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ABSTRACT
Patients with preexisting autoimmune disease (pAID) are generally excluded from clinical trials for
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immune checkpoint inhibitors (ICls) for cancer due to concern of flaring pAID. In this multi-center,
retrospective observational study, we compared safety of ICI combination (two ICl agents) versus mono-
therapy in cancer patients with pAIDs. The primary outcome was time to AEs (immune-related adverse
events (irAEs) and/or pAID flares), with progression-free survival (PFS) and overall survival as secondary
outcomes. Sixty-four of 133 patients (48%) received ICl combination and 69 (52%) monotherapy. Most had
melanoma (32%) and lung cancer (31%). Most common pAIDs were rheumatic (28%) and dermatologic
(23%). Over a median follow-up of 15 months (95%Cl, 11-18 mo), the cumulative incidence of any-grade
irAEs was higher for combination compared to monotherapy (subdistribution hazard ratio (sHR) 2.27, 95%
Cl 1.35-3.82). No statistically significant difference was observed in high-grade irAEs (sHR 2.31 (0.95-5.66),
P=.054) or the cumulative incidence of pAID flares. There was no statistically significant difference for
melanoma PFS between combination versus monotherapy (23.2 vs. 17.1mo, P =.53). The combination
group was more likely to discontinue or hold ICI, but > 50% of the combination group was still able to
continue ICl therapy. No treatment-related deaths occurred. In our cohort with pAIDs, patients had
a tolerable toxicity profile with ICI combination therapy. Our results support the use of ICl combination
if deemed necessary for cancer therapy in patients with pAIDs, since the ICI toxicities were comparable to
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monotherapy, able to be effectively managed and mostly did not require ICl interruption.

Introduction

Immune checkpoint inhibitor (ICI) treatment targeting inhibi-
tory proteins within the immune system, such as anti-
programmed cell death protein 1 and its ligand (PD-[L]1) and
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), has
considerably advanced our therapeutic options in clinical oncol-
ogy. Clinical trials for these therapies have yielded promising
outcomes for a wide array of malignancies, leading to Food and
Drug Administration approval of combination therapy and
monotherapy for multiple cancer types.'® Unfortunately, ICI

toxicities, known as immune-related adverse events (irAEs), can
limit the ability to continue ICI therapy despite encouraging
tumor responses. These irAEs can occur at various times after
the initiation of ICIs treatment and can affect multiple organ
systems, resulting in dermatitis, colitis, pneumonitis, myocardi-
tis, arthritis, hypophysitis, and others.®”> Combination ICI ther-
apy (anti-CTLA-4 + anti-PD-1) has been associated with
increased response rates and overall survival (OS)>® compared
to monotherapy, but also with a higher rate of irAEs (up to 60%
> grade 3) leading to treatment discontinuation.'"!
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Owing to the phenotypic similarities between irAEs and
primary autoimmune diseases, there is concern for an
increased toxicity risk when considering ICI treatment for
cancer patients with preexisting autoimmune diseases
(pAIDs). Patients with pAIDs have generally been excluded
from ICI clinical trials due to this concern.'>"? However, these
patients represent a special population at an elevated risk of
developing various cancers because of their pAID.'*"
Moreover, several retrospective cohort studies have shown
that these patients could benefit from ICI therapy, and despite
the development of de novo irAEs and pAID flares, these
adverse events were manageable and did not require ICI
discontinuation.>'®"*°

Given the approval of ICI combination therapy associated
with remarkably improved survival in different cancers, clin-
icians are faced with difficult risk and benefit discussions
because of the limited data available to guide ICI combination
use in patients with pAIDs.”' Here, we report the results of
a multicenter retrospective cohort study that evaluated the
safety and effectiveness of ICI combination therapy compared
with single-agent anti-PD-1 therapy in this population of
patients with cancer and pAIDs.

Methods
Study design

Cohort selection

After obtaining approval from the Institutional Review Board
at the University of Texas MD Anderson Cancer Center, we
searched the institutional databases to identify cancer patients
who had received ICIs between 3/4/2016 and 7/31/2019. The
claims data for the retrieved patients were extracted from 6
months before the first ICI infusion up to the last follow-up or
death. Patients with autoimmune diseases were identified using
the International Classification of Diseases diagnostic codes 9
and 10 (Table S1). Among the patients with at least one
relevant code, those who received a combination of ipilimu-
mab and nivolumab were identified, and their medical records
were thoroughly reviewed. Patients were included if they were
>18 years of age and had pAIDs confirmed by a treating oncol-
ogist or organ disease specialist prior to the initiation of ICI
combination therapy. Patients were excluded if they did not
have established diagnosis of autoimmune disease prior to ICI
initiation or did not have sufficient data available regarding
their pAID and/or cancer treatments. Eligible patients with
pAIDs who were treated with ICI as well as those treated
with anti-PD1 monotherapy were also identified from the
New York University Langone Health/Laura and Isaac
Perlmutter Cancer Center and the Dana Farber Cancer
Institute. IRB approval was obtained from each institution.

