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Abstract

Immune checkpoint inhibitors (ICI) have markedly changed the landscape of
cancer therapy. By re-invigorating the immune system against tumors, ICI
provide novel therapeutic options for a broad variety of malignancies, including
many gastrointestinal (GI) cancers. However, these therapies can also induce
autoimmune-like side effects in healthy tissue across the body. One of the most
common of these side effects is ICI-mediated colitis and diarrhea (IMC). Here, we
review the incidence and risk of IMC in ICI therapy, with a focus on what is
known regarding IMC in patients with GI malignancies. We also discuss data
available on the use of ICI and risk of IMC in patients with pre-existing inflam-
matory bowel disease, as these patients may have increased risk of IMC due to
their underlying intestinal pathology.

Key Words: Immune checkpoint inhibitors; Cytotoxic T-lymphocyte antigen 4;
Programmed cell death protein-1; Inflammatory bowel disease; Gastrointestinal cancer

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Immune checkpoint inhibitor-mediated colitis and diarrhea (IMC) is a
common immune-related adverse event with immune checkpoint inhibitor (ICT)
therapy. The risk of IMC is most strongly associated with type of ICI used, but race,
malignancy, and vitamin D use may also contribute to the risk of developing IMC.
IMC incidence in gastrointestinal cancers appears comparable to other malignancies,
but this is hampered by lack of a consistent definition for IMC and confounding by
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contemporaneous chemotherapy. Although patients with inflammatory bowel disease
(IBD) are often excluded from treatment with ICI, available data suggest that they have
increased risk of diarrhea and/or colitis compared to patients without IBD.
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INTRODUCTION

Mechanisms of immune checkpoint blockade and use in cancer therapy

Immune checkpoint inhibitors (ICIs) are powerful novel therapies against a variety of
solid and hematologic malignancies. Since the approval of the first ICI in 2011, they
have become first-line options for some metastatic malignancies, such as melanoma,
and are now approved as second- and third-line options for many other cancers,
including gastrointestinal (GI) malignancies[1,2]. These drugs target and block
inhibitory molecules on the surface of leukocytes to induce a potent T cell anti-tumor
response, ideally leading to tumor regression[3-5].

T cell activation, whether for anti-tumor immunity or to mount a response to
infection, requires not only stimulation through the T cell receptor (TCR), but also co-
stimulation from B7-1 (CD80) and B7-2 (CD86) molecules on antigen presenting cells
[6]. These molecules bind to CD28 on the T lymphocyte and act as a necessary second
signal (signal 2) to mount an adaptive immune response. However, cytotoxic T
lymphocyte-associated protein-4 (CTLA-4) expression on T cells can block signal 2,
due to its higher affinity for B7-1/B7-2[7-9]. As a result, peripheral immune tolerance
is induced.

Another mechanism of peripheral immune tolerance is through the programmed
cell death-1 (PD-1)/programmed cell death ligand-1 (PD-L1) pathway. Binding of PD-
1 on the T cell membrane to PD-L1 on antigen presenting cells is thought to attenuate
TCR signaling[10]. It is possible that PD-1/PD-L1 engagement may also lead to
decreased signaling through CD28, and decrease activation of signal 2 as CTLA-4 does
[11]. This pathway is thereby a distinct mechanism from CTLA-4 signaling which
promotes immune tolerance. Blockade of either (or both) of these pathways can
therefore lead to an upregulated immune response, particularly against tumors which
can express neo-antigens and provide ample targets for T cells[1,12].

All of the currently Food and Drug Administration (FDA)-approved ICI target
molecules within one of these two pathways. The earliest ICI to be approved was
ipilimumab, an antibody targeting CTLA-4, for the treatment of metastatic melanoma
in 2011[2]. In 2014 FDA approval was extended to two antibodies which target PD-1,
nivolumab and pembrolizumab|[2]. Atezolizumab, in a third class of ICI which targets
PD-L1, was approved for urothelial carcinoma in 2016[2]. A variety of ICI are now
approved for a broad spectrum of malignancies, from renal cell carcinoma (RCC) to
non-small cell lung cancer (NSCLC) to Hodgkin lymphoma. ICI are approved for GI
malignancies as well, including nivolumab for hepatocellular carcinoma (HCC) and
pembrolizumab for gastric and gastroesophageal junction (GEJ) carcinomal2].

Immune-related adverse events with ICI

Despite the promising benefits of ICI therapy, patients frequently develop
autoimmune-like effects, termed immune-related adverse events (irAE), likely due to
overall non-antigen specific activation of the immune system following checkpoint
blockade. These irAE can affect any organ system, causing autoimmune diseases
ranging from vitiligo to hypophysitis to colitis[13].

The specific mechanisms of irAE remain unclear, but are thought to be related to
removal of key peripheral tolerance pathways normally maintained by immune
checkpoints, resulting in inflammation in several non-tumor tissues[13]. Some studies
have speculated that anti-PD-1 treatment may modulate humoral immunity to
enhance pre-existing anti-thyroid antibodies, in the case of ICI-induced hypo-
thyroidism[14]. In a report from one patient with myocarditis, similar T cell clones
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were found in myocardium and tumor[15]. In addition, the rate of vitiligo in patients
treated with ICI for melanoma is higher compared to other tumor types[16]. These
findings suggest that there may be cross-reactivity between tumor antigens and self-
antigens that arises when immune checkpoints are removed.

Beyond cross-reactivity of antigens, there is some evidence that in the colon immune
checkpoint blockade may shift the balance of regulatory T cells, responsible for
peripheral immune tolerance, and Th17 cells, which produce interleukin (IL)-17 that
can drive inflammation. For example, one study has found increased serum IL-17 in
patients with colitis due to ICI[17]. In mouse models, administration of recombinant
PD-L1 protein decreases the number of IL-17-producing cells in the colon and
ameliorates colitis[18]. Meanwhile, mutations in the Ctla4 gene in both humans and
mice are associated with colitis[19]. Overall, it is currently speculated that loss of
CTLA-4 and/or PD-1 may lead to decrease activation of regulatory T cells and
increased activation of effector T cells, leading to unchecked inflammation in the colon
and elsewhere[20].

Cytotoxic CD8+ T cells may also play a role in the development of ICI-mediated
colitis and diarrhea (IMC). A recent analysis of single-cell RNA sequences from
patients with IMC revealed that tissue resident memory CD8+ T were more likely to
have expanded into inflammatory populations within colon tissue compared to
patients without IMC[21]. These findings suggest that activation or alteration of CD8+
T cell populations may also be a potential mechanism of colitis due to checkpoint
inhibitors.

Clinically, the severity of irAE can be highly variable, and is typically evaluated
using the common terminology criteria for adverse events (CTCAE), which ranges
from minimal symptoms or lab abnormalities at grade 1 to death of the patient at
grade 5[22]. For GI irAE, specifically colitis, symptoms range from loose stools fewer
than four per day above baseline, to ileus, perforation, or death[22]. The grading
scheme for colitis is outlined in Table 1.

In this review, we discuss the development of diarrhea and colitis in patients treated
with ICI, the emerging use of ICI for GI malignancies, and the data available on the
occurrence of diarrhea and colitis in patients treated with ICI for GI malignancies. We
also review currently available data on the use of ICI in patients with underlying
inflammatory bowel disease (IBD), given the potential increased risk of GI irAE in
these patients.

IMC
Incidence of IMC

One of the most common irAE following ICI use is IMC. Early clinical data on the use
of ipilimumab, the most commonly used anti-CTLA-4 antibody, indicated that colitis
was the most prevalent high grade (grade 3 or 4) irAE among patients with melanoma
and RCCJ[23]. In this cohort, 24 of 137 (18%) of patients with melanoma and 17 of 61
(28%) of patients with RCC developed grade 3-4 colitis.

Following FDA approval for ipilimumab in 2011[2] as well as the introduction of
anti-PD-1 and anti-PD-L1 agents, several retrospective cohort studies and meta-
analyses have evaluated the frequency of IMC (Table 2). Overall, the rate of IMC
(including both diarrhea and colitis) has been reported as 35-40% with anti-CTLA-4,
11%-17% with anti-PD-1, and 32% with a combination of both classes[24]. In the
published meta-analyses of IMC which distinguish between diarrhea and colitis, the
rates of diarrhea in patients treated with ICI are substantially higher than colitis. For
example, Khoja et al[25] found that diarrhea occurred in 30.2% of patients treated with
anti-CTLA-4, 12.1% with anti-PD-1, and 7.3% with anti-PD-L1. Colitis was less
common than diarrhea in these patients, occurring at a rate of 5.7% with anti-CTLA-4,
0.7% with anti-PD-1, and 0% with anti-PD-L1. These findings also demonstrate that
rates of IMC, inclusive of both diarrhea and colitis, are substantially more common
with anti-CTLA-4 use compared to anti-PD-1 or anti-PD-L1.

Another study by Soularue et al[26] found that diarrhea due to anti-CTLA-4
treatment occurred in 30.2%-35.4% of patients vs 12.1%-13.7% of patients treated with
anti-PD-1, while 5.7%-9.1% of patients treated with anti-CTLA-4 and 0.7%-1.6% of
patients treated with anti-PD-1 developed colitis. A third study also found that
diarrhea occurred in 35.4% of patients treated with anti-CTLA-4 compared to 13.7% of
patients treated with anti-PD-1, with an overall relative risk (RR) of 0.58 [95%
confidence interval (CI): 0.43-0.77] for diarrhea with anti-PD-1 treatment vs anti-CTLA-
4[27]. In this study, colitis occurred in 11% of patients treated with anti-CTLA-4 and
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Table 1 Common terminology criteria for adverse events

Grade

Diarrhea

Colitis

1

2

3

Increase of < 4 stools/d over baseline Asymptomatic

Increase of > 4-6 stools/d

Abdominal pain, mucus, and blood in stools

Increase of 2 7 stools/d, incontinence, and limiting self-care Severe pain, fever, peritoneal signs, ileus

activity of daily living

Life-threatening consequences (hemodynamic collapse) Life-threatening consequences (perforation, ischemia, necrosis, bleeding,

Death

and toxic megacolon)

Death

Jaishideng®

2% of patients treated with anti-PD-1, with an RR of 0.16 (95%CI: 0.05-0.51) for anti-
PD-1 vs anti-CTLA-4. Another study by Komaki et al[28] also found an increased risk
for colitis in patients treated with anti-CTLA-4, with 8.4% of patients treated with anti-
CTLA-4 developing colitis (RR 11.39 compared to standard chemotherapy, 95%ClI: 6.3-
20.59), while only 0.87% of patients treated with anti-PD-1 developed colitis, which
was not significantly higher than standard chemotherapy (RR 2.49, 95%CI: 0.49-12.68)
[28]. Interestingly, although the risk of developing diarrhea with anti-CTLA-4
treatment was significantly higher compared to standard chemotherapy and occurred
in 40% of patients treated with anti-CTLA-4 (RR 2.10, 95%ClI: 1.62-2.73), only 10.7% of
patients treated with anti-PD-1 or anti-PD-L1 developed diarrhea; the risk of diarrhea
in these patients was significantly lower compared to standard chemotherapy (RR
0.64, 95%ClI: 0.42-0.98).

The finding that patients treated with anti-CTLA-4 experience significantly higher
rates of IMC vs anti-PD-1 or anti-PD-L1 treatment is consistent across the aforemen-
tioned studies as well as others. A study by Wang et al[29] found that while overall the
rate of colitis in patients treated with any ICI was 2.4%, the rate was 9.1% in patients
treated with anti-CTLA-4 vs 1.4% for anti-PD-1 and 1.0% for anti-PD-L1. In another
study, in which the overall rate of colitis was 2.3% across all ICI, the RR of colitis with
anti-CTLA-4 use vs anti-PD-1/anti-PD-L1 use was higher, although it did not reach
statistical significance (P = 0.054)[30]. Specifically, these authors found a RR of 11.3
(95%CI 6.05-21.1) for anti-CTLA-4 and 3.36 (95%CI: 1.36-8.33) with anti-PD-1/anti-PD-
L1 compared to chemotherapy. However, in this study the rate of severe colitis (grade
3 or higher) was significantly increased (P = 0.021) with anti-CTLA-4 treatment, with a
RR of 22.5 (95%CI: 6.37-79.4) vs chemotherapy, compared to RR of 2.47 (95%CI: 0.9-
6.72) with anti-PD-1/anti-PD-L1.

These studies and others have also examined the incidence of IMC in patients
treated with combination therapy (anti-CTLA-4 plus anti-PD-1). Some work has
suggested that the rate of IMC in combination therapy may be higher than in either
class of ICI alone. For example, Wang et al[29] found that the rate of colitis was 13.6%
in combination therapy compared to 9.1% with anti-CTLA-4 and 1%-1.4% for anti-PD-
1/anti-PD-L1, as above. Similarly, Tandon et al[27] found that combination therapy
was associated with diarrhea in 44.2% of patients and colitis in 14.5% of patients, vs
35.4% and 11.0% for diarrhea and colitis, respectively, in anti-CTLA-4 monotherapy
and 13.7% and 2% in anti-PD-1 monotherapy[27]. However, these differences reached
significance only for diarrhea in patients treated with combination therapy vs anti-
CTLA-4 alone (RR 1.31, 95%CI: 1.09-1.57). Zhang et al[31] evaluated the incidence of
irAE, including IMC, in patients treated with combination nivolumab and ipilimumab,
vs either of these agents alone. They found that the overall incidence of diarrhea was
32.7%, with a RR of 1.95 for combination therapy vs monotherapy (95%CI: 1.54-2.46).
Similarly, the rate of colitis overall was 14.2% but was again significantly increased in
combination therapy compared to monotherapy (RR 4.45, 95%CI: 3.04-6.51). Overall,
these studies suggest that the rate of IMC, particularly diarrhea, may be higher in
patients treated with combination ICI therapy vs a single ICI agent.

In addition to evaluating different classes and combinations of ICI, two meta-
analyses have also specifically evaluated the rates of IMC for anti-PD-1 and anti-PD-L1
therapies. Baxi et al found the overall rate of colitis to be 0.7% across all anti-PD-1 and
anti-PD-L1, with a RR of 2.88 vs non-ICI therapies (95%ClI: 1.3-6.37)[32]. This included
a rate of 1.1% in pembrolizumab, 0.3% in nivolumab, and 0.5% in atezolizumab.
Although the incidence of diarrhea was 18.5% with these agents, it was not
significantly different than patients treated with standard therapy (RR 0.78, 95%CI:
0.57-1.05). A second meta-analysis by Wang et al[33] similarly found that the incidence
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Table 2 Meta-analyses of immune checkpoint inhibitor-mediated colitis and diarrhea with immune checkpoint inhibitor use

. No. of . . . Trial . . e
Meta-analysis . ICl targets  Malignancies Gl malignancy Diarrhea (incidence, %) Colitis (incidence, %)
studies Phase
Anti-CTLA- . Anti-PD- Anti-CTLA- Anti-PD-  Anti-PD-
Ref. Total Combo'  Anti-PD-1 Total Combo'
4 L1 4 1 L1
Khoja et al[25], 48 CTLA-4 Melanoma Colorectal 1-3 30.2 12.1 7.3 5.7 0.7 0.0
2017
PD-1 Solid tumors GE]J
PD-L1 Liver
Pancreas
Wang et al[29], 34 CTLA-4 Melanoma None 1-3 7.9° 9.2° 1.3° 0.3” 24 9.1 13.6 1.4 1.0
2017
Combi- Solid tumors
nation'
PD-1
PD-L1
De Velasco et al 21 CTLA-4 Melanoma None 2-3 23
[30], 2017
PD-1 Solid tumors
PD-L1
Wang et al[33], 46 PD-1 Melanoma Colorectal 1-3 4-13 1.0
2017
PD-L1 Solid tumors Gastric
Hematologic
Zhang et al[31], 11 CTLA-4 Melanoma None 1-3 17° 327 17° 29° 142 29°
2018
Combi- Sarcoma
nation'
PD-1 Solid tumors
Tandon et al[27], 18 CTLA-4 Melanoma None 1-3 354 442 13.7 11.0 14.5 2.0
2018
Combi-
nation'
Bishidenge WVJGO | https://www.wjgnet.com 776 August15,2021 | Volume13 | Issue8 |
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PD-1
Baxi et al[32],2018 13 PD-1 Melanoma None 2-3 0.7 0.3-1.1 0.5
PD-L1 Solid tumors
Komalki et al[28], 22 CTLA-4 Melanoma None 2-3 40.0 9.9 10.7 8.4 0.9
2018
PD-1 Solid tumors
PD-L1
Bishay et al[34], 27 Combi- NSCLC None 1-3 13.2-40.4 9.1 11.0 7.3-12.1 0.9 0.4
2020 nation'
PD-1
PD-L1
Yang et al[35], 10 CTLA-4 Melanoma None 2-3 315 30.0 7.6 5.8 2.3
2020
PD-1 NSCLC
PD-L1 Breast
Yao et al[36],2020 40 CTLA-4 Melanoma Colorectal 2-3 8.1 14.5 1.4* 14"
Combi- Solid tumors Gastric/GE]J
nation'
PD-1 HCC
PD-L1

!Combination anti-cytotoxic T-lymphocyte antigen 4 plus anti-programmed cell death protein-1.

Grade 3-4 diarrhea only.

3Did not distinguish between monotherapy with ipilimumab or nivolumab.

*Combined incidence with programmed cell death protein-1 and programmed cell death-ligand 1.

