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Association of immune-checkpoint inhibitors
and the risk of immune-related colitis
among elderly patients with advanced
melanoma: real-world evidence from the
SEER-Medicare database
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Abstract
Background: The use of anti-cytotoxic T-lymphocyte antigen 4 (anti-CTLA4) therapy
(ipilimumab) and anti-programmed cell-death 1 (anti-PD1) agents (nivolumab and

pembrolizumab) in advanced melanoma have been associated with immune-related adverse

events (irAEs] including colitis. We aimed to estimate the incidence and the risk of colitis in

elderly patients with advanced melanoma treated with anti-CTLA4 and anti-PD1 in the real-

world setting.
Methods: Elderly patients (age = 65years) diagnosed with advanced melanoma between
2011 and 2015 and treated with anti-CTLA4 or anti-PD1 agents were identified from the

Surveillance, Epidemiology, and End Results (SEER]-Medicare data. We estimated the risk of

colitis from start of treatment up to 90days from the last dose of therapy. We used the log-

rank test and logistic regression with adjustment for potential confounders using the inverse

probability of treatment weighting method. We conducted several sensitivity analyses.

Results: A total of 274 elderly patients with advanced melanoma were included in our cohort.

The risk of colitis was similar between anti-PD1 users and anti-CTLA4 users based on log-
rank test (p=0.17) and logistic regression [odds ratio (OR)=0.35, 95% confidence interval
(95%Cl) 0.04-2.79]. Sensitivity analyses for patients with all-stage melanoma showed a

significantly lower risk of colitis in anti-PD1 compared with anti-CTLA4 treated patients based

on log-rank test (p=0.017) and logistic regression (OR=0.21, 95%CI 0.09-0.53).
Conclusion: Elderly with advanced melanoma treated with anti-CTLA4 or anti-PD1 had a

similar risk of developing colitis. However, there was a statistically significant difference in the

risk of colitis between anti-CTLA4 or anti-PD1 users among all-stage-melanoma patients.
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Plain Language Summary

Risk of colitis (inflammation of the large intestine) in elderly patients with melanoma
treated with immune-checkpoint inhibitors (a group of medications that uses the patient’s

immune system to fight cancer)

While the anti-cancer agents known as immune-checkpoint inhibitors have had a great
impact on the treatment of melanoma, they may also have side effects. This study estimated
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the risk of colitis, a chronic inflammation of the colon, in elderly patients with melanoma
treated with anti-cytotoxic T-lymphocyte antigen 4 (anti-CTLA4) or anti-programmed
cell-death 1 (anti-PD1) agents, using data from the Surveillance, Epidemiology, and End
Results (SEER])-Medicare linked database. Overall, we found that the risk of colitis was not
different between anti-PD1 users and anti-CTLA4 users with advanced-stage melanoma.
However, after including patients across all stages of melanoma, we found a significantly
lower risk of colitis with anti-PD1 compared with anti-CTLA4.

Introduction

In the United States, melanoma is the fifth most
common cancer in both men and women, with an
estimated 100,350 new cases and 6850 deaths in
2020.! Since the approval of ipilimumab, the first
immune-checkpoint inhibitor (ICI), in 2011, and
the subsequent approval of nivolumab and pem-
brolizumab in 2014, treatment options for mela-
noma have expanded, and treatment outcomes
have improved significantly.? ICIs work by bind-
ing to receptors on the T cell, leading to activa-
tion of the immune system against the tumor
cells.?

Two types of ICIs have been approved by the US
Food and Drug Administration (FDA). The first
type targets the inhibitory path of cytotoxic
T-lymphocyte antigen 4 (CTLA4); among these,
ipilimumab is the only anti-CTLA4 agent
approved for treating advanced melanoma. The
second type targets the programmed cell-death 1
(PD1) inhibitory pathway; among these,
nivolumab and pembrolizumab are approved for
the treatment of advanced melanoma.>? ICIs
have been shown to prolong survival and increas-
ing the objective response rate in comparison with
traditional chemotherapy.?3> However, the dys-
regulation of the immune system by ICIs could
lead to loss of tolerance and autoimmune reac-
tions involving different organs in the body such
as the skin, gastrointestinal tract, endocrine, res-
piratory, nervous, and cardiovascular systems.
Those undesired reactions are known as immune-
related adverse events (irAEs).*

Gastrointestinal irAEs are common among ICI
users and may range from mild diarrhea to severe
colitis.*> In melanoma trials, rates of colitis of
9.1% for anti-CTLA4 users and 2.1% for anti-
PD1 users (1.45% for nivolumab, and 2.1% for
pembrolizumab) have been reported.®’ However,
evidence on the incidence in real-world settings is
limited to case or single-center reports.814 A
recent retrospective study based on claims from

US electronic medical record data included a
melanoma cohort (age =18years) of 607 patients
treated with ipilimumab, 14 with nivolumab, and
157 with combination therapy of ipilimumab and
nivolumab. The risk of enterocolitis or diarrhea
was not statistically different between ipili-
mumab- and nivolumab-treated patients [hazard
ratio (HR) 1.07; 95% confidence interval
(95%CI) 0.68—1.70].1>

The risk of colitis among elderly melanoma
patients treated with anti-CTLA4 or anti-PD1 in
real-world settings has not yet been estimated.
The aim of this study was to estimate the risk of
colitis in anti-CTLA4- and anti-PD1-treated
elderly patients with advanced melanoma in a ret-
rospective cohort from the SEER-Medicare
linked data.

