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Abstract
Immunotherapy, particularly immune checkpoint inhibitors (ICIs), has radi-
cally transformed the field of oncological therapy. However, immune‐related
adverse events (irAEs) associated with the treatment might affect the life
quality and even threaten the life of cancer patients. Immunotherapy‐
mediated colitis (IMC) is one of the most prevalent irAEs, especially in anti‐
cytotoxic T lymphocyte antigen 4 antibody (CTLA4) therapy. Current
management of IMC includes administering immunosuppressants and dis-
continuing the treatment, which might affect the therapeutic efficacy. In this
review, we briefly summarize the development of ICIs in cancer immuno-
therapy and the incidence, diagnosis, and management of IMC. Recent in-
sights into the cellular and molecular pathways that underpin IMC, per-
spective research, and promising therapeutic strategies are highlighted.
Further understanding of IMC and its implications will assist clinicians in
optimizing treatment strategies to mitigate this side effect while maximizing
the benefits of ICIs.
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INTRODUCTION

Tumors exploit the immunosuppressive properties of
immune checkpoints to evade detection and destruction
by the immune system. The immune checkpoint inhibitors
(ICIs) aim to block immune checkpoint ligand–receptor
interactions, resulting in the stimulation of cytotoxic T cells

and the subsequent elimination of cancer cells [1]. ICIs
have markedly enhanced survival rates in cancer pa-
tients. Nevertheless, the modulation of immune
responses by ICIs can also induce autoimmune reactions
alongside their antitumor effects, which can precipitate
the emergence of immune‐related adverse events (ir-
AEs). It was reported that over 60% of cancer patients
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experience irAEs that could involve any organs, such as
the skin, gastrointestinal tract, thyroid, and myocardium,
and range in severity from being asymptomatic to posing
a significant threat to life [2]. The predominant toxicities
manifest at interfaces where the immune system en-
gages with external environments, such as the skin,
gastrointestinal mucosa, and lungs [3]. Gastrointestinal
adverse reactions are one of the most common and
serious. The immunotherapy‐mediated colitis (IMC) is
the most common gastrointestinal adverse reaction, with
a prevalence of 21%−44% [3–6]. The IMC not only
affects the patient's life quality, but the use of im-
munosuppressants and suspension of ICI treatment due
to serious IMC also impact the patients' therapeutic
prognosis. Therefore, a comprehensive understanding of
the characteristics and pathogenesis underlying IMC can
provide insights into the prediction, diagnosis, and treat-
ment of IMC without decreasing or even increasing the
immunotherapeutic efficacy. This review provides a brief
overview of the history of ICIs in cancer treatment, and
the epidemiology, clinical symptoms, diagnosis, mecha-
nisms, and treatment of IMC. We also highlight the
promising therapeutic strategies for IMC.

THE OVERALL DEVELOPMENT OF
ICIS IN CANCER IMMUNOTHERAPY

Cancer immunotherapy seeks to stimulate our immune
system's inherent ability to control cancer progression [7].
Immunotherapies, including cytokine treatment, ICIs, chi-
meric antigen receptors (CARs), and others, are known as
the fourth mainstay of cancer treatment, following surgery,
radiation therapy, and chemotherapy [8–11]. The emer-
gence of tumor immunotherapy has greatly improved the
progression‐free survival (PFS) and overall survival (OS)
of tumor patients [12–15]. In all types of immunotherapies,
ICIs are currently the most investigated and commonly
applied in clinical cancer treatments. In this section, the
history of ICIs is reviewed (Figure 1).