ICI: Immune checkpoint inhibitor; IMC: Immune checkpoint inhibitor-mediated colitis and diarrhea; CTLA-4: Cytotoxic T-lymphocyte antigen 4; PD-1: Programmed cell death protein-1; PD-L1: Programmed cell death-ligand 1; GEJ:
Gastroesophageal junction; NSCLC: Non-small cell lung cancer; HCC: Hepatocellular carcinoma.

of colitis in patients across all anti-PD-1 and anti-PD-L1 was approximately 1%.
Interestingly, while rates of diarrhea were similar with nivolumab at 10%-13%, the
incidence of diarrhea was much lower with pembrolizumab, at less than 4%. These
findings along with the work above suggest that while colitis seems to be significantly
more prevalent in patients treated with anti-PD-1 or anti-PD-L1 compared to
chemotherapy, rates of diarrhea may not be significantly higher[28,32].
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In addition to the above meta-analyses, three new studies have also examined the
rates of IMC in patients treated with a variety of ICIL. In a meta-analysis of IMC in
patients with NSCLC, Bishay et al[34] found that the rate of diarrhea was 40.4% in
patients treated with a combination of anti-CTLA-4 and anti-PD-L1, 13.2% in patients
treated with combination anti-CTLA-4 and anti-PD-1, 11.0% in patients treated with
anti-PD-L1 alone, and 9.1% in patients treated with anti-PD-1 alone[34]. The risk of
diarrhea in patients treated with combination therapy was higher than with anti-PD-1
monotherapy, with a RR of 1.51 (95%CI: 1.11-2.06). Although the RR of colitis in these
patients was not compared directly, the incidence of colitis was higher in combination
therapy (7.3%-12.1%) vs anti-PD-1/anti-PD-L1 monotherapy (0.4%-0.9%). A second
new study compared the rates of GI irAE in patients treated with ICI and
chemotherapy vs chemotherapy alone across a variety of malignancies, and also found
an increased risk of diarrhea and colitis[35]. As prior studies have shown, treatment
with anti-CTLA-4 was associated with a significant risk of diarrhea (RR 2.23, 95%CI:
1.9-2.63) and colitis (RR 28.39, 95%CI: 5.59-144.24) compared to chemotherapy alone,
with an incidence of 31.4% and 5.8% for diarrhea and colitis, respectively.
Interestingly, this study found that the risk of diarrhea in anti-PD-1 treatment was
significantly higher than with chemotherapy, with an incidence of 30% and a RR of
1.38 (95%ClI: 1.13-1.68), although the risk with anti-PD-L1 was not higher (RR 0.82,
95%CI: 0.43-1.59). As suggested by prior work, although the incidence of colitis with
anti-PD-1 was low at 2.3%, this was still significantly increased over the risk of colitis
with chemotherapy alone (RR 2.9, 95%CI: 1.02-8.21). Finally, Yao et al[36] found that
the risk of colitis with either anti-CTLA-4 or anti-PD-1/PD-L1 was significantly
increased compared to placebo, chemotherapy, or targeted therapy, except for anti-
PD-1/PD-L1 vs targeted therapy (RR 0.89, 95%CI: 0.06-13.98). While the risk of colitis
with combination therapy was significantly increased compared to treatment with
anti-PD-1/PD-L1 alone (RR 9.25, 95%CI: 3.34-25.64), the risk was not significantly
higher compared to treatment with anti-CTLA-4 alone (RR 1.16, 95%CI: 0.79-1.70).

Based on these studies, the incidence of diarrhea with ICI treatment spans 4%-30%
for anti-PD-1/PD-L1, 30.2%-40% for anti-CTLA-4, and 13.2%-44.2% for combination
therapy. The incidence of colitis appears to be 0%-2.3% for anti-PD-1/PD-L1, 5.7%-11%
for anti-CTLA-4, and 7.3%-14.5% for combination therapy. Rates of diarrhea are
consistently higher than rates of colitis across all classes of ICI in these studies. In
general, the risk of IMC (both diarrhea and colitis) is higher with anti-CTLA-4 or
combination therapy compared to anti-PD-1/PD-L1, but the data are mixed regarding
whether IMC risk is higher in combination compared to anti-CTLA-4 monotherapy or
whether risk is similar with both treatments. For the most part, rates of colitis are
greater with any ICI compared to chemotherapy, with the exception of the one study
above which did not find a significantly increased rate of colitis with anti-PD-1[28].
However, findings are mixed for the incidence of diarrhea following ICI compared to
chemotherapy, which may be significantly higher with anti-CTLA-4 or combination
therapy but possibly similar or even lower for anti-PD-1/PD-L1.

Unfortunately, most clinical studies focused on safety and use of ICI have not
included information on endoscopy in those patients who develop diarrhea or colitis.
As noted in multiple meta-analyses of IMC which incorporate these studies, lack of
information on endoscopy is a significant limitation on accurate estimates of the rate of
IMCJ27,36]. As the CTCAE for diarrhea and colitis does not require endoscopic
assessment (Table 1), it is probable that many of these patients do not undergo
endoscopy to confirm diagnosis of IMC[22].

In cohort studies focused on IMC, patients were more likely to be included only if
they had endoscopic and/or histologic confirmation of colonic inflammation. Across
thirteen cohort studies of IMC, encompassing 863 patients, 626 (72.5%) underwent
endoscopy to confirm the diagnosis, ranging from 40%-100% of patients within each
study[23,37-48]. However, because patients with symptoms of IMC but without
endoscopy were frequently excluded from these studies, the ability to extract
information on IMC incidence from this literature is limited.

Risk factors for developing IMC

Overall, the aforementioned meta-analyses have suggested that a major risk factor for
development of IMC is the type of ICI used, and whether multiple types of ICI are
used in combination. Several retrospective cohort studies been performed to identify
other clinical factors which may contribute to the development of IMC (Table 3). One
such factor is likely to be the dose of ICI, at least for anti-CTLA-4. Two studies have
shown that a higher dose of ipilimumab (10 mg/kg vs 3 mg/kg) is associated with a
significant increase in risk of colitis (RR 1.83-2.01)[49,50]. In contrast, higher doses of
anti-PD-1 and anti-PD-L1 do not seem to be significantly associated with increased
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Table 3 Risk factors for immune checkpoint inhibitor-mediated colitis and diarrhea

Number of . . g q . ORor Fisher's
Ref. . ICl targets Malignancies Gl malignancies Risk factors for IMC 95%Cl
patients RR exact P value
Wolchok etal 217 CTLA-4 Melanoma None High dose ipilimumab 2.01 0.52-7.82
[49], 2010
Asciertoetal 727 CTLA-4 Melanoma None High dose ipilimumab  1.83 1.07-0.14
[50], 2017
Wang et al 327 CTLA-4 Melanoma None Race (Caucasian) 5.76 2.03-16.36
[46], 2018
Combination'  Solid tumors Cancer stage IV vs 0.09 0.03-0.30
stage 111
PD-1 Hematologic Melanoma 1.96 1.04-3.67
PD-L1 Ipilimumab or 223 1.03-4.81
combination'
Abu-Sbeih et al 346 CTLA-4 Melanoma None Race (Caucasian) NA NA 0.023
[53], 2019
Combination' Lower mean lactate NA NA 0.011
dehydrogenase
PD-1
PD-L1
Grover et al 213 CTLA-4 Melanoma None Combination' vs 3.34 1.1-9.8
[40], 2020 pembrolizumab
Combination' CTLA-4 vs PD-1 7.14 2.2-25.0
PD-1 Neutrophil-to- 0.34 0.1-0.9
lymphocyte ratio = 5
Vitamin D intake 0.35 0.1-0.9 0.03
Pneumococcal NA NA 0.05

pneumonia vaccine

Influenza or NA NA 0.05
pneumonia vaccine

ICombination anti- cytotoxic T-lymphocyte antigen 4 plus anti-programmed cell death protein-1.
ICI: Immune checkpoint inhibitor; IMC: Immune checkpoint inhibitor-mediated colitis and diarrhea; CTLA-4: Cytotoxic T-lymphocyte antigen 4; PD-1:
Programmed cell death protein-1; PD-L1: Programmed cell death-ligand 1; OR: Odds ratio; RR: Relative risk; CI: Confidence interval; NA: Not available.

risk of IMC[51,52].

Beyond dose of ICI, several studies have identified additional factors which may be
associated with development of IMC. One retrospective cohort study found that across
a variety of malignancies treated with ICI, white race, melanoma (versus solid tumors
or hematologic malignancies), and stage 3 (versus stage 4) tumors were associated
with increased risk of IMC[46]. In concordance with the meta-analyses previously
reviewed, this study also found that the use of ipilimumab was significantly associated
with IMC. Interestingly, they also found that diarrhea was significantly (P < 0.001)
associated with increased overall survival (OS) within their cohort. A later study at the
same institution, evaluating only patients with melanoma, similarly found that
development of IMC was associated with improved OS [hazard ratio (HR) 0.53,
95%Cl: 0.37-0.76] and progression-free survival (PFS) (HR 0.53, 95%CI: 0.36-0.78)[53].
As in the previous study, those who developed IMC were significantly (P = 0.023)
more likely to be white. This study also found that a lower serum lactate dehydro-
genase was associated with increased risk of IMC (536 IU/L vs 582 IU/L, P = 0.011).
Another study performed a retrospective analysis of irAE reported to the FDA, and
found that while the incidence of IMC was higher with combination ICI vs anti-PD-1
monotherapy, the incidence of IMC in patients treated with anti-CTLA-4 alone was
higher[54]. In this study, there was also a slight predilection for male over female
patients to develop IMC, as 53.5% of patients with IMC were male, vs 33.2% female
and 13.3% unknown. A study by Shah et al suggested that age may be related to risk of
different irAE; within this cohort of melanoma patients treated with anti-PD-1, the
authors found colitis in patients with a significantly lower median age (64 years)
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compared to pneumonitis (median age 66) and myocarditis (median age 69)[55].
Finally, a recent study found that vitamin D supplementation at the time of ICI
initiation was associated with a lower risk of IMC in melanoma patients [odds ratio
(OR) 0.35, 95%ClI: 0.1-0.9][40]. This study similarly showed that use of anti-CTLA-4 or
combination ICI was associated with a significantly higher rate of IMC vs anti-PD-1
monotherapy. Interestingly, another factor which seemed to be significantly associated
with IMC was receiving the pneumococcal pneumonia vaccine within 3 mo prior to
starting ICI, as 35.1% of patients who developed IMC received this vaccine vs only
19.9% of patients who did not develop IMC (P = 0.05). Overall, these studies suggest
that while type of ICI is one of the strongest predictive factors for development of
IMC, primary malignancy, race, sex, age, vitamin D supplementation, pneumococcal
pneumonia vaccine exposure, and potentially other factors may contribute to the risk
of IMC.

Diagnosis and management of IMC

The diagnostic evaluation and treatment of IMC has recently been reviewed and an in-
depth analysis is beyond the scope of this discussion[56-58]. In brief, the diagnosis of
IMC begins with an assessment of symptoms (Table 1), followed by evaluation to rule
out other causes of diarrhea and colitis, including infection and ischemia. Typically,
endoscopic evaluation (either a colonoscopy or flexible sigmoidoscopy) is recom-
mended to directly evaluate for both overt and microscopic colitis (via biopsy) for
grade 2 or higher IMC.

Several guidelines from both Oncology and Gastroenterology societies have recently
emerged to direct therapy of IMC[57-61]. For grade 1 diarrhea and/or colitis, suppor-
tive therapy is recommended, including anti-diarrheal medications, dietary modific-
ations, and hydration. For higher grade IMC, many guidelines recommend temporary
cessation of ICI and treatment with steroids, which appears to be effective in 87.5% of
patients[37]. Permanent discontinuation of anti-CTLA-4 is recommended with grade 3
IMC, and discontinuation of all ICI is recommended for grade 4 colitis[58,62].

If a patient does not respond to steroids in 2-3 d, current recommendations are to
advance to an anti-inflammatory biologic, typically the anti-tumor necrosis factor
antibody infliximab[56-58]. The anti-integrin antibody vedolizumab is emerging as an
alternative to infliximab, particularly in those with concomitant hepatitis who should
not receive infliximab[57,63,64]. There are also case reports of the use of the small
molecule Janus kinase inhibitor tofacitinib[65] and fecal microbiota transplantation[66]
in IMC refractory to the above therapeutic options. Finally, case reports have
suggested that budesonide may be an option for treatment of microscopic colitis due
to ICI[67].

Emerging data from recent studies may help guide initial evaluation of IMC as well
as options for management. One case series found that of eleven patients referred to
their center for diarrhea and concern for IMC, the seven patients with endoscopic
evidence of IMC had significantly higher episodes of diarrhea per day (7.7 times vs 3.0
times per day), suggesting that number of bowel movements per day may be a useful
tool for screening patients who may have immune-mediated colitis vs other causes of
diarrhea[48]. Another recent case series of eight patients found that on colonoscopy,
three had findings predominantly in the right colon[41], suggesting that a full
colonoscopy may be important for endoscopic evaluation and diagnosis of IMC, even
though it has previously been suggested that inflammation is typically contiguous
beginning in the rectum and therefore flexible sigmoidoscopy would be sufficient for
the diagnosis of IMC[43].

In addition to advances in diagnosis, several studies have examined treatment
response and outcomes in IMC. One recent retrospective cohort study evaluated
outcomes in IMC due to treatment with anti-PD-1 monotherapy vs combination
therapy in melanomal[47]. As several prior studies have found, the incidence of IMC
was much lower with monotherapy compared to combination immunotherapy (3% vs
24%). Furthermore, patients treated with combination therapy developed IMC
substantially faster compared to monotherapy, at a median of 7.2 wk following first
ICI infusion with combination therapy (range 0.7-51 wk) and a median of 25.4 wk with
monotherapy (range 0.6-119.9 wk). Finally, steroid duration and maximum dose were
significantly lower in patients who received anti-PD-1 alone, with a median of four
weeks vs six weeks for combination therapy (P = 0.0065) and 1 mg/kg prednisone
equivalents vs 1.5 mg/kg in combination therapy (P = 0.0015). Another recent
retrospective study of melanoma patients found that high-grade IMC (grade 3-4) was
associated with an increased risk of steroid-associated side effects, such as infection or
mood changes, possibly due to a need for increased steroid dose or duration in these
patients[38]. A case series of nine patients treated with anti-PD-1 for solid tumors
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noted that two of these patients developed a relapse of symptoms when steroids were
tapered, while one developed secondary cytomegalovirus colitis, and two eventually
required infliximab after failure of steroid treatment[44]. Overall, these findings
suggest that combination anti-CTLA-4/anti-PD-1 therapy as well as more severe IMC
on initial presentation may require prolonged or higher-dose steroid treatment, which
in turn may be associated with more severe side effects from steroid use.

Reports to date suggest that early decisions on escalation of IMC treatment beyond
steroids may lead to better outcomes for patients. However, very little data exist
regarding this issue. A retrospective study found that a higher endoscopic severity
score, presence of ulcers, and pancolitis was associated with a greater likelihood of
escalation to infliximab therapy, suggesting that endoscopic appearance may be a
helpful predictive tool for determining early biologic therapy[39]. A second
retrospective study on patients admitted to the hospital for IMC management found
that 50% of these patients required second-line therapy, predominantly infliximab[42].
Within this cohort, the need for treatment escalation was significantly associated with
the use of ipilimumab (P = 0.010), stage III tumors (P = 0.011), absence of GI metastases
(P = 0.028), hypoalbuminemia (P = 0.005), relative lymphopenia (P = 0.027), and
decreased LDH (P = 0.026). Therefore, patients with these clinical characteristics and
laboratory findings may benefit from earlier or even up-front treatment with a
biologic. Ongoing prospective studies are currently underway to evaluate whether this
may apply to certain patients with IMC (NCT04407247)[57].

ICIS AND IMC IN GI MALIGNANCY

Despite the abundance of retrospective studies on IMC, only a few have included data
on patients with GI malignancies. This limitation is likely due to the relatively recent
approval of ICI for GI malignancies. In 2017, the FDA approved the use of anti-PD-1
therapies in gastric and GE]J cancers and HCC[2]. That same year, the FDA also
approved the use of ICI for cancers with high levels of microsatellite instability (MSI-
H)[68]. The rationale behind this approval was that MSI-H is believed to increase
mutational rates within the tumor, which in turn leads to an increase in the type and
abundance of tumor neoantigens which provide novel targets for CD8-positive anti-
tumor T cells and other components of the immune system[1]. This type of anti-tumor
immunity is boosted by the use of ICI, and therefore may lead to a stronger response
to ICIL. In other words, MSI-H tumors, including GI cancers, are likely to be more
susceptible targets for ICI therapy compared to tumors that do not have substantial
MSI-H.

With approval of ICI for these tumors, more recent studies on IMC have included
patients with GI malignancies. Of the meta-analyses discussed above, only two
included studies in patients with GI cancers[33,36]. Muro et al[69] included data from a
phase 1b trial of pembrolizumab, an anti-PD-1 antibody, in gastric cancer (KEYNOTE-
012). This study reported only a single case of grade 1 colitis among 39 patients. The
meta-analysis from Yao et al[36] included the ATTRACTION-2 trial, a phase 3 study of
nivolumab, also an anti-PD-1 antibody, in patients with gastric and GE] cancers[70].
Rates of IMC in this trial were comparable to data on the use of anti-PD-1 in other
studies, with diarrhea occurring in 7% and colitis in 1% of patients. A second study on
gastric and GEJ cancers was included in the meta-analyses, specifically KEYNOTE-061,
a phase 3 study with pembrolizumab[71]. Comparable to the findings in
ATTRACTION-2, this study reported an incidence of diarrhea and colitis of 5% and
1%, respectively. Yao et al[36] also included a single study on the use of pembrol-
izumab in HCC, the KEYNOTE-240 study, which reported a higher rate of diarrhea at
17.2%, but again a comparable rate of colitis at 1.4%[72]. The meta-analysis also
included a single study with atezolizumab (anti-PD-L1) in colorectal cancer (CRC)
[73]. The IMblaze370 study found that atezolizumab was associated with diarrhea in
18% of patients; rates of colitis were not reported. These findings preliminarily suggest
that rates of IMC in patients with GI malignancies treated with anti-PD-1 and anti-PD-
L1 are comparable to the rates seen in other malignancies. Since studies have
suggested that tumor type may be associated with the development of IMC, it will be
important to continue evaluating whether specific GI malignancies are higher risk[46].

The use of ICIs in GI cancers has been recently reviewed in depth, including a
review of the major clinical trials for all ICI across all GI malignancies[74]. All classes
of ICI (anti-CTLA-4, anti-PD-1, and anti-PD-L1) have been trialed in GI malignancies
individually, in combination, and combined with both conventional chemotherapy
and tyrosine kinase inhibitors. Here, we review these trials by malignancy and
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evaluate the data on rates of IMC reported in these studies.

