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A B S T R A C T

Purpose
Although programmed death (PD)-1 pathway inhibitors are now used in nearly all patients with
advanced non–small-cell lung cancer (NSCLC), the large number of patients with NSCLC and
concurrent autoimmune disease (AID) have been universally excluded from immunotherapy clinical
trials. Therefore, the safety of PD-1 and PD-ligand 1 (PD-L1) inhibitors in patients with NSCLC and
underlying AID is currently unknown.

Methods
As part of a multi-institutional effort, we retrospectively collected clinicopathologic data from pa-
tients with NSCLC and a history of AID who received monotherapy with either a PD-1 or a PD-L1
(herein referred to as PD-[L]1) inhibitor. Qualifying AIDs included but were not limited to: rheu-
matologic, neurologic, endocrine, GI, and dermatologic conditions.

Results
We identified 56 patients with NSCLC and an AID who received a PD-(L)1 inhibitor. At the time of
treatment initiation, 18% of patients had active AID symptoms and 20% were receiving immu-
nomodulatory agents for their AID. A total of 55% of patients developed an AID flare and/or an
immune-related adverse event (irAE). Exacerbation of the AID occurred in 13 patients (23% of the
whole cohort), four of whom required systemic corticosteroids. Immune-related adverse events
occurred in 21 patients (38%). Among irAEs, 74% were grade 1 or 2 and 26% were grade 3 or 4;
eight patients required corticosteroids for irAE management. PD-(L)1 therapy was permanently
discontinued in eight patients (14%) because of irAEs. The overall response rate to immunotherapy
in this population was 22%.

Conclusion
In patients with NSCLC with AID treated with a PD-(L)1 inhibitor, exacerbation of AID occurred in
a minority of patients. The incidence of irAEs was similar to reported rates in clinical trials where
patients with AID were excluded. Adverse events were generally manageable and infrequently led
to permanent discontinuation of immunotherapy.
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INTRODUCTION

Two programmed death (PD)-1 inhibitors (nivo-
lumab and pembrolizumab) and one PD-1 ligand
(PD-L1) inhibitor (atezolizumab) are now approved
by the US Food and Drug Administration for pre-
viously treated non–small-cell lung cancer (NSCLC),
and pembrolizumab is approved in the first-line
setting for NSCLCs with high PD-L1 expression
(tumor proportion score $ 50%) and in combina-
tionwith platinum and pemetrexed in nonsquamous
NSCLCs regardless of PD-L1 expression.1-6Moreover,

the PD-L1 inhibitor durvalumab is approved for
use after chemoradiation in unresectable stage III
NSCLC.7 Thus, almost every patient with ad-
vanced NSCLCwill likely receive a PD-1 or PD-L1
(herein referred to as PD-[L]1) inhibitor at some
point over the course of their disease. However,
because these drugs can be associated with serious
and potentially fatal immune-related adverse events
(irAEs),3,8,9 patients treated with immunotherapy
must bemonitored carefully for the development of
toxicities.

InNSCLC clinical trials of immune checkpoint
inhibitors, patients with a history of autoimmune
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disease (AID) have generally been excluded because of concerns that
these individuals might be at greater risk for developing serious
irAEs.1-6 This presents a tremendous knowledge gap, because an
estimated 14% to 25% of patients with lung cancer also carry a di-
agnosis of AID.10 Because patients with AID have an increased risk of
developing several malignancies, including lung cancer,11 there is a
need to identify risks and benefits of immune checkpoint inhibitors in
this population.

Two retrospective studies have evaluated the toxicities of
immune checkpoint inhibitors in patients with advanced-stage
melanoma and a history of autoimmune disease. Among 30 pa-
tients with melanoma and AID treated with ipilimumab, 27%
experienced an exacerbation of their baseline AID, and 33% de-
veloped grade 3 to 5 irAEs, with one treatment-related death from
colitis.12 By contrast, the use of PD-1 inhibitors among 52 patients
with melanoma and AID seemed to be associated with milder
toxicities, with 38% of patients experiencing an AID flare and 29%
developing irAEs (10% grade 3 and no grade 4 or 5 irAEs).13

Although both of these studies suggest that the administration
of immune checkpoint inhibitors in patients with melanoma and
AID is generally safe,12,13 the findings may not necessarily apply to
other cancers, because the adverse effects of immunotherapy may
differ according to tumor type. For example, a recent meta-analysis
of immunotherapy studies demonstrated that the incidence of
PD-1 inhibitor-related pneumonitis was higher in NSCLC compared
to melanoma.14 Because little is known about the use of PD-(L)1
inhibitors in patients with NSCLC and a history of AID, we con-
ducted a multi-institutional retrospective analysis to examine the
safety of immune checkpoint inhibitors in this population.

