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Gastrointestinal Toxicities of Immune Checkpoint Inhibitors
Are Associated With Enhanced Tumor Responsiveness
and Improved Survival
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Abstract

Background: Immune checkpoint inhibitors (ICIs) are increasingly
used to treat advanced malignancies. However, they are associated
with the development of multiple gastrointestinal immune-related
adverse events (GI-irAEs). We aimed to evaluate the types and sever-
ity of GI-irAEs associated with ICI therapy, to identify potential risk
factors for developing GI-irAEs and to determine the relationship of
GI-irAEs development to tumor responsiveness and overall survival.

Methods: All patients who received ICIs for advanced malignancies
at our center were included. Medical records were reviewed, and data
extraction included: baseline demographic characteristics, immuno-
therapy regimens, development of GI-irAEs, response to treatment,
and overall survival. Overall survival was calculated from the date of
treatment initiation and estimated by the Kaplan-Meier method.

Results: Five hundred sixty-seven patients received ICI therapy for
stage IV malignancies. Forty-one (7%) patients experienced at least
one GI-irAE. Among those experiencing GI-irAEs, 23 (56%) devel-
oped hepatitis, 17 (42%) developed colitis, four (10%) developed
pancreatitis, and two (5%) developed gastritis. Patients who devel-
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oped GI-irAEs experienced a better response to ICI therapy compared
to patients who did not develop GI-irAEs (41% vs. 27%, P = 0.003).
The 2-year overall survival rate of stage IV cancer patients who de-
veloped GI-irAEs was 62% (95% confidence interval (CI): 49 - 79)
and 36% for those who did not develop GI-irAEs (95% CI: 32 - 41)
(P = 0.002). The median follow-up time of surviving patients was
28 months. Twelve (29%) of the patients receiving dual ICI therapy
developed GI-irAEs.

Conclusion: Hepatitis, colitis, and pancreatitis were the most com-
monly encountered GI-irAEs with ICI therapy. Development of these
GI-irAEs was associated with superior tumor responsiveness and bet-
ter overall survival.

Keywords: Immune checkpoint inhibitors; Gastrointestinal toxicities;
Immune-related adverse events; Cancer; Tumor response; Survival

Introduction

Their use is well established for treating metastatic melanoma
and non-small cell lung cancer, and an expanding body of re-
search has recently revealed promising results in a plethora
of other malignancies refractory to traditional treatments [1-
3]. Immune checkpoint inhibitors (ICIs) emerged as a novel
class of antineoplastic medications that specifically target cell
checkpoints to stimulate an antitumor immune response back
in 2011 [4]. Co-inhibitory receptors control the activity and
intensity of the adaptive immune response and therefore func-
tion as immune checkpoints. These immune checkpoints in-
duce exhaustion of T lymphocytes which is crucial to avoid
exacerbated immune responses and autoimmunity. ICIs inhibit
the downregulation of the immune system by blocking these
checkpoints and activate immune cell function via different
pathways to subsequently result in increased activation of
T cells against the tumor antigens. More recently, ICIs have
yielded unparalleled and substantial responses in a significant
percentage of cancer patients leading to the approval of six
checkpoint inhibitors by the US Food and Drug Administra-
tion (FDA) [1]. These monoclonal antibodies (mAbs) have
proven to be effective in treating melanoma, non-small cell
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lung cancer, urothelial carcinoma, renal cell carcinoma, and
Hodgkin lymphoma.

Ongoing studies are evaluating their use in the treatment
of other malignancies. Among the three classes of ICIs, mAbs
targeting two of the immune checkpoints (cytotoxic T-lympho-
cyte antigen-4 (CTLA-4) and programmed cell death protein-1
(PD-1)) are the two most widely used in clinical practice.
The function of CTLA-4 and PD-1 in enhancing antitumor
responses is largely distinct. CTLA-4 is believed to regulate
T-cell proliferation during the initial phase of an immune re-
sponse in the lymph nodes while PD-1 suppresses T cells in the
latter part of the immune at the level of peripheral tissues. The
clinical profiles of immuno-oncology agents inhibiting these
two checkpoints therefore vary based on their mechanistic dif-
ferences. Their use is well established for treating metastatic
melanoma and non-small cell lung cancer, and an expanding
body of research has revealed promising results in a plethora
of other malignancies refractory to traditional treatments [1-3].