CRC

Several recent reviews have highlighted the use of ICI in MSI-H CRC[74-76]. In
agreement with findings in other malignancies, these reviews note that diarrhea and
colitis are relatively common side effects of ICI therapy in CRC patients. Interestingly,
one of the early phase I trials of anti-PD-1 included 14 CRC patients, although the only
reported episode of colitis in that trial occurred in a patient with melanoma[77]. Since
this early trial, several phase 2 and phase 3 trials have recently reported the efficacy
and side effect profile of multiple ICI in MSI-H CRC (Table 4).

The earliest published phase 2 trial of ICI in MSI-H CRC was the Checkmate-142
trial examining nivolumab[78]. This was an open-label trial that included 74 patients
who had either not tolerated or progressed with at least one prior treatment. After a
mean follow up of 12 mo, 31.3% of patients had an objective treatment response and
69% had disease control for at least 12 wk. Of the 74 patients enrolled, 15 (20%)
experienced grade 1-2 diarrhea and one (1%) experienced grade 3 diarrhea. Only one
patient (1%) experienced colitis.

The first published phase 3 trial of an ICI in CRC was the IMblaze 370 trial, which
evaluated the efficacy of atezolizumab, an anti-PD-L1[73]. This study specifically
evaluated atezolizumab with or without cobimetinib, an inhibitor of the MAP kinase
pathway, in comparison to regorafenib, a multi-kinase inhibitor. Unfortunately, the
trial failed to meet the primary endpoint of improved OS in either atezolizumab group
vs the group treated with regorafenib, demonstrating a 2%-3% objective response rate
in the two atezolizumab groups. Diarrhea was the most common adverse event in the
combination group, with grade 1-2 diarrhea in 54% and grade 3 diarrhea in 11% of
patients. Diarrhea was substantially less common in the atezolizumab monotherapy
group, with 18% of patients experiencing grade 1-2 diarrhea and only 1% grade 3.
Colitis was not reported in this study.

In addition to nivolumab and atezolizumab, two recent trials have highlighted the
use of pembrolizumab in MSI-H CRC. The KEYNOTE-164 trial was an open-label
phase 2 trial of pembrolizumab in patients who had been exposed to at least two prior
lines of standard therapy[79]. Across two independent cohorts, the objective response
rate was 33%. 12.1% of patients experienced grade 1-2 diarrhea, and no patients
developed grade 3 or higher diarrhea. 1.6% of patients developed grade 1-2 colitis and
one patient (0.81%) developed grade 3-4 colitis. The KEYNOTE-177 trial was a phase 3
trial comparing pembrolizumab to chemotherapy in treatment-naive patients[80]. This
study reported a significantly improved overall response rate with ICI, demonstrating
response in 43.8% of patients treated with pembrolizumab compared to 33.1% with
chemotherapy. Interestingly, diarrhea was less common in the pembrolizumab group,
with an incidence of 44% at any grade (6% grade 3 or higher) compared to 62% any
grade (11% grade 3 or higher) in patients who received chemotherapy. However, the
incidence of colitis was 7% at any grade and 3% grade 3 or higher in patients with
pembrolizumab, while there were zero cases amongst patients given chemotherapy.

Finally, one recent study evaluated the use of combination ipilimumab and
nivolumab in MSI-H CRC. The GERCOR NIPICOL study was a phase 2 trial in
patients who had previously received standard chemotherapy, with an overall
response rate of 59.7%[81]. In the trial, 35.1% of patients experienced diarrhea, with
3.5% experiencing grade 3 or higher. Diarrhea was the second-most common adverse
event of any grade, after fatigue. Colitis was not reported in this study.

Overall, these studies are generally in line with prior reported rates of IMC. Rates of
diarrhea ranged from 12.1% to 44% of patients, with higher rates (35.1%) in patients
treated with combination ICI therapy, as expected. However, diarrhea was
unexpectedly frequent amongst treatment-naive patients in the KEYNOTE-177 trial, at
a rate of 44%, which was much higher than typically observed for single-agent anti-
PD-1 therapy[80]. Colitis was also observed at 7%, which is more typical of the higher
rates characteristic of anti-CTLA-4 therapy. These findings suggest that prior
chemotherapy treatment could be protective against, or perhaps mask, IMC in CRC
patients treated with anti-PD-1.

Gastric and GEJ cancer

Two retrospective studies evaluated irAE in patients with gastric and GEJ cancers,
which included data on diarrhea and colitis. Masuda et al studied the incidence of irAE
in patients with gastric cancer treated with nivolumab and found that five of 65
patients (7.7%) developed IMC, which was also the most common irAE in this study
[82]. Intriguingly, the investigators found that development of any irAE was
significantly associated with improved OS in a multivariate analysis (HR 9.54, 95%ClI:
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Table 4 Inmune checkpoint inhibitor-mediated colitis and diarrhea in gastrointestinal malignancies

. Objective . .
Number of Trial . ] Incidence of Incidence of
Ref. . Type of study Therapies response . 0 1o
Patients phase o diarrhea (%) colitis (%)
rate (%)
Colorectal cancer
Checkmate- Overmanetal 74 Phase2  Open-label Nivolumab 31.3 21.6 1
142 [78], 2017
IMblaze 370 Engetal[73], 363 Phase3  RCT Atezolizumab plus 3 65.3 -
2019 cobimetinib
Atezolizumab 2 18.9 -
Regorafenib 2 375 -
KEYNOTE- Le et al[79], 124 Phase2  Open-label Pembrolizumab 33 121 2.4
164 2020
KEYNOTE- André et 307 Phase3  Open-label Pembrolizumab 43.8 44 7
177 al[80], 2020
5-FU based therapy with 33.1 62 0
or without bevacizumab
or cetuximab
GERCOR Cohen et al 57 Phase2  Open-label Ipilimumab plus 59.7 35.1 -
NIPICOL [81], 2020 nivolumab
Gastric and GEJ cancer
Masudaetal 65 NA Retrospective Nivolumab 6.7 7.7' 7.7!
[82], 2019 cohort
Chen et al 2003 Phase Meta-analysis ~ Nivolumab 9.9 8.2 0.9
[83], 2019 1b-3
Pembrolizumab
Avelumab
Ipilimumab
Tremelimumab
Checkmate- Janjigian et al 160 Phase Open-label Nivolumab 1 mg/kgand 24 31 -
032 [84], 2018 1/2 ipilimumab 3 mg/kg
Nivolumab 3 mg/kgand 8 10 -
ipilimumab 1 mg/kg
Nivolumab 3 mg/kg 12 15 -
Attraction-2 Kang et al 493 Phase3  RCT Nivolumab 11.2 7 1
[70], 2017
Placebo 0 2 0
Attraction-4 Boku et al 39 Phase2  Open-label Nivolumab plus S-1 and  57.1 66.7 -
[85], 2019 oxaliplatin
Nivolumab plus 76.5 444 -
capecitabine and
oxaliplatin
KEYNOTE- Muro et al 39 Phase 1b  Open-label Pembrolizumab 8o%) - 3]
012 [69], 2016
KEYNOTE- Fuchs et al 259 Phase2  Open-label Pembrolizumab 11.6 6.6 -
059 [86], 2018
KEYNOTE- Shitara et al 570 Phase3  Open-label Pembrolizumab 16 5 1
061 [71], 2018
Paclitaxel 14 14 1
Bang et al 114 Phase2  Open-label Ipilimumab 1.8 24.6 53
[87], 2017
Best supportive care 7 6.7 0
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Ralph et al
[88], 2010

JAVELIN
Gastric 300

Esophageal cancer

Ralph et al
[88],2010

Attraction-3

2019
KEYNOTE-
180 [91], 2019
KEYNOTE-
181 [92], 2020

Hepatocellular carcinoma

Checkmate-
040 et al[93], 2017
Checkmate-
040 2020
KEYNOTE-
224 2018
KEYNOTE-
240 2020
IMbrave 150

2020

Biliary tract cancers

Ueno et al
[98], 2019

KEYNOTE-
028 [99], 2020
KEYNOTE-

158 [99], 2020

Klein et al
[100], 2020

Pancreatic cancer

KEYNOTE-

Royal et al
[102], 2010
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Bang et al
[89], 2018

Kato et al[90],

Shah et al

Kojima et al

El-Khoueiry

Yau et al[94],

Zhu et al[95],

Finn et al[72],

Finn et al[96],

Piha-Paul et al

Piha-Paul et al

Marabelle et
158 al[101], 2020

2

371

@\/

419

121

628

262

148

104

413

501

60

24

104

33

22

Phase 2

Phase 3

Phase 2

Phase 3

Phase 2

Phase 3

Phase
1/2

Phase
1/2

Phase 2

Phase 3

Phase 3

Phase 1

Phase 1b

Phase 2

Phase 2

Phase 2

Phase 2
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Open-label

Open-label

Open-label

Open-label

Open-label

Open-label

Open-label

Open-label

Open-label

RCT

Open-label

Open-label

Open-label

Open-label

Open-label

Open-label

Open-label

Tremelimumab 0 2227 5.6

Avelumab 22 6 -

Chemotherapy 43 26.6 -

(physician's choice)

Tremelimumab 16.7 222 5.6

Nivolumab 19 10.5 -

Chemotherapy 22 9.6 -

(physician's choice)

Pembrolizumab 9.9 5.8 -

Pembrolizumab 16.7 54 -

Chemotherapy 74 20.3 -

(physician's choice)

Nivolumab 15-20 10 -

Nivolumab 1 mg/kgand 32 24 10

ipilimumab 3 mg/kg (4

doses)

Nivolumab 3 mg/kg and 27 12 2

ipilimumab 1 mg/kg (4

doses)

Nivolumab 3 mg/kg and 29 17 2

ipilimumab 1 mg/kg

(every 6 wk)

Pembrolizumab 17 11 2

Pembrolizumab 18.3 17.2 14

Placebo 44 15.7 15

Atezolizumab plus 33.2 18.8 -

bevacizumab

Sorafenib 13.3 494 -

Nivolumab 3 = =

Nivolumab plus 37 - -

gemcitabine and

cisplatin

Pembrolizumab 13 8.3 42

Pembrolizumab 5.8 6.7 1

Ipilimumab plus 23 6' 6!

nivolumab

Pembrolizumab 18.2 12° 3.9°

Ipilimumab 0 - 3.7
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Phase2  Open-label Durvalumab 0 6 -
Durvalumab plus 3.1 13 -
trememlimumab

1Reported as combined diarrhea/ colitis.

2Combined rates across all malignancies in study.

3Also included 12 patients with gastric and gastroesophageal junction cancer.

ICI: Immune checkpoint inhibitor; IMC: Immune checkpoint inhibitor-mediated colitis and diarrhea; CTLA-4: Cytotoxic T-lymphocyte antigen 4; PD-1:

Programmed cell death protein-1; PD-L1: Programmed cell death-ligand 1; RCT: Randomized controlled trial; 5-FU: 5-Fluorouracil; S-1:

Tegafur-gimeracil-oteracil potassium; GEJ: Gastroesophageal junction; NA: Not available.
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3.34-27.3), which is consistent with data from retrospective studies of IMC in other
tumor types. A recent meta-analysis of nine phase 1b to phase 3 trials in patients with
gastric and GEJ cancer treated with ICI demonstrated a 6.2%-21.9% incidence of
diarrhea and a 0.8%-5.3% incidence of colitis, which is similar to rates seen in studies
of other malignancies[83]. These studies, although not focused on IMC, suggest that
the rates and clinical implications of IMC may be similar in patients with gastric and
GE]J cancer compared to other malignancies.

Three studies on nivolumab in gastric and GEJ cancer found a wide range of IMC
rates. The Checkmate-032 phase 2 trial compared nivolumab and combination
ipilimumab/nivolumab following failure of at least one chemotherapy regimen, and
found a 12% objective response rate in the nivolumab monotherapy arm, with 15% of
patients in that arm developing diarrhea[84]. The Attraction-2 phase 3 trial compared
nivolumab to placebo in patients who had failed two or more chemotherapy regimens
and found an overall 11.2% response rate in the nivolumab arm, with a 7% incidence
of diarrhea and a 1% incidence of colitis[70]. Finally, the Attraction-4 phase 2 trial
examined chemotherapy-naive patients treated with nivolumab, oxaliplatin, and either
capecitabine or S-1[85]. The rate of diarrhea was quite high in both arms, at 56.4%
overall, with 7.7% of patients developing grade 3 or 4 diarrhea. Colitis was not
reported in this study. The objective response rates were high, at 57.1% in patients
who received combination therapy with S-1 and 76.5% in patients who received
capecitabine. Rates of diarrhea in the Checkmate-032 and Attraction-2 trials are
comparable to rates of diarrhea for anti-PD-1 therapy in other malignancies; it is
possible that the increased rate in the Attraction-4 trial may be due to combination
with chemotherapy or may be related to its use in treatment-naive patients.

Three trials with pembrolizumab in gastric and GE]J cancer patients evaluated both
treatment response and rates of IMC. As noted above, the KEYNOTE-012 phase 1b
study included patients with gastric and GE]J cancers, demonstrating a response rate of
33.3% and a 3% incidence of colitis[69]. The KEYNOTE-059 phase 2 study found a
response rate of 11.6% in patients who had progressed on two or more regimens of
standard chemotherapy[86]. In this study, 6.6% of patients developed diarrhea, of
which 1.2% were grade 3. Colitis was not reported in this study. Shitara et al compared
pembrolizumab to paclitaxel in the KEYNOTE-061 phase 3 trial for second-line
therapy for gastric and GE]J cancers[71]. No significant difference in OS was found
between the two groups in this study. Patients treated with pembrolizumab had a 5%
incidence of diarrhea and a 1% incidence of colitis, which was generally lower than the
paclitaxel arm (15% and 1% for diarrhea and colitis, respectively). Overall, these
studies suggest that rates of IMC may be comparable or slightly lower with the use of
pembrolizumab in gastric and GEJ cancers compared to other malignancies.

Several studies have examined the use of anti-CTLA-4 in gastric and GE]J
malignancies. The Checkmate-032 trial cited earlier also included two arms with
combination ipilimumab and nivolumab in addition to nivolumab monotherapy[84].
The use of a higher dose of ipilimumab (3 mg/kg, along with 1 mg/kg nivolumab)
had a much higher objective response rate of 24%, compared to 8% with lower dose
ipilimumab (1 mg/kg with 3 mg/kg nivolumab). However, the higher dose ipi-
limumab was also associated with a substantially higher incidence of diarrhea, at 31%
compared to 10% with lower dose ipilimumab. There has also been a phase 2 trial
comparing ipilimumab monotherapy to best supportive care in patients who respon-
ded to first-line chemotherapy[87]. Neither PFS nor OS were significantly different
between these two groups. In the ipilimumab group, which received a very high dose
of ipilimumab at 10 mg/kg, 24.6% developed diarrhea and 5.3% developed colitis.
Finally, one early phase 2 study of tremelimumab in 12 patients with gastric and GEJ
cancer (as well as six patients with esophageal cancer) found that no patients with
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gastric or GEJ cancer had an objective response to the therapy[88]. Among all patients
in this study, four (22.2%) developed diarrhea, and one died after developing colonic
perforation due to IMC. The results from these studies are variable, but overall suggest
anti-CTLA-4 monotherapy may not have a role in the treatment of gastric and GE]J
cancer. Although in other malignancies the dose of anti-CTLA-4 was positively
correlated to rate of IMC, it is unclear if this holds true in gastric and GE] cancers,
since IMC was less common with very high dose ipilimumab (10 mg/kg) in one study
compared to a lower dose (3 mg/kg) in another study[84,87].

Lastly, a phase 3 study examined the use of avelumab, an anti-PD-L1 antibody, in
gastric and GEJ cancers[89]. The JAVELIN Gastric 300 study was a randomized trial
comparing avelumab to chemotherapy in patients who had failed two or more prior
therapies. There were no significant differences in either median OS or median PFS
with avelumab vs chemotherapy. Diarrhea occurred in 6% of the patients given
avelumab, vs 26.6% of patients given chemotherapy; rates of colitis were not noted.
Therefore, the rate of IMC with anti-PD-L1 in gastric and GE]J tumors appears to be
comparable to the rate reported for other malignancies.

Overall, these studies suggest that rates of IMC are roughly comparable for patients
with gastric and GE] malignancies compared to other cancers, particularly for pembro-
lizumab and anti-PD-L1 (Table 4). There appears to be an increased rate of IMC in
some studies using nivolumab in gastric and GEJ cancer compared to other malignan-
cies; however, this may be confounded either by concomitant chemotherapy and/or
by evaluation in treatment-naive patients. Data on the rates of IMC with anti-CTLA-4
therapy in these patients are highly variable and may also be related to dose of anti-
CTLA-4 and/or exposure to prior therapies.

Esophageal cancer

Several studies have examined the use of anti-PD-1 in patients with esophageal cancer,
including both esophageal adenocarcinoma (EAC) and esophageal squamous cell
carcinoma (ESCC) (Table 4). The Attraction-3 phase 3 trial compared nivolumab to
chemotherapy in patients with ESCC who had failed at least one trial of chemotherapy
[90]. Objective response was similar in the nivolumab group compared to the
chemotherapy group (19% vs 22%, respectively). Grade 1-2 diarrhea occurred in 10%
of the nivolumab group compared to 9% of the chemotherapy group, and grade 3 or
higher diarrhea occurred in 1% of both groups. Colitis was not reported in this study.
Rates of IMC therefore may be similar with nivolumab in ESCC compared to other
malignancies.

Two studies have evaluated the use of pembrolizumab in esophageal cancer. The
KEYNOTE-180 trial was a phase 2 study of patients with either EAC and ESCC who
had progressive disease after two or more prior therapies[91]. The objective response
rate in this study was 9.9%. Rates of IMC were similar compared to studies with
pembrolizumab in other malignancies, with a 4.9% incidence of grade 1-2 diarrhea and
0.8% incidence of grade 3-5 diarrhea; colitis was not reported in this study. The later
KEYNOTE-181 phase 3 trial compared pembrolizumab to chemotherapy in EAC and
ESCC patients who had progressed on one prior line of treatment[92]. The rate of
diarrhea in this study was similarly 5.4% for all grades, with an incidence of only 0.6%
for grade 3 or higher. Again, colitis was not reported.