Method

Study design

We conducted a retrospective cohort study of
melanoma patients who were de novo users of
anti-CTLA4 or anti-PD1 to estimate the risk of
colitis. The University of Arizona institutional
review board exempted this study because the
data in the SEER-Medicare database are de-
identified data.

Data source

Our study is based on a database that links cancer
cases reported to the SEER program of cancer
registries with corresponding data from Medicare
claims. The SEER-Medicare linked data cover
around 93% of SEER’s patients aged 65 years or
older who were Medicare beneficiaries.!® The
SEER program is a national cancer registry that is
used by the National Cancer Institute (NCI) for
surveilling cancer in the United States. SEER col-
lects information about the demographic charac-
teristics of patients diagnosed with cancer and
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clinical characteristics of cancer, such as histo-
logical features, organs affected, number and type
of cancers, cancer stage, tumor grade, and date of
diagnosis. Also, the SEER program provides
information about the first course of cancer treat-
ment and vital data such as date of death, survival
time, and cause of death, if available. The NCI
implemented rigorous quality control measures,
including routinely audited for data accuracy to
ensure the integrity of the database.!” Medicare is
a federal program that provides health insurance
for (mainly) the elderly. Around 97% of the
elderly population (aged 65years or older) are
covered by the Medicare program. The coverage
may involve health services provided in inpatient
and outpatient settings, as well as medication
coverage such as therapeutic medications for
cancers.!6

Study cohort

We identified patients aged 65 years or older with
a primary diagnosis of melanoma (stage 3 and 4)
between 2011 and 2015 from SEER-Medicare
linked data. We restricted our cohort to patients
whose eligibility for Medicare was due to aging
only and had continuous enrollment in Medicare
part A and part B for at least 6 months prior to the
diagnosis of melanoma. We excluded patients
with end-stage renal disease or acquired immuno-
deficiency syndrome. We further restricted our
sample to patients whose prescribed ICIs and
diagnosis date, as specified in the Medicare claims
database [International Classification of Diseases,
9th/10th Revision Clinical Modification (ICD-
9-CM, ICD-10-CM)] matched the diagnosis
month and year in the SEER database. Also, we
excluded patients who used a combination ther-
apy of anti-CTLA4 and anti-PD1, and those who
experienced colitis prior to starting treatment
with anti-CTLA4 or anti-PD1 therapies.

Exposure, outcome, and covariates

We identified patients newly exposed to anti-
CTLA4 or anti-PD1 therapies from 2011 to 2016
using the Healthcare Common Procedure Coding
System (HCPS) codes (Table S1). The index
date was the date of the first exposure to ICIs.
The outcome of interest was the development of
colitis following the use of ICIs and was identified
from one inpatient claim or two outpatient claims
that were 30 days apart using the ICD-9-CM and
ICD-10-CM codes (Table S1). Patients were

followed from the start of their ICI therapy until
the earliest occurrence of outcome (colitis),
death, switching between ICI therapies, loss of
Medicare part A and B coverage, and/or end of
the available follow-up data by December 2016.
The primary outcome was the risk of colitis in
anti-CTLA4 and anti-PD1 analyzed at the drug
class level, as well as at the specific medication
level (ipilimumab, nivolumab, and pembroli-
zumab) during the period of initial treatment and
up to 90days from the last dose used. The base-
line covariates included age at diagnosis of mela-
noma, sex, race, ethnicity, marital status,
geographic region, urban residency, receiving
public assistance to Medicare enrollee by the
state Medicaid agency, melanoma stage based on
the American Joint Committee on Cancer
(AJCC) 7th edition, tumor grade, histopatholog-
ical type, use of chemotherapy, immunotherapy,
surgery, and radiation, as well as ecological sur-
rogate for the patients’ level of education, median
income, and poverty level, based on the county
level obtained from the census data.

