After 3 months of ICI therapy, the cumulative incidence 
of an outpatient systemic corticosteroid prescription among 
patients with prescription insurance coverage (N = 1909) 
was 25.1% (95% CI 23.1–27.1%). It was 24.0% (95% CI 
21.9–26.1%) among patients without pre-existing autoim-
mune disease; 40.5% (95% CI 29.5–51.3%) among patients 
with pre-existing autoimmune disease by strict criteria; and 
30.1% (95% CI 21.9–38.6%) among patients with pre-exist-
ing autoimmune disease by relaxed criteria only (Table 3; 
Supplemental Fig. 3).

In multivariable analyses including adjustment for corti-
costeroid treatment in 60 days before initiating ICI therapy 
and for pre-existing COPD, pre-existing autoimmune disease 
by strict criteria and relaxed criteria only were each associ-
ated with shorter time to a corticosteroid prescription (HR 
1.93, 95% CI 1.35–2.76 and 1.46, 95% CI 1.13–1.88, respec-
tively; Table 3; Fig. 2). These associations persisted when 
the cohort was restricted to the N = 1678 patients who had 
not received outpatient corticosteroids in the 60 days before 
starting the ICI (HR 2.20, 95% CI 1.39–3.47 and 1.50, 95% 
CI 1.10–2.05, respectively).
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Discussion

In this observational study of patients receiving commer-
cially available ICIs for cancer, pre-existing autoimmune 
disease was not significantly associated with all-cause hos-
pitalizations, but it was associated with a modestly increased 
rate of hospitalization with a diagnosis consistent with irAE. 

Pre-existing autoimmune disease was also associated with 
outpatient corticosteroid treatment after initiating ICI ther-
apy, even among patients who had not filled any corticos-
teroid prescriptions for at least 60 days before starting ICI 
therapy. These associations were stronger when pre-existing 
autoimmune disease was defined according to strict criteria 
or according to the frequency of medical care for such a 

Table 1   Association between patient characteristics and time to any hospitalization while on immune checkpoint inhibitors

a Pre-existing autoimmune disease by strict criteria was defined as an inpatient claim for an autoimmune diagnosis or two outpatient claims at 
least 30 days apart within the 12 months prior to initiating ICI therapy. Pre-existing autoimmune disease by relaxed criteria was defined as any 
claim for an autoimmune diagnosis within the 12 months prior to initiating ICI therapy
b Multivariable Cox model including all variables listed in the table

N Unadjusted Adjustedb

Cumulative incidence of hospitaliza-
tion by 3 months (%, 95% CI)

HR (95% CI) HR (95% CI)

All ICI-treated patients 4438 28.6 (27.2–29.9) – –
Pre-existing autoimmune disease
 No 3976 28.0 (26.6–29.5) Reference Reference
 Yes, strict criteriaa 179 35.0 (27.9–42.3) 1.37 (1.07–1.74) 1.27 (0.998–1.62)
 Yes, relaxed criteriaa only 283 31.7 (26.2–37.3) 1.11 (0.92–1.33) 1.11 (0.91–1.34)

Cancer type
 Lung 1855 29.0 (26.9–31.1) Reference Reference
 Melanoma 1510 29.0 (26.7–31.4) 0.89 (0.80-0.998) 0.84 (0.70–1.02)
 Renal 416 26.2 (22.0-30.6) 0.88 (0.74–1.06) 0.97 (0.80–1.18)
 Urothelial 157 29.1 (22.0-36.5) 0.98 (0.74–1.31) 0.99 (0.71–1.39)
 Head and neck 216 25.8 (20.1–32.0) 0.97 (0.75–1.25) 1.10 (0.84–1.44)
 Other 284 27.9 (22.6–33.5) 1.02 (0.81–1.28) 1.05 (0.83–1.34)

Prior chemotherapy in the year before starting ICI treatment
 No 1641 26.9 (24.7–29.1) Reference Reference
 Yes 2797 29.5 (27.8–31.2) 1.23 (1.11–1.36) 1.21 (1.07–1.36)

ICI regimen
 Nivolumab 2293 28.2 (26.4–30.1) Reference Reference
 Pembrolizumab 885 23.9 (21.0-26.8) 0.82 (0.71–0.95) 0.93 (0.79–1.09)
 Atezolizumab 115 26.9 (19.0-35.5) 1.01 (0.73–1.41) 0.998 (0.67–1.50)
 Ipilimumab 945 30.4 (27.4–33.4) 0.99 (0.87–1.12) 1.39 (1.13–1.71)
 Ipilimumab + nivolumab 200 43.2 (36.0-50.1) 1.39 (1.11–1.73) 1.81 (1.40–2.33)