METHODS

Study Population
We retrospectively collected clinicopathologic data from patients with

advanced stage IIIB (who were not candidates for definitive treatment with
concurrent chemoradiation) or stage IV NSCLC with a preexisting di-
agnosis of AID and who received at least one dose of a commercially
available PD-(L)1 inhibitor as monotherapy between May 1, 2015 and
December 28, 2017 and had at least one follow-up visit at one of five
participating academic cancer centers (Dana-Farber Cancer Institute,
Massachusetts General Hospital, MD Anderson Cancer Center, Memorial
Sloan Kettering Cancer Center, and University of California Davis
Comprehensive Cancer Center). Qualifying AIDs included but were not
limited to: rheumatologic (rheumatoid arthritis, systemic lupus eryth-
ematosus, Sjögren syndrome, polymyalgia rheumatica, seronegative ar-
thritis, scleroderma, psoriatic arthritis, vasculitis), dermatologic (psoriasis,
alopecia areata, discoid lupus), GI (Crohn disease, ulcerative colitis),
endocrine (Graves disease, Hashimoto thyroiditis), neurologic (myas-
thenia gravis, multiple sclerosis), and other (autoimmune hemolytic
anemia, rheumatic fever) conditions. We excluded patients with asthma
and patients with hypothyroidism with no evidence of autoimmune
thyroiditis. All patients consented to local institutional review board–
approved protocols. Baseline AID symptoms, AID flares, and irAEs were
retrospectively assessed by investigators at each participating institution
through chart review of patient-reported symptoms and laboratory results;
these were graded using the Common Terminology Criteria for Adverse
Events version 4.03. Patient visits generally occurred every 2 to 3 weeks,
and serial imaging was obtained every 6 to 9 weeks, depending on the
immune checkpoint inhibitor used as well as variation in provider prac-
tices. Investigator-assessed response to immunotherapy was determined
locally at each institution.

Statistical Analysis
Categorical and continuous variables were summarized descriptively

using percentages and medians. Fisher’s exact test was used to test for
associations between categorical variables. Time to immunotherapy treat-
ment failure was determined from the start of PD-(L)1 therapy until
treatment discontinuation for any reason, including disease progression,
toxicity, or death. Patients who were alive and continuing treatment were
censored on the date of their last adequate disease assessment. Kaplan-
Meier methodology was used to estimate event-time distributions, and the
Greenwood formula was used to estimate the SEs of the estimates. Median
follow-up time was calculated using the reverse Kaplan-Meier estimator.
Because patients may have discontinued anti–PD-(L)1 before the exac-
erbation of an AID, we estimated the cumulative incidence of AID ex-
acerbation over time using the methodology of Fine and Gray; disease
progression, death due to any cause in the absence of progression, and
discontinuation of treatment were adjusted for as competing events. All
P values are two-sided.

RESULTS

Study Population
A total of 56 patients were identified with advanced NSCLC

and a history of AID who were treated with a PD-(L)1 inhibitor as
part of routine clinical care. The clinicopathological characteristics
of these patients are summarized in Appendix Table A1. (online
only). The median time receiving treatment was 3.1 months (95%
CI, 1.8 to 5.1 months), and the median length of follow-up after
PD-(L)1 initiation was 17.5 months.