Despite the impressive response and survival outcomes
experienced by patients treated with ICIs [5], many immune-
related adverse events (irAEs), affecting almost all organ
systems, have been reported. The etiology of irAEs has been
hypothesized to stem from the blockade of immune inhibi-
tory mechanisms and activation of the body’s immune system,
which is the same immunologic mechanism involved in the
therapeutic action of the ICIs [6, 7]. Only second to dermato-
logical side effects, gastrointestinal irAEs (GI-irAEs) are rela-
tively common with enterocolitis, hepatitis, pancreatitis, and
celiac disease being the most frequently reported [8-10]. The
expertise in the management of GI-irAEs is restricted due to
the lack of prospective clinical data often leading to delayed
diagnosis and inadequate treatments [11]. In fact, a study
showed that treatment was discontinued in 38% of the includ-
ed patients due to the development of adverse events during
the induction phase [12]. Interestingly, colitis (10%) was the
most frequent irAE which led to treatment discontinuation fol-
lowed by elevated aminotransferases (9%).

As such, despite the high incidence, the impact of devel-
oping GI-irAEs on treatment response and survival remains
largely unknown. Although several studies have identified a
trend towards enhanced tumor response in individuals who
develop irAEs, none of these studies were specific to GI tox-
icities [13-17]. Hence, we aimed to evaluate the incidence, se-
verity, and types of GI-irAEs associated with various types of
ICIs. In addition, we studied potential risk factors associated
with GI-irAEs development. Finally, we explored the effects
of developing these toxicities on cancer response to treatment
with ICI and overall survival (OS) in patients with various
metastatic malignancies.

Materials and Methods

Study design

This was a retrospective observational study conducted over
several sites within the Cleveland Clinic healthcare system.
The detailed study objectives, design and methodology were
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reviewed and approved by the Cleveland Clinic’s Institutional
Review Board (IRB) prior to initiation of this study. This study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with Hel-
sinki Declaration.

Inclusion criteria

Male and female adult patients (age > 18 years old), with a
confirmed diagnosis of metastatic cancer who received ICIs
therapy between May 1, 2013 and February 28, 2019 were in-
cluded in this study. ICI agents included in the study were anti-
PD-1 (nivolumab and pembrolizumab), anti-PD-L1 (atezoli-
zumab and avelumab) and anti-CTLA-4 (ipilimumab).

Exclusion criteria

Patients in whom the etiology of GI toxicity was unclear and
potential confounders existed, were excluded from this study.
For example, some patients with new or progressing liver me-
tastasis presented with acute hepatitis picture but were also
being treated with ICI. When liver biopsy was not done for
different reasons, the accurate distinction of hepatitis etiology
was difficult (Fig. 1).

Data collection methods

The Cleveland Clinic pharmacy database provided the authors
with a full list of all adult patients who were treated with these
ICIs within the above time frame. A fully integrated electronic
medical record (EPIC) was utilized to screen patients’ eligibil-
ity based on the above inclusion criteria. A total of 567 eligible
patients were identified. A detailed chart review was conduct-
ed for baseline demographics; underlying malignancy type
and stage; specific ICI therapy with start date, end date, and
clinical response of cancer to immunotherapy; details of GI-
irAEs including how it was diagnosed, dominant symptoms,
severity grades, treatment of GI toxicity; and survival data.
Authors utilized a secure Red Cap research software to design
a data collection sheet that included all of the above variables.
Authors who worked on data collection and data analysis were
provided a secure access to the Red Cap data collection sheet
and patient information. All relevant data obtained from the
electronic medical records were entered into the Red Cap data
collection sheets where each patient had a separate sheet. Col-
lected data were analyzed to compare patients who developed
GI toxicity to patients without GI toxicity.

Diagnosing GI-irAEs

Based on chart review, patients were educated about potential
adverse events by the time ICIs were initiated. Patients were en-
couraged to report any new symptoms to their oncology clinic.
In addition, GI system symptoms were reviewed in each oncol-
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Figure 1. Study flow diagram.

ogy follow-up visit. Almost all patients had a complete meta-
bolic panel (including alanine transaminase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase and total biliru-
bin) at least at baseline prior to starting ICIs, at 4 - 6 weeks and
at 10 - 12 weeks after starting ICI. Lipase was only checked
in patients with suggestive symptoms or as clinically indicated.
Further advanced tests like colonoscopy, biopsies or imaging
studies were done on a case-by-case basis as clinically indicated.