Data Collection

A universal data collection protocol was established to extract
data on patient demographics and baseline characteristics
including type of cancer, type of pAIDs (categorized as rheu-
matic, dermatologic, gastrointestinal, endocrine, neurologic
and hematologic), status of pAIDs (defined as active if the
patient had active disease manifestations based on

documentation in medical record; otherwise, were considered
inactive), pAIDs treatment at ICI initiation (systemic corticos-
teroids and/or disease modifying anti-rheumatic drugs
“DMARDs” or other immunosuppressants), occurrence of
any adverse events (irAEs and/or pAID flares), time to adverse
events since ICI initiation, how adverse events were managed,
median duration of follow-up, and tumor response to ICI
therapy.

Outcome assessment

The primary outcome was to assess the safety of ICI combina-
tion therapy versus anti-PD-1 monotherapy in terms of time to
development of de novo irAEs, time to pAID flares, and time to
any AEs (de novo irAEs and/or pAID flares) after initiation of
ICIs, counting death as a competing event. Patients were
deemed to have an irAE if the autoimmune presentation after
ICI initiation was clinically different from their preexisting
autoimmune disease; irAEs were graded according to the
Common Terminology Criteria for Adverse Events (CTCAE)
v5.0.”> IrAEs of CTCAE grade 3 or higher were considered
high-grade irAEs. Patients were deemed to have a pAID flare if
they had recurrence or worsening of prior disease manifesta-
tions or reported new disease features as determined by treat-
ing the clinician based on a medical documentation review.
The secondary outcomes were progression-free survival (PFS)
and overall survival (OS). PFS was defined as the length of ICI
until tumor progression as deemed by clinical annotations or
death, and OS was calculated as the time from ICI initiation to
the date of death or the most recent follow-up if the date of
death was not documented. Subgroup analyses were performed
on the patients with melanoma and lung cancer.

Statistical methods

Patient characteristics and management of adverse events were
summarized according to the type of immunotherapy agent
used, with descriptive statistics, median (range) for continuous
variables, and frequency (%) for categorical variables. The two
groups of patients treated with ICI combination versus single-
agent anti-PD-1 were compared using the two-sample t-test or
Wilcoxon rank-sum test for continuous variables, and the chi-
square test or Fisher’s exact test for proportions. The incidence
rates (number of events per person year) of any adverse events,
any-grade irAEs, high-grade (grade 3-5) irAEs, and pAID
flares were estimated according to the type of immunotherapy
agent in all patients, melanoma patients, lung cancer patients,
and in different subgroups. Univariate and multivariable Fine-
Gray hazard models were fitted, considering each time to any
adverse event, time to de novo irAE, time to grade 3 or higher
irAE, time to pAID flare as a response variable, and death
without an event as a competing risk event. The
Multivariable Fine-Gray model included the type of ICI and
covariates selected by stepwise selection. The Aalen-Johansen
method was used to estimate the cumulative incidence, which
was plotted over time. Univariate and multivariable Cox mod-
els were fitted, considering PFS and OS as response variables
for the entire cohort (adjusted for tumor type in the multi-
variable model), melanoma, and lung cancer patients. The
Kaplan-Meier method was used to estimate the survival



curve, and the survival curves were compared between groups
using the log-rank test. Statistical significance was set than 0.05.
SAS 9.4 (SAS Institute INC, Cary, NC, USA) was used for data
analysis.

Ethical considerations

Ethical approval has been obtained from the respective local
ethics committees or Institutional Review Boards for
University of Texas MD Anderson Cancer Center, New York
University Langone Health/Laura and Isaac Perlmutter Cancer
Center and the Dana Farber Cancer Institute.

Results

Of the 8423 cancer patients who received ICIs at MD Anderson
between March 2016 and July 2019, 41 with pAIDs received
ICI combination therapy (Figure S1). An additional 23 patients
with pAIDs treated with ICI combination therapy and 69
patients with pAIDs treated with anti-PD-1 monotherapy
were identified from other institutions. Therefore, 133 patients
were included in our final analysis: 64 (48%) patients who
received ICI combination therapy and 69 (52%) who received
anti-PD-1 monotherapy.

The patient demographics and baseline characteristics are
summarized in Table 1. The median age was 60 years (range,
32-85) in the combination therapy group and 64 (21-91) in the
monotherapy group (p = 0.53). The sex distribution was similar
to that of the female majority in both treatment groups. The

Table 1. Patient demographics and baseline clinical characteristics.
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most common cancer types were melanoma (n =28 (44%) in
the combination group and 15 (22%) in the monotherapy
group) and lung cancer (n=16 (25%) in the combination
group and 25 (36%) in the monotherapy group). The majority
of patients had inactive pAID at ICI initiation (n =126 133;
95%). There was no significant difference in the proportion of
patients receiving baseline corticosteroids or biological
DMARD:s at ICI initiation; however, there were significantly
fewer patients receiving baseline conventional synthetic
DMARD:s in the ICI combination group than in the mono-
therapy group (3% vs. 17%, p=.01). The median follow-up
time since the initiation of ICI therapy was 14.9 months (95%
CI, 11.2-17.8) for the entire cohort; 12.9 months (95% CI,
10.8-20.5) for patients treated with ICI combination, and 16
months (95% CI, 8.5-18.2) for those treated with monother-
apy. In the total patient cohort, pAIDs included rheumatic (n
=37, 133; 28%), dermatologic (n = 31; 23%), endocrine (n = 22;
17%), gastrointestinal (n =16; 12%), neurologic (n=>5; 4%),
hematologic (n=5; 4%), and multiple AIDs (n=17; 13%)
and were equally distributed between both treatment groups
(p=0.56) (detailed information on the types of pAIDs and
their frequencies in both treatment groups are shown in
Table S2).