Age
 < 40 196 34.5 (27.7–41.4) 1.19 (0.93–1.52) 1.32 (1.02–1.70)
 40–49 333 26.8 (22.0-31.8) 0.96 (0.78–1.18) 0.99 (0.80–1.22)
 50–59 932 28.9 (25.9–31.9) 1.01 (0.88–1.17) 1.03 (0.90–1.19)
 60–69 1349 27.3 (24.9–29.8) Reference Reference
 70–79 1081 29.1 (26.3–31.8) 1.01 (0.88–1.15) 0.96 (0.84–1.10)
 80+ 547 29.0 (25.1–32.9) 1.05 (0.90–1.24) 1.4 (0.88–1.23)

Sex
 Male 2634 27.7 (26.0-29.5) Reference Reference
 Female 1804 29.7 (27.6–31.9) 1.12 (1.01–1.24) 1.13 (1.02–1.25)

Non-autoimmune comorbidity score [38]
 0 1076 23.3 (20.7–25.9) Reference Reference
 1 1274 26.8 (24.3–29.3) 1.21 (1.05–1.40) 1.23 (1.07–1.43)
 2+ 2088 32.4 (30.3–34.4) 1.50 (1.32–1.70) 1.57 (1.36–1.80)
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diagnosis, suggesting an association between the activity of 
a pre-existing autoimmune disease and the risk of an irAE. 
These results provide a broad view of the consequences of 
ICI therapy for patients across cancer types and care set-
tings, adding important context to case series from academic 
centers, which have demonstrated similarly modest increases 
in the risk of an irAE or autoimmune disease flare among 
patients with pre-existing autoimmune disease [30–32].

Strengths of our analysis included the use of real-world 
data to understand toxicity patterns among patients not rep-
resented in key clinical trials because of pre-existing auto-
immune disorders. This provides evidence for practicing 
clinicians trying to weigh the risks and benefits of immu-
notherapy for patients with underlying autoimmune disease 
who are diagnosed with cancer. Unlike some prior reports 
[30–32], the sample was not restricted to patients treated in 

academic centers. Still, there are limitations. All patients 
were privately insured, and generalization to patients who 
are uninsured or who have Medicaid coverage requires cau-
tion. In this claims-based analysis, we analyzed outcomes by 
examining health services delivered; this represents the best 
currently available method to address this question at scale 
across health systems and care settings. Still, our first out-
come, all-cause hospitalization, does not readily distinguish 
between tumor-related symptoms, comorbid illness and ICI 
toxicity. Many hospitalizations among these patients were 
likely for complications of cancer and/or progressive disease 
rather than toxicity. In addition, since our data set consisted 
specifically of billing claims, further work will be needed 
to evaluate the utility of hospitalization diagnosis codes 
for capturing irAEs and cleanly distinguishing between 
true incident irAEs and flares of pre-existing autoimmune 

Fig. 2   Associations between measures of underlying autoimmune 
disease and measures of immune-related adverse events (asterisk 
results from multivariable time-to-event Cox proportional hazards 
models with adjustment for cancer type, prior chemotherapy in the 
year before starting ICI treatment, ICI regimen, age, sex, and non-

autoimmune comorbidity score. For the outcome of corticosteroid 
treatment, the model was additionally adjusted for prior corticoster-
oid treatment in the 60 days before starting ICI treatment, and for any 
claim for chronic obstructive pulmonary disease in the 12  months 
before starting ICI treatment)
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disease. Finally, in our analysis of outpatient corticoster-
oid prescriptions, it is probable that not every prescription 
for steroids in this cohort reflected an irAE. However, such 
corticosteroid treatment would still constitute immunosup-
pression in the context of ICI treatment; furthermore, the 

results persisted despite adjustment for prior corticosteroid 
treatment and among patients who did not receive corticos-
teroids in the 60 days prior to ICI treatment.

Importantly, patients with pre-existing autoimmune dis-
ease were only included in our analysis if they received 

Table 2   Association between patient characteristics and any hospitalization with a diagnosis consistent with immune-related adverse event while 
on immune checkpoint inhibitors

ICI immune checkpoint inhibitor, HR hazard ratio
a Pre-existing autoimmune disease by strict criteria was defined as an inpatient claim for an autoimmune diagnosis or two outpatient claims at 
least 30 days apart within the 12 months prior to initiating ICI therapy. Pre-existing autoimmune disease by relaxed criteria was defined as any 
claim for an autoimmune diagnosis within the 12 months prior to initiating ICI therapy
b Multivariable Cox model including all variables listed in the table

N Unadjusted Adjustedb

Cumulative incidence of hospitaliza-
tion with irAE by 3 months
(%, 95% CI)

HR (95% CI) HR (95% CI)