Definitions

GI-irAEs were defined as evidence of new GI toxicity after
starting ICIs with no alternative explanation (as a diagnosis of
exclusion) or as clearly documented by oncologists or gastro-
enterologist to be caused by ICls.

Immunotherapy-Response Evaluation Criteria In Solid
Tumors (i-RECIST) guidelines were used by oncologists
to define disease progression, partial response, complete re-
sponse, and stable disease [18-21]. This includes the follow-
ing: 1) Immune-related complete response defined as complete
resolution of all measurable and non-measurable lesions, with
no new lesions, on two occasions at least 4 weeks apart. 2)
Immune-related partial response defined as a decrease in the
total tumor burden of 50% or more compared with baseline,
on two occasions at least 4 weeks apart. This category allows
for the inclusion of progression of some lesions or the appear-
ance of new lesions as long as the total tumor burden meets the
response criterion. 3) Immune-related progressive disease: an
increase in the total tumor burden of 25% or more relative to
the minimum recorded tumor burden. This must be confirmed
by a second, consecutive assessment no fewer than 4 weeks
after the initial documentation of an increase in tumor. 4) Im-
mune-related stable disease: not meeting the criteria for either
a partial or complete response or for progressive disease.

As this was a retrospective study, we relied on the treat-
ing oncologist’s opinion and documentation to define disease
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progression, partial response, complete response and stable
disease. To simplify our documentation and analysis, we clas-
sified patients based on their response into two main catego-
ries: 1) patients who had disease progression, we referred to as
“Patients with no response to treatment”. On the other hand,
patients who did not meet criteria for disease progression (in-
cluding patients who had partial response, complete response
or stable discase), we referred to as “patients with favorable
response to treatment”. Some patients did not have sufficient
documentation on their response status, and we referred to this
group as “patients with unknown response”.

GI adverse events were graded using the US National Can-
cer Institute (NCI) Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0. These criteria generally grade
irAEs on a scale of 1 - 5 (1 =mild event/reaction, 2 = moderate
event/reaction, 3 = severe event/reaction, 4 = life-threatening
event/reaction, 5 = death) [22].

Statistical analysis

Baseline characteristics, type of metastatic cancer treated, the
response of cancer to treatment with ICI, and OS were com-
pared between patients who developed GI-irAEs versus those
who did not develop GI-irAEs. Using a two-sample #-test for
continuous variables such as age and body mass index, Chi-
square test and Fisher’s exact test were used for categorical
variables including gender, race, malignancy, types/courses of
ICI therapy and response to ICI therapy. OS was calculated
from the initiation of ICI therapy, estimated by the Kaplan-
Meier method, and compared by the log-rank test. The cumu-
lative incidence of adverse events was calculated from initia-
tion of ICI therapy with discontinuation of immunotherapy
and death as competing risks and compared with Gray’s test.
We performed multivariable Cox hazard analysis to assess
whether GI adverse events are independent predictors of OS
after adjusting for age (per 1-year increase) and immunother-

www.gastrores.org



Alomari et al

Gastroenterol Res. 2022;15(2):56-66

apy (mono- vs. dual-therapy). A P value of less than 0.05 was
considered statistically significant. All statistical calculations
were made using R statistical software version 3.4.0 (R-Foun-
dation for Statistical Computing, Vienna, Austria).

Results

Five hundred sixty-seven patients were identified who received
ICI therapy for stage 4 malignancies and 41 (7%) patients ex-
perienced GI-irAEs. Non-small cell lung cancer (44%), mela-
noma (17%), and renal cell carcinoma (13%) were the most
common underlying malignancies. The four most frequent-
ly used ICI therapy regimens were nivolumab (used in 306
(50%) patients), pembrolizumab (used in 142 (23%) patients),
atezolizumab (used in 62 (10%) patients), and nivolumab/ip-
ilimumab combination (used in 44 (7%) of patients). Combi-
nation ICI therapy was most commonly used in patients with
breast cancer (29%), melanoma (19%), ovarian cancer (11%),
and renal cell cancer (9%). The patient and treatment charac-
teristics are summarized in Table 1. Sixty-five percent of our
patients were males. The median age and body mass index at
the initiation of ICI therapy were 66 years (range: 20 - 94) and
26 kg/m? (range: 14 - 51), respectively.