Safety

Opverall, 84 patients (63%) developed any adverse events (irAEs
and/or pAID flares). The incidence rates (number of events per
person year) of any adverse events, de novo irAEs, and flares of

Variable Combination (n = 64) Monotherapy (n = 69) P-value
Age at cancer diagnosis Median (range) 60 (32-85) 64 (21-91) .53
Sex Female 39 (61%) 38 (55%) .50
Male 25 (39%) 31 (44%)
Follow-up since ICl initiation Median months 12.9 months 16 months
(95% Cl) (10.8-20.5) (8.5-18.2)
Cancer type Gastrointestinal 4(6.3%) 3(4.3%) .01
Genitourinary 9(14.1%) 6(8.7%)
Lung 16(25%) 25(36.2%)
Melanoma 28(43.8%) 15(21.7%)
Other 7(10.9%) 20(29%)
pAID type Dermatologic 17 (27%) 14 (20%) .56
Endocrine 9 (14%) 13 (19%)
Gastrointestinal 7 (11%) 9 (13%)
Hematologic 4 (6%) 1 (1%)
Neurologic 1(2%) 4 (6%)
Rheumatologic 19 (30%) 18 (26%)
Multiple PADs 7 (11%) 10 (15%)
Autoimmune disease status at ICl initiation (Baseline)
Active vs Inactive PAD Active 5 (8%) 2 (3%) .26
Inactive 59 (92%) 67 (97%)
Autoimmune disease treatment at ICl initiation (Baseline)
Baseline Corticosteroids No 57 (90%) 60 (87%) 71
Yes 7 (11%) 9 (13%)
Baseline DMARDs No 55 (86%) 50 (73%) .06
Yes 9 (14%) 19 (28%)
Baseline csDMARD No 62 (97%) 57 (83%) .01
Yes 2 (3%) 12 (17%)
Baseline bDMARD No 62 (97%) 67 (97%) 1.00
Yes 2 (3%) 2 (3%)

ICl =Immune checkpoint inhibitor, AIHA = autoimmune hemolytic anemia, bDMARD=biologic disease modifying anti-rheumatic drug, csDMARD =
conventional synthetic disease modifying anti-rheumatic drug, GBS = Guillain-Barre syndrome, ITP =immune thrombocytopenia, PAD= preexisting
autoimmune disease, PMR=Polymyalgia rheumatica, RA=rheumatoid arthritis, SLE = Systemic lupus erythematosus, SSc = systemic scleroderma,

SD = standard deviation.
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pAIDs in patients treated with ICI combination compared to
monotherapy and the subdistribution hazard ratios (sHRs) are
shown in Table 2. The use of ICI combination therapy was not
associated with a significantly increased cumulative incidence
of any adverse events compared with anti-PD-1 monotherapy
in the overall cohort (incidence rates of 0.62 vs. 0.47, respec-
tively and sHR 1.29 (95% CI 0.86-1.96), p = .22) (Figure S2). In
a subgroup analysis, patients with melanoma had an incidence
rate of any adverse event of 0.61 for the combination therapy
group and 0.46 for monotherapy (sHR 0.63 (95% CI 0.32-
1.24), P=.18). For patients with lung cancer, the incidence
rates were 0.71 for combination vs. 0.42 for monotherapy
(sHR 1.26 (95% CI 0.52-3.10), p = .61) (Figure S2).

Immune-related adverse events

Of 133 patients, 60 (45%) developed irAEs of any grade. The
incidence rate of any-grade irAE was 0.52 for patients on
combination therapy and 0.26 for those on monotherapy
(Table 2). The use of ICI combination therapy was associated
with a higher cumulative incidence of any-grade irAEs in the
overall cohort (sHR 2.23 (95% CI 1.33-3.74), p =.002) (Figure
S3), but the results of subgroup analyses by cancer type,
although they showed an increase in the sHR, did not reach
statistical significance: melanoma (incidence rates 0.42 vs. 0.23,
sHR 1.48 (95% CI 0.61-3.56), P =.39) and lung cancer patients
(incidence rates 0.71 vs. 0.27, sHR 2.17 (95% CI 0.82-5.74), P
=.12) (Figure S3).