Propensity model

We used a propensity score weighting method
using the inverse probability of treatment weight-
ing IPTW) to account for potential bias arising
from observational studies due to the absence of
randomized allocation. The propensity score is
the conditional probability that a patient receives a
treatment based on a certain list of covariates. The
IPTW is a weighting method that assigns a weight
of 1/(propensity score) to the treatment arm and
1/(1 — propensity score) for the control arm. The
application of IPTW yields in a weighted ‘pseudo
population’ in which treatment and the covariates
are independent.!® The variables included in the
propensity weighting model were age at diagnosis
of melanoma, sex, race, ethnicity, marital status,
geographic region, urban residency, receiving
public assistance for Medicare enrollee by the
state Medicaid agency, melanoma stage, tumor
grade, histopathological type, prior use of chemo-
therapy, immunotherapy, surgery, radiation, per-
centage of patients with high-school education,
natural logarithm of median income percentage of
patients below poverty level, and the baseline
Charlson comorbidity index excluding cancer
diagnoses.!® We utilized generalized boosted mod-
els to estimate the propensity score and IPTW 20,21
We used the standardized mean difference (SMD)
<<0.2 as indicative of a good balance.?2
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Statistical analysis

For our primary analysis, we intended using Cox
proportional regression modeling to estimate the
risk of colitis between anti-CTLA4 and anti-
PD1 therapies. However, the Cox proportion-
ality assumption for the interaction between
time and treatment was violated (Pyeraction
< 0.05). Therefore, we utilized a non-paramet-
ric approach using the log-rank test by incorpo-
rating the IPTW and adjusted Kaplan—Meier
estimate to compare the difference in time with
colitis between the ICI therapies.?3 Also, we uti-
lized logistic regression to calculate the odds
ratio (OR) and 95%CI for the risk of colitis
between the ICIs. We further performed sensi-
tivity analyses to assess the robustness of the
finding. First, we evaluated the risk of colitis
from start of ICI treatment up to 120days and
up to 360days from the last dose. Second, we
evaluated the risk of colitis during the first
6 months and 12months of ICI treatment. We
conducted additional sensitivity analyses by
including patients with all-stage melanoma to
evaluate the robustness of the finding across all-
stage melanoma. In both the primary and sensi-
tivity analyses, the cumulative incidence of
colitis during the first 6 months and 12 months
of initiation ICI therapy was estimated. We per-
formed all analyses using SAS, version 9.4 (SAS
Institute, Cary, NC, USA) with a two-sided sig-
nificance level of p <0.05.

Results

Cohort characteristics

A total of 274 melanoma patients met the inclu-
sion and exclusion criteria, including 205
patients treated with anti-CTLA4, and 69
treated with anti-PD1 agents (Figure 1, Table 1).
The descriptive statistics of anti-CTLA4 or
anti-PD1 de novo users are presented in Table 1.
Among the 69 anti-PD1 users, 19 patients were
treated with nivolumab, and 50 with pembroli-
zumab. The mean age for the anti-CTLA4
users was 74.10 years compared with 75.72 years
in the anti-PD1 users. The majority of patients
were White. Among the anti-CTLA4 treated
patients, 7.3% had previously been treated with
chemotherapy. The SMD after the IPTW was
<0.2 for all variables indicating a good balance
between the two groups (Table 1).

Risk of colitis

Per the log-rank test, the risk of colitis was similar
in the anti-PD1 and anti-CTLA4 groups (p=0.17;
Figure 2), confirmed in the logistic regression
model (OR 0.35, 95%CI 0.04-2.79). The 6- and
12-month cumulative incidence rates of colitis in
the anti-CTLA4 group were 6.77% and 9.27%,
respectively. In the anti-PD1 group, the corre-
sponding values were 2.88% and 4.64%,
respectively.

Cohort characteristics (ipilimumab versus
nivolumab versus pembrolizumab)

Comparisons by type of medication (ipilimumab,
nivolumab, and pembrolizumab) and including
the SMD prior to and after the IPTW are pre-
sented in Tables 2 and 3. Prior use of immuno-
therapy was statistically different in the patients
treated with either of the three agents (p=0.02;
Table 2). The average SMD after IPTW indi-
cated acceptable balance though with median
income, percentage of county residents with high-
school diploma, prior use of chemotherapy or
immunotherapy, and tumor grade showing
SMD >0.2 (Table 3).

Risk of colitis

The overall log-rank test indicated no significant
difference between the agents of interest (p =0.40;
Figure 3). Results from logistic regression showed
a similar risk of colitis for nivolumab wversus ipili-
mumab (OR 0.13, 95%CI 0.01-2.04), pembroli-
zumab versus ipilimumab (OR 0.50, 95%CI
0.19-1.32), and pembrolizumab versus nivolumab
(OR 3.90, 95%CI 0.23-66.88). The 6-month
cumulative incidence of colitis was 6.76% in ipili-
mumab, 0% in nivolumab, and 3.76% in pem-
brolizumab while the 12-month cumulative colitis
incidence was 9.48% in ipilimumab, 0% in
nivolumab, and 8.36% in pembrolizumab.