Among the 41 patients who developed GI-irAEs, hepati-
tis developed in 23 (56%) patients. Sixty-five percent of the
hepatitis patients were asymptomatic and diagnosed based on
abnormal laboratory tests only. Colitis was diagnosed in 17
(42%) patients and diarrhea was the most prevalent symptom
in patients with colitis (82%) and patients with pancreatitis
(50%). Pancreatitis occurred in four (10%) of patients with
GI toxicity, and two (5%) developed gastritis (Table 2). ICI
therapy-induced colitis, hepatitis, gastritis, and pancreatitis
were most commonly observed in patients who received the
nivolumab/ipilimumab combination (Table 3).

Grade 3 or greater GI adverse events developed in 18 (44%)
patients with GI toxicity. Grade 3 or higher GI-irAEs were iden-
tified in patients who received pembrolizumab/ipilimumab
(20%), nivolumab/ipilimumab (14%), ipilimumab (7%), pem-
brolizumab (3%), atezolizumab (2%), and nivolumab (1%). In
patients who developed significant GI-irAEs, 27 (66%) were
treated with steroid therapy for longer than 4 weeks and eight
(20%) patients were treated with steroids for less than 4 weeks.

A favorable tumor response was documented in 41% of
patients who developed ICI-associated GI-irAEs compared to
a 27% favorable response rate in patients who did not develop
Gl-irAEs (P = 0.003). Dual immunotherapy was used in 12
(29%) and 43 (8%) patients with and without GI-irAEs, re-
spectively (P < 0.0001). Median follow-up time of alive pa-
tients was 28 months. Figure 2 depicts the cumulative inci-
dence of GI-IrAEs in several subgroups. Two-year cumulative
incidences of GI-irAEs in dual- and mono-ICI cohorts were
33% (95% confidence interval (CI): 16 - 50) and 9% (95% CI:
6 - 13), respectively (P < 0.0001) (Fig. 2a). Two-year cumula-
tive incidence of GI-irAEs in patients with melanoma (21%,
95% CI: 12 - 30) was higher compared to non-small cell lung
carcinoma (7%, 95% CI: 2 - 12, P = 0.0002) and urothelial/
bladder (5%, 95% CI: 5 - 15, P =0.028). However, the 2-year
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cumulative incidence of GI-irAEs in renal cell carcinoma
(14%, 95% CI: 4 - 25, P = 0.12), and all other cancers (11%,
95% CI: 2 - 21, P = 0.06) was not statistically significant.

Among patients who received mono-immunotherapy,
2-year cumulative incidence of GI-irAEs in the avelumab co-
hort (27%, 95% CI: 17 - 59) was higher compared to atezoli-
zumab (8%, 95% CI: 6 - 19, P = 0.020), and nivolumab (7%,
95% CI: 3 - 11, P = 0.022) cohorts. However, the 2-year cu-
mulative incidence of GI-irAEs in ipilimumab (18%, 95% CI:
11 - 40, P = 0.44), and pembrolizumab (12%, 95% CI: 4 - 21,
P =0.08) was comparable to the avelumab cohort. No patients
had durvalumab-induced GI adverse event (Fig. 2¢).

The 2-year OS of stage IV cancer patients who developed
or who did not develop GI-irAEs was 62% (95% CI: 49 - 79)
and 36% (95% CI: 32 - 41), respectively (P = 0.002) (Fig. 3a).
The 2-year OS of patients experiencing GI-irAEs compared to
the survival of patients not experiencing GI-irAEs for mela-
noma was 82% (95% CI: 66 - 100) vs. 58% (95% CI: 48 - 70),
P = 0.08; for non-small-cell lung cancer was 33% (95% CI:
13 - 84) vs. 29% (95% CI: 24 - 36), P = 0.8; and for renal cell
cancer was 71% (95% CI: 45 - 100) vs. 50% (95% CI: 40 - 64),
P = 0.3 (Fig. 3). On multivariable analysis, GI adverse events
were significantly associated with improvement in OS among
all patients (hazard ratio (HR) 0.53, 95% CI: 0.33 - 0.84, P =
0.008) and among melanoma patients (HR 0.34, 95% CI: 0.12
- 0.96, P =0.042) (Table 4).