Within the various pAID categories, patients with derma-
tologic pAIDs had a higher incidence rates of any-grade irAEs
when treated with ICI combination compared to monotherapy
(0.59 versus 0.14, respectively) with a higher cumulative inci-
dence in combination therapy versus monotherapy (sHR of
5.51 (95% CI 1.3-23.47), P=.02). Patients with endocrine
pAIDs had a higher cumulative incidence (0.96 in the combi-
nation group versus 0.60 in the monotherapy (sHR 2.82 (95%
CI 1.08-7.38), P=.03). Irrespective of autoimmune disease
categories, patients who had inactive pAIDs and those who
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were not receiving immunomodulatory agents at ICI initiation
experienced a significantly higher cumulative incidence of
irAEs when treated with ICI combination therapy (incidence
rates 0.51 vs. 0.27, sHR 2.06 (95% CI 1.22-3.49), p =.01) and
(incidence rates 0.50 vs. 0.21, sHR 2.61 (95% CI 1.23-5.56,
p=.01).

For high-grade irAEs (>grade 3), regardless of tumor type,
there was a higher cumulative incidence in patients treated
with ICI combination therapy compared to monotherapy, but
this did not reach statistical significance (incidence rates 0.21
vs. 0.09, sHR 2.31 (95% CI 0.95-5.66), P =.07). There was no
significant difference in high-grade irAEs between combina-
tion therapy and monotherapy for patients with melanoma
(incidence rates 0.18 vs. 0.14, sHR 0.79 (95% CI 0.23-2.77,
p =.71) and patients with lung cancer (incidence rates 0.26 vs.
0.04, sHR 4.94 (95% CI 0.52-47.3), p=.17), as illustrated in
Figure 1.

The distribution of irAE types for all patients and the ICI
regimen they received are shown in Table S3. Overall, the most
common irAEs were dermatitis and colitis (11.3%) and hepa-
titis (6.8%), followed by pneumonitis (6%), which was primar-
ily reported in patients treated with ICI combination therapy
(10.9% vs. 1.4%, P=0.03). However, there were no significant
differences in the frequency of other irAEs between the two
treatment groups.

Pre-existing autoimmune disease flares

Of the 133 patients, 45 (34%) experienced a pAID flare. There
was no significantly increased cumulative incidence of pAID
flares with the use of ICI combination compared to anti-PD-1
monotherapy in the overall cohort (incidence rates 0.27 vs.
0.30, sHR 0.79 (95% CI 0.45-1.4), p = 0.42) (Figure S4) or in
lung cancer patients (incidence rates 0.18 vs. 0.23, sHR 0.48
(95% CI 0.10-2.35), p=0.36) (Figure S4). The cumulative
incidence of developing pAID flares with the use of ICI com-
bination therapy was comparable with the use of ICI combina-
tion therapy compared to anti-PD-1 monotherapy in
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12
Mono 13 6

) Time (in months)
Time (in months)

Number at risk
Combo 16 2
Mono 25 9 3
1

All Tumor types (n=131)"* Melanoma (n=41)"% Lung cancer (n=41) *

Incidence rate (95% Cl)
sHR (95% Cl) P-value

Combination Monotherapy Combination

irAE

grades3  021(012:034) 0.09(0.04-0.18) 231(0.955.66)  0.07

Incidence rate (95% Cl)
Monotherapy

0.18(0.09-0.39) 0.14(0.05-0.37)

P-value Incidence rate (95% Cl) P-value

sHR (95% C1) sHR (95% Cl)

Combination Monotherapy

0.79(0.23-277) 071  0.26(0.09-0.82) 0.04(0.01-0.27) 4.94(0.52-47.3)  0.17

P-values presented in the tables are based on univariate Fine-Gray model

*Two patients with unknown irAE grade were not included, 115 of 64 patients on combination therapy and 7 of 67 on anti-PD-1 therapy experienced high-gradeirAEs, §7 of 28 patients on combination therapy and 4 of 13 on anti-PD-1
therapy experienced high-grade irAEs, #3 of 16patients on combination therapy and 1 of 25 on anti-PD-1 therapy experienced high-grade irAEs
irAE: immune-related adverse event, CTCAE: common terminology for cancer adverse events, ICI:immune checkpoint inhibitor, anti-PD-1: anti-programmed cell death protein 1, pAID: pre-existing autoimmune disease

Figure 1. Depicted here is the Aalen-Johansen estimator of the cumulative incidence function, incidence rate (number of high grade irAE event per person year) and
subdistribution hazard ratio (sHR) of high-grade immune-related adverse events (irAes with CTCAE grade > 3) for ICI combination compared to anti-PD-1 monotherapy
in patients with pAids. No statistically significant difference was identified in the comparison of high-grade immune-related adverse events (irAes) defined by common
Terminology Criteria for adverse events (CTCAE) >3 between combination and single-agent immune checkpoint inhibitor (ICl) therapies.
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melanoma patients (incidence rates 0.32 vs. 0.33, sHR 0.43
(95% CI 0.19-0.99), p =.05). Notably, patients with gastroin-
testinal pAIDs did not have any disease flares when treated
with anti-PD1 monotherapy (incidence rates of 0 vs. 0.34,
combination). However, no significant differences were
observed in autoimmune disease flares between the two treat-
ment groups in other pAID categories, regardless of the disease
status and treatment of pAIDs at ICI initiation.