Sensitivity analyses

Sensitivity analyses for comparing anti-PD1
versus anti-CTLA4 treated patients using differ-
ent follow-up times did not show a difference in
colitis risk. Similarly, comparing colitis risk
between ipilimumab, nivolumab, and pembroli-
zumab over the first 6 or 12 months from start of
treatment or up to 120 or 360 days from the last
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Figure 1. Cohort development from SEER-Medicare data.
CTLAA4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed cell-death 1; SEER, Surveillance, Epidemiology, and End

Results.

dose of treatment showed no differences in colitis
risk between these agents (Table S2).

The characteristics of 324 anti-CLLA4 and 145
anti-PD1 (36 nivolumab,109 pembrolizumab)
patients at all stages of melanoma stratified by
anti-CTLA4 oversus anti-PD1 or stratified by
agents (ipilimumab, nivolumab, and pembroli-
zumab) are presented in Tables S3 and S4,
respectively. The SMD after IPTW was <0.2
for all variables indicating a good balance
between the two groups (Table S3). The aver-
age SMD after IPTW at the medications level
(ipilimumab, nivolumab, and pembrolizumab)

showed acceptable balance in the covariates with
some variables showing SMD exceeding 0.2 (age
at diagnosis, percentage of county residents with
high-school diploma, prior use of chemotherapy
or immunotherapy, and tumor stage; Table S5).
Per the log-rank test, the risk of colitis was statis-
tically lower in the anti-PD1 wversus anti-CTLA4
group across different follow-up periods
(p<0.05; Table S6). This was confirmed in
logistic regression analyses (Table S6). The
cumulative incidence of colitis in the first
6months and 12months among anti-CTLA4
was 8.19% and 9.49%, respectively, while among
anti-PD1 was 2.48% and 3.67%, respectively.
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Table 1. Baseline characteristics of included patients with standardized mean difference (SMD) before (unweighted)] and after
(weighted) using the inverse probability of treatment weighting for advanced melanoma patients.

Characteristic Anti-CTLA4 n = 69: anti-PD1 nivolumab SMD (unweighted) SMD (weighted)
(ipilimumab) (n=19); pembrolizumab
(n=205) (n=50)
Age?® 74.10 (6.23) 75.72 (7.10) 0.251 0.114
Sex*
Male 144 (70.24) 50 (72.46) 0.050 0.085
Race?
White >194 (>94.63) >58 (>84.06) 0.129 0.034
Black - ** ** 0.000
Other . . - 0.100
Ethnicity+
Non-Spanish-Hispanic-Latino ** ** 0.102 0.053
Spanish-Hispanic-Latino ** “ 0.102 0.053
Marital status*
Married 136 (66.30) 49 (71.00) 0.103 0.153
Unmarried/divorced/widowed/ 69 (33.70) 20 (29.00) 0.103 0.153
separated
Metro areat
Urban/metro 186 (90.70) ” 0.078 0.076
Rural 19 (9.30) ” 0.078 0.076
Region*
NE 41 (20.00) - 0.007 0.059
MW 24 (11.70) . 0.052 0.007
S 47 (22.90) 17 (24.64) 0.040 0.078
W 93 (45.40) 31 (44.93) 0.009 0.126
Comorbidity score? 0.80 (1.42) 0.67 (1.11) 0.099 0.083
Census tract median income 61698.04 (16271.15)  62455.02 (17047.28) 0.023 0.015
(in dollars)$*
Census tract percent of residents 14.80 (5.57) 14.92 (6.18) 0.021 0.017
below poverty level®
Census tract percent of residents 26.55 (6.88) 25.78 (7.37) 0.109 0.016
with high-school diploma*
Public assistances (yes)t 12 (5.90) ” 0.054 0.021
[Continued]
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Table 1. (Continued)

Characteristic Anti-CTLA4 n = 69: anti-PD1 nivolumab SMD (unweighted) SMD (weighted)
(ipilimumab) (n=19); pembrolizumab
(n=205) (n=50)
Prior use of chemotherapy [yes)t 15 (7.30) ” 0.263 0.198
Prior use of immunotherapy 12 (5.90) - 0.054 0.033
lyes)*
Prior use of radiation therapy 73 (35.60) 26 (37.70) 0.043 0.065
(yes):
Prior surgery [yes)* 146 (71.20) 50 (72.50) 0.028 0.043
Brain metastasist
No 174 (84.87) >58 (>84.06) 0.304 0.187
Yes ** ** 0.274 0.181
Unknown - - 0.124 0.052
Tumor staget
Stage 3 122 (59.50) 44 (63.80) 0.089 0.010
Stage 4 83 (40.50) 25 (36.20) 0.089 0.010
Tumor grade?
Grade 1 - ** 0.141 0.163
Grade 2 - “ 0.000 0.000
Undetermined >194 (>94.63) >58 (>84.06) -0.118 0.143
Tumor histopathology type+
Malignant melanoma 126 (61.50) 40 (58.00) 0.071 0.032
Nodular melanoma 40 (19.50) 15 (21.70) 0.054 0.007
Lentigo maligna - - 0.000 0.000
Superficial spreading 16 (7.80) ” 0.032 0.024
Acral lentiginous - - 0.118 0.053
Other ** - 0.135 0.114