Among the baseline autoimmune conditions (Table 1), 45%
of patients had a rheumatologic disorder, 29% had a dermatologic

Table 1. Autoimmune Disease Types Among 56 PatientsWith Non–Small-Cell
Lung Cancer

Autoimmune Disease Patients (n = 56)

Rheumatologic 25 (45)
Rheumatoid arthritisa,b,c 11
Polymyalgia rheumaticac,d 5
Seronegative arthritis 4
Scleroderma 2
Psoriatic arthritisd,e 2
Systemic lupus erythematosus 1
Sjögren syndrome 1
Temporal arteritis 1

Dermatologic 16 (29)
Psoriasisa,b,d,e,f 14
Alopecia areata 1
Discoid lupus 1

Endocrine 9 (16)
Graves thyroiditisf 5
Hashimoto thyroiditis 4

Gastrointestinal 6 (11)
Ulcerative colitisg 3
Crohn disease 3

Neurologic 3 (5)
Myasthenia gravis 1
Multiple sclerosisg 2

Others 3 (5)
Rheumatic fever 2
Autoimmune hemolytic anemia 1

NOTE. Data are reported as No. or No. (%). Patients who had more than one
autoimmune disease are indicated with a repeated superscript letter.
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disorder, 16% had an endocrine disorder, 11% had inflammatory
bowel disease, 5% had a neurologic condition, 3% had rheumatic
fever, and one patient (2%) had autoimmune hemolytic anemia.
Seven patients hadmore than one autoimmune disease. At the time
of PD-(L)1 inhibitor initiation, 10 patients (18% of the cohort) had
active symptoms from their AID, which were all grade 1 or 2.
Eleven patients (20% of the cohort) were receiving immuno-
suppressant or immunomodulatory treatment for their AID at the
time of PD-(L)1 initiation, and eight of them continued on their
AID treatment regimen while receiving anti–PD-(L)1 therapy
(Table 2). The Data Supplement contains additional details on
baseline AID symptoms for each patient and their clinical course
while receiving PD-(L)1 therapy.

Flares of Underlying Autoimmune Disease
Exacerbations of underlying AID occurred in a minority of

patients and were generally mild. Thirteen patients (23%) had an
AID flare (Table 3), which in all cases affected the same anatomic
sites where patients experienced prior AID symptoms. Of 17
unique AID flare symptoms, 87% were grade 1 or 2, 13% were
grade 3, and 0% were grade 4 or 5. Only four patients required
systemic corticosteroids for management of AID flares. One pa-
tient with rheumatoid arthritis experienced grade 3 arthralgias and
required prednisone, nonsteroidal anti-inflammatory drugs, and
temporary discontinuation of the PD-(L)1 inhibitor, with im-
provement of symptoms to grade 1. Another patient with seronegative

arthritis also experienced grade 3 joint pains and was treated with
tramadol and topical nonsteroidal anti-inflammatory drugs with
no PD-(L)1 treatment interruption and ongoing grade 2 symptoms
at the time of data censor. None of the patients required permanent
PD-(L)1 inhibitor discontinuation because of an AID exacerba-
tion. The onset of flare symptoms was highly variable, ranging
from 1 to 260 days after PD-(L)1 inhibitor start (Fig 1). Details of
AID flare characteristics and management are reported in Table 4.

Half of patients (50%) who were symptomatic from their AID
at the time of PD-(L)1 initiation developed an AID flare, which was
a significantly higher rate than the 18% of patients who were
initially asymptomatic from their AID and experienced a flare (P =
.04). The rate of AID flare was similar among patients who were
receiving immunosuppressive or immunomodulatory treatment at
the time of PD-(L)1 start compared with those who were not (36%
v 20%, respectively; P = .43). A higher proportion of patients with
rheumatologic AID experienced flares compared with patients
with nonrheumatologic AID (40% v 10%, respectively; P = .01).
Among the 25 patients with rheumatologic autoimmune disorders,
eight (32%) had active symptoms from their AID at the time of
PD-(L)1 inhibitor initiation, and four were receiving immuno-
suppressive or immunomodulatory treatment of their symptoms
(Data Supplement). None of the six patients with inflammatory
bowel disease or the three patients with neurologic AID developed
a disease flare.

To identify the likelihood of developing an AID flare over
the course of treatment, we estimated the cumulative incidence of

Table 2. AID Symptoms and Management at the Time of PD-(L)1 Inhibitor
Initiation

Characteristic Patients (n = 56)

Not symptomatic of AID 45 (82)
Symptomatic from AID* 10 (18)
Rheumatoid arthritis 3
Scleroderma 2
Psoriasis 2
Ulcerative colitis 1
Seronegative arthritis 1
Polymyalgia rheumatica 1
Sjögren syndrome 1
Psoriatic arthritis 1

Unknown if symptomatic from AID 1
Severity of AID among symptomatic patients*
Grade 1-2 12 (100)
Grade 3-4 0