There are very limited data on the use of anti-CTLA-4 in patients with esophageal
cancer. One early phase 2 study with tremelimumab referenced earlier included a
group of patients with esophageal cancer[88]. Out of six patients with esophageal
cancer in this study, one had partial response with an OS of over 30 mo, two had stable
disease with OS of 5-12 mo, and three had progressive disease with an OS of 1.7-2.7
mo. As mentioned above, one patient in the entire study developed colitis (5.6%), and
22.2% of patients overall developed diarrhea. These data are quite limited but suggest
that the use of anti-CTLA-4 in patients with esophageal cancer may not be associated
with substantially different rates of IMC compared to other malignancies. All together,
these findings suggest that rates of IMC appear to be similar in esophageal cancer
compared to other malignancies based on data available to date.

HcC

There has been increasing interest in the use of ICI for HCC (Table 4). The Checkmate-
040 phase 1 and 2 studies with nivolumab and ipilimumab plus nivolumab provided
early data on the safety and efficacy of these ICI in patients with HCC[93,94]. The first
Checkmate-040 trial with nivolumab monotherapy found an objective response rate of
15%-20% across groups[93]. 10% of patients in this study developed diarrhea. The
second study, which used combination nivolumab and ipilimumab in three different
dosing regimens, found an objective response of 27%-32% across all three arms of the
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study[94]. The incidence of diarrhea was 17.8% across all arms of the study, with
higher rates occurring in the arm with 3 mg/kg ipilimumab (24%) compared to the
two arms with 1 mg/kg ipilimumab (12% and 17%, respectively). Rates of colitis
requiring immunosuppressive treatment were similar to rates seen in other malig-
nancies, with an incidence of 10% in patients who received the higher dose of
ipilimumab and 2% in the other groups. Overall, these data for HCC are consistent
with rates of IMC reported for combination therapy and nivolumab monotherapy in
patients with other cancers.

Two studies examined the safety and efficacy of pembrolizumab in patients with
HCC. The KEYNOTE-224 study was a phase 2 trial evaluating pembrolizumab in
patients with HCC who had previously received the tyrosine kinase inhibitor sorafe-
nib[95]. The study had an objective response rate of 17%. Similar to other malignan-
cies, there was an 11% rate of diarrhea and a 2% rate of colitis. Building on these
findings, the KEYNOTE-240 phase 3 trial evaluated pembrolizumab in patients with
HCC[72]. Patients previously treated with sorafenib were randomized to receive either
pembrolizumab or placebo, with an objective response of 18.3% in the pembrolizumab
group vs 4.4% in the placebo group. 17.2% and 1.4% of patients in the pembro-lizumab
arm developed diarrhea and colitis, respectively, vs 15.7% and 1.5% in the placebo
arm, respectively. Similar rates of diarrhea in anti-PD-1 and comparators have been
reported for other malignancies as well, although a comparable rate of colitis with
placebo is unusual and perhaps denotes an increased baseline risk of colitis in patients
with HCC compared to other tumor types[28,32].

Finally, one very recent phase 1b study evaluated the use of atezolizumab with the
anti-vascular endothelial growth factor antibody bevacizumab in HCC[96]. The
IMbravel50 study compared atezolizumab and bevacizumab combination to sorafenib
in patients with unresectable HCC who had received prior systemic therapy. The
combination arm had a 33.2% objective response rate, which was significantly higher (
P < 0.001) than the objective response rate in the sorafenib arm at 13.3%. 18.8% of
patients in the combination therapy group developed diarrhea. This was higher than
some studies of atezolizumab in other malignancies[25,34], although comparable to
rates in CRC[73], but much lower than the 49.4% of patients in the sorafenib group.

In general, the data from these studies in HCC suggest that some ICI, including anti-
CTLA-4, are associated with similar rates of IMC compared to other malignancies,
while others, notably atezolizumab, are associated with an increased incidence of IMC.
It remains unclear if this observation is related to underlying tumor type or other
confounding factors. Of note, bevacizumab, which was used in the IMbrave150 trial
combined with atezolizumab, has been associated with colitis, and its use could
explain the observed rate of IMC in this study[97].

Biliary tract cancers

The use of ICI in biliary tract cancers is in its infancy, as only a few recent phase 1 and
phase 2 trials have been published (Table 4). A phase 1 study comparing nivolumab
with or without cisplatin plus gemcitabine showed limited success in biliary tract
cancers, with a 3% objective response in the monotherapy group and 37% objective
response with combination therapy[98]. No diarrhea or colitis was reported in this
study. A recent sub-group analysis of patients with biliary tract cancer who received
pembrolizumab as part of the phase 1b KEYNOTE-028 and phase 2 KEYNOTE-158
trials found an objective response rate of 13% and 5.8%, respectively[99]. There was an
8.3% incidence of diarrhea among patients with biliary tract cancer in the KEYNOTE-
028 trial and 6.7% in the KEYNOTE-158 trial. The 1% rate of colitis in the phase 2 trial
was comparable to studies using pembrolizumab in other malignancies. Although the
4.2% rate of colitis in the phase 1b trial was much higher than studies in other cancers,
this was likely due to the small sample size (24 patients total, one of which developed
colitis). Finally, there has been one published subgroup analysis of patients with
biliary tract cancers from a phase 2 trial of combination ipilimumab and nivolumab,
where patients received a low dose of ipilimumab at 1 mg/kg along with 3 mg/kg of
nivolumab[100]. A total of 6% of patients developed IMC (both diarrhea and colitis),
with 3% developing grade 1-2 IMC and 3% developing grade 3-4. Overall, the data are
limited for biliary tract cancers, but preliminary studies suggest these patients develop
IMC at similar rates to other malignancies.

Pancreatic cancer

Data are similarly limited on the use of ICI in patients with pancreatic cancer (Table 4).
As with biliary tract cancers, there were patients with pancreatic cancer included in the
phase 2 KEYNOTE-158 trial with pembrolizumab. A recent subgroup analysis of this
study focused on non-CRC patients found that among the 22 patients with pancreatic
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cancer from this trial, there was an objective response rate of 18.2%[101]. Across all
patients included in the subgroup analysis, 12% developed diarrhea and 3.9%
developed colitis, although these data were not separated by tumor type.

Only a few limited studies have focused exclusively on ICI treatment of patients
with pancreatic cancer. A phase 2 study with ipilimumab found that zero out of 27
patients enrolled had a primary response to treatment, although one patient had a
delayed response[102]. Unlike the KEYNOTE-158 trial, patients in this study by Royal
et al[102] were not selected for MSI-H tumors, which as above are predicted to exhibit
improved response to ICI therapy. Out of the 27 patients in this study, only one case of
grade 3 or higher colitis was reported. A recent phase 2 study examined the anti-PD-
L1 antibody durvalumab with or without tremelimumab in pancreatic cancer patients
[103]. This study enrolled patients regardless of MSI status who had received only one
prior line of chemotherapy and had similarly poor outcomes, with an objective
response rate of 3.1% in the combination arm and 0% in the durvalumab monotherapy
arm. Similar to data in other malignancies, there was a 13% reported incidence of
diarrhea in the combination therapy group and 6% in the durvalumab monotherapy

group.

ICIS AND GI IRAE IN PATIENTS WITH IBD
Malignancy in patients with IBD

IBD is a chronic relapsing-remitting immune-mediated enteropathy thought to occur
with environmental triggers in genetically susceptible individuals[104]. IBD consists of
Crohn’s disease (CD) and ulcerative colitis (UC), each with distinct phenotypes and
clinical courses and each increasing in incidence and prevalence worldwide[105,106].
Chronic inflammation and increased turnover of intestinal stem cells increases the risk
of CRC in IBD[107], and there is a considerable body of literature devoted to under-
standing GI cancers in IBD patients[108]. This has led to the widespread use of CRC
surveillance regimens for IBD patients based on regular colonoscopy, but screening for
extraintestinal malignancies in IBD is sometimes overlooked. Nevertheless, IBD is
associated with systemic inflammation beyond the GI tract, raising the risk for a
variety of malignancies. Further, IBD patients are treated chronically with immuno-
suppressive and immunomodulatory medications, which enhance the risk for certain
cancers. For instance, a recent study demonstrated that CD is associated with an
increased risk of melanoma and cervical cancer, and that use of immunosuppressive
thiopurine medications further increased the risk of lymphoma and nonmelanoma
skin cancers[109]. Despite extensive evidence for increased risk of skin and other
cancers in IBD, there remains a low frequency of dermatologic care and surveillance
for other extraintestinal malignancies in IBD patients overall, suggesting that many
IBD patients may unfortunately become increasingly common candidates for ICI
therapy[110].

ICI use in patients with IBD

Use of ICI therapies in IBD patients has been variable and frequently reported with
only small sample sizes. Although IBD patients have been included in some ICI trials,
there are insufficient numbers to draw definitive conclusions from these studies alone,
and patients were also highly selected based on various criteria, which would further
complicate extrapolation of results related to this small subgroup. Early after re-
gulatory approval, clinicians were often reluctant to use ICI in patients with IBD or
other auto-inflammatory and autoimmune conditions, as serious and sometimes life-
threatening toxicities became increasingly recognized. More recently, experts have
come to appreciate that the benefits of ICI therapy may outweigh the potential risks in
these conditions[111]. To date, reports on GI irAE prevalence and outcomes in IBD
patients treated with ICI have largely been sporadic and based upon small cohorts
[112-114], with a single very recent meta-analysis of twelve studies to date[115]. With
increasing use of ICI in these populations, evidence-based approaches are needed for
better prediction, monitoring, and treatment of GI irAE in IBD patients.

Gl irAE in IBD patients following ICI therapy

Understanding GI irAE in IBD patients treated with ICI is of great clinical significance,
as these adverse events are common and associated with major morbidity and
mortality. GI irAE encompass diarrhea and colitis as IMC as well as upper GI tract
manifestations, such as nausea, vomiting, gastritis, and small bowel inflammation. As
the number of IBD patients continues to grow and more of these patients are
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diagnosed with cancer which may be treated with ICI, it is vital to understand the
incidence, prevalence, and characteristics of GI irAE in IBD patients[58]. Unlike the
literature on ICI use in patients with other autoimmune and auto-inflammatory
conditions, which shows consistently increased incidence of disease exacerbation or
relapse and effective management with standard treatment for these conditions[116-
118], literature on ICI in IBD has primarily focused on prevalence of GI irAE via
retrospective cohort studies[112-114]. Major concerns in IBD are whether patients are
at increased risk of GI irAE and/or flares of their underlying IBD, whether those GI
irAE can be managed with conventional medical therapy, and whether ICI treatment
must be discontinued following a GI irAE in an IBD patient. Since limited numbers of
IBD patients have been treated with ICI to date and inconsistent definitions of GI irAE
have been used across studies, reports have often been without clear or generalizable
findings on incidence and with limited information on associated clinical character-
istics and outcomes. Nevertheless, increased prevalence of GI irAE in IBD patients
treated with ICI compared to the general population treated with ICI has emerged as a
clear pattern from these reports.

In IBD patients treated with ICI, GI irAE most frequently consist of diarrhea and/or
colitis, which can be difficult to distinguish from underlying IBD, and less frequently
include more severe conditions such as bowel perforation, toxic megacolon, and
others. Inconsistent definitions of IMC and IBD flare across studies have complicated
understanding of underlying pathophysiology, furthered by additional contributing
factors such as pre-ICI IBD activity, superimposed infection, and effects of other
medications in the setting of polypharmacy. While these heterogeneous features and
small cohort sizes have so far precluded identification of generalizable characteristics
associated with IBD exacerbation following ICI treatment and outcomes, the data
demonstrate overall increased rates of IBD exacerbation following ICI treatment
(roughly 40%[115]; Table 5) compared to rates of IMC in the general population
treated with ICI (9.1%-35.4% for diarrhea and 0.7-13.6% for colitis)[58].

Of IBD patients with an exacerbation following ICI therapy, many require corticost-
eroids, biologics, and/or other immunomodulatory therapy[115]. Approximately 35%
of these patients discontinued ICI[115]. We recently found that exacerbation of IBD
was also associated with an increased rate of Gl-related hospitalization, half the time
requiring surgery. While patients may in some cases be managed with medical
therapy consistent with typical IBD treatment[61,119], clearly IBD patients on ICI are a
vulnerable population requiring close monitoring and prompt intervention upon
disease exacerbation. Newer IBD therapies, such as vedolizumab, may be especially
helpful for IMC or disease exacerbation in IBD patients treated with ICI, as suggested
by recent reports[63,120-122]. Vitamin D intake, which has been associated with
reduced risk of IMC in the general population treated with ICI, should also be invest-
igated as a potential modifiable risk factor, especially in patients with IBD who are at
increased risk of developing IMC or disease exacerbation and may already be taking
vitamin D for their IBD[40]. As IBD patients who develop cancer are increasingly
treated with ICI, the field will benefit dramatically from a more concerted effort to
identify risk factors for IBD exacerbations, and ideally next-generation checkpoint
inhibitors will be increasingly tuned to reduce the risk of irAE.

CONCLUSION

IMC is among the most common irAE observed with ICI therapy[23,24]. However, the
incidence appears to vary widely across studies, with variation due in part to whether
the definition of IMC includes diarrhea, colitis, or both. Although the National Cancer
Institute has established separate grading schemes for immune-related diarrhea and
colitis[22], studies do not consistently differentiate these two side effects, leading to
discrepancies in how events are reported in both prospective studies aimed at
evaluating ICI safety as well as retrospective studies seeking to analyze irAE rates.
Due to these challenges, we included both diarrhea and colitis in the definition of IMC
used here and have attempted to differentiate the two whenever possible.
Furthermore, as the diagnosis and management of IMC evolve, the incidence of true
immune-mediated colitis may shift as more patients undergo endoscopic evaluation
for their symptoms[24,57,58].

Despite these limitations, there are clear patterns of risk for IMC that emerge across
multiple studies. The use of anti-CTLA-4 as well as combination therapy with anti-
CTLA-4 plus anti-PD-1 is consistently associated with higher rates of IMC, including
colitis specifically[25-29,35]. Higher doses of anti-CTLA-4, particularly ipilimumab, are
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Table 5 Selected retrospective studies reporting prevalence of gastrointestinal immune-related adverse events in inflammatory bowel

disease patients treated with all imnmune checkpoint inhibitor regimens

Ref. Number of IBD patients Single or multi center Prevalence of Gl irAE (%)
Abu-Sbeih et al[112], 2020 102 Multi 41.2
Grover et al[113], 2020 21 Single 28.0
Braga Neto et al[114], 2021 13 Single 30.7
Meserve et al[115], 2021 193 across 12 studies Meta-analysis 40.0

IBD: Inflammatory bowel disease; GI: Gastrointestinal; irAE: Immune-related adverse events.
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consistently associated with higher rates of IMC[49,50]. The relevance of other risk
factors, such as race, sex, primary malignancy, and vitamin D supplementation, is less
clear and may be limited by small sample sizes or patient population selection (e.g.,
inclusion of only melanoma patients). More work is needed to identify risk factors
across the spectrum of ICI and malignancies using clear definitions of IMC in order to
elucidate risks factors that may help predict which patients will develop this irAE.
Identification of these risk factors may also allow us to identify pathophysiological
mechanisms underlying IMC, understanding of which could improve our ability to
diagnosis and manage this condition without compromising treatment of the patient’s
malignancy.

Understanding individual risk factors for IMC and other GI irAE is particularly
pertinent for patients with GI malignancies. Although ICI are thought to amplify the
immune response to neoantigens present within tumor tissue[12], there is a potential
risk of engaging healthy tissue of a similar origin to the primary malignancy. For
example, patients with melanoma develop higher rates of ICI-related vitiligo
compared to those with other cancers[25]. Similarly, patients with GI malignancies
may be at higher risk of non-irAE side effects from cancer therapy, such as diarrhea,
nausea, and vomiting, due to the location of their primary tumor. It is therefore more
difficult, yet critical, to properly diagnose GI irAE in these patients, as immunosup-
pression should only be considered for true immune-related events. Our review of
IMC rates in patients with GI malignancies highlights this point, as colitis in particular
appears to be under-reported compared to diarrhea, a symptom more likely than
colitis to be related to concomitant chemotherapy or non-ICI causes rather than an
immune-mediated process.

Patients with IBD also represent a vulnerable population where appropriate
diagnosis and management of GI irAE is critical, especially for IMC. Diagnosis of IMC
in patients with underlying IBD is especially challenging, as symptoms, endoscopic
appearance, and pathology may be exquisitely similar to active IBD. Initial manage-
ment of both IBD flares and IMC is currently similar, but decisions on length of
treatment, when to escalate therapy, and whether up-front biologic therapy is
appropriate are ongoing areas of study in IMC and may ultimately differ from
guidelines for IBD treatment[56-58,63-66]. There is much work to be done on
elucidating the underlying pathophysiology of IMC and how it differs from IBD,
which will enhance our diagnostic evaluation and inform management of these two
related yet distinct conditions.

Future work on IMC should continue to focus on identifying those at higher risk for
the condition and defining appropriate management. As steroid and infliximab use
may be associated with worse cancer outcomes[123,124], treating IMC only when
appropriate and only for as long as needed may ultimately improve our ability to treat
cancers with ICI. An understanding of risk factors for IMC may also provide insight
into the mechanisms underlying this condition, which will direct development of
novel treatments for IMC and may also expand our arsenal of immune checkpoint
targets.