Management of adverse events

A total of 58 patients (44%) required treatment with systemic
immunomodulatory agents; all patients required corticoster-
oids, 12 (9%) required conventional synthetic DMARDs
(methotrexate, hydroxychloroquine, mycophenolate mofetil,
cyclosporine), and 7 (5%) required biological DMARD:s (inflix-
imab, tocilizumab, rituximab, ustekinumab, vedolizumab)
(Table 3). Overall, the need for corticosteroids was significantly
higher in the ICI combination group than that in the mono-
therapy (80% vs. 56%, p =.02). However, the use of conven-
tional synthetic DMARDs was significantly higher in the
monotherapy group (26% vs. 4%, p =.006), and biological
DMARDs were used more frequently in the ICI combination
group; however, the difference was not statistically significant
(13% vs. 3%, p=.12). Additionally, management of adverse
events required permanent discontinuation of ICI in 22
patients (16.5%), including 15 of 64 patients (23%) in the
combination group and 7 of 69 patients (10%) in the mono-
therapy group (p=.05). However, 49 patients (77%) in the
combination group and 62 patients (90%) in the monotherapy
group were able to continue their ICI treatment course without
interruption or after a temporary hold because of adverse
events. No treatment-related deaths were observed in either
of the groups.

Efficacy

Patients with pAIDs treated with ICI combination had longer
therapy PES compared to those treated with anti-PD-1 mono-
therapy in the entire cohort (12.3 vs. 7.3 months, P=.12) and
the melanoma subgroup (23.2 vs. 17.1 months, P=.53), how-
ever, the differences did not reach statistical significance
(Table 4 and Figure 2). Overall, longer PFS was associated
with male sex than with female sex (HR 0.58, 95% CI 0.37-
0.91, P=.02) (Table 4). In contrast, the following variables were
associated with significantly shorter PFS: lung cancer compared

Table 3. Details regarding adverse event management for all patients.

to melanoma (HR 2.42, 95% CI 1.39-4.21, P =.002), hematolo-
gical pAIDs compared to rheumatologic pAIDs (HR 3.51, 95%
CI 1.3-9.44, P=.01), and the use of bDMARD for treatment of
pAIDs at ICI initiation (HR 3.04, 95% CI 1.1-8.45, P=.03). In
patients with melanoma, the following variables were associated
with shorter PFS: neurologic pAIDs (HR 37.49, 95% CI 2.23-
629.31, P=.01) and bDMARDs use at ICI onset (HR 4.93, 95%
CI 1.04-23.34, P=.04). When focusing on patients with lung
cancer, shorter PFS was observed in patients who used any
immunomodulatory agent (HR 3.9, 95% CI 1.52-10.0, P
=.005). In the entire cohort, there were no statistically signifi-
cant differences in OS among patients with pAIDs treated with
ICI combination therapy compared to those treated with anti-
PD-1 monotherapy (Figure 3). Survival was calculated for
patients who received immunosuppression versus those who
did not, and the data are presented in the supplementary mate-
rial (Table S4a for all patients and S4b for patients who experi-
enced ICI AEs).

Discussion

To our knowledge, this study is the first to compare the safety
and effectiveness of ICI combination therapy versus single-
agent anti-PD-1 therapy in a cancer population with pAIDs.
Our results suggest that the use of ICI combination therapy
had twice the cumulative incidence of all-grade irAEs; how-
ever, while the cumulative incidence of high-grade irAEs was
higher for combination therapy versus monotherapy, the dif-
ference was not statistically significant. Notably, more than
90% of our patients had inactive pAID and about 90% had
no need for systemic steroids at time of ICI initiation. This was
comparable between the monotherapy and combination
groups. There was no significant difference between the two
cohorts with regard to the pAID flares and most irAEs and
flares were successfully managed with corticosteroids and
a secondary immunomodulatory agent in some patients.
Permanent discontinuation of ICI treatment was rarely
required (16.5% of the entire cohort). Although patients on
combination therapy were more likely to experience disconti-
nuation or holding of their ICI treatment because of adverse
events, more than 50% of those patients were still able to
continue their combination therapy. According to our find-
ings, patients with pAIDs treated with ICI combination ther-
apy may have better PFS compared to those treated with anti-
PD-1 monotherapy, but the difference was not statistically

Total patients with any adverse events (n = 84) Combination Monotherapy P-value

Treatment of adverse events, N/total (%) Any systemic immunomodulatory agents 36/45 (80%) 22/39 (56%) .02
Corticosteroids 36/45 (80%) 22/39 (56%) .02
¢sDMARDs 2/45 (4%) 10/39 (26%) .006
bDMARDs 6/45 (13%) 1/39 (3%) 12
Supportive and other treatment 16/45 (36% 22/39 (56%) .06

Continuation of ICl therapy Permanently discontinued due to AEs 15/64 (23% 7/69 (10%) .03
Temporarily withheld ipilimumab due to AEs 15/64 (23% 11/69 (16%

Continued

Tumor response to ICl therapy, N/total (%) Progressed

Achieved remission/remained stable

(16%)
51/69 (74%)
42/69 (61%) AN
27/69 (39%)

30/64 (47%
34/64 (53%

(

(
34/64 (53%

(

(

Biologic DMARDs included: infliximab, tocilizumab, rituximab, ustekinumab, vedolizumab.