Treatment for AID before PD-(L)1 inhibitor start
Not receiving treatment for AID 45 (80)
Yes 11 (20)

Topical corticosteroids 1
Prednisone† 2
Prednisone‡ and hydroxychloroquine 1
Steroid-sparing agents§ 7

NOTE. Data are reported as No. or No. (%).
Abbreviations: AID, autoimmune disease; PD-(L)1, programmed death (PD) 1 or
PD-ligand 1.
*Two patients with more than one autoimmune disease were symptomatic for
both AID conditions.
†One patient received# 10mg of prednisone daily, one patient received 20mg
of prednisone daily.
‡This patient received # 10 mg of prednisone daily.
§Patients received one of the following treatments: hydroxychloroquine,
tofacitinib, mesalamine, mercaptopurine, sulfasalazine, interferon b-1a, apremilast.

Table 3. Exacerbation of AID in Patients Treated With PD-(L)1 Inhibitors

Characteristic Patients

Flare of underlying AID
Patients who did not develop AID flare 43 (77)
Patients who developed AID flare 13 (23)

Exacerbations among 13 patients with AID flare 17
Grade 1-2* 13 (87)
Grade 3-4 2 (13)
Grade unknown† 2

Treatment required for AID flare‡
No treatment required 4
Supportive care§ 7
Hydroxychloroquine|| 1
Topical or intra-articular corticosteroids 6
Systemic corticosteroids 4

PD-(L)1 inhibitor dosing during AID flare
Continued 11
Temporarily discontinued 2
Permanently discontinued 0

NOTE. Data are reported as No. or No. (%).
Abbreviations: AID, autoimmune disease; PD-(L)1, programmed death (PD) 1 or
PD-ligand 1.
*One patient with systemic lupus erythematosus had a flare of both rash and
arthralgia; one patient with Graves disease and psoriasis developed exacerba-
tions of both conditions; one patient with rheumatoid arthritis and polymyalgia
rheumatica developed exacerbation of both conditions.
†One patient with psoriasis and psoriatic arthritis developed exacerbation of
both, but the grading is unknown.
‡Numbers exceed the overall number of exacerbations of AID reported in the
previous section because some patients received more than one type of
treatment for flare symptoms (see Table 4 for more details).
§Patients receivedone of the following treatments: nonsteroidal anti-inflammatory
drugs, analgesics, acitretin, levothyroxine, phototherapy.
||One patient required an increase in hydroxychloroquine dose.
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exacerbation of an AID, adjusting for death, progression, or dis-
continuation of PD-(L)1 treatment as competing events (Appendix
Fig A1, online only). The 6-month cumulative incidence rate of
an AID exacerbation was 0.21 (95% CI, 0.10 to 0.32), and the
6-month rate of death, progression, or discontinuation of treatment
was 0.57 (95% CI, 0.44 to 0.70). The 18-month cumulative in-
cidence rate of an AID exacerbation was 0.23 (95%CI, 0.12 to 0.34),
and the 18-month rate of death, progression, or discontinuation of
treatment was 0.73 (95% CI, 0.61 to 0.85).

Immune-Related Adverse Events
From the overall cohort, 21 patients (38%) developed a total

of 23 unique irAEs while receiving PD-(L)1 therapy (Table 5).
Fifteen patients developed grade 1 or 2 irAEs (representing 71% of
those who developed an irAE and 27% of the overall cohort); 11 of
these patients required only supportive care or no treatment to
manage these irAEs, and four patients were treated with systemic
corticosteroids for pneumonitis (three patients) and nephritis (one
patient). Six of 21 patients developed grade 3 or 4 irAEs (repre-
senting 29% of those who developed an irAE and 11% of the
overall cohort); four of these patients were treated with systemic
corticosteroids. Grade 3 irAEs included two patients with elevated
transaminases, one with pneumonitis, one with central diabetes

insipidus, and one with colitis. One patient with ulcerative colitis
who had been taking oral sulfasalazine and rectal mesalamine for
several years developed grade 4WBC decrease, which resolved after
treatment with intravenous corticosteroids and filgrastim. No clear
immunotherapy-related grade 5 irAEs occurred; one patient died
1 month after developing grade 3 pneumonitis, but this death was
believed to be due to disease progression. Overall, eight patients
(14% of the entire cohort of 56 patients) required permanent
PD-(L)1 treatment discontinuation because of the development of an
irAE. To determine whether there was an imbalance in the length of
follow-up time among patients who did or did not develop an irAE,
we calculated themedian follow-up time in each group and found no
significant difference between them (18.4 months v 17.3 months,
respectively; P = .33). Detailed information on irAE features,
treatment, and outcome are summarized in Table 6.