REFERENCES

1 Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, Skora AD, Luber BS, Azad NS,
Laheru D, Biedrzycki B, Donehower RC, Zaheer A, Fisher GA, Crocenzi TS, Lee JJ, Duffy SM,
Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee F, Huebner T, Hruban RH, Wood LD, Cuka N,
Pardoll DM, Papadopoulos N, Kinzler KW, Zhou S, Cornish TC, Taube JM, Anders RA, Eshleman

WJGO | https://www.wjgnet.com 790 August 15,2021 | Volume13 | Issue8 |



Jaishideng®

10

13

14

15

17

18

19

20

21

Weingarden AR et al. ICI-colitis in GI cancers and IBD

JR, Vogelstein B, Diaz LA Jr. PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N Engl
J Med 2015; 372: 2509-2520 [PMID: 26028255 DOI: 10.1056/NEJMoal500596]

Wei SC, Duffy CR, Allison JP. Fundamental Mechanisms of Immune Checkpoint Blockade
Therapy. Cancer Discov 2018; 8: 1069-1086 [PMID: 30115704 DOI:
10.1158/2159-8290.CD-18-0367]

Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer 2012;
12: 252-264 [PMID: 22437870 DOI: 10.1038/nrc3239]

Sharma P, Allison JP. The future of immune checkpoint therapy. Science 2015; 348: 56-61 [PMID:
25838373 DOI: 10.1126/science.aaa8172]

Topalian SL, Drake CG, Pardoll DM. Immune checkpoint blockade: a common denominator
approach to cancer therapy. Cancer Cell 2015; 27: 450-461 [PMID: 25858804 DOI:
10.1016/j.ccell.2015.03.001]

Walunas TL, Lenschow DJ, Bakker CY, Linsley PS, Freeman GJ, Green JM, Thompson CB,
Bluestone JA. CTLA-4 can function as a negative regulator of T cell activation. Immunity 1994; 1:
405-413 [DOLI: 10.1016/1074-7613(94)90071-X]

Linsley PS, Brady W, Urnes M, Grosmaire LS, Damle NK, Ledbetter JA. CTLA-4 is a second
receptor for the B cell activation antigen B7. J Exp Med 1991; 174: 561-569 [PMID: 1714933 DOI:
10.1084/jem.174.3.561]

Linsley PS, Greene JL, Brady W, Bajorath J, Ledbetter JA, Peach R. Human B7-1 (CD80) and B7-2
(CD86) bind with similar avidities but distinct kinetics to CD28 and CTLA-4 receptors. Immunity
1994; 1: 793-801 [PMID: 7534620 DOI: 10.1016/s1074-7613(94)80021-9]

van der Merwe PA, Bodian DL, Daenke S, Linsley P, Davis SJ. CD80 (B7-1) binds both CD28 and
CTLA-4 with a low affinity and very fast kinetics. J Exp Med 1997; 185: 393-403 [PMID: 9053440
DOI: 10.1084/jem.185.3.393]

Yokosuka T, Takamatsu M, Kobayashi-Imanishi W, Hashimoto-Tane A, Azuma M, Saito T.
Programmed cell death 1 forms negative costimulatory microclusters that directly inhibit T cell
receptor signaling by recruiting phosphatase SHP2. J Exp Med 2012;209: 1201-1217 [PMID:
22641383 DOI: 10.1084/jem.20112741]

Hui E, Cheung J, Zhu J, Su X, Taylor MJ, Wallweber HA, Sasmal DK, Huang J, Kim JM, Mellman
I, Vale RD. T cell costimulatory receptor CD28 is a primary target for PD-1-mediated inhibition.
Science 2017; 355: 1428-1433 [PMID: 28280247 DOI: 10.1126/science.aaf1292]

Gubin MM, Zhang X, Schuster H, Caron E, Ward JP, Noguchi T, Ivanova Y, Hundal J, Arthur CD,
Krebber WJ, Mulder GE, Toebes M, Vesely MD, Lam SS, Korman AJ, Allison JP, Freeman GJ,
Sharpe AH, Pearce EL, Schumacher TN, Aebersold R, Rammensee HG, Melief CJ, Mardis ER,
Gillanders WE, Artyomov MN, Schreiber RD. Checkpoint blockade cancer immunotherapy targets
tumour-specific mutant antigens. Nature 2014; 515: 577-581 [PMID: 25428507 DOI:
10.1038/nature13988]

Postow MA, Sidlow R, Hellmann MD. Immune-Related Adverse Events Associated with Immune
Checkpoint Blockade. N Engl J Med 2018; 378: 158-168 [PMID: 29320654 DOI:
10.1056/NEJMral703481]

Osorio JC, Ni A, Chaft JE, Pollina R, Kasler MK, Stephens D, Rodriguez C, Cambridge L, Rizvi H,
Wolchok JD, Merghoub T, Rudin CM, Fish S, Hellmann MD. Antibody-mediated thyroid
dysfunction during T-cell checkpoint blockade in patients with non-small-cell lung cancer. Ann
Oncol 2017; 28: 583-589 [PMID: 27998967 DOI: 10.1093/annonc/mdw640]

Johnson DB, Balko JM, Compton ML, Chalkias S, Gorham J, Xu Y, Hicks M, Puzanov I,
Alexander MR, Bloomer TL, Becker JR, Slosky DA, Phillips EJ, Pilkinton MA, Craig-Owens L,
Kola N, Plautz G, Reshef DS, Deutsch JS, Deering RP, Olenchock BA, Lichtman AH, Roden DM,
Seidman CE, Koralnik 1J, Seidman JG, Hoffman RD, Taube JM, Diaz LA Jr, Anders RA, Sosman
JA, Moslehi JJ. Fulminant Myocarditis with Combination Immune Checkpoint Blockade. N Engl J
Med 2016; 375: 1749-1755 [PMID: 27806233 DOI: 10.1056/NEJMoal609214]

Byrne EH, Fisher DE. Immune and molecular correlates in melanoma treated with immune
checkpoint blockade. Cancer 2017; 123: 2143-2153 [PMID: 28543699 DOI: 10.1002/cncr.30444]
Callahan MK, Yang A, Tandon S, Xu Y, Subudhi SK, Heine RARI, Pogoriler E, Kuk D, Panageas
K, Yuan JD, Allison JP, Wolchok JD. Evaluation of serum IL-17 Levels during ipilimumab therapy:
correlation with colitis. J Clin Oncol 2011; 29

Song MY, Hong CP, Park SJ, Kim JH, Yang BG, Park Y, Kim SW, Kim KS, Lee JY, Lee SW, Jang
MH, Sung YC. Protective effects of Fc-fused PD-L1 on two different animal models of colitis. Gut
2015; 64: 260-271 [PMID: 24902766 DOI: 10.1136/gutjnl-2014-307311]

Tegtmeyer D, Seidl M, Gerner P, Baumann U, Klemann C. Inflammatory bowel disease caused by
primary immunodeficiencies-Clinical presentations, review of literature, and proposal of a rational
diagnostic algorithm. Pediatr Allergy Immunol 2017; 28: 412-429 [PMID: 28513998 DOI:
10.1111/pai.12734]

Siakavellas SI, Bamias G. Checkpoint inhibitor colitis: a new model of inflammatory bowel
disease? Curr Opin Gastroenterol 2018; 34: 377-383 [PMID: 30157044 DOI:
10.1097/MOG.0000000000000482]

Luoma AM, Suo S, Williams HL, Sharova T, Sullivan K, Manos M, Bowling P, Hodi FS, Rahma
O, Sullivan RJ, Boland GM, Nowak JA, Dougan SK, Dougan M, Yuan GC, Wucherpfennig KW.
Molecular Pathways of Colon Inflammation Induced by Cancer Immunotherapy. Cell 2020; 182:
655-671.€22 [PMID: 32603654 DOI: 10.1016/j.cell.2020.06.001]

WJGO | https://www.wjgnet.com 791 August 15,2021 | Volume13 | Issue8 |


http://www.ncbi.nlm.nih.gov/pubmed/26028255
https://dx.doi.org/10.1056/NEJMoa1500596
http://www.ncbi.nlm.nih.gov/pubmed/30115704
https://dx.doi.org/10.1158/2159-8290.CD-18-0367
http://www.ncbi.nlm.nih.gov/pubmed/22437870
https://dx.doi.org/10.1038/nrc3239
http://www.ncbi.nlm.nih.gov/pubmed/25838373
https://dx.doi.org/10.1126/science.aaa8172
http://www.ncbi.nlm.nih.gov/pubmed/25858804
https://dx.doi.org/10.1016/j.ccell.2015.03.001
https://dx.doi.org/10.1016/1074-7613(94)90071-X
http://www.ncbi.nlm.nih.gov/pubmed/1714933
https://dx.doi.org/10.1084/jem.174.3.561
http://www.ncbi.nlm.nih.gov/pubmed/7534620
https://dx.doi.org/10.1016/s1074-7613(94)80021-9
http://www.ncbi.nlm.nih.gov/pubmed/9053440
https://dx.doi.org/10.1084/jem.185.3.393
http://www.ncbi.nlm.nih.gov/pubmed/22641383
https://dx.doi.org/10.1084/jem.20112741
http://www.ncbi.nlm.nih.gov/pubmed/28280247
https://dx.doi.org/10.1126/science.aaf1292
http://www.ncbi.nlm.nih.gov/pubmed/25428507
https://dx.doi.org/10.1038/nature13988
http://www.ncbi.nlm.nih.gov/pubmed/29320654
https://dx.doi.org/10.1056/NEJMra1703481
http://www.ncbi.nlm.nih.gov/pubmed/27998967
https://dx.doi.org/10.1093/annonc/mdw640
http://www.ncbi.nlm.nih.gov/pubmed/27806233
https://dx.doi.org/10.1056/NEJMoa1609214
http://www.ncbi.nlm.nih.gov/pubmed/28543699
https://dx.doi.org/10.1002/cncr.30444
http://www.ncbi.nlm.nih.gov/pubmed/24902766
https://dx.doi.org/10.1136/gutjnl-2014-307311
http://www.ncbi.nlm.nih.gov/pubmed/28513998
https://dx.doi.org/10.1111/pai.12734
http://www.ncbi.nlm.nih.gov/pubmed/30157044
https://dx.doi.org/10.1097/MOG.0000000000000482
http://www.ncbi.nlm.nih.gov/pubmed/32603654
https://dx.doi.org/10.1016/j.cell.2020.06.001

Weingarden AR et al. ICI-colitis in GI cancers and IBD

Jaishideng®

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

National Cancer Institute. Common Terminology Criteria for Adverse Events (CTCAE) v5.0.
[cited 27 November 2017]. In: National Cancer Institute [Internet]. Available from: https://ctep.canc
er.gov/20protocoldevelopment/electronic_applications/%20docs/CTCAE v5 Quick Reference 8.5
x11.pdf

Beck KE, Blansfield JA, Tran KQ, Feldman AL, Hughes MS, Royal RE, Kammula US, Topalian
SL, Sherry RM, Kleiner D, Quezado M, Lowy I, Yellin M, Rosenberg SA, Yang JC. Enterocolitis in
patients with cancer after antibody blockade of cytotoxic T-lymphocyte-associated antigen 4. J Clin
Oncol 2006; 24: 2283-2289 [PMID: 16710025 DOI: 10.1200/JC0.2005.04.5716]

Collins M, Soularue E, Marthey L, Carbonnel F. Management of Patients With Immune Checkpoint
Inhibitor-Induced Enterocolitis: A Systematic Review. Clin Gastroenterol Hepatol 2020; 18: 1393-
1403.el [PMID: 32007539 DOI: 10.1016/j.cgh.2020.01.033

Khoja L, Day D, Wei-Wu Chen T, Siu LL, Hansen AR. Tumour- and class-specific patterns of
immune-related adverse events of immune checkpoint inhibitors: a systematic review. Ann Oncol
2017; 28: 2377-2385 [PMID: 28945858 DOI: 10.1093/annonc/mdx286]

Soularue E, Lepage P, Colombel JF, Coutzac C, Faleck D, Marthey L, Collins M, Chaput N, Robert
C, Carbonnel F. Enterocolitis due to immune checkpoint inhibitors: a systematic review. Guz 2018;
67:2056-2067 [PMID: 30131322 DOI: 10.1136/gutjnl-2018-316948]

Tandon P, Bourassa-Blanchette S, Bishay K, Parlow S, Laurie SA, McCurdy JD. The Risk of
Diarrhea and Colitis in Patients With Advanced Melanoma Undergoing Immune Checkpoint
Inhibitor Therapy: A Systematic Review and Meta-Analysis. J Immunother 2018; 41: 101-108
[PMID: 29401166 DOI: 10.1097/CJ1.0000000000000213]

Komaki Y, Komaki F, Yamada A, Micic D, Ido A, Sakuraba A. Meta-Analysis of the Risk of
Immune-Related Adverse Events With Anticytotoxic T-Lymphocyte-Associated Antigen 4 and
Antiprogrammed Death 1 Therapies. Clin Pharmacol Ther 2018; 103: 318-331 [PMID: 28118483
DOI: 10.1002/cpt.633

Wang DY, Ye F, Zhao S, Johnson DB. Incidence of immune checkpoint inhibitor-related colitis in
solid tumor patients: A systematic review and meta-analysis. Oncoimmunology 2017; 6: ¢1344805
[PMID: 29123955 DOI: 10.1080/2162402X.2017.1344805]

De Velasco G, Je Y, Bossé D, Awad MM, Ott PA, Moreira RB, Schutz F, Bellmunt J, Sonpavde GP,
Hodi FS, Choueiri TK. Comprehensive Meta-analysis of Key Immune-Related Adverse Events from
CTLA-4 and PD-1/PD-L1 Inhibitors in Cancer Patients. Cancer Immunol Res 2017, 5: 312-318
[PMID: 28246107 DOI: 10.1158/2326-6066.CIR-16-0237]

Zhang B, Wu Q, Zhou YL, Guo X, Ge J, Fu J. Immune-related adverse events from combination
immunotherapy in cancer patients: A comprehensive meta-analysis of randomized controlled trials.
Int Immunopharmacol 2018; 63: 292-298 [PMID: 30130720 DOI: 10.1016/j.intimp.2018.08.014]
Baxi S, Yang A, Gennarelli RL, Khan N, Wang Z, Boyce L, Korenstein D. Immune-related adverse
events for anti-PD-1 and anti-PD-L1 drugs: systematic review and meta-analysis. BM.J 2018; 360:
k793 [PMID: 29540345 DOI: 10.1136/bmj.k793]

Wang PF, Chen Y, Song SY, Wang TJ, Ji WJ, Li SW, Liu N, Yan CX. Immune-Related Adverse
Events Associated with Anti-PD-1/PD-L1 Treatment for Malignancies: A Meta-Analysis. Front
Pharmacol 2017; 8: 730 [PMID: 29093678 DOI: 10.3389/fphar.2017.00730]

Bishay K, Tandon P, Bourassa-Blanchette S, Laurie SA, McCurdy JD. The risk of diarrhea and
colitis in patients with lung cancer treated with immune checkpoint inhibitors: a systematic review
and meta-analysis. Curr Oncol 2020; 27: ¢486-¢494 [PMID: 33173388 DOI: 10.3747/c0.27.6251]
Yang W, Men P, Xue H, Jiang M, Luo Q. Risk of Gastrointestinal Adverse Events in Cancer
Patients Treated With Immune Checkpoint Inhibitor Plus Chemotherapy: A Systematic Review and
Meta-Analysis. Front Oncol 2020; 10: 197 [PMID: 32211312 DOI: 10.3389/fonc.2020.00197]

Yao J, Li M, Zhang H, Ge Y, Weygant N, An G. Differential risks of immune-related colitis among
various immune checkpoint inhibitor regimens. Int Immunopharmacol 2020; 87: 106770 [PMID:
32702598 DOI: 10.1016/j.intimp.2020.106770]

Collins M, Michot JM, Danlos FX, Mussini C, Soularue E, Mateus C, Loirat D, Buisson A, Rosa I,
Lambotte O, Laghouati S, Chaput N, Coutzac C, Voisin AL, Soria JC, Marabelle A, Champiat S,
Robert C, Carbonnel F. Inflammatory gastrointestinal diseases associated with PD-1 blockade
antibodies. Ann Oncol 2017, 28: 2860-2865 [PMID: 29045560 DOI: 10.1093/annonc/mdx403]
Favara DM, Spain L, Au L, Clark J, Daniels E, Diem S, Chauhan D, Turajlic S, Powell N, Larkin
IM, Yousaf N. Five-year review of corticosteroid duration and complications in the management of
immune checkpoint inhibitor-related diarrhoea and colitis in advanced melanoma. ESMO Open
2020; 5 [PMID: 32641348 DOI: 10.1136/esmoopen-2019-000585]

Geukes Foppen MH, Rozeman EA, van Wilpe S, Postma C, Snaebjornsson P, van Thienen JV, van
Leerdam ME, van den Heuvel M, Blank CU, van Dieren J, Haanen JBAG. Immune checkpoint
inhibition-related colitis: symptoms, endoscopic features, histology and response to management.
ESMO Open 2018; 3: 000278 [PMID: 29387476 DOI: 10.1136/esmoopen-2017-000278]

Grover S, Dougan M, Tyan K, Giobbie-Hurder A, Blum SM, Ishizuka J, Qazi T, Elias R, Vora KB,
Ruan AB, Martin-Doyle W, Manos M, Eastman L, Davis M, Gargano M, Haq R, Buchbinder EI,
Sullivan RJ, Ott PA, Hodi FS, Rahma OE. Vitamin D intake is associated with decreased risk of
immune checkpoint inhibitor-induced colitis. Cancer 2020; 126: 3758-3767 [PMID: 32567084 DOI:
10.1002/cncr.32966]

Hayashi Y, Hosoe N, Takabayashi K, Limpias Kamiya KJL, Tsugaru K, Shimozaki K, Hirata K,
Fukuhara K, Fukuhara S, Mutaguchi M, Sujino T, Sukawa Y, Hamamoto Y, Naganuma M, Takaishi