The antitumor immune responses include both innate
immune response and adaptive immune response. The
engagement of T cells is pivotal in the adaptive immune
response [16, 17]. Antigen‐presenting cells (APCs), pre-
dominantly dendritic cells (DCs), are responsible for pro-
cessing and loading tumor‐associated antigens (TAAs)
onto major histocompatibility complex (MHC) molecules,
which allows them to present antigen peptides to T cells
via the T‐cell receptor (TCR). At the same time, costi-
mulatory molecules upregulated on APCs, such as B7‐1/
2, bind to CD28 on the surface of T cells, producing a
costimulative signal and activating the T cells [18–20].
Under the stimulation of “dual signaling”, T cells activate
and exert the antitumor effect. However, to prevent T cells
from getting overactivated and protect normal tissues from
T‐cell attacks, T cells express a class of immuno-
suppressive molecules called immune checkpoints,
including the cytotoxic T lymphocyte antigen 4 (CTLA4)
and programmed cell death protein 1 (PD‐1). These
immune checkpoints are often highly expressed in tumor
cells in various types of cancers and function by binding to
the corresponding ligands [21]. ICIs play an antitumor role
by blocking the binding of immune checkpoints to their
ligands, relieving immune suppression caused by immune
checkpoints, and thus reactivating immune cells.

CTLA4, alternatively designated as CD152, was
initially recognized as the first immune checkpoint
molecule by Brunet et al. in 1987 [22]. It is considered
to be one of the primary negative regulators of the
immune response and plays a crucial role during the
initial phase of T‐cell activation [23]. Upon activation,
CTLA4 is upregulated and exhibits a greater binding
affinity for B7‐1/2 than CD28. Binding of CTLA4 and
B7‐1/2 induces T‐cell unresponsiveness, which partic-
ipates in the negative immune response regulation [24,
25]. CTLA4 can negatively modulate the immune
response by dampening the activity of helper T cells
(Th) and bolstering the suppressive capabilities of
regulatory T cells (Tregs) [26, 27]. By interrupting the
interplay between CTLA4 and B7 molecular ligands, it

F IGURE 1 The ICIs approved by the United States Food and Drug Administrator (FDA). FDA‐approved ICIs are listed in chronological
order. α‐PD‐1, anti‐programmed cell death protein 1 antibody; α‐PD‐L1, anti‐programmed cell death ligand 1 antibody; α‐CTLA4, anti‐cytotoxic
T lymphocyte antigen 4 antibody; α‐LAG‐3, anti‐lymphocyte activation gene‐3 antibody.
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can prevent exhaustion and stimulate the activation
and expansion of T cells. In 2011, the United States
Food and Drug Administrator (FDA) approved the
CTLA4 inhibitor ipilimumab as the first ICI for treating
unresectable advanced melanoma (median OS,
10.1−15.9 months; median PFS, 3.4 months) [28–31].
Currently, ipilimumab is administered for treating
advanced renal cell carcinoma (RCC), metastatic non‐
small‐cell lung cancer (NSCLC), malignant pleural
mesothelioma (MPM), hepatocellular carcinoma
(HCC), and metastatic colorectal cancer (CRC) with
high microsatellite instability (MSI‐H)/mismatch repair
deficiency (dMMR), in collaboration with nivolumab
[29–32]. Tremelimumab, the second CTLA4 inhibitor to
be approved by the FDA, is utilized in combination with
durvalumab for the treatment of unresectable HCC
on October 21, 2022 (median OS, 16.4 months;
median PFS, 3.8 months; overall response rate [ORR],
20.1%), and for metastatic NSCLC in combination with
durvalumab and platinum‐based chemotherapy on
November 10, 2022 (median OS, 14 months; median
PFS, 6.2 months; ORR, 38.8%) [33–35].