Discussion

This large study evaluating the toxicities of ICI therapy on the
GI tract of patients with metastatic malignancies found hepati-
tis and colitis to be the most common adverse events attribut-
able to ICI therapy. Combination ICI therapy was associated
with more GI-irAEs, and this study confirmed the enhanced
anti-tumor responses in patients who experienced GI-irAEs.
Incidence of GI-irAEs was higher in patients with melanoma
that consequently seemed to result in better OS in these pa-
tients. Interestingly, patients with melanoma also had a higher
proportion of combination immunotherapy compared to other
malignancies. Adverse events occurred at a higher rate in pa-
tients receiving combination immunotherapy in our study that
corroborates with the study findings of a recent systematic
review by Mearns et al [23]. These findings indirectly high-
light the better tumor response and OS in patients receiving
combination immunotherapy over patients who receive mono-
therapy. Another possible explanation for a higher tumor re-
sponse in melanoma patients could be a higher sample size
of included patients. The small number of patients with other
malignancies could have limited the ability of our study to de-
tect an effect, if any.

Although the discovery of ICIs was a significant break-
through in the treatment of multiple solid organ and hema-
tologic malignancies, the incidence of irAEs associated with
these agents has increased substantially over the past several
years. In fact, the incidence of GI-irAEs is second only to der-
matologic adverse events in individuals receiving ICI therapy.
Multiple randomized controlled trials (RCTs) have identified
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Table 1. Gastrointestinal Toxicity and Baseline Characteristics

Characteristics All patients, n (%) GI adverse event, n (%) No GI adverse event, n (%) P value
Number of patients 567 (100) 41 (100) 526 (100) -
Age, years
Median (range) 66 (20 - 94) 67 (20 - 94) 64 (34 - 81) 0.41
> 60 377 (66.5) 28 (68.3) 349 (65.8) 0.80
Male gender 369 (65.1) 30(73.2) 339 (64.4) 0.26
White race 510 (89.9) 41 (100) 469 (89.2) 0.026
BMI, kg/m?, median (range) 26 (14 -51) 26 (17 - 40) 26 (14 - 51) 0.34
Malignancy
Melanoma 96 (16.9) 18 (43.9) 78 (14.8) <0.0001
Non-small cell lung cancer 250 (44.1) 9 (22.0) 241 (45.8) 0.003
Renal cell carcinoma 76 (13.4) 7(17.1) 69 (13.1) 0.47
Breast 7(1.2) 2 (4.9) 5(1.0) 0.028
Bladder/urothelial cancer 49 (8.6) 1(2.4) 48 (9.1) 0.14
Small cell lung cancer 19 (3.4) 1(2.4) 18 (3.4) 0.74
Lymphoma/multiple myeloma 19 (3.4) 1(2.4) 18 (3.4) 0.74
Ovarian 9 (1.6) 1(2.4) 8(1.5) 0.65
Other 22 (3.9) 1(2.4) 21 (4.0) 0.62
Head and neck 20 (3.5) 0 (0) 20 (3.8) 0.20
No of cycles of immunotherapy 608 41 567 -
Response to immunotherapy? 0.003
Yes 167 (27.5) 17 (41.4) 150 (26.5)
No 334 (54.9) 12 (29.3) 322 (56.8)
Unknown 107 (17.6) 12 (29.3) 95 (16.7)
Intensity of each immunotherapy cycle? <0.0001
Dual immunotherapy 55(9.0) 12 (29.3) 43 (7.6)
Mono-immunotherapy 553 (91.0) 29 (70.7) 524 (92.4)
Immunotherapy regimens?®
Nivolumab 306 (50.3) 13 (31.7) 293 (51.7) 0.014
Pembrolizumab 142 (23.4) 9(22.0) 133 (23.5) 0.83
Ipilimumab 29 (4.8) 3(7.3) 26 (4.6) 0.43
Atezolizumab 62 (10.2) 2(4.9) 60 (10.6) 0.24
Avelumab 8(1.3) 2 (4.9) 6(1.1) 0.038
Durvalumab 6 (1.0) 0(0) 6(1.1) 0.51
Nivolumab and ipilimumab 44 (7.2) 11 (26.8) 33 (5.8) <0.0001
Pembrolizumab and ipilimumab 5(0.8) 1(24) 4(0.7) 0.24
Nivolumab and atezolizumab 3(0.5) 0 (0) 3(0.5) 0.64
Nivolumab and pembrolizumab 1(0.2) 0(0) 1(0.2) 0.79
Pembrolizumab and atezolizumab 1(0.2) 0 (0) 1(0.2) 0.79
Pembrolizumab and avelumab 1(0.2) 0(0) 1(0.2) 0.79

aDominator is number of total immunotherapy cycles, not number of patients. Gl: gastrointestinal; BMI: body mass index.