$Mean (standard deviation).
fNumber (%).
*Natural log of median income

**Cell was suppressed to comply with Centers for Medicare and Medicaid Services cell size suppression policy.
CTLAA4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed cell-death 1; NE, northeast: New Jersey, Massachusetts, Connecticut; MW, midwest:
lowa, Michigan, Wisconsin; S, south: Louisiana, Oklahoma, Kentucky, Florida, Georgia; W, west: Hawaii, Washington, Montana, Arizona, Colorado,

California, Nevada, New Mexico, Utah.

Comparing the individual medications with each
other using the overall log-rank test indicated a
significant difference in colitis risk following the
initiation of the treatment and up to 90days of

last dose (p=10.03) and during the first 6 months
of treatment with ICIs (p =0.03). Post hoc analy-
ses showed a lower colitis risk among pembroli-
zumab- versus ipilimumab-treated patients for
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Figure 2. Risk of colitis between anti-cytotoxic T-lymphocyte antigen 4
(anti-CTLA4) and anti-programmed cell-death 1 (anti-PD1) from start of
treatment up to 90days of the last dose of treatment.

Risk of colitis between anti-CTLA4 and anti-PD1 from start of treatment up to 90days
of the last dose of treatment based on adjusted log-rank test for inverse probability of
treatment weighting.

follow-up periods up to 90 or 360 days from last
dose or for the first 6 months and 12 months of
treatment (p < 0.05; Table S6). However, logis-
tic regression analyses revealed a statistically
lower odds of colitis risk among nivolumab or
pembrolizumab users versus ipilimumab users
across the various follow-up periods (Table S6).
The risk of colitis was similar between nivolumab-
and pembrolizumab-treated patients (Table S6).

Discussion

In this retrospective study from a nationally rep-
resentative SEER-Medicare dataset of elderly
patients with advanced melanoma treated with
anti-CTLA4 or anti-PD1, we found a compara-
ble incidence of colitis between both cohorts at
both the class and the individual agent levels.
However, colitis risk was significantly lower
among all-stage melanoma patients treated with
anti-PD1 versus those treated with anti-CTLA4.
In the all-stage melanoma cohort, nivolumab-
and pembrolizumab-treated patients were more

Table 2. Baseline characteristics of included patients with advanced melanoma.

Characteristic Ipilimumab (n=205) Nivolumab (n=19) Pembrolizumab (n=50) p value
Age® 74.10(6.23) 76.74(8.10) 75.34 (6.73) 0.143
Sex? 0.850
Male 144 (70.24) >8 (>42.11) 37 (74.00)

Racet 0.082
White >194 (>94.63) >8 (>42.11) >39 (>78.00)

Black - ** **

Others

Ethnicity? 0.270

*% *%

Non-Spanish-Hispanic-Latino

%

Spanish-Hispanic-Latino - - **

Marital status* 0.743
Married 136 (66.30) . 36 (72.00)
Unmarried/divorced/widowed/separated 69 (33.70) ” 14 (28.00)

Metro areat 0.830
Urban/metro 186 (90.70) ” ”

Rural 19 (9.30) ** **

(Continued]

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

AR Almutairi, M Slack et al.

Table 2. (Continued)

Characteristic

Ipilimumab (n=205)

Nivolumab (n=19)

Pembrolizumab (n=

50) p value

Region* 0.748
NE 41 (20.00) ” "
MW 24 (11.70) ” "
S 47 (22.90) ™ 13 (26.00)
W 93 (45.40) ” 23 (46.00)
Comorbidity score® 0.80 (1.42) 0.79 (1.18) 0.62(1.09) 0.699
Census tract median income (in dollars)$* 61698.04 (16271.15)  68438.51 (19732.77)  60181.30 (15527.36) 0.167
Census tract percent of residents below  14.80 (5.57) 13.50 (5.94) 15.47 (6.24) 0.440
poverty level®
Census tract percent of residents with 26.55(6.88) 25.01 (6.09) 26.08 (7.83) 0.631
high-school diploma?
Public assistances (yes)t 12 (5.90) * * 0.610
Prior use of chemotherapy (yes)* 15 (7.30) 0.551
Prior use of immunotherapy (yes)} 12 (5.90) ” ** 0.022
Prior use of radiation therapy (yes)* 73 (35.60) ** 18 (36.00) 0.853
Prior surgery (yes)* 146 (71.20) >8 (>42.11) 35 (70.00) 0.748
Brain metastasist 0.257
No 174 (84.87) >8 (>42.11) >39 (>78.00)
Yes - - .
Unknown - - **
Tumor staget 0.254
Stage 3 122 (59.50) ™ 29 (58.00)
Stage 4 83 (40.50) " 21 (42.00)
Tumor grade? 0.320
Grade 1 - - .
Grade 2 - - -
Undetermined >194 (>94.63) h >39 (>78.00)
Tumor histopathology type+ 0.774
Malignant melanoma 126 (61.50) >8 (>42.11) 29 (58.00)
Nodular melanoma 40 (19.50) ” **
Lentigo maligna - . -