In total, 55% of patients developed either an AID flare or an
irAE, and only three patients (5% of the cohort) developed both an
AID flare and a separate irAE. Two patients with psoriasis both
experienced worsening symptoms of psoriasis, managed with
topical steroids, and also developed grade 2 arthralgias; in one
patient, immunotherapy was temporarily discontinued because of
arthralgias. One patient with seronegative arthritis developed
grade 3 arthralgias but also developed grade 2 nephritis that led to
permanent discontinuation of nivolumab.
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Fig 1. Time receiving treatment with PD-(L)1 inhibitor, onset, and resolution of autoimmune disease (AID) exacerbation or immune-related adverse event (irAE) in 56
patients with non–small-cell lung cancer with preexisting autoimmune disease. Investigator-assessed best objective response (BOR) to immunotherapy for each patient
(listed by identification [ID] number) is indicated in the left column. The table inset summarizes the response assessment among the 56 patients. Follow-up details on the
AID flare for patient 36 and on the irAE for patients 19, 25, and 48 were not available at the time of data censoring. Patients whowere still alive at the time of data censoring
are indicated by a gray arrowhead pointing to the right. CR, complete response; NE, not evaluable, including six patients who were not radiologically evaluated because of
clinical decline and one patient with no available tumor assessment imaging at the time of data analysis; PD, progressive disease; PR, partial response; SD, stable disease.
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At the time of data censoring, we did not observe any new AID
flares or new irAEs after immunotherapy treatment discontinuation.
The line of immunotherapy (first-line v second-line or greater) did
not affect risk of AID flare (P = .66) or irAEs incidence (P = 1).

Response Assessment
Among the 56 patients included in this study, the best overall

response was progressive disease in 23 patients (47%), stable disease
in 15 patients (31%), partial response in 11 patients (22%), and
complete response in no patients (0%). The overall response rate was
22%, and the disease control rate was 53% (Fig 1). Seven patients
were not evaluable for response: six patients were not radiologically
evaluated because of clinical decline, and for one patient there were
no available data on tumor assessment. We found no association
between the use of immunomodulatory treatment (corticosteroids
and/or steroid sparing agent) at the time of PD-(L)1 inhibitor start
and response to immune checkpoint inhibitor treatment (P = .66).
We also found no association between the development of AID flare
and response to immunotherapy (P = .45).

DISCUSSION

Because of the widespread use of immune checkpoint inhibitors in
NSCLC, and the relatively high incidence of autoimmune con-
ditions in this population,10 there is a need to understand whether
PD-(L)1 inhibitors can safely be administered to patients with

NSCLC and a history of AID. To the best of our knowledge, this is
the largest study to evaluate the toxicity profile of anti–PD-(L)1
therapies in patients with NSCLC and autoimmune conditions.
Although 55% of patients in this study developed an exacerba-
tion of their AID and/or an irAE, most toxicities were mild and

Table 4. Autoimmune Flare Characteristics, Management, and Outcomes Among Patients Who Developed Exacerbation of Their Preexisting AID

ID
Autoimmune

Disease
AID Flare
Symptoms

CTCAE
Grade

Time to Onset of
Symptoms (days)

Treatment Initiated for
Symptoms

Was PD-(L)1 Discontinued
Because of AID Flare?