GI toxicity as one of the leading irAEs associated with ICIs,
often resulting in treatment cessation or discontinuation [24-
31]. However, there is a considerable disparity in the reported

incidence of GI-irAEs among these trials due to the significant
heterogeneity with regards to the indications and agents used
for treatment. Abdel-Rahman et al [32] conducted a systematic
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Table 2. Features and Severity of Gastrointestinal Toxicity Subtypes

Characteristics i}iﬁ:’i:ldz’; )s ¢ Colitis, n (%) ?Z{Z‘ )t itis, S?:/Z ;itis’ :::’n;l;izt)l-
Number of patients 41 (100) 17 (100) 23 (100) 2 (100) 4 (100)
Severity grade
1or2 23 (56.1) 7(41.2) 16 (72.7) 2 (100) 2 (50.0)
3 or more 18 (43.9) 10 (58.8) 6(27.3) 0 (0) 2 (50.0)
1 9 (22.0) 2 (11.8) 8 (34.8) 1 (50.0) 0 (0)
2 14 (34.1) 5(29.4) 9(39.1) 1 (50.0) 2 (50.0)
3 14 (34.1) 8 (47.0) 4(17.4) 0 (0) 2 (50.0)
4 3(7.3) 2 (11.8) 1(4.3) 0 (0) 0(0)
5 1(2.4) 0(0) 1(4.3) 0(0) 0 (0)
Dominant symptoms
Laboratory abnormalities only 16 (39.0) 0(0) 15 (65.2) 0(0) 1(25.0)
Diarrhea 13 (31.7) 12 (70.6) 2 (8.7) 1 (50.0) 2 (50.0)
Abdominal pain 7(17.1) 2 (11.8) 4(17.4) 0(0) 1(25.0)
Abdominal pain and diarrhea 2 (4.9) 2 (11.8) 1(4.3) 0(0) 0 (0)
Severe fatigue 2(4.9) 1(5.9) 1(4.3) 0(0) 0(0)
Dyspepsia 1(2.4) 0 (0) 0 (0) 1(50.0) 0 (0)
Treated with steroid
Yes (> 4 weeks) 27 (65.9) 10 (58.8) 18 (78.3) 1 (50.0) 1 (25.0)
Yes (< 4 weeks) 8(19.5) 5(29.4) 2(8.7) 1 (50.0) 1(25.0)
No 3(7.3) 0 (0) 2 (8.7) 0(0.0) 1 (25.0)
Unknown 3(7.3) 2 (11.8) 1(4.3) 0(0.0) 1(25.0)

Gl: gastrointestinal.

Table 3. Gastrointestinal Toxicity by Immunotherapy Regimen

Nivolumab, Pembroli- Ipilimumab, Atezolizumab, Avelumab, Nivolumab and  Pembrolizumab

Characteristics n (%) T (O () n (%) n (%) E)zti/:‘l;umab, ::1: ni};i;f-n .
No. of total cycles 306 (100) 142 (100) 29 (100) 62 (100) 8 (100) 44 (100) 5(100)
Severity grade
lor2 9(2.9) 10 (7.0) 1(3.4) 1(1.6) 2 (25) 7 (15.9) 0(0)
3 or more 4 (1.0) 4(2.8) 2(6.9) 1(1.6) 0 (0) 6 (13.6) 1 (20)
1 4(1.3) 2(1.4) 1(3.4) 0(0) 1(12.5) 2 (4.5) 0(0)
2 5(1.6) 4(2.8) 0 (0) 1(1.6) 1(12.5) 5(11.4) 0(0)
3 2 (0.7) 4(2.8) 134 1(1.6) 0(0) 5(11.4) 1 (20)
4 1(0.3) 0 (0) 1(34) 0 (0) 0(0) 1(2.3) 0 (0)
5 1(0.3) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Type of adverse event
Colitis 3(1.0) 3(2.1) 2 (6.9) 1(1.6) 0(0) 7 (15.9) 1(20)
Hepatitis 9(2.9) 7 (4.9) 1(34) 0 (0) 2 (25) 4(9.1) 0 (0)
Gastritis 0(0) 0(0) 0(0) 1(1.6) 0(0) 1(2.3) 0(0)
Pancreatitis 1(0.3) 1(0.7) 0 (0) 0(0) 0 (0) 2 (4.5) 0 (0)
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Figure 2. Cumulative incidence of immunotherapy-induced gastrointestinal adverse events. (a) Dual-immunotherapy (black)
vs. mono-immunotherapy (gray). Cancer types in all patients (b), in monotherapy cohort (c), and in dual-immunotherapy cohort
(d); melanoma (black), renal cell carcinoma (orange), other (red), non-small cell lung cancer (blue), bladder/urothelial (gray). (e)
Drug names in mono-immunotherapy cohort: avelumab (black), ipilimumab (blue), pembrolizumab (red), atezolizumab (gray),
nivolumab (orange), and durvalumab (green). (f) Drug names in dual-immunotherapy cohort: nivolumab and ipilimumab (black),
pembrolizumab and ipilimumab (blue).
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Figure 3. Overall survival of metastatic cancer patients with versus without immunotherapy-induced gastrointestinal adverse
events among different cancer types. Gray line represents patients with immunotherapy-induced gastrointestinal adverse events.
Black line represents patients without immunotherapy-induced gastrointestinal adverse events. (a) All malignancies. (b) Mela-
noma. (c) Non-small cell lung carcinoma. (d) Renal cell carcinoma. (e) All other cancer types.
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Table 4. Multivariable Cox Proportional Hazards Analysis of Overall Survival