(Continued)]
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Table 2. (Continued)

Characteristic Ipilimumab (n=205) Nivolumab (n=19) Pembrolizumab (n=50) p value

Superficial spreading 16 (7.80) ” -

% *% *k

Acral lentiginous

Others - - **

NE, northeast: New Jersey, Massachusetts, Connecticut; MW, midwest: lowa, Michigan, Wisconsin; S, south: Louisiana, Oklahoma, Kentucky,
Florida, Georgia; W, west: Hawaii, Washington, Montana, Arizona, Colorado, California, Nevada, New Mexico, Utah.

$Mean (standard deviation).

tNumber (%).

*Natural log of median income

**Cell was suppressed to comply with Centers for Medicare and Medicaid Services cell size suppression policy.

Table 3. Standardized mean difference (SMD) in pre-inverse probability of treatment weighting (IPTW) (unweighted) and post-IPTW
(weighted) for patients with advanced melanoma.

Characteristic Ipilimumab versus Ipilimumab versus Nivolumab versus Average
nivolumab pembrolizumab pembrolizumab
SMD SMD SMD SMD SMD SMD SMD SMD
(pre) (post) (pre) (post) (pre) (post) (pre) (post)
Age® 0.407 0.160 0.192 0.038 0.215 0.122 0.271 0.107
Sex*
Male 0.041 0.050 0.084 0.124 0.125 0.174 0.083 0.116
Race?
White 0.459 0.126 0.004 0.023 0.455 0.149 0.306 0.099
Black 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Other 0.515 0.179 0.060 0.03 0.455 0.149 0.343 0.119
Ethnicity?
Non-Spanish-Hispanic-Latino 0.304 0.059 0.025 0.026 0.279 0.086 0.203 0.057
Spanish-Hispanic-Latino 0.304 0.059 0.025 0.026 0.279 0.086 0.203 0.057

Marital statust

Married 0.046 0.250 0.125 0.147 0.079 0.103 0.083 0.167
Unmarried/divorced/widowed/ 0.046 0.250 0.125 0.147 0.079 0.103 0.083 0.167
separated

Metro areat

Urban/Metro 0.154 0.162 0.049 0.003 0.106 0.159 0.103 0.108

Rural 0.154 0.162 0.049 0.003 0.106 0.159 0.103 0.108

Region*

NE 0.288 0.088 0.099 0.078 0.387 0.166 0.258 0.111
[Continued]
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Table 3. (Continued)

Characteristic Ipilimumab versus Ipilimumab versus Nivolumab versus Average
nivolumab pembrolizumab pembrolizumab
SMD SMD SMD SMD SMD SMD SMD SMD
(pre) (post) (pre) (post) (pre) (post) (pre) (post)
MW 0.213 0.009 0.010 0.011 0.223 0.002 0.149 0.007
S 0.043 0.075 0.071 0.153 0.115 0.078 0.076 0.102
w 0.066 0.141 0.013 0.076 0.078 0.065 0.052 0.094
Comorbidity score® 0.008 0.099 0.133 0.116 0.126 0.017 0.089 0.077
Census tract median income 0.347 0.277 0.101 0.183 0.447 0.460 0.298 0.307
(in dollars)®*
Census tract percent of 0.228 0.158 0.116 0.147 0.344 0.305 0.229 0.203
residents below poverty level$
Census tract percent of 0.219 0.251 0.067 0.067 0.152 0.318 0.146 0.212
residents with high-school
diploma®
Public assistances (yes)t 0.180 0.047 0.006 0.037 0.175 0.084 0.120 0.056
Prior use of chemotherapy 0.436 0.412 0.198 0.160 0.238 0.251 0.291 0.274
lyes)?
Prior use of immunotherapy 0.586 0.501 0.149 0.113 0.735 0.615 0.490 0.410
(yes)?
Prior use of radiation therapy 0.134 0.061 0.008 0.035 0.126 0.026 0.089 0.041
(yes)?
Prior surgery (yes)* 0.173 0.061 0.027 0.023 0.200 0.083 0.133 0.056

Brain metastasis?t

No 0.380 0.353 0.275 0.257 0.106 0.096 0.254 0.235
Yes 0.297 0.270 0.265 0.248 0.032 0.022 0.198 0.180
Unknown 0.245 0.238 0.078 0.073 0.167 0.165 0.163 0.159
Tumor stage?