WJGO | https://www.wjgnet.com 792 August 15,2021 | Volume13 | Issue8 |


https://ctep.cancer.gov/20protocoldevelopment/electronic_applications/%20docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/20protocoldevelopment/electronic_applications/%20docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/20protocoldevelopment/electronic_applications/%20docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16710025
https://dx.doi.org/10.1200/JCO.2005.04.5716
http://www.ncbi.nlm.nih.gov/pubmed/32007539
https://dx.doi.org/10.1016/j.cgh.2020.01.033
http://www.ncbi.nlm.nih.gov/pubmed/28945858
https://dx.doi.org/10.1093/annonc/mdx286
http://www.ncbi.nlm.nih.gov/pubmed/30131322
https://dx.doi.org/10.1136/gutjnl-2018-316948
http://www.ncbi.nlm.nih.gov/pubmed/29401166
https://dx.doi.org/10.1097/CJI.0000000000000213
http://www.ncbi.nlm.nih.gov/pubmed/28118483
https://dx.doi.org/10.1002/cpt.633
http://www.ncbi.nlm.nih.gov/pubmed/29123955
https://dx.doi.org/10.1080/2162402X.2017.1344805
http://www.ncbi.nlm.nih.gov/pubmed/28246107
https://dx.doi.org/10.1158/2326-6066.CIR-16-0237
http://www.ncbi.nlm.nih.gov/pubmed/30130720
https://dx.doi.org/10.1016/j.intimp.2018.08.014
http://www.ncbi.nlm.nih.gov/pubmed/29540345
https://dx.doi.org/10.1136/bmj.k793
http://www.ncbi.nlm.nih.gov/pubmed/29093678
https://dx.doi.org/10.3389/fphar.2017.00730
http://www.ncbi.nlm.nih.gov/pubmed/33173388
https://dx.doi.org/10.3747/co.27.6251
http://www.ncbi.nlm.nih.gov/pubmed/32211312
https://dx.doi.org/10.3389/fonc.2020.00197
http://www.ncbi.nlm.nih.gov/pubmed/32702598
https://dx.doi.org/10.1016/j.intimp.2020.106770
http://www.ncbi.nlm.nih.gov/pubmed/29045560
https://dx.doi.org/10.1093/annonc/mdx403
http://www.ncbi.nlm.nih.gov/pubmed/32641348
https://dx.doi.org/10.1136/esmoopen-2019-000585
http://www.ncbi.nlm.nih.gov/pubmed/29387476
https://dx.doi.org/10.1136/esmoopen-2017-000278
http://www.ncbi.nlm.nih.gov/pubmed/32567084
https://dx.doi.org/10.1002/cncr.32966

Jaishideng®

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

WJGO | https://www.wjgnet.com 793

Weingarden AR et al. ICI-colitis in GI cancers and IBD

H, Shimoda M, Ogata H, Kanai T. Clinical, Endoscopic, and Pathological Characteristics of Immune
Checkpoint Inhibitor-Induced Gastroenterocolitis. Dig Dis Sci 2021; 66: 2129-2134 [PMID:
32621258 DOL: 10.1007/s10620-020-06441-w]

Hughes MS, Zheng H, Zubiri L, Molina GE, Chen ST, Mooradian MJ, Allen IM, Reynolds KL,
Dougan M. Colitis after checkpoint blockade: A retrospective cohort study of melanoma patients
requiring admission for symptom control. Cancer Med 2019; 8: 4986-4999 [PMID: 31286682 DOI:
10.1002/cam4.2397]

Marthey L, Mateus C, Mussini C, Nachury M, Nancey S, Grange F, Zallot C, Peyrin-Biroulet L,
Rahier JF, Bourdier de Beauregard M, Mortier L, Coutzac C, Soularue E, Lanoy E, Kapel N,
Planchard D, Chaput N, Robert C, Carbonnel F. Cancer Immunotherapy with Anti-CTLA-4
Monoclonal Antibodies Induces an Inflammatory Bowel Disease. J Crohns Colitis 2016; 10: 395-
401 [PMID: 26783344 DOI: 10.1093/ecco-jcc/jjv227]

Miyahara K, Noda T, Ito Y, Hidaka H, Fujimoto S, Takedomi H, Akutagawa T, Sakata Y,
Shimamura T, Tominaga N, Yamaguchi D, Fujimoto K. An Investigation of Nine Patients with
Gastrointestinal Immune-Related Adverse Events Caused by Immune Checkpoint Inhibitors.
Digestion 2020; 101: 60-65 [PMID: 31801131 DOI: 10.1159/000504647]

Mooradian MJ, Wang DY, Coromilas A, Lumish M, Chen T, Giobbie-Hurder A, Johnson DB,
Sullivan RJ, Dougan M. Mucosal inflammation predicts response to systemic steroids in immune
checkpoint inhibitor colitis. J Immunother Cancer 2020; 8 [PMID: 32414860 DOI:
10.1136/jitc-2019-000451]

Wang Y, Abu-Sbeih H, Mao E, Ali N, Ali FS, Qiao W, Lum P, Raju G, Shuttlesworth G, Stroehlein
J, Diab A. Immune-checkpoint inhibitor-induced diarrhea and colitis in patients with advanced
malignancies: retrospective review at MD Anderson. J Immunother Cancer 2018; 6: 37 [PMID:
29747688 DOI: 10.1186/s40425-018-0346-6]

Wang DY, Mooradian MJ, Kim D, Shah NJ, Fenton SE, Conry RM, Mehta R, Silk AW, Zhou A,
Compton ML, Al-Rohil RN, Lee S, Voorhees AL, Ha L, McKee S, Norrell JT, Mehnert J, Puzanov
I, Sosman JA, Chandra S, Gibney GT, Rapisuwon S, Eroglu Z, Sullivan R, Johnson DB. Clinical
characterization of colitis arising from anti-PD-1 based therapy. Oncoimmunology 2019; 8:
e1524695 [PMID: 30546965 DOI: 10.1080/2162402X.2018.1524695]

Yanai S, Nakamura S, Kawasaki K, Toya Y, Akasaka R, Oizumi T, Ishida K, Sugai T, Matsumoto
T. Immune checkpoint inhibitor-induced diarrhea: Clinicopathological study of 11 patients. Dig
Endosc 2020; 32: 616-620 [PMID: 31595568 DOI: 10.1111/den.13555

Wolchok JD, Neyns B, Linette G, Negrier S, Lutzky J, Thomas L, Waterfield W, Schadendorf D,
Smylie M, Guthrie T Jr, Grob JJ, Chesney J, Chin K, Chen K, Hoos A, O'Day SJ, Lebbé C.
Ipilimumab monotherapy in patients with pretreated advanced melanoma: a randomised, double-
blind, multicentre, phase 2, dose-ranging study. Lancet Oncol 2010; 11: 155-164 [PMID: 20004617
DOI: 10.1016/S1470-2045(09)70334-1]

Ascierto PA, Del Vecchio M, Robert C, Mackiewicz A, Chiarion-Sileni V, Arance A, Lebbé C,
Bastholt L, Hamid O, Rutkowski P, McNeil C, Garbe C, Loquai C, Dreno B, Thomas L, Grob JJ,
Liszkay G, Nyakas M, Gutzmer R, Pikiel J, Grange F, Hoeller C, Ferraresi V, Smylie M,
Schadendorf D, Mortier L, Svane IM, Hennicken D, Qureshi A, Maio M. Ipilimumab 10 mg/kg vs
ipilimumab 3 mg/kg in patients with unresectable or metastatic melanoma: a randomised, double-
blind, multicentre, phase 3 trial. Lancet Oncol 2017; 18: 611-622 [PMID: 28359784 DOI:
10.1016/S1470-2045(17)30231-0]

Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, Hodi FS, Schachter J, Pavlick
AC, Lewis KD, Cranmer LD, Blank CU, O'Day SJ, Ascierto PA, Salama AK, Margolin KA, Loquai
C, Eigentler TK, Gangadhar TC, Carlino MS, Agarwala SS, Moschos SJ, Sosman JA, Goldinger
SM, Shapira-Frommer R, Gonzalez R, Kirkwood JM, Wolchok JD, Eggermont A, Li XN, Zhou W,
Zernhelt AM, Lis J, Ebbinghaus S, Kang SP, Daud A. Pembrolizumab vs investigator-choice
chemotherapy for ipilimumab-refractory melanoma (KEYNOTE-002): a randomised, controlled,
phase 2 trial. Lancet Oncol 2015; 16: 908-918 [PMID: 26115796 DOI:
10.1016/S1470-2045(15)00083-2]

Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL, Han JY, Molina J, Kim JH, Arvis CD, Ahn
MJ, Majem M, Fidler MJ, de Castro G Jr, Garrido M, Lubiniecki GM, Shentu Y, Im E, Dolled-
Filhart M, Garon EB. Pembrolizumab vs docetaxel for previously treated, PD-L1-positive, advanced
non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial. Lancet 2016; 387:
1540-1550 [PMID: 26712084 DOIL: 10.1016/S0140-6736(15)01281-7]

Abu-Sbeih H, Ali FS, Qiao W, Lu Y, Patel S, Diab A, Wang Y. Immune checkpoint inhibitor-
induced colitis as a predictor of survival in metastatic melanoma. Cancer Immunol Immunother
2019; 68: 553-561 [PMID: 30666357 DOI: 10.1007/s00262-019-02303-1]

Hu Y, Gong J, Zhang L, Li X, Zhao B, Hai X. Colitis following the use of immune checkpoint
inhibitors: A real-world analysis of spontaneous reports submitted to the FDA adverse event
reporting system. /nt Immunopharmacol 2020; 84: 106601 [PMID: 32422528 DOI:
10.1016/j.intimp.2020.106601]

Shah KP, Song H, Ye F, Moslehi JJ, Balko JM, Salem JE, Johnson DB. Demographic Factors
Associated with Toxicity in Patients Treated with Anti-Programmed Cell Death-1 Therapy. Cancer
Immunol Res 2020; 8: 851-855 [PMID: 32350001 DOI: 10.1158/2326-6066.CIR-19-0986]
Thompson JA, Schneider BJ, Brahmer J, Andrews S, Armand P, Bhatia S, Budde LE, Costa L,
Davies M, Dunnington D, Ernstoff MS, Frigault M, Kaffenberger BH, Lunning M, McGettigan S,

August 15,2021 | Volume13 | Issue8


http://www.ncbi.nlm.nih.gov/pubmed/32621258
https://dx.doi.org/10.1007/s10620-020-06441-w
http://www.ncbi.nlm.nih.gov/pubmed/31286682
https://dx.doi.org/10.1002/cam4.2397
http://www.ncbi.nlm.nih.gov/pubmed/26783344
https://dx.doi.org/10.1093/ecco-jcc/jjv227
http://www.ncbi.nlm.nih.gov/pubmed/31801131
https://dx.doi.org/10.1159/000504647
http://www.ncbi.nlm.nih.gov/pubmed/32414860
https://dx.doi.org/10.1136/jitc-2019-000451
http://www.ncbi.nlm.nih.gov/pubmed/29747688
https://dx.doi.org/10.1186/s40425-018-0346-6
http://www.ncbi.nlm.nih.gov/pubmed/30546965
https://dx.doi.org/10.1080/2162402X.2018.1524695
http://www.ncbi.nlm.nih.gov/pubmed/31595568
https://dx.doi.org/10.1111/den.13555
http://www.ncbi.nlm.nih.gov/pubmed/20004617
https://dx.doi.org/10.1016/S1470-2045(09)70334-1
http://www.ncbi.nlm.nih.gov/pubmed/28359784
https://dx.doi.org/10.1016/S1470-2045(17)30231-0
http://www.ncbi.nlm.nih.gov/pubmed/26115796
https://dx.doi.org/10.1016/S1470-2045(15)00083-2
http://www.ncbi.nlm.nih.gov/pubmed/26712084
https://dx.doi.org/10.1016/S0140-6736(15)01281-7
http://www.ncbi.nlm.nih.gov/pubmed/30666357
https://dx.doi.org/10.1007/s00262-019-02303-1
http://www.ncbi.nlm.nih.gov/pubmed/32422528
https://dx.doi.org/10.1016/j.intimp.2020.106601
http://www.ncbi.nlm.nih.gov/pubmed/32350001
https://dx.doi.org/10.1158/2326-6066.CIR-19-0986

Weingarden AR et al. ICI-colitis in GI cancers and IBD

Jaishideng®

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

McPherson J, Mohindra NA, Naidoo J, Olszanski AJ, Oluwole O, Patel SP, Pennell N, Reddy S,
Ryder M, Santomasso B, Shofer S, Sosman JA, Wang Y, Weight RM, Johnson-Chilla A, Zuccarino-
Catania G, Engh A. NCCN Guidelines Insights: Management of Immunotherapy-Related Toxicities,
Version 1.2020. J Nat/ Compr Canc Netw 2020; 18: 230-241 [PMID: 32135517 DOI:
10.6004/jncen.2020.0012]

Dougan M, Wang Y, Rubio-Tapia A, Lim JK. AGA Clinical Practice Update on Diagnosis and
Management of Immune Checkpoint Inhibitor Colitis and Hepatitis: Expert Review.
Gastroenterology 2021; 160: 1384-1393 [PMID: 33080231 DOI: 10.1053/j.gastro.2020.08.063]
Bellaguarda E, Hanauer S. Checkpoint Inhibitor-Induced Colitis. Am J Gastroenterol 2020; 115:
202-210 [PMID: 31922959 DOI: 10.14309/aj2.0000000000000497]

Haanen JBAG, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, Jordan K; ESMO Guidelines
Committee. Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2017; 28: iv119-iv142 [PMID: 28881921 DOI:
10.1093/annonc/mdx225]

Puzanov I, Diab A, Abdallah K, Bingham CO 3rd, Brogdon C, Dadu R, Hamad L, Kim S,
Lacouture ME, LeBoeuf NR, Lenihan D, Onofrei C, Shannon V, Sharma R, Silk AW, Skondra D,
Suarez-Almazor ME, Wang Y, Wiley K, Kaufman HL, Ernstoff MS; Society for Inmunotherapy of
Cancer Toxicity Management Working Group. Managing toxicities associated with immune
checkpoint inhibitors: consensus recommendations from the Society for Immunotherapy of Cancer
(SITC) Toxicity Management Working Group. J Immunother Cancer 2017; 5: 95 [PMID: 29162153
DOI: 10.1186/s40425-017-0300-z]

Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ, Caterino JM, Chau I, Ernstoff MS,
Gardner JM, Ginex P, Hallmeyer S, Holter Chakrabarty J, Leighl NB, Mammen JS, McDermott DF,
Naing A, Nastoupil LJ, Phillips T, Porter LD, Puzanov I, Reichner CA, Santomasso BD, Seigel C,
Spira A, Suarez-Almazor ME, Wang Y, Weber JS, Wolchok JD, Thompson JA; National
Comprehensive Cancer Network. Management of Immune-Related Adverse Events in Patients
Treated With Immune Checkpoint Inhibitor Therapy: American Society of Clinical Oncology
Clinical Practice Guideline. J Clin Oncol 2018; 36: 1714-1768 [PMID: 29442540 DOI:
10.1200/JC0O.2017.77.6385]

Abu-Sbeih H, Ali FS, Nagash AR, Owen DH, Patel S, Otterson GA, Kendra K, Ricciuti B, Chiari
R, De Giglio A, Sleiman J, Funchain P, Wills B, Zhang J, Naidoo J, Philpott J, Gao J, Subudhi SK,
Wang Y. Resumption of Immune Checkpoint Inhibitor Therapy After Immune-Mediated Colitis. J
Clin Oncol 2019; 37: 2738-2745 [PMID: 31163011 DOI: 10.1200/1C0O.19.00320]

Bergqvist V, Hertervig E, Gedeon P, Kopljar M, Griph H, Kinhult S, Carneiro A, Marsal J.
Vedolizumab treatment for immune checkpoint inhibitor-induced enterocolitis. Cancer Immunol
Immunother 2017; 66: 581-592 [PMID: 28204866 DOI: 10.1007/s00262-017-1962-6]

Abu-Sbeih H, Ali FS, Alsaadi D, Jennings J, Luo W, Gong Z, Richards DM, Charabaty A, Wang Y.
Outcomes of vedolizumab therapy in patients with immune checkpoint inhibitor-induced colitis: a
multi-center study. J Immunother Cancer 2018; 6: 142 [PMID: 30518410 DOI:
10.1186/540425-018-0461-4]

Esfahani K, Hudson M, Batist G. Tofacitinib for Refractory Immune-Related Colitis from PD-1
Therapy. N Engl J Med 2020; 382: 2374-2375 [PMID: 32521140 DOI: 10.1056/NEJMc2002527]
Wang Y, Wiesnoski DH, Helmink BA, Gopalakrishnan V, Choi K, DuPont HL, Jiang ZD, Abu-
Sbeih H, Sanchez CA, Chang CC, Parra ER, Francisco-Cruz A, Raju GS, Stroehlein JR, Campbell
MT, Gao J, Subudhi SK, Maru DM, Blando JM, Lazar AJ, Allison JP, Sharma P, Tetzlaff MT,
Wargo JA, Jenq RR. Fecal microbiota transplantation for refractory immune checkpoint inhibitor-
associated colitis. Nat Med 2018; 24: 1804-1808 [PMID: 30420754 DOI:
10.1038/s41591-018-0238-9]

Baroudjian B, Lourenco N, Pages C, Chami I, Maillet M, Bertheau P, Bagot M, Gornet JM, Lebbé
C, Allez M. Anti-PD1-induced collagenous colitis in a melanoma patient. Melanoma Res 2016; 26:
308-311 [PMID: 26990271 DOTI: 10.1097/CMR.0000000000000252

Prasad V, Kaestner V, Mailankody S. Cancer Drugs Approved Based on Biomarkers and Not
Tumor Type-FDA Approval of Pembrolizumab for Mismatch Repair-Deficient Solid Cancers. JAMA
Oncol 2018; 4: 157-158 [PMID: 29285544 DOI: 10.1001/jamaoncol.2017.4182]

Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta S, Eder JP, Golan T, Le DT,
Burtness B, McRee AJ, Lin CC, Pathiraja K, Lunceford J, Emancipator K, Juco J, Koshiji M, Bang
YJ. Pembrolizumab for patients with PD-L1-positive advanced gastric cancer (KEYNOTE-012): a
multicentre, open-label, phase 1b trial. Lancet Oncol 2016; 17: 717-726 [PMID: 27157491 DOI:
10.1016/S1470-2045(16)00175-3]

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, Chung HC, Chen JS, Muro K, Kang WK,
Yeh KH, Yoshikawa T, Oh SC, Bai LY, Tamura T, Lee KW, Hamamoto Y, Kim JG, Chin K, Oh
DY, Minashi K, Cho JY, Tsuda M, Chen LT. Nivolumab in patients with advanced gastric or gastro-
oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy
regimens (ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase
3 trial. Lancet 2017; 390: 2461-2471 [PMID: 28993052 DOI: 10.1016/S0140-6736(17)31827-5]
Shitara K, Ozgiiroglu M, Bang YJ, Di Bartolomeo M, Mandala M, Ryu MH, Fornaro L, Olesifski
T, Caglevic C, Chung HC, Muro K, Goekkurt E, Mansoor W, McDermott RS, Shacham-Shmueli E,
Chen X, Mayo C, Kang SP, Ohtsu A, Fuchs CS; KEYNOTE-061 investigators. Pembrolizumab vs
paclitaxel for previously treated, advanced gastric or gastro-oesophageal junction cancer