Multivariable analysis?®

Variables
Hazard ratio (95% CI) P value
Gastrointestinal adverse events (yes vs. no)
All patients 0.528 (0.331 - 0.844) 0.008
Cancer subtypes
Melanoma 0.339 (0.119 - 0.962) 0.042
Lung cancer 1.072 (0.519 - 2.212) 0.85
Renal cell carcinoma 0.665 (0.202 - 2.185) 0.50
All other cancers 0.656 (0.240 - 1.793) 0.41

aAnalysis was adjusted for age (per 1-year increase) and immunotherapy (mono- vs. dual-therapy). Cl: confidence interval.

review in 2015, evaluating data from various RCTs and analyzed
the overall risk of GI toxicities associated with ICI therapy. This
meta-analysis included 4,891 patients and identified a signifi-
cant risk of diarrhea and colitis with ICI therapy (relative risk
of 1.64 and 10.35, respectively). However, there was no com-
parison of the incidence and implications of GI toxicities among
the different ICI agents. Downey et al [13] evaluated prognostic
factors related to improved anti-tumor response. They evaluated
139 patients with metastatic melanoma who received ipilimum-
ab. Among high-grade (grade 3 or above) irAEs, enterocolitis
was the most common. Hepatitis was identified in 1.4% of the
patients as compared to 3.4% in the current study. Also, no cases
of gastritis or pancreatitis were identified in the Downey study.
Due to its ipilimumab-only cohort, the overall incidence of ICI-
associated GI-irAEs was higher in the Downey study compared
to the current study (22% vs. 10%). Their study reported that
the occurrence of any irAE had an increased likelihood of an
enhanced clinical response, which is similar to the finding of
improved tumor response in a heavily anti-PD-1/L1 treated co-
hort. Objective durable tumor response was observed in 26% of
the patients who developed any grade irAE compared to only
2% in patients who did not develop an irAE (P = 0.0004). Given
a similar association of GI-irAE to tumor response despite type
of ICI in the two studies, these data sets suggest the common
mechanism leading to GI-irAEs rather than a drug-specific ef-
fect is associated with tumor response.

Similarly, Rogado et al [14] conducted an observational
study evaluating the association between the incidence of
irAEs and efficacy of ICI therapy. One hundred six patients
with various advanced malignancies who received treatment
with either nivolumab or pembrolizumab were included, with
a median follow-up of 6 months. The incidence of ICI-associ-
ated hepatitis and colitis in that study was similar to the cur-
rent study (2.8% and 1%, respectively). Identical to the current
study, there was an association between nivolumab mono-
therapy and the development of GI-irAEs. They also reported
enhanced clinical responses in patients treated with anti-PD1-
antibodies who experienced irAEs with an odds ratio of 23.5.
Nonetheless, the results of this study are also confined to a par-
ticular type of ICI therapy, i.e., anti-PD-1 antibodies with no
definite evaluation of the GI toxicities from different classes or
combinations of immunotherapy. Another study by Wolchok
et al [15] evaluated OS with combination therapy (nivolumab
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and ipilimumab) in advanced melanoma patients. The 3-year OS
was 58% with combination therapy compared to only 52% and
34% with nivolumab and ipilimumab monotherapy, respective-
ly. The striking effect of combination therapy did not seem to
wane off despite discontinuation due to adverse events as 67%
of the involved patients were alive at 3 years. Similar to the cur-
rent study, the most common GI-irAE reported in this study was
abnormal aminotransferases, followed by colitis. However, the
investigated ICIs were used in only 10% of patients. Moreover,
these findings were also limited to patients affected with a single
type of malignancy (melanoma) and the study was not designed
to assess the effects of GI-irAEs on patient’s survival. More re-
cently, Wang and colleagues [33] evaluated the impact of ICI-
induced diarrhea or colitis on overall tumor response. They re-
ported that diarrthea was an independent predictor of improved
survival regardless of the treatment required. Interestingly, de-
spite the higher number of patients included in our study (567
vs. 327), the percentage of patients with GI-irAEs was higher in
that study compared to ours. While the prior study was limited
to diarrhea/colitis, our larger study suggests that other GI-irAEs
also contribute to improved survival.