Stage 3 0.404 0.281 0.031 0.026 0.436 0.307 0.290 0.205
Stage 4 0.404 0.281 0.031 0.026 0.436 0.307 0.290 0.205

Tumor grade#

Grade 1 0.072 0.066 0.222 0.284 0.294 0.35 0.196 0.233

Grade 2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Undetermined 0.096 0.087 0.199 0.262 0.294 0.35 0.196 0.233
[Continued)
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Table 3. (Continued)

Characteristic Ipilimumab versus Ipilimumab versus Nivolumab versus Average
nivolumab pembrolizumab pembrolizumab
SMD SMD SMD SMD SMD SMD SMD SMD
(pre) (post) (pre) (post) (pre) (post) (pre) (post)
Tumor histopathology type*
Malignant melanoma 0.072 0.004 0.070 0.009 0.002 0.013 0.048 0.009
Nodular melanoma 0.293 0.297 0.037 0.038 0.329 0.334 0.220 0.223
Lentigo maligna 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Superficial spreading 0.090 0.132 0.078 0.058 0.168 0.19 0.112 0.127
Acral lentiginous 0.291 0.28 0.052 0.018 0.238 0.262 0.194 0.187
Other 0.014 0.092 0.182 0.075 0.168 0.167 0.121 0.111

NE, northeast: New Jersey, Massachusetts, Connecticut; MW, midwest: lowa, Michigan, Wisconsin; S, south: Louisiana, Oklahoma, Kentucky,
Florida, Georgia; W, west: Hawaii, Washington, Montana, Arizona, Colorado, California, Nevada, New Mexico, Utah.

$Mean (standard deviation).
tNumber (%).
*Natural log of median income

il N
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Figure 3. Risk of colitis between ipilimumab, nivolumab, and
pembrolizumab from start of treatment up to 90 days of the last dose of
treatment.

Risk of colitis between ipilimumab, nivolumab, and pembrolizumab from start of
treatment up to 90 days of the last dose of treatment based on adjusted log-rank test
for inverse probability of treatment weighting.

likely to have lower odds of colitis compared with
those treated with ipilimumab as presented in the
logistic regression analyses.

The incidence of colitis among ICI users in clinical
trials was estimated in several meta-analyses.%7-24
In a recent review of ICI-induced colitis, the inci-
dence across different types of cancers in anti-
CTLA4 and anti-PD1 users was reported to be
7-11.6% and 1.3-2.9%, respectively.2* A meta-
analysis of 34 trials of ICIs in patients with mela-
noma, non-small-cell lung cancer, or renal-cell
carcinoma showed an overall colitis incidence of
9.1% in anti-CTLA4-treated patients compared
with 1.4% in those treated with anti-PD1 agents.
When stratifying by tumor type, melanoma
patients treated with anti-CTLA4 therapy had an
incidence of colitis of 9.1% wversus 1.8% among
patients treated with anti-PD1 agents.® Another
meta-analysis of 46 anti-PD1 studies across differ-
ent cancer types reported the overall incidence of
colitis to be 2.24% (2.5% in nivolumab users,
2.02% in pembrolizumab). However, in the mela-
noma patients treated with anti-PD1, the rate of
colitis was 2.06% (1.45% in nivolumab, and
2.11% in pembrolizumab).” In our analysis, the
cumulative incidence of colitis was 6.77-9.27%, in
advanced melanoma patients treated with anti-
CTLA4 agent, which is comparable with the inci-
dence reported in prior meta-analyses.®2¢ In
contrast, the cumulative incidence of colitis in our
anti-PD1 cohort was 2.88-4.64% in patients with
advanced melanoma, which is slightly higher than
the incidence rate of colitis (2.06%) in a prior
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meta-analysis.” This may be attributed to different
dosing of anti-PD1 in the clinical trials, as well as
our relatively small sample size of anti-PD1 users
considering the relative recency of these agents’
regulatory approval, and therefore, their inclusion
in the SEER—Medicare dataset.%7

Nivolumab users in our study did not experience
any colitis, a result also observed in two prior tri-
als that included small samples size similar to our
nivolumab sample size.?526 The incidence of coli-
tis associated with a nivolumab 3mg/kg every
2weeks regimen from a pooled analysis of clinical
trials involving 576 patients was around 1%.27

The incidence of colitis in the real-world setting is
limited to case reports, single-center experiences, or
surveillance studies.®28-33 In a review of 234 pub-
lished case reports of irAEs in patients treated with
ipilimumab, 80 case reports were about colitis.?8
However, another review of 139 case reports of
irAEs following the use of anti-PD1 revealed that
14 reports were about colitis.® The incidence of
colitis in melanoma patients in single-center
reports ranged from 6.5 to 22.3% in ipilimumab,
2.7-6.6% in pembrolizumab, and 1-2.4% in
nivolumab.?9-33 This variation in the incidence of
colitis in the real-world setting may be due to the
differences in sample size, follow-up time, defini-
tion of colitis, and type of cancer.