¢sDMARDs included: MTX, HCQ, MMF, cyclosporine.

Supportive and other treatment included: naproxen, levothyroxine, topical steroids, vit. D, NB-UVB, plasmapheresis, dialysis, IV hydration.



Table 4. Progression free survival (time to progression or death).
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All cancer types (N=133) Melanoma cancer (N =43) Lung cancer (N =41)

Covariate Level HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Age at malignancy dx In 1 Unit Change 1.00 (0.98-1.01) .66 1.02 (0.98-1.05) 37 0.96 (0.92-0.99) .02
Type of_ICI Monotherapy 1.00 1.00 1.00

Combination 0.71 (0.46-1.09)* 12 0.77 (0.34-1.76) 53 1.49 (0.73-3.06)** 27
Sex Female 1.00 1.00 1.00

Male 0.58 (0.37-0.91) .02 0.69 (0.30-1.57) .38 0.77 (0.36-1.65) .50
Cancer type Melanoma 1.00

Gastrointestinal 0.97 (0.29-3.22) 96

Genitourinary 1.70 (0.78-3.69) 18

Lung 242 (1.39-4.21) .002

Others 2.14 (1.15-3.98) .02
pAID type Rheumatologic 1.00 1.00 1.00

Dermatologic 0.90 (0.47-1.73) 76 0.61 (0.18-2.04) 42 1.40 (0.50-3.91) .53

Endocrine 1.91 (0.99-3.68) .05 1.54 (0.40-5.97) 53 1.30 (0.34-4.91) .70

Gastrointestinal 1.23 (0.58-2.61) .59 0.94 (0.25-3.59) 93 1.93 (0.50-7.41) 34

Hematologic 3.51(1.30-9.44) .01 - 1.81 (0.37-8.76) 46

Multiple Aids 0.99 (0.47-2.05) .97 0.84 (0.25-2.82) .78 1.43 (0.46-4.42) .54

Neurologic 1.75 (0.60-5.13) 31 37.49 (2.23-629.31) .01 2.83 (0.56-14.25) 21
Active versus inactive Active 1.00 1.00 1.00

Inactive 2.09 (0.66—6.63) 21 1.20 (0.28-5.17) 81 0.11 (0.01-0.96) .05
On treatment for Any immunomodulator 1.60 (0.98-2.61) .06 1.72 (0.72-4.09) 22 3.90 (1.52-10.00) .004

pAID at time of ICl ¢sDMARD 1.20 (0.62-2.33) .58 1.11 (0.38-3.27) .85 3.61(1.02-12.79) .05
initiation bDMARD 3.04 (1.10-8.45) .03 4.93 (1.04-23.34) .04 1.63 (0.22-12.29) .64
Systemic steroid 0.95 (0.50-1.79) .87 0.66 (0.20-2.24) .50 3.27 (1.08-9.92) .04

HRs (95% Cl) and p-values presented in this table are those calculated from univariate cox regression models.
*HR of Combo vs Monotherapy based on a multivariate Cox model, adjusting for sex, malignancy for all cancer types, and any immunomodulatory: 0.87 (95% Cl,

0.55-1.38), p=.55

**HR of Combo vs. Monotherapy based on a multivariate Cox model, adjusting for age and any immunomodulatory for lung cancer: 1.69 (95% Cl, 0.75-3.77), p = .20.
95% Cl: 95% confidence interval, bDMARD: Biologic disease-modifying anti-rheumatic drug, CNS: Central nervous system, csDMARD: Conventional synthetic disease
modifying anti-rheumatic drug, Dx: Diagnosis, HR: Hazard ratio, ICl: Immune-checkpoint inhibitor, PAD: Pre-existing autoimmune disease, Tx: Treatment.

All tumor types Melanoma Lung
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Immunotherapy agent | Median PFS (95% Cl) Immunotherapy agent

Median PFS (95% CI)

Immunotherapy agent | Median PFS (95% Cl)

Monotherapy 7.3 months (5.2-11.3) Monotherapy

17.1 months (7.3-33.0)

Monotherapy 7.1 months (5.2-11.0)

Combination 12.3 months (5.0-23.2) Combination

23.2 months (5.0 — not estimated)

Combination 4.4 months (1.3-8.3)

P-values presented in the tables are based on log-rank test.