All ICI-treated patients 4438 7.8 (7.0-8.6) – –
Pre-existing autoimmune disease
 No 4259 7.5 (6.7–8.4) Reference Reference
 Yes, strict criteriaa 179 11.1 (6.9–16.3) 1.59 (1.06–2.37) 1.81 (1.21–2.71)
 Yes, relaxed criteriaa only 283 10.0 (6.8–13.9) 1.59 (1.16–2.17) 1.46 (1.06–2.01)

Cancer type
 Lung 1855 5.5 (4.5–6.6) Reference Reference
 Melanoma 1510 11.9 (10.3–13.7) 1.94 (1.57–2.39) 1.10 (0.76–1.59)
 Renal 416 5.7 (3.7–8.3) 1.10 (0.76–1.60) 1.04 (0.71–1.53)
 Urothelial 157 8.0 (4.4–13.1) 1.35 (0.80–2.26) 1.82 (1.01–3.27)
 Head and neck 216 5.8 (3.2–9.6) 1.03 (0.63–1.71) 1.33 (0.79–2.24)
 Other 284 4.6 (2.5–7.6) 1.04 (0.67–1.63) 1.25 (0.78-2.00)

Prior chemotherapy in the year before starting ICI treatment
 No 1641 9.0 (7.7–10.5) Reference Reference
 Yes 2797 7.1 (6.1–8.1) 0.88 (0.73–1.06) 1.24 (1.00-1.54)

ICI regimen
 Nivolumab 2293 5.7 (4.7–6.7) Reference Reference
 Pembrolizumab 885 5.3 (3.9-7.0) 0.71 (0.52–0.97) 0.78 (0.55–1.10)
 Atezolizumab 115 3.7 (12 − 8.7) 0.50 (0.21–1.21) 0.43 (0.16–1.16)
 Ipilimumab 945 12.7 (10.6–14.9) 1.96 (1.59–2.41) 2.10 (1.45–3.06)
 Ipilimumab + nivolumab 200 21.6 (16.0-27.8) 3.03 (2.19–4.20) 3.03 (2.00-4.59)

Age
 < 40 196 14.1 (9.5–19.5) 1.66 (1.12–2.44) 1.44 (0.96–2.14)
 40–49 333 9.2 (6.4–12.8) 1.19 (0.84–1.69) 0.97 (0.68–1.39)
 50–59 932 7.4 (5.8–9.3) 0.99 (0.77–1.29) 0.93 (0.72–1.21)
 60–69 1349 7.5 (6.2–9.1) Reference Reference
 70–79 1081 7.5 (6.0-9.2) 0.87 (0.68–1.13) 0.88 (0.68–1.14)
 80+ 547 6.5 (4.6–8.9) 0.81 (0.58–1.13) 0.84 (0.60–1.18)

Sex
 Male 2634 7.5 (6.5–8.6) Reference Reference
 Female 1804 8.2 (7.0-9.6) 1.05 (0.87–1.26) 1.11 (0.91–1.34)

Non-autoimmune comorbidity score [38]
 0 1076 8.2 (6.6–10.0) Reference Reference
 1 1274 7.7 (6.3–9.3) 0.92 (0.72–1.18) 1.08 (0.84–1.39)
 2+ 2088 7.6 (6.5–8.9) 0.91 (0.73–1.13) 1.30 (1.01–1.66)
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Table 3   Association between patient characteristics and time to corticosteroid prescriptions while on immune checkpoint inhibitors

ICI immune checkpoint inhibitor, HR hazard ratio, COPD chronic obstructive pulmonary disease
a Pre-existing autoimmune disease by strict criteria was defined as an inpatient claim for an autoimmune diagnosis or two outpatient claims at 
least 30 days apart within the 12 months prior to initiating ICI therapy. Pre-existing autoimmune disease by relaxed criteria was defined as any 
claim for an autoimmune diagnosis within the 12 months prior to initiating ICI therapy
b Multivariable Cox model including all variables listed in the table
c Within 60 days prior to initiating ICI therapy

N Unadjusted Adjustedb

Cumulative incidence of prednisone 
prescription by 3 months
(%, 95% CI)

HR (95% CI) HR (95% CI)

All ICI-treated patients 1909 25.1 (23.1–27.1) – –
Pre-existing autoimmune disease
 No 1704 24.0 (21.9–26.1) Reference Reference
 Yes, strict criteriaa 82 40.5 (29.5–51.3) 2.09 (1.49–2.94) 1.93 (1.35–2.76)
 Yes, relaxed criteriaa only 123 30.1 (21.9–38.6) 1.56 (1.20–2.02) 1.46 (1.13–1.88)