AID Flare Outcome
(CTCAE grade)

3 SLE Rash 2 260 Topical corticosteroids,
prednisone

Yes, temporarily Ongoing (1)

Joint pain 1 260 None Ongoing (1)
7 RA Joint pain 2 1 Intra-articular corticosteroids No Resolved
11 RA Joint pain 3 34 NSAIDs, prednisone Yes, temporarily Ongoing (1)
23 Psoriasis Cutaneous

plaques
2 69 Acitretin, phototherapy,

topical corticosteroids
No Ongoing (1)

Graves
thyroiditis

Thyroiditis 2 123 Levothyroxine No Resolved

27 Psoriasis Cutaneous
plaques

2 15 Topical corticosteroids No Ongoing (1)

28 RA Arthritis 2 45 None No Resolved
Psoriasis

36 PMR Muscle pain 1 56 None No Unknown
38 RA Joint pain 1 176 Intra-articular corticosteroids,

prednisone
No Ongoing (1)

PMR Muscle pain 1 176 Ongoing (1)
43 Psoriasis Cutaneous

plaques
1 4 Topical corticosteroids No Ongoing (1)

44 RA Joint pain 2 1 NSAIDs, hydroxychloroquine No Ongoing (1)
49 RA Joint pain 2 64 NSAIDs No Resolved
53 Seronegative

arthritis
Joint pain 3 71 Tramadol, NSAIDs No Ongoing (2)

55* Psoriasis Cutaneous
plaques

Unk 42 None No Ongoing (Unk)

Psoriatic
arthritis

Joint pain Unk 42 Oxycodone, NSAIDs,
prednisone

No Ongoing (Unk)

PMR

Abbreviations: AID, autoimmune disease; CTCAE, Common Terminology Criteria for Adverse Events (version 4.03); ID, patient identification number; NSAIDs,
nonsteroidal anti-inflammatory drugs; PD-(L)1, programmed death (PD) 1 or PD-ligand 1; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis; SLE, systemic lupus
erythematosus; Unk, unknown.
*The grades of this patient’s initial and most recent AID flare symptoms are unknown

Table 5. Immune-Related Adverse Events

Characteristic Patients

irAE unrelated to the underlying AID
Patients who did not develop irAEs 35 (62)
Patients who developed irAEs* 21 (38)

irAEs experienced among 21 patients 23
Grade 1-2 17 (74)
Grade 3-4 6 (26)

Treatment required for irAEs†
No treatment required 7
Supportive care‡ 10
Systemic corticosteroids 7

PD-(L)1 inhibitor dosing during irAEs
Continued 10
Temporarily discontinued 3
Permanently discontinued 8

NOTE. Data are reported as No. or No. (%).
Abbreviations: AID, autoimmune disease; irAE, immune-related adverse event;
PD-(L)1, programmed death (PD) 1 or PD-ligand 1.
*Two of the 21 patients developed two different irAEs.
†Two of the 21 patients developed two irAEs, and one patient received both
systemic corticosteroids and filgrastim (supportive care).
‡Patients received one of the following treatments: nonsteroidal anti-inflammatory
drugs, loperamide, levothyroxine, desmopressin, or filgrastim.
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manageable, and immunotherapy was permanently discontinued
in only 14% of patients.

Almost one quarter of patients in our study developed at least
one flare of their AID, but flares were generally low grade and well
controlled, without the need to add or escalate immunosuppressive
medications. Only two patients required a PD-(L)1 treatment delay
because of AID symptoms, and no patients required permanent
PD-(L)1 discontinuation because of an AID flare. We found that
patients with active AID symptoms at the time of PD-(L)1 initi-
ation were at higher risk for experiencing an AID flare, and al-
though these AID exacerbations were still manageable, caution
should be taken while using immunotherapy in patients with active
symptoms from their autoimmune condition.

Although 38% of patients in this study developed an irAE after
exposure to an anti–PD-(L)1, the vast majority of irAEs were mild
(grade 1 or 2), and most of these patients did not require treatment

with systemic immunosuppression. Of the six patients who de-
veloped grade 3 or 4 irAEs, five were manageable with supportive
treatment and systemic corticosteroids. None of the patients in this
study required immunosuppressive agents other than systemic
corticosteroids (eg, anti–tumor necrosis factor agents) for man-
agement of immunologic toxicity. The rate of grade 3 or 4 irAEs in
clinical trials that excluded patients with preexisting autoimmune
conditions ranges from 7% to 15%,1-4,6 which is comparable to
the rate of grade 3 or 4 irAEs observed in this study (11% of 56
patients). The rate of PD-(L)1 therapy discontinuation in our study
because of toxicity (14%) was slightly higher than drug discon-
tinuation rates reported in clinical trials (between 3% and 8%).1-4,6

Certain limitations in this retrospective analysis should be
considered when interpreting these data. This study relied on
retrospective chart review of patients treated with commercially
available PD-(L)1 inhibitors, so some characteristics of the baseline