Our primary analysis focusing on elderly patients
with advanced melanoma did not show a signifi-
cant difference in the risk of colitis between those
treated with anti-CTLA4 and anti-PD1lagents.
However, when considering the data for all stages
of melanoma, a lower risk of colitis was identified
in anti-PD1 versus anti-CTLA4 treated patients.
This is consistent with the results from a meta-
analysis of two studies in advanced melanoma
patients (age =18years) that found a relative risk
of 0.2 (95%CI 0.07-0.62)3* and a meta-analysis
involving three studies that yielded a relative risk
of 0.16 (95%CI 0.05-0.51).>> A real-world
claims-based study using the IBM Explorys
Universe Dataset found that the incidence of
enterocolitis in adult (age=18years) melanoma
patients treated with ipilimumab was 13.2% ver-
sus 5.7% in those treated with nivolumab. The
risk of diarrhea or enterocolitis was not signifi-
cantly different between nivolumab- and ipili-
mumab-treated patients (HR 1.07, 95%CI
0.68—1.70). No separate results for enterocolitis
risk were reported.!>

Our finding of no difference in colitis risk among
elderly patients with advanced melanoma treated
with anti-CTLA4 versus those treated with anti-
PD1 in the real-world setting may be a function of
several factors. Most clinical trials involve patients
aged 18years and older, but elderly populations
tend to be under-represented.?® One reason for
their under-represention may be the general
impact of usual aging on physiology and organ
function. Another, more specific, factor is immu-
nosenescence: the attenuation and alteration of
the immune system due to aging.3” Further, the
elderly are more likely to develop sarcopenia, the
loss of skeletal muscle mass and strength due to
aging, which is believed to be associated with
changes in the immune system.3® Despite these
aging-related immunological changes, the irAE
profile of ICIs in the elderly is generally assumed
to be comparable with that in younger popula-
tions.3-41 However, an observational study from a
multi-center French registry of 615 patients
treated with anti-PD1 agents for different types of
cancer found a higher rate of irAEs in patients age
70 and older versus those younger than 70years
(B1% wersus 25%, p=0.035).42 A retrospective
study involving 75 patients with advanced non-
small-cell lung cancer treated with ICIs revealed a
higher rate of colitis in patients 80years or older
compared with patients below the age of 80 (24%
versus 5%, p=0.04).43 A retrospective study of 48
melanoma patients treated with ipilimumab found
a higher colitis risk in patients with sarcopenia ver-
sus those without sarcopenia (16.7% versus 2.1%,
p»=0.039).% Considering the context of changes
in the immune system in the elderly and the irAE
profile of ICISs, clinicians may need to personalize
ICI treatment in elderly melanoma patients.

Our study has several strengths. We used a cohort
of elderly patients with melanoma that represented
real-world practice during the period of 2011-
2016. We utilized the IPTW method to adjust and
balance potential confounders and gain a better
estimate of the risk of colitis between anti-CTLA4
and anti-PD1 users. Our analyses provide clini-
cians with real-world evidence about colitis risk in
advanced melanoma patients age 65 and older
treated with anti-CTLA4 or anti-PD1 therapies.
Yet, our findings should also be addressed within
the inherent limitations of observational retrospec-
tive claims analyses. The SEER—Medicare dataset
does not include such potentially informative
covariates as severity grading for colitis, obesity,
and smoking status that could be added to the
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adjustments in the IPTW method. Relying on
diagnosis codes such as ICD9-CM/ICD10-CM
may lead to misclassification error, and therefore
to an underestimation of the incidence of colitis.
Similarly, by using the HCPS codes to identify
ICIs, some ICI users may not have been included,
though this may have been corrected by the high
sensitivity and specificity of Medicare data in
defining cancer treatments.*> The SEER database
only collects the tumor stage at diagnosis and does
not capture changes in staging over time. Being
focused on elderly patients and given the relative
recency of ICI therapy, the nivolumab cohort was
limited by small sample size, and this may have
affected the precision of the colitis risk in
nivolumab-treated patients, and the results should
be interpreted with caution. Larger studies are
needed to detect any significant differences
between individual ICIs.

Conclusion

The incidence and risk of colitis was comparable
among elderly patients with advanced melanoma
treated with anti-CTLA4 versus those treated with
anti-PD1. However, the use of anti-PD1 therapy
is more likely to be associated with a lower risk of
colitis compared with anti-CTLA4 when consid-
ering elderly melanoma patients at all stages of
disease. Furthermore, treating elderly melanoma
with ICIs warrants personalized care by clinicians
to optimize the beneficial effects of ICIs and mini-
mize potential irAEs such as colitis.
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