Cancer type
 Lung 845 24.3 (21.4–27.4) Reference Reference
 Melanoma 605 33.5 (29.7–37.4) 1.27 (1.07–1.52) 0.99 (0.72–1.38)
 Renal 170 19.3 (13.6–25.8) 0.77 (0.56–1.05) 0.92 (0.66–1.28)
 Urothelial 69 11.8 (5.5–20.8) 0.47 (0.25–0.87) 0.42 (0.21–0.82)
 Head and neck 100 11.7 (6.2–19.2) 0.46 (0.27–0.78) 0.62 (0.36–1.08)
 Other 120 13.0 (7.6–19.9) 0.55 (0.33–0.90) 0.58 (0.34-1.00)

Prior chemotherapy in the year before starting ICI treatment
 No 698 26.9 (23.6–30.3) Reference Reference
 Yes 1211 24.0 (21.6–26.5) 0.96 (0.81–1.14) 1.06 (0.87–1.30)

ICI regimen
 Nivolumab 1002 22.4 (19.8–25.1) Reference Reference
 Pembrolizumab 396 14.6 (11.2–18.4) 0.68 (0.53–0.87) 0.78 (0.58–1.04)
 Atezolizumab 49 12.4 (5.0-23.3) 0.55 (0.25–1.18) 1.00 (0.47–2.13)
 Ipilimumab 368 36.0 (31.1–41.0) 1.46 (1.19–1.79) 1.63 (1.15–2.32)
 Ipilimumab + nivolumab 94 58.9 (47.7–68.5) 2.63 (1.97–3.49) 2.97 (2.07–4.27)

Age
 < 40 89 37.7 (27.3–47.9) 1.44 (1.00-2.06) 1.32 (0.91–1.92)
 40–49 162 26.8 (19.9–34.1) 1.04 (0.78–1.42) 0.98 (0.72–1.34)
 50–59 439 27.3 (23.1–31.7) 1.16 (0.93–1.45) 1.11 (0.89–1.40)
 60–69 587 23.7 (20.2–27.3) Reference Reference
 70–79 444 24.1 (20.1–28.2) 1.01 (0.81–1.27) 1.08 (0.86–1.35)
 80+ 188 19.2 (13.8–25.3) 0.93 (0.69–1.24) 1.00 (0.73–1.38)

Sex
 Male 1144 24.5 (21.9–27.1) Reference Reference
 Female 765 26.0 (22.9–29.2) 1.16 (0.98–1.36) 1.04 (0.88–1.23)

Non-autoimmune comorbidity score [38]
 0 489 24.4 (20.5–28.4) Reference Reference
 1 568 26.8 (23.1–30.7) 1.10 (0.88–1.36) 1.06 (0.84–1.33)
 2+ 852 24.4 (21.5–27.4) 1.07 (0.87–1.30) 0.93 (0.73–1.19)

Prior corticosteroidc

 No 1678 21.4 (19.5–23.5) Reference Reference
 Yes 231 51.7 (44.8–58.1) 3.33 (2.75–4.05) 3.16 (2.56–3.91)

Prior COPD
 No 1218 23.9 (21.5–26.4) Reference Reference
 Yes 691 27.2 (23.8–30.6) 1.25 (1.06–1.48) 1.19 (0.96–1.47)
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ICIs anyway. Patients with very active underlying autoim-
mune disease may never have received immunotherapy. 
The rates of pre-existing autoimmune disease in our cohort 
were lower than those described among Medicare patients 
with lung cancer [29], which could relate in part to exclu-
sion of patients with highly active autoimmune diseases, 
but may also relate to the derivation of our cohort from 
a commercially insured population. Still, it would not be 
appropriate to generalize our results to imply that patients 
with severe or highly active pre-existing autoimmune dis-
ease may receive ICIs with only a modest increase in the 
risk of irAEs. This consideration is particularly impor-
tant in light of the association in our analysis between the 
frequency of claims for such a disease before starting an 
ICI, which may be a measure of pre-existing autoimmune 
disease severity, and the risk of hospitalization for an irAE 
or requiring treatment with a corticosteroid. This dynamic 
should be considered when interpreting any report of the 
safety of ICIs for patients with pre-existing autoimmune 
conditions [30–32].

In conclusion, among commercially insured patients 
receiving ICIs for cancer, pre-existing autoimmune disease 
was not associated with the all-cause hospitalization rate, 
but it was associated with modest increases in hospitaliza-
tion with a diagnosis of an irAE and initiation of outpatient 
corticosteroid treatment. Utilization of checkpoint inhibi-
tors for patients with pre-existing autoimmune diseases who 
have life-threatening malignancies and lack effective alter-
native treatments may be reasonable, but close monitoring 
is needed.
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