Table 6. Toxicities, Management, and Treatment Outcomes of Patients Who Developed irAEs Unrelated to Their Preexisting AID

ID AID irAE
CTCAE
Grade

Time to irAE
Onset (days)

Treatment Initiated for
irAE

Was PD-(L)1 Discontinued
Because of an irAE?

irAE Outcome
(CTCAE grade)

2 Psoriasis Colitis 1 32 Loperamide No Resolved
8 Psoriasis AST, ALT elevation 3 62 Systemic

corticosteroids
Yes, permanently Resolved

Psoriatic
arthritis

9 Psoriasis Thyroiditis 2 204 Levothyroxine Yes, temporarily Ongoing (2)
RA

10 Crohn disease AST, ALT elevation
Arthralgias/myalgias

3 42 None Yes, temporarily Resolved
2 42 None Yes, temporarily Resolved

19 Graves disease AST, ALT elevation 2 72 None No Unknown
20 Psoriasis AST, ALT elevation 1 47 None No Resolved
22 Hashimoto

thyroiditis
Rash 1 107 None No Resolved

24 AIHA Thyroiditis 2 124 Levothyroxine No Resolved
25 Graves disease Pneumonitis 2 42 Systemic

corticosteroids
No Unknown

27 Psoriasis Arthralgias 2 265 NSAIDs No Ongoing (2)
29 Temporal

arteritis
Nephritis 1 531 Systemic

corticosteroids
Yes, permanently Resolved

33 Psoriasis Thyroiditis 1 252 Levothyroxine No Resolved
Pneumonitis 2 470 None Yes, permanently Ongoing (1)

34 Myasthenia
gravis

Pneumonitis 3 228 Systemic
corticosteroids

Yes, permanently Ongoing (3)

35 Discoid lupus Central diabetes insipidus 3 81 Desmopressin Yes, temporarily Resolved
40 UC Pneumonitis 1-2* 112 Systemic

corticosteroids
Yes, permanently Recurred after

rechallenge*Multiple
sclerosis

43 Psoriasis Arthralgias 2 112 NSAIDs No Resolved
45 UC WBC decrease 4 39 Systemic

corticosteroids,
filgrastim

Yes, permanently Resolved

48 Crohn disease Pneumonitis 1 30 Systemic
corticosteroids

No Unknown

50 Seronegative
arthritis

Thyroiditis 2 42 Levothyroxine No Resolved

51 Hashimoto
thyroiditis

Colitis 3† 224 Systemic
corticosteroids

Yes, permanently Recurred after
rechallenge†

53 Seronegative
arthritis

Nephritis 2 77 Supportive care Yes, permanently Ongoing (2)

Abbreviations: AID, autoimmune disease; AIHA, autoimmune hemolytic anemia; irAE, immune-related adverse event; CTCAE, Common Terminology Criteria For
Adverse Events (version 4.03); ID, patient identification number; NSAIDs, nonsteroidal anti-inflammatory drugs; PD-(L)1, programmed death (PD) 1 or PD-ligand 1;
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; UC, ulcerative colitis.
*This patient initially developed grade 1 pneumonitis 112 days after PD-(L)1 therapy start and completely resolved after temporary discontinuation of immunotherapy.
PD-(L)1 therapy was restarted on day 175 (after first dose of immunotherapy), and the patient subsequently developed grade 2 pneumonitis on day 303, which was
managed with systemic corticosteroids and permanent PD-(L)1 therapy discontinuation. Pneumonitis was ongoing at the time of data censor.
†This patient initially developed grade 3 colitis 224 days after PD-(L)1 therapy start and completely resolved after administration of systemic corticosteroids. PD-(L)1
therapy was restarted on day 374 (after first dose of immunotherapy), but the patient developed recurrent grade 3 colitis on day 451, leading to permanent PD-(L)1
therapy discontinuation. The patient has since recovered completely from recurrent colitis.
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AID and subsequent toxicities may have not been documented or
graded as thoroughly by the treating oncologist compared with
patients who are being followed in clinical trials. In addition, at the
time of PD-(L)1 initiation, 82% of the patients in this study had no
active AID symptoms, and only 20% of the overall population was
receiving treatment of their baseline AID. Therefore, the conclu-
sions from this study may not be broadly applicable to patients
with more severe and symptomatic AID who are about to start
immunotherapy. Furthermore, some autoimmune conditions in-
cluded in this study were only represented by small numbers of
patients, so larger studies may be needed to identify risks of im-
mune checkpoint inhibitors for specific AID subtypes.