Figure 2. Depicted here is Kaplan-Meier plot of PFS by type of immunotherapy agent. There was no statistically significant difference regarding progression free survival
(PFS) was found between anti-PD-1 monotherapy versus combination immune checkpoint inhibitor therapy. This was true regarding any tumor type, lung/thoracic

malignancy or melanoma.

significant. Although larger studies and prospective clinical
trials are still needed to assess the safety and efficacy of ICI
combination therapy versus monotherapy in patients with
pAID, our findings show an expected increase in ICI toxicity
with combination therapy, but indicate that most patients,
including those in the ICI combination arm, were able to
continue ICI therapy without interruption. Importantly, no
treatment-related deaths occurred in the entire cohort.

There is mounting evidence that the use of ICI treatment for
patients with pAIDs has an acceptable safety profile with

a comparable rate of adverse events to what has been reported
in trials for patients without pAID, but this is primarily from
retrospective  studies in patients treated with ICI
monotherapy.”¢™'? It is not surprising that clinicians are
more hesitant to use ICI combination treatment in patients
with pAIDs because past studies have shown a grade 3 or
higher irAE rate of 32% to 60% in patients without pAID.****
Brown et al. reported a series of 55 patients with melanoma and
pAIDs treated with ICI combination therapy,” and observed
de novo irAEs in 67% of patients and flares of the underlying
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Immunotherapy agent
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Monotherapy
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Monotherapy
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Monotherapy
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P-values presented in the tables are based on log-rank test.

Figure 3. This figure reflects the Kaplan-Meier curves for OS by type of immunotherapy agent. There was no statistically significant difference regarding overall survival
(0S) was found between anti-PD-1 monotherapy versus combination immune checkpoint inhibitor therapy. This was true regarding any tumor type, lung/thoracic

malignancy or melanoma.

autoimmunity in 33% (3 of 19 patients with thyroiditis, 5 of 10
with inflammatory bowel disease, 4 of 7 with rheumatoid
arthritis, 3 of 6 with psoriasis, 1 of 1 with Behcet’s syndrome
and psoriasis, 1 of 1 with polymyalgia, and 1 of 1 with Sjogren’s
syndrome), which led to treatment discontinuation in 51% (20
patients with irAEs and 8 with flares) with no treatment-
related deaths. The same study also reported an overall
response rate of 55% (similar efficacy to ICI combination trials
in melanoma) and observed that patients who were receiving
immunosuppression at ICI treatment initiation had
a significantly shorter OS than those not receiving baseline
immunosuppression (11 vs. 31 months, p =.005).>> The largest
cohort to date, which retrospectively evaluated the safety and
efficacy of ICI use in patients with melanoma with and without
pAIDs enrolled in the Dutch Melanoma Treatment Registry,
reported similar rates of grade 3 or higher irAEs in patients
with and without pAIDs treated with ICI combination therapy
(44% of 34 patients with pAIDs versus 48% of 388 without
pAIDs) but did not provide information on pAID flares since
only irAEs of grade 3 or higher were registered in their
database.”® The same study also identified a similar objective
response rate in patients with and without pAIDs treated with
ICI combination therapy (39% vs. 43%) and reported no deaths
due to toxicity among patients with pAIDs treated with ICI
combination therapy. These data are in accordance with the
rates of high-grade irAEs and the effectiveness of ICI combina-
tion compared to anti-PD-1 monotherapy we observed in our
study, which suggests that having a pAID should not preclude
the use of ICI combination therapy if considered necessary, as
the increase in toxicity appears to be inherent to combination
versus monotherapy per se.”

Beyond impact of ICI on pAID, the use of immunosuppres-
sive agents for the treatment of ICI side effects raises concerns
regarding the abrogation of ICI effectiveness and subsequent
tumor response. Furthermore, patients with pAIDs were more
likely to be on baseline immunosuppression at the start of ICI
therapy. Contrasting evidence exists with certain retrospective
studies reporting attenuation of ICI effectiveness on cancer

outcomes with systemic corticosteroid use of 210 mg predni-
sone equivalent, steroid initiation within the first 2 months of
ICI therapy, and baseline immunosuppressive therapy,
whereas other studies have found no effect on tumor response
and overall survival.*”'®'"?732 patients with pAIDs, com-
pared to those without, may be at an increased risk of deleter-
ious impact on tumor outcome, as they are more likely to be on
baseline immunosuppression for active pAID or potentially to
prevent future pAID flares. A 2020 meta-analysis suggested
that earlier initiation, higher doses, and longer courses of
systemic steroids used to treat irAEs were associated with
worse PES and OS.*> However, these authors specifically high-
lighted that this correlation was not statistically significant
when systemic corticosteroids were used for ICI adverse
event treatment; instead, this correlation was significant only
when corticosteroids were used for brain metastases or pallia-
tive care.” In our cohort, at the time of ICI initiation, most
patients (95%) had inactive autoimmune disease and approxi-
mately one-fifth (21%) received systemic immunomodulatory
treatment. Given that baseline pAID status and/or baseline
immunosuppression would have biased clinical decision-
making when choosing between ICI combination or mono-
therapy, this would be a confounder when assessing tumor
outcome but could not be accounted for in our findings.
More data are required to better understand whether systemic
immunosuppression at baseline or used for the treatment of
ICI toxicity affects antitumor immunity.