WJGO | https://www.wjgnet.com 794 August 15,2021 | Volume13 | Issue8 |


http://www.ncbi.nlm.nih.gov/pubmed/32135517
https://dx.doi.org/10.6004/jnccn.2020.0012
http://www.ncbi.nlm.nih.gov/pubmed/33080231
https://dx.doi.org/10.1053/j.gastro.2020.08.063
http://www.ncbi.nlm.nih.gov/pubmed/31922959
https://dx.doi.org/10.14309/ajg.0000000000000497
http://www.ncbi.nlm.nih.gov/pubmed/28881921
https://dx.doi.org/10.1093/annonc/mdx225
http://www.ncbi.nlm.nih.gov/pubmed/29162153
https://dx.doi.org/10.1186/s40425-017-0300-z
http://www.ncbi.nlm.nih.gov/pubmed/29442540
https://dx.doi.org/10.1200/JCO.2017.77.6385
http://www.ncbi.nlm.nih.gov/pubmed/31163011
https://dx.doi.org/10.1200/JCO.19.00320
http://www.ncbi.nlm.nih.gov/pubmed/28204866
https://dx.doi.org/10.1007/s00262-017-1962-6
http://www.ncbi.nlm.nih.gov/pubmed/30518410
https://dx.doi.org/10.1186/s40425-018-0461-4
http://www.ncbi.nlm.nih.gov/pubmed/32521140
https://dx.doi.org/10.1056/NEJMc2002527
http://www.ncbi.nlm.nih.gov/pubmed/30420754
https://dx.doi.org/10.1038/s41591-018-0238-9
http://www.ncbi.nlm.nih.gov/pubmed/26990271
https://dx.doi.org/10.1097/CMR.0000000000000252
http://www.ncbi.nlm.nih.gov/pubmed/29285544
https://dx.doi.org/10.1001/jamaoncol.2017.4182
http://www.ncbi.nlm.nih.gov/pubmed/27157491
https://dx.doi.org/10.1016/S1470-2045(16)00175-3
http://www.ncbi.nlm.nih.gov/pubmed/28993052
https://dx.doi.org/10.1016/S0140-6736(17)31827-5

Jaishideng®

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

Weingarden AR et al. ICI-colitis in GI cancers and IBD

(KEYNOTE-061): a randomised, open-label, controlled, phase 3 trial. Lancer 2018; 392: 123-133
[PMID: 29880231 DOI: 10.1016/S0140-6736(18)31257-1]

Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, Breder V, Edeline J, Chao Y,
Ogasawara S, Yau T, Garrido M, Chan SL, Knox J, Daniele B, Ebbinghaus SW, Chen E, Siegel AB,
Zhu AX, Cheng AL; KEYNOTE-240 investigators. Pembrolizumab As Second-Line Therapy in
Patients With Advanced Hepatocellular Carcinoma in KEYNOTE-240: A Randomized, Double-
Blind, Phase III Trial. J Clin Oncol 2020; 38: 193-202 [PMID: 31790344 DOI:
10.1200/JC0O.19.01307]

Eng C, Kim TW, Bendell J, Argilés G, Tebbutt NC, Di Bartolomeo M, Falcone A, Fakih M, Kozloff
M, Segal NH, Sobrero A, Yan Y, Chang I, Uyei A, Roberts L, Ciardiello F; IMblaze370
Investigators. Atezolizumab with or without cobimetinib vs regorafenib in previously treated
metastatic colorectal cancer (IMblaze370): a multicentre, open-label, phase 3, randomised,
controlled trial. Lancet Oncol 2019; 20: 849-861 [PMID: 31003911 DOI:
10.1016/S1470-2045(19)30027-0]

Eso Y, Seno H. Current status of treatment with immune checkpoint inhibitors for gastrointestinal,
hepatobiliary, and pancreatic cancers. Therap Adv Gastroenterol 2020; 13: 1756284820948773
[PMID: 32913444 DOI: 10.1177/1756284820948773]

Roth MT, Das S. Pembrolizumab in unresectable or metastatic MSI-high colorectal cancer: safety
and efficacy. Expert Rev Anticancer Ther 2021; 21: 229-238 [PMID: 33183114 DOI:
10.1080/14737140.2021.1851201]

Jung G, Benitez-Ribas D, Sanchez A, Balaguer F. Current Treatments of Metastatic Colorectal
Cancer with Immune Checkpoint Inhibitors-2020 Update. J Clin Med 2020; 9 [PMID: 33142689
DOI: 10.3390/jem9113520]

Brahmer JR, Drake CG, Wollner I, Powderly JD, Picus J, Sharfman WH, Stankevich E, Pons A,
Salay TM, McMiller TL, Gilson MM, Wang C, Selby M, Taube JM, Anders R, Chen L, Korman AlJ,
Pardoll DM, Lowy I, Topalian SL. Phase I study of single-agent anti-programmed death-1 (MDX-
1106) in refractory solid tumors: safety, clinical activity, pharmacodynamics, and immunologic
correlates. J Clin Oncol 2010; 28: 3167-3175 [PMID: 20516446 DOI: 10.1200/JC0O.2009.26.7609]
Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz HJ, Morse MA, Desai J, Hill A, Axelson
M, Moss RA, Goldberg MV, Cao ZA, Ledeine JM, Maglinte GA, Kopetz S, André T. Nivolumab in
patients with metastatic DNA mismatch repair-deficient or microsatellite instability-high colorectal
cancer (CheckMate 142): an open-label, multicentre, phase 2 study. Lancet Oncol 2017; 18: 1182-
1191 [PMID: 28734759 DOI: 10.1016/S1470-2045(17)30422-9]

Le DT, Kim TW, Van Cutsem E, Geva R, Jager D, Hara H, Burge M, O'Neil B, Kavan P, Yoshino
T, Guimbaud R, Taniguchi H, Elez E, Al-Batran SE, Boland PM, Crocenzi T, Atreya CE, Cui Y, Dai
T, Marinello P, Diaz LA Jr, André T. Phase II Open-Label Study of Pembrolizumab in Treatment-
Refractory, Microsatellite Instability-High/Mismatch Repair-Deficient Metastatic Colorectal Cancer:
KEYNOTE-164. J Clin Oncol 2020; 38: 11-19 [PMID: 31725351 DOI: 10.1200/JC0O.19.02107]
André T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, Smith D, Garcia-Carbonero R,
Benavides M, Gibbs P, de la Fouchardiere C, Rivera F, Elez E, Bendell J, Le DT, Yoshino T, Van
Cutsem E, Yang P, Farooqui MZH, Marinello P, Diaz LA Jr; KEYNOTE-177 Investigators.
Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal Cancer. N Engl J Med 2020;
383:2207-2218 [PMID: 33264544 DOI: 10.1056/NEJMo0a2017699]

Cohen R, Bennouna J, Meurisse A, Tournigand C, De La Fouchardiére C, Tougeron D, Borg C,
Mazard T, Chibaudel B, Garcia-Larnicol ML, Svrcek M, Vernerey D, Menu Y, André T. RECIST
and iRECIST criteria for the evaluation of nivolumab plus ipilimumab in patients with microsatellite
instability-high/mismatch repair-deficient metastatic colorectal cancer: the GERCOR NIPICOL
phase 11 study. J Immunother Cancer 2020; 8 [PMID: 33148693 DOI: 10.1136/jitc-2020-001499]
Masuda K, Shoji H, Nagashima K, Yamamoto S, Ishikawa M, Imazeki H, Aoki M, Miyamoto T,
Hirano H, Honma Y, Iwasa S, Okita N, Takashima A, Kato K, Boku N. Correlation between
immune-related adverse events and prognosis in patients with gastric cancer treated with nivolumab.
BMC Cancer 2019; 19: 974 [PMID: 31638948 DOI: 10.1186/s12885-019-6150-y]

Chen C, Zhang F, Zhou N, Gu YM, Zhang YT, He YD, Wang L, Yang LX, Zhao Y, Li YM.
Efficacy and safety of immune checkpoint inhibitors in advanced gastric or gastroesophageal
junction cancer: a systematic review and meta-analysis. Oncoimmunology 2019; 8: e1581547
[PMID: 31069144 DOI: 10.1080/2162402X.2019.1581547]

Janjigian YY, Bendell J, Calvo E, Kim JW, Ascierto PA, Sharma P, Ott PA, Peltola K, Jaeger D,
Evans J, de Braud F, Chau I, Harbison CT, Dorange C, Tschaika M, Le DT. CheckMate-032 Study:
Efficacy and Safety of Nivolumab and Nivolumab Plus Ipilimumab in Patients With Metastatic
Esophagogastric Cancer. J Clin Oncol 2018; 36: 2836-2844 [PMID: 30110194 DOI:
10.1200/JC0O.2017.76.6212]

Boku N, Ryu MH, Kato K, Chung HC, Minashi K, Lee KW, Cho H, Kang WK, Komatsu Y, Tsuda
M, Yamaguchi K, Hara H, Fumita S, Azuma M, Chen LT, Kang YK. Safety and efficacy of
nivolumab in combination with S-1/capecitabine plus oxaliplatin in patients with previously
untreated, unresectable, advanced, or recurrent gastric/gastroesophageal junction cancer: interim
results of a randomized, phase II trial (ATTRACTION-4). Ann Oncol 2019; 30: 250-258 [PMID:
30566590 DOI: 10.1093/annonc/mdy540]

Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, Sun W, Jalal SI, Shah MA, Metges JP,
Garrido M, Golan T, Mandala M, Wainberg ZA, Catenacci DV, Ohtsu A, Shitara K, Geva R,

WJGO | https://www.wjgnet.com 795 August 15,2021 | Volume13 | Issue8 |


http://www.ncbi.nlm.nih.gov/pubmed/29880231
https://dx.doi.org/10.1016/S0140-6736(18)31257-1
http://www.ncbi.nlm.nih.gov/pubmed/31790344
https://dx.doi.org/10.1200/JCO.19.01307
http://www.ncbi.nlm.nih.gov/pubmed/31003911
https://dx.doi.org/10.1016/S1470-2045(19)30027-0
http://www.ncbi.nlm.nih.gov/pubmed/32913444
https://dx.doi.org/10.1177/1756284820948773
http://www.ncbi.nlm.nih.gov/pubmed/33183114
https://dx.doi.org/10.1080/14737140.2021.1851201
http://www.ncbi.nlm.nih.gov/pubmed/33142689
https://dx.doi.org/10.3390/jcm9113520
http://www.ncbi.nlm.nih.gov/pubmed/20516446
https://dx.doi.org/10.1200/JCO.2009.26.7609
http://www.ncbi.nlm.nih.gov/pubmed/28734759
https://dx.doi.org/10.1016/S1470-2045(17)30422-9
http://www.ncbi.nlm.nih.gov/pubmed/31725351
https://dx.doi.org/10.1200/JCO.19.02107
http://www.ncbi.nlm.nih.gov/pubmed/33264544
https://dx.doi.org/10.1056/NEJMoa2017699
http://www.ncbi.nlm.nih.gov/pubmed/33148693
https://dx.doi.org/10.1136/jitc-2020-001499
http://www.ncbi.nlm.nih.gov/pubmed/31638948
https://dx.doi.org/10.1186/s12885-019-6150-y
http://www.ncbi.nlm.nih.gov/pubmed/31069144
https://dx.doi.org/10.1080/2162402X.2019.1581547
http://www.ncbi.nlm.nih.gov/pubmed/30110194
https://dx.doi.org/10.1200/JCO.2017.76.6212
http://www.ncbi.nlm.nih.gov/pubmed/30566590
https://dx.doi.org/10.1093/annonc/mdy540

Weingarden AR et al. ICI-colitis in GI cancers and IBD

Jaishideng®

87

88

89

90

91

92

93

94

95

96

97

98

99

Bleeker J, Ko AH, Ku G, Philip P, Enzinger PC, Bang YJ, Levitan D, Wang J, Rosales M, Dalal RP,
Yoon HH. Safety and Efficacy of Pembrolizumab Monotherapy in Patients With Previously Treated
Advanced Gastric and Gastroesophageal Junction Cancer: Phase 2 Clinical KEYNOTE-059 Trial.
JAMA Oncol 2018; 4: €180013 [PMID: 29543932 DOI: 10.1001/jamaoncol.2018.0013]

Bang YJ, Cho JY, Kim YH, Kim JW, Di Bartolomeo M, Ajani JA, Yamaguchi K, Balogh A,
Sanchez T, Moehler M. Efficacy of Sequential Ipilimumab Monotherapy vs Best Supportive Care for
Unresectable Locally Advanced/Metastatic Gastric or Gastroesophageal Junction Cancer. Clin
Cancer Res 2017; 23: 5671-5678 [PMID: 28655793 DOI: 10.1158/1078-0432.CCR-17-0025]
Ralph C, Elkord E, Burt DJ, O'Dwyer JF, Austin EB, Stern PL, Hawkins RE, Thistlethwaite FC.
Modulation of lymphocyte regulation for cancer therapy: a phase II trial of tremelimumab in
advanced gastric and esophageal adenocarcinoma. Clin Cancer Res 2010; 16: 1662-1672 [PMID:
20179239 DOI: 10.1158/1078-0432.CCR-09-2870]

Bang YJ, Ruiz EY, Van Cutsem E, Lee KW, Wyrwicz L, Schenker M, Alsina M, Ryu MH, Chung
HC, Evesque L, Al-Batran SE, Park SH, Lichinitser M, Boku N, Moehler MH, Hong J, Xiong H,
Hallwachs R, Conti I, Taieb J. Phase III, randomised trial of avelumab vs physician's choice of
chemotherapy as third-line treatment of patients with advanced gastric or gastro-oesophageal
junction cancer: primary analysis of JAVELIN Gastric 300. Ann Oncol 2018; 29: 2052-2060 [PMID:
30052729 DOI: 10.1093/annonc/mdy264]

Kato K, Cho BC, Takahashi M, Okada M, Lin CY, Chin K, Kadowaki S, Ahn MJ, Hamamoto Y,
Doki Y, Yen CC, Kubota Y, Kim SB, Hsu CH, Holtved E, Xynos I, Kodani M, Kitagawa Y.
Nivolumab vs chemotherapy in patients with advanced oesophageal squamous cell carcinoma
refractory or intolerant to previous chemotherapy (ATTRACTION-3): a multicentre, randomised,
open-label, phase 3 trial. Lancet Oncol 2019; 20: 1506-1517 [PMID: 31582355 DOI:
10.1016/S1470-2045(19)30626-6]

Shah MA, Kojima T, Hochhauser D, Enzinger P, Raimbourg J, Hollebecque A, Lordick F, Kim SB,
Tajika M, Kim HT, Lockhart AC, Arkenau HT, El-Hajbi F, Gupta M, Pfeiffer P, Liu Q, Lunceford J,
Kang SP, Bhagia P, Kato K. Efficacy and Safety of Pembrolizumab for Heavily Pretreated Patients
With Advanced, Metastatic Adenocarcinoma or Squamous Cell Carcinoma of the Esophagus: The
Phase 2 KEYNOTE-180 Study. JAMA Oncol 2019; 5: 546-550 [PMID: 30570649 DOI:
10.1001/jamaoncol.2018.5441]

Kojima T, Shah MA, Muro K, Francois E, Adenis A, Hsu CH, Doi T, Moriwaki T, Kim SB, Lee
SH, Bennouna J, Kato K, Shen L, Enzinger P, Qin SK, Ferreira P, Chen J, Girotto G, de la
Fouchardiere C, Senellart H, Al-Rajabi R, Lordick F, Wang R, Suryawanshi S, Bhagia P, Kang SP,
Metges JP; KEYNOTE-181 Investigators. Randomized Phase III KEYNOTE-181 Study of
Pembrolizumab Versus Chemotherapy in Advanced Esophageal Cancer. J Clin Oncol 2020; 38:
4138-4148 [PMID: 33026938 DOI: 10.1200/JC0O.20.01888]

El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, Kim TY, Choo SP, Trojan J,
Welling TH Rd, Meyer T, Kang YK, Yeo W, Chopra A, Anderson J, Dela Cruz C, Lang L, Neely J,
Tang H, Dastani HB, Melero I. Nivolumab in patients with advanced hepatocellular carcinoma
(CheckMate 040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial.
Lancet 2017; 389: 2492-2502 [PMID: 28434648 DOI: 10.1016/S0140-6736(17)31046-2]

Yau T, Kang YK, Kim TY, El-Khoueiry AB, Santoro A, Sangro B, Melero I, Kudo M, Hou MM,
Matilla A, Tovoli F, Knox JJ, Ruth He A, El-Rayes BF, Acosta-Rivera M, Lim HY, Neely J, Shen
Y, Wisniewski T, Anderson J, Hsu C. Efficacy and Safety of Nivolumab Plus Ipilimumab in Patients
With Advanced Hepatocellular Carcinoma Previously Treated With Sorafenib: The CheckMate 040
Randomized Clinical Trial. JAMA Oncol 2020; 6: €204564 [PMID: 33001135 DOI:
10.1001/jamaoncol.2020.4564]

Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, Verslype C, Zagonel V, Fartoux L,
Vogel A, Sarker D, Verset G, Chan SL, Knox J, Daniele B, Webber AL, Ebbinghaus SW, Ma J,
Siegel AB, Cheng AL, Kudo M; KEYNOTE-224 investigators. Pembrolizumab in patients with
advanced hepatocellular carcinoma previously treated with sorafenib (KEYNOTE-224): a non-
randomised, open-label phase 2 trial. Lancet Oncol 2018; 19: 940-952 [PMID: 29875066 DOI:
10.1016/S1470-2045(18)30351-6]

Finn RS, Qin S, Tkeda M, Galle PR, Ducreux M, Kim TY, Kudo M, Breder V, Merle P, Kaseb AO,
Li D, Verret W, Xu DZ, Hernandez S, Liu J, Huang C, Mulla S, Wang Y, Lim HY, Zhu AX, Cheng
AL; IMbravel50 Investigators. Atezolizumab plus Bevacizumab in Unresectable Hepatocellular
Carcinoma. N Engl J Med 2020; 382: 1894-1905 [PMID: 32402160 DOI:
10.1056/NEJMoal915745]