The length of time receiving immunotherapy or in follow-up
may also be potential confounders in this analysis, because im-
munologic toxicities might be more likely to be identified in pa-
tients with longer exposures to PD-(L)1 therapies. Because 84% of
patients in this study received PD-(L)1 therapy in the second-line
or greater setting, the response rate to PD-(L)1 in our cohort was
22%, similar to the overall response rate reported in phase III trials
of PD-(L)1 inhibitors in unselected patients with NSCLC.1,6 This
relatively low response rate and short duration of exposure to im-
munotherapy may underestimate the risk of immunologic toxicity
comparedwith amore highly enriched patient populationwhomight
be more likely to respond to immunotherapy for longer periods of
time (eg, NSCLCs with a high PD-L1 tumor proportion score or high
mutational load). Taking into account the competing risk of PD-(L)1
discontinuation due to death, disease progression, or toxicity, we
observed that the cumulative incidence rate for AID flare was 21% in
the first 6 months and 23% at 18months, suggesting thatmost of the
AID flare events would be detected earlier in the course of im-
munotherapy treatment. With a median follow-up time in our study
of 17.5 months, we aimed to capture any potentially late-occurring
immunologic toxicities in this population.

Overall, our findings are similar to those reported in two
recent studies in patients with melanoma with AID conditions,

where treatment with CTLA-4 or PD-1 inhibitors was shown to be
generally safe, with manageable toxicities.12,13 A recent systematic
review of immune checkpoint inhibitor use among patients with
cancer and AID, including 16 patients with lung cancer, also
showed that these therapies can generally be administered safely
without treatment discontinuation.15 Although larger retrospective
and prospective analyses will be helpful in further delineating the
risks of immunotherapy in patients with specific autoimmune
diseases, our study adds to the growing body of evidence sup-
porting the use of immunotherapy in patients with cancer with
preexisting AID, albeit with close monitoring for adverse events.
Additional studies are needed to determine the risk factors for
developing immune-mediated toxicities in patients with cancer
treated with immune checkpoint inhibitors.
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Appendix

Time From PD-(L)1 Inhibitor Initiation (mo)
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Fig A1. Cumulative incidence of exacerbation of an autoimmune disease (AID)
compared to PD-1 or PD-L1 therapy discontinuation due to death, disease pro-
gression, or treatment toxicity.
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Table A1. Clinicopathologic Characteristics of Patients With Non–Small-Cell
Lung Cancer and Preexisting Autoimmune Disease

Characteristic N = 56

Median age at diagnosis, years (range) 67 (45-90)
Sex
Male 21 (38)
Female 35 (62)

Smoking history
Never 4 (7)
Current 3 (5)
Former 49 (88)

Histology
Adenocarcinoma 41 (73)
Squamous cell carcinoma 14 (25)
Poorly differentiated carcinoma 1 (2)

ECOG performance status*
0 4 (7)
1 34 (63)
2 14 (26)
3 2 (4)
4 0 (0)
Unknown 2

Stage at time of PD-(L)1 inhibitor initiation
IIIB† 6 (11)
IV 50 (89)

PD-(L)1 inhibitor
Nivolumab 45 (80)
Pembrolizumab 10 (18)
Atezolizumab 1 (2)

PD-L1 tumor proportion score
Positive $ 1% 14 (88)
Positive $ 50% 8 (50)
Negative 2 (12)
Unknown 40

Line of treatment with PD-(L)1 inhibitor
First line 9 (16)
Second line 35 (62)
Third line 4 (7)
Fourth line 7 (12)
Fifth line 1 (2)

NOTE. Data are reported as No. or No. (%) unless otherwise specified.
Numbers may not add up to 100% because of rounding.
Abbreviations: ECOG, EasternCooperativeOncologyGroup; PD-(L)1, programmed
death (PD) 1 or PD-ligand 1.
*ECOG Performance Status values are reported at the time of PD-(L)1 inhibitor
initiation.
†Patients with stage IIIB disease were deemed ineligible for treatment with
definitive concurrent chemoradiation.
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