Our results can provide a guide for the development of
a randomized controlled clinical trial that identifies the most
sensitive patient population with consideration of pAID his-
tory and cancer diagnosis to study the safety and efficacy of
combination therapy versus single-agent ICI therapy. Within
the pAID subgroups, patients with dermatologic or endo-
crine pAID reflected a significantly higher incidence rate of
all-grade irAEs in combination therapy than in monother-
apy. For patients with preexisting gastrointestinal autoim-
mune disease, we saw varying incidences of pAID flares for
the combination ICI cohort (0.58 events per person year for



Crohn’s disease and 0.22 for Ulcerative colitis), but no
patients in the ICI monotherapy group experienced
a preexisting autoimmune gastrointestinal disease flare in
our cohort. Based on this, patients with preexisting autoim-
mune dermatologic, gastrointestinal, or endocrine diseases
may be more cautious about considering combinations over
ICI monotherapy. This increased concern for disease flares
after ICIs for patients with preexisting inflammatory bowel
disease has been mentioned in prior literature as well.”
Regarding cancer diagnoses to consider for prospective clin-
ical trials, although not statistically significant, the trend of
PES improvement we found in our analysis could indicate
that combination therapy may potentially be of greater ben-
efit in some tumor types compared to ICI monotherapy for
patients with pAID. Specifically, our results showed a trend
for better PFS with ICI combination therapy for patients
with melanoma, but not for patients with lung cancer, so
we cannot draw conclusions across cancer diagnoses. This
discrepancy between tumor types and the efficacy of combi-
nation versus single-agent ICI treatment is in line with what
clinical trials have shown for patients without pAIDs.>*>*3¢
Future clinical trials assessing the safety and efficacy of ICI
combination therapy for patients with pAID should not only
consider ICI type and dosing but also the use of empiric or
prophylactic immunomodulating therapy with ICI initiation.

Further prospective, high-powered study is needed for
patients who suffer from pAID and require ICI treatment
for their cancer: to assess if baseline serologies can predict
ICI toxicities, if there are empiric medications that can pre-
vent future pAID flares, and how long-term immunosup-
pression used for pAID treatment may impact tumor
outcome. In our cohort, we did not have information regard-
ing serologies at baseline or through the course of ICI ther-
apy. There are a few studies that have looked at the
relationship between autoantibodies and that of ICI toxici-
ties, but the results are not conclusive for any particular
serologies being able to reliably predict pAID flares or
irAEs.>”*!' We also did not have enough detail to evaluate
if patients with stable autoimmune diseases were preven-
tively treated with immunosuppressive therapies when start-
ing ICL. Clinical research evaluating the use of DMARDs for
preventing pAID flares and/or irAEs will be critical and likely
only possible via multi-institutional collaboration. Secondary
outcomes of this study should evaluate the impact of pre-ICI
DMARDs on that of tumor outcome. Certain DMARDs may
adjunct the benefit of ICI therapy and while others may
abrogate ICI’s antitumor immunity. There has been early
adoption of infliximab for irAE treatment and multiple stu-
dies demonstrate the potential benefits of interleukin 6
receptor antagonists.** *® At least one phase 1b study in
this area is currently in progress: NCT03816345.

Some limitations of this study should be considered. Our
sample size was small, and there may be practice differences
between the different institutions that may drive some of the
discrepancies observed in the treatment of adverse events
between the groups. In addition, the small number of differ-
ent cancer types precluded further subgroup analysis and
given the low number of patients with neurologic or hema-
tologic pAIDs, we caution against broader clinical
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implication of ICI safety with these pAIDs. This study relied
on retrospective chart review. Therefore, some toxicities may
not have been documented as thoroughly as those in pro-
spective clinical trials. The retrospective nature of this study
is also subject to some selection bias. In particular, patients
with active pAID or with high risk of disease flare might not
have been selected for combined ICI from the provider.
Finally, most patients had inactive autoimmune diseases at
ICI initiation, which could potentially underestimate the
toxicity rates in our cohort. Finally, many of these patients
received ICIs off-label and at late stages of their disease,
which may have limited the duration for which they received
therapy and may have falsely underestimated PFS and OS.
Despite these limitations, our analyses provided important
information regarding ICI combination toxicities and their
management, which can inform oncologists who care for
these complex patients.

Conclusion

Treatment with ICI combination therapy for patients with
primary autoimmune disease is currently based on limited
data and extrapolation from studies of patients without auto-
immune disease who may differ in important respects. This
may ultimately lead to withholding ICI treatment or potential
under-treatment, either of which could have an impact on
patient survival. Our results support the use of ICI combina-
tion therapy if deemed necessary for the treatment of cancer in
patients with pAIDs, since the reported irAEs and autoimmune
disease flares were effectively managed and, in more than half
of the cases, did not require ICI treatment interruption or
discontinuation. Clinical trials with biomarker analyses focus-
ing on specific cancers and pAID types remain crucial to help
understand the pathogenic mechanisms of toxicity, the efficacy
of various treatment options, and their impact on underlying
autoimmunity in this special cancer population.
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