Tang T, Abu-Sbeih H, Ma W, Lu Y, Luo W, Foo WC, Richards DM, Halperin DM, Ge PS, Wang
Y. Gastrointestinal Injury Related to Antiangiogenesis Cancer Therapy. Clin Colorectal Cancer
2020; 19: e117-e123 [PMID: 32284253 DOI: 10.1016/j.clcc.2020.03.002]

Ueno M, Tkeda M, Morizane C, Kobayashi S, Ohno I, Kondo S, Okano N, Kimura K, Asada S,
Namba Y, Okusaka T, Furuse J. Nivolumab alone or in combination with cisplatin plus gemcitabine
in Japanese patients with unresectable or recurrent biliary tract cancer: a non-randomised,
multicentre, open-label, phase 1 study. Lancet Gastroenterol Hepatol 2019; 4: 611-621 [PMID:
31109808 DOLI: 10.1016/S2468-1253(19)30086-X]

Piha-Paul SA, Oh DY, Ueno M, Malka D, Chung HC, Nagrial A, Kelley RK, Ros W, Italiano A,
Nakagawa K, Rugo HS, de Braud F, Varga Al, Hansen A, Wang H, Krishnan S, Norwood KG, Doi
T. Efficacy and safety of pembrolizumab for the treatment of advanced biliary cancer: Results from

WJGO | https://www.wjgnet.com 796 August 15,2021 | Volume13 | Issue8 |


http://www.ncbi.nlm.nih.gov/pubmed/29543932
https://dx.doi.org/10.1001/jamaoncol.2018.0013
http://www.ncbi.nlm.nih.gov/pubmed/28655793
https://dx.doi.org/10.1158/1078-0432.CCR-17-0025
http://www.ncbi.nlm.nih.gov/pubmed/20179239
https://dx.doi.org/10.1158/1078-0432.CCR-09-2870
http://www.ncbi.nlm.nih.gov/pubmed/30052729
https://dx.doi.org/10.1093/annonc/mdy264
http://www.ncbi.nlm.nih.gov/pubmed/31582355
https://dx.doi.org/10.1016/S1470-2045(19)30626-6
http://www.ncbi.nlm.nih.gov/pubmed/30570649
https://dx.doi.org/10.1001/jamaoncol.2018.5441
http://www.ncbi.nlm.nih.gov/pubmed/33026938
https://dx.doi.org/10.1200/JCO.20.01888
http://www.ncbi.nlm.nih.gov/pubmed/28434648
https://dx.doi.org/10.1016/S0140-6736(17)31046-2
http://www.ncbi.nlm.nih.gov/pubmed/33001135
https://dx.doi.org/10.1001/jamaoncol.2020.4564
http://www.ncbi.nlm.nih.gov/pubmed/29875066
https://dx.doi.org/10.1016/S1470-2045(18)30351-6
http://www.ncbi.nlm.nih.gov/pubmed/32402160
https://dx.doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/32284253
https://dx.doi.org/10.1016/j.clcc.2020.03.002
http://www.ncbi.nlm.nih.gov/pubmed/31109808
https://dx.doi.org/10.1016/S2468-1253(19)30086-X

Jaishideng®

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

Weingarden AR et al. ICI-colitis in GI cancers and IBD

the KEYNOTE-158 and KEYNOTE-028 studies. /nt J Cancer 2020; 147: 2190-2198 [PMID:
32359091 DOI: 10.1002/ij¢.33013]

Klein O, Kee D, Nagrial A, Markman B, Underhill C, Michael M, Jackett L, Lum C, Behren A,
Palmer J, Tebbutt NC, Carlino MS, Cebon J. Evaluation of Combination Nivolumab and Ipilimumab
Immunotherapy in Patients With Advanced Biliary Tract Cancers: Subgroup Analysis of a Phase 2
Nonrandomized Clinical Trial. JAMA Oncol 2020; 6: 1405-1409 [PMID: 32729929 DOI:
10.1001/jamaoncol.2020.2814]

Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-Acosta A, Delord JP, Geva R,
Gottfried M, Penel N, Hansen AR, Piha-Paul SA, Doi T, Gao B, Chung HC, Lopez-Martin J, Bang
YJ, Frommer RS, Shah M, Ghori R, Joe AK, Pruitt SK, Diaz LA Jr. Efficacy of Pembrolizumab in
Patients With Noncolorectal High Microsatellite Instability/Mismatch Repair-Deficient Cancer:
Results From the Phase I KEYNOTE-158 Study. J Clin Oncol 2020; 38: 1-10 [PMID: 31682550
DOI: 10.1200/JC0O.19.02105]

Royal RE, Levy C, Turner K, Mathur A, Hughes M, Kammula US, Sherry RM, Topalian SL, Yang
JC, Lowy I, Rosenberg SA. Phase 2 trial of single agent Ipilimumab (anti-CTLA-4) for locally
advanced or metastatic pancreatic adenocarcinoma. J Immunother 2010; 33: 828-833 [PMID:
20842054 DOI: 10.1097/CJ1.0b013e3181eecl4c]

O'Reilly EM, Oh DY, Dhani N, Renouf DJ, Lee MA, Sun W, Fisher G, Hezel A, Chang SC,
Vlahovic G, Takahashi O, Yang Y, Fitts D, Philip PA. Durvalumab With or Without Tremelimumab
for Patients With Metastatic Pancreatic Ductal Adenocarcinoma: A Phase 2 Randomized Clinical
Trial. JAMA Oncol 2019; 5: 1431-1438 [PMID: 31318392 DOI: 10.1001/jamaoncol.2019.1588]
Ananthakrishnan AN. Epidemiology and risk factors for IBD. Nat Rev Gastroenterol Hepatol
2015; 12: 205-217 [PMID: 25732745 DOI: 10.1038/nrgastro.2015.34]

Kaplan GG, Ng SC. Understanding and Preventing the Global Increase of Inflammatory Bowel
Disease. Gastroenterology 2017; 152: 313-321.e2 [PMID: 27793607 DOI:
10.1053/j.gastr0.2016.10.020]

Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, Panaccione R, Ghosh S, Wu
JCY, Chan FKL, Sung JJY, Kaplan GG. Worldwide incidence and prevalence of inflammatory
bowel disease in the 21st century: a systematic review of population-based studies. Lancet 2017;
390: 2769-2778 [PMID: 29050646 DOI: 10.1016/S0140-6736(17)32448-0]

Romano M, DE Francesco F, Zarantonello L, Ruffolo C, Ferraro GA, Zanus G, Giordano A, Bassi
N, Cillo U. From Inflammation to Cancer in Inflammatory Bowel Disease: Molecular Perspectives.
Anticancer Res 2016; 36: 1447-1460 [PMID: 27069120]

Axelrad JE, Lichtiger S, Yajnik V. Inflammatory bowel disease and cancer: The role of
inflammation, immunosuppression, and cancer treatment. World J Gastroenterol 2016; 22: 4794-
4801 [PMID: 27239106 DOI: 10.3748/wjg.v22.i20.4794]

Garg SK, Velayos FS, Kisiel JB. Intestinal and Nonintestinal Cancer Risks for Patients with Crohn's
Disease. Gastroenterol Clin North Am 2017; 46: 515-529 [PMID: 28838412 DOI:
10.1016/j.gtc.2017.05.006]

Anderson A, Ferris LK, Click B, Ramos-Rivers C, Koutroubakis IE, Hashash JG, Dunn M, Barrie
A, Schwartz M, Regueiro M, Binion DG. Low Rates of Dermatologic Care and Skin Cancer
Screening Among Inflammatory Bowel Disease Patients. Dig Dis Sci 2018; 63: 2729-2739 [PMID:
29713987 DOLI: 10.1007/s10620-018-5056-x]

Pantuck M, McDermott D, Drakaki A. To treat or not to treat: Patient exclusion in immune
oncology clinical trials due to preexisting autoimmune disease. Cancer 2019; 125: 3506-3513
[PMID: 31318445 DOI: 10.1002/cner.32326]

Abu-Sbeih H, Faleck DM, Ricciuti B, Mendelsohn RB, Naqash AR, Cohen JV, Sellers MC, Balaji
A, Ben-Betzalel G, Hajir I, Zhang J, Awad MM, Leonardi GC, Johnson DB, Pinato DJ, Owen DH,
Weiss SA, Lamberti G, Lythgoe MP, Manuzzi L, Arnold C, Qiao W, Naidoo J, Markel G, Powell N,
Yeung SJ, Sharon E, Dougan M, Wang Y. Immune Checkpoint Inhibitor Therapy in Patients With
Preexisting Inflammatory Bowel Disease. J Clin Oncol 2020; 38: 576-583 [PMID: 31800340 DOI:
10.1200/JCO.19.01674]

Grover S, Ruan AB, Srivoleti P, Giobbie-Hurder A, Braschi-Amirfarzan M, Srivastava A,
Buchbinder EI, Ott PA, Kehl KL, Awad MM, Hodi FS, Rahma OE. Safety of Immune Checkpoint
Inhibitors in Patients With Pre-Existing Inflammatory Bowel Disease and Microscopic Colitis. JCO
Oncol Pract 2020; 16: €933-¢942 [PMID: 32401685 DOI: 10.1200/JOP.19.00672]

Braga Neto MB, Ramos GP, Loftus EV Jr, Faubion WA, Raffals LE. Use of Immune Checkpoint
Inhibitors in Patients With Pre-established Inflammatory Bowel Diseases: Retrospective Case Series.
Clin Gastroenterol Hepatol 2021; 19: 1285-1287.e1 [PMID: 32565289 DOI:
10.1016/j.cgh.2020.06.031]

Meserve J, Facciorusso A, Holmer AK, Annese V, Sandborn WJ, Singh S. Systematic review with
meta-analysis: safety and tolerability of immune checkpoint inhibitors in patients with pre-existing
inflammatory bowel diseases. Aliment Pharmacol Ther 2021; 53: 374-382 [PMID: 33314269]
Coureau M, Meert AP, Berghmans T, Grigoriu B. Efficacy and Toxicity of Immune -Checkpoint
Inhibitors in Patients With Preexisting Autoimmune Disorders. Front Med (Lausanne) 2020; 7: 137
[PMID: 32457912 DOI: 10.3389/fmed.2020.00137]

Tison A, Quéré G, Misery L, Funck-Brentano E, Danlos FX, Routier E, Robert C, Loriot Y,
Lambotte O, Bonniaud B, Scalbert C, Maanaoui S, Lesimple T, Martinez S, Marcq M, Chouaid C,
Dubos C, Brunet-Possenti F, Stavris C, Chiche L, Beneton N, Mansard S, Guisier F, Doubre H,

WJGO | https://www.wjgnet.com 797 August 15,2021 | Volume13 | Issue8 |


http://www.ncbi.nlm.nih.gov/pubmed/32359091
https://dx.doi.org/10.1002/ijc.33013
http://www.ncbi.nlm.nih.gov/pubmed/32729929
https://dx.doi.org/10.1001/jamaoncol.2020.2814
http://www.ncbi.nlm.nih.gov/pubmed/31682550
https://dx.doi.org/10.1200/JCO.19.02105
http://www.ncbi.nlm.nih.gov/pubmed/20842054
https://dx.doi.org/10.1097/CJI.0b013e3181eec14c
http://www.ncbi.nlm.nih.gov/pubmed/31318392
https://dx.doi.org/10.1001/jamaoncol.2019.1588
http://www.ncbi.nlm.nih.gov/pubmed/25732745
https://dx.doi.org/10.1038/nrgastro.2015.34
http://www.ncbi.nlm.nih.gov/pubmed/27793607
https://dx.doi.org/10.1053/j.gastro.2016.10.020
http://www.ncbi.nlm.nih.gov/pubmed/29050646
https://dx.doi.org/10.1016/S0140-6736(17)32448-0
http://www.ncbi.nlm.nih.gov/pubmed/27069120
http://www.ncbi.nlm.nih.gov/pubmed/27239106
https://dx.doi.org/10.3748/wjg.v22.i20.4794
http://www.ncbi.nlm.nih.gov/pubmed/28838412
https://dx.doi.org/10.1016/j.gtc.2017.05.006
http://www.ncbi.nlm.nih.gov/pubmed/29713987
https://dx.doi.org/10.1007/s10620-018-5056-x
http://www.ncbi.nlm.nih.gov/pubmed/31318445
https://dx.doi.org/10.1002/cncr.32326
http://www.ncbi.nlm.nih.gov/pubmed/31800340
https://dx.doi.org/10.1200/JCO.19.01674
http://www.ncbi.nlm.nih.gov/pubmed/32401685
https://dx.doi.org/10.1200/JOP.19.00672
http://www.ncbi.nlm.nih.gov/pubmed/32565289
https://dx.doi.org/10.1016/j.cgh.2020.06.031
http://www.ncbi.nlm.nih.gov/pubmed/33314269
http://www.ncbi.nlm.nih.gov/pubmed/32457912
https://dx.doi.org/10.3389/fmed.2020.00137

Weingarden AR et al. ICI-colitis in GI cancers and IBD

Jaishideng®

118

119

120

121

122

123

124

WJGO | https://www.wjgnet.com 798

Skowron F, Aubin F, Zehou O, Roge C, Lambert M, Pham-Ledard A, Beylot-Barry M, Veillon R,
Kramkimel N, Giacchero D, De Quatrebarbes J, Michel C, Auliac JB, Gonzales G, Decroisette C, Le
Garff G, Carpiuc I, Vallerand H, Nowak E, Cornec D, Kostine M; Groupe de Cancérologie Cutanée;
Groupe Frangais de Pneumo-Cancérologie, and Club Rhumatismes et Inflammations. Safety and
Efficacy of Immune Checkpoint Inhibitors in Patients With Cancer and Preexisting Autoimmune
Disease: A Nationwide, Multicenter Cohort Study. Arthritis Rheumatol 2019; 71: 2100-2111 [PMID:
31379105 DOLI: 10.1002/art.41068]

Johnson DB, Sullivan RJ, Ott PA, Carlino MS, Khushalani NI, Ye F, Guminski A, Puzanov I,
Lawrence DP, Buchbinder EI, Mudigonda T, Spencer K, Bender C, Lee J, Kaufman HL, Menzies
AM, Hassel JC, Mehnert JM, Sosman JA, Long GV, Clark JI. Ipilimumab Therapy in Patients With
Advanced Melanoma and Preexisting Autoimmune Disorders. JAMA Oncol 2016; 2: 234-240
[PMID: 26633184 DOI: 10.1001/jamaoncol.2015.4368]

Abu-Sbeih H, Wang Y. Management Considerations for Immune Checkpoint Inhibitor-Induced
Enterocolitis Based on Management of Inflammatory Bowel Disease. Inflamm Bowel Dis 2020; 26:
662-668 [PMID: 31560045 DOI: 10.1093/ibd/izz212]

Hsieh AH, Ferman M, Brown MP, Andrews JM. Vedolizumab: a novel treatment for ipilimumab-
induced colitis. BMJ Case Rep 2016; 2016 [PMID: 27539137 DOIL: 10.1136/bcr-2016-216641]
Klemm N, Trasolini R, Chahal D, Donnellan F. Vedolizumab for steroid & infliximab refractory
immune checkpoint inhibitor associated colitis. Clin Res Hepatol Gastroenterol 2021; 45: 101604
[PMID: 33454238 DOI: 10.1016/j.clinre.2020.101604]

Frohne CC, Llano EM, Perkovic A, Cohen RD, Luke JJ. Complete response of metastatic
melanoma in a patient with Crohn's disease simultaneously receiving anti-a4p7 and anti-PD1
antibodies. J Immunother Cancer 2019; 7: 1 [PMID: 30612589 DOI: 10.1186/s40425-018-0484-x]
Michot JM, Bigenwald C, Champiat S, Collins M, Carbonnel F, Postel-Vinay S, Berdelou A, Varga
A, Bahleda R, Hollebecque A, Massard C, Fuerea A, Ribrag V, Gazzah A, Armand JP, Amellal N,
Angevin E, Noel N, Boutros C, Mateus C, Robert C, Soria JC, Marabelle A, Lambotte O. Immune-
related adverse events with immune checkpoint blockade: a comprehensive review. Eur J Cancer
2016; 54: 139-148 [PMID: 26765102 DOI: 10.1016/j.¢jca.2015.11.016]

Verheijden RJ, May AM, Blank CU, Aarts MJB, van den Berkmortel FWPJ, van den Eertwegh
AJM, de Groot JWB, Boers-Sonderen MJ, van der Hoeven JIM, Hospers GA, Piersma D, van Rijn
RS, Ten Tije AJ, van der Veldt AAM, Vreugdenhil G, van Zeijl MCT, Wouters MWIM, Haanen
JBAG, Kapiteijn E, Suijkerbuijk KPM. Association of Anti-TNF with Decreased Survival in Steroid
Refractory Ipilimumab and Anti-PD1-Treated Patients in the Dutch Melanoma Treatment Registry.
Clin Cancer Res 2020; 26: 2268-2274 [PMID: 31988197 DOI: 10.1158/1078-0432.CCR-19-3322]

August 15,2021 | Volume13 | Issue8


http://www.ncbi.nlm.nih.gov/pubmed/31379105
https://dx.doi.org/10.1002/art.41068
http://www.ncbi.nlm.nih.gov/pubmed/26633184
https://dx.doi.org/10.1001/jamaoncol.2015.4368
http://www.ncbi.nlm.nih.gov/pubmed/31560045
https://dx.doi.org/10.1093/ibd/izz212
http://www.ncbi.nlm.nih.gov/pubmed/27539137
https://dx.doi.org/10.1136/bcr-2016-216641
http://www.ncbi.nlm.nih.gov/pubmed/33454238
https://dx.doi.org/10.1016/j.clinre.2020.101604
http://www.ncbi.nlm.nih.gov/pubmed/30612589
https://dx.doi.org/10.1186/s40425-018-0484-x
http://www.ncbi.nlm.nih.gov/pubmed/26765102
https://dx.doi.org/10.1016/j.ejca.2015.11.016
http://www.ncbi.nlm.nih.gov/pubmed/31988197
https://dx.doi.org/10.1158/1078-0432.CCR-19-3322

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2021 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