Unlike most previous studies, the current “real world”
study was not limited to patients with a specific malignancy
or limited to a particular ICI agent. Additionally, we have ob-
served that the enhanced tumor responsiveness was most pro-
nounced in patients with melanoma and patients treated with
combination ICI therapy, identifying them as potential factors
to predict GI-irAEs development. A recent editorial high-
lighted that colons of patients with ICI colitis had significantly
higher number of tissue resident memory cells (TRMS) and
pronounced expression of various cytokines when compared
to patients without ICI colitis. The ensuing increase in inflam-
matory cytokines, particularly interferon (IFN)-y, has a well-
established role in mediating effective antitumor response [34-
36]. They further reported that expression of TRMS was also
increased in other luminal organs, thus highlighting a shared
mechanism across different immune-mediated toxicities.
These findings serve as potential explanations to the enhanced
survival in our patients with irAEs.

Given the relatively recent availability of the IClIs, there
is a paucity of literature studying the association of GI-irAEs
development with tumor response to ICI. This study identifies
outcome and survival advantages in patients with GI-irAEs. Ob-
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jective assessment has confirmed superior tumor responses to
treatment with ICI in patients who experienced GI-irAEs com-
pared to patients who did not develop GI-irAEs. These results
are consistent with previous studies and emphasize the close re-
lationship between autoimmunity and tumor immunity. Develop-
ment of GI-irAEs may be a surrogate indicator of immune system
activation, and thus may encourage clinicians to continue, rather
than discontinue, ICI therapy in non-life-threatening GI toxicities
as tolerated. Furthermore, in this study, almost two-thirds of the
patients with hepatitis presented with asymptomatic aminotrans-
ferase or bilirubin elevation. Hence, we emphasize the impor-
tance of routine monitoring of liver function tests before and dur-
ing immunotherapy for early diagnosis and management.

The generalizability of the current study is limited by de-
sign, given the inherent potential flaws of retrospective stud-
ies including but not limited to selection bias, as well as un-
structured data. Also, certain factors that could have directly
or indirectly influenced OS in our patients may have been
inevitably not captured owing to the retrospective nature of
our study. Although significantly improved clinical responses
were identified in patients who developed GI-irAEs, the study
was not powered to achieve the statistical significance for each
individual underlying type of malignancy separately. Only a
small proportion of patients in our study underwent biopsy for
diagnosis of ICI-induced colitis (4%) or hepatitis (2%). Our
study was also limited by the total number of cases with ICI GI
adverse events (only 41), as well as the lack of complete data
recorded in the electronic health records. Future work directed
towards expanding the cohort with more data on other malig-
nancies and other ICI regimens of which we only had a few
cases (i.e., atezolizumab, durvalumab) are needed to under-
stand the benefit of GI-irAEs in this subset of patients. Addi-
tionally, our study was only able to establish an association but
was unable to elucidate the molecular mechanisms that lead
to improved survival in patients with GI-irAEs. GI adverse
events occurred at a higher rate and greater severity in patients
treated with ipilimumab plus nivolumab, but the humanistic
and economic burden of these adverse events with combina-
tion ICI therapy remains unexplored in the current study. Our
study could not delineate the mechanistic differences between
development of irAEs and effective antitumor immunity that
needs to be investigated in future studies to aid in developing
more tailored next line therapies. Larger prospective studies
are required to address these knowledge gaps and further elu-
cidate the association of GI toxicity development and better
tumor response in patients with advanced malignancies.
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