PD‐1 is another highly investigated immuno-
suppressive molecule expressed in T lymphocytes.
Programmed cell death ligand 1 (PD‐L1), which is the
ligand of PD‐1, has been proven to be expressed in
different kinds of cancer cells, such as lung, pancreatic,
gastric, and ovarian cancer. The interaction of PD‐1 and
PD‐L1 inhibits cytokine production and induces apopto-
sis by interrupting survival and growth signaling path-
ways in T cells, such as the phosphoinositide 3‐kinase
(PI3K)/protein kinase B (Akt) and the rat sarcoma (RAS)
signaling pathways, which enables cancer cells to evade
the immune surveillance [36, 37]. In recent years, a
panel of agents has been investigated to target PD‐1/
PD‐L1 interaction. KEYNOTE‐002 has suggested that
six‐month PFS was 34% (95% confidence interval [CI]:
27%−41%) in the pembrolizumab 2mg/kg group, 38%
(95% CI: 31%−45%) in the 10mg/kg group, and 16%
(95% CI: 10%−22%) in the chemotherapy group. PFS
was improved in patients assigned to pembrolizumab
2mg/kg (hazard ratio [HR] = 0.57, 95% CI: 0.45−0.73,
p < 0.0001) and those assigned to pembrolizumab
10mg/kg (HR = 0.50, 95% CI: 0.39−0.64, p < 0.0001)
compared with those assigned to chemotherapy [38].
Therefore, the FDA granted approval for pembrolizumab,
marking it as the first PD‐1 inhibitor, for the treatment of
inoperable or metastatic melanoma in 2014 [39, 40].
Later, other PD‐1 inhibitors, including nivolumab, cemi-
plimab, dostarlimab, and retifanlimab, were approved by
the FDA for treating NSCLC, urothelial carcinoma,
advanced RCC, basal cell carcinoma, esophageal
squamous cell carcinoma (ESCC), cutaneous squamous
cell carcinoma (CSCC), Merkel cell carcinoma, and
others (ORR, 15%−32%) [41, 42].

The third class of ICIs target PD‐L1. IMvigor 210
enrolled 310 patients with locally advanced or

metastatic urothelial carcinoma (UC) who had disease
progression after prior platinum‐containing chemo-
therapy. Patients were evaluated for the efficacy of
atezolizumab therapy and were found to have an ORR
of 14.8% (95% CI: 11.1%−19.3%) [43]. On May 18,
2016, the FDA approved atezolizumab for the second‐
line treatment of patients with locally advanced or
metastatic UC. Later, other PD‐L1 inhibitors, including
avelumab and durvalumab, received approval from the
FDA to treat several types of tumors, including UC,
NSCLC, alveolar soft part sarcoma, triple‐negative
breast cancer (TNBC), and Merkel cell carcinoma
(ORR, 13%−40%) [44–46] (Table 1).

Lymphocyte activation gene‐3 (LAG‐3) is not or low
expressed on naive T cells but is upregulated on CD4+

T cells, CD8+ T cells, and Tregs, and mediates immu-
nosuppression [9, 47, 48]. LAG‐3 inhibitors, including
eftilagimod alpha (IMP321 or LAG‐3Ig) and
BMS986016, were found to be well tolerated, but the
response rate is moderate in clinical trials
(NCT01968109; NCT00732082; NCT00349934; and
ChiCTR1900025904) [49, 50]. The bispecific anti-
bodies, such as FS118, which target both LAG‐3 and
PD‐L1, can enhance T‐cell activation, leading to potent
antitumor activity [50–52]. RELATIVITY‐047 enrolled
714 patients with previously untreated metastatic or
unresectable melanoma and compared the efficacy of
anti‐LAG‐3 antibody relatlimab and anti‐PD‐1 antibody
nivolumab in combination with nivolumab alone. The
median PFS was 10.1 months (95% CI: 6.4−15.7) with
relatlimab–nivolumab as compared with 4.6 months
(95% CI: 3.4−5.6) with nivolumab (HR = 0.75, 95% CI:
0.62−0.92, p = 0.006) [53]. Opdualag, consisting of re-
latlimab and nivolumab, was approved by the FDA for
treating adult and pediatric patients 12 years of age or
older with unresectable or metastatic melanoma
in 2022.

In addition to CTLA4, PD‐1, PD‐L1, and LAG‐3,
increasing evidence has revealed other promising
immune targets, including T‐cell immunoglobulin‐3
(TIM‐3), T‐cell immunoreceptor with immunoglobulin
(Ig) and tyrosine‐based inhibitory motif (ITIM) domain
(TIGIT), and ligands of the B7 family (B7‐H3, B7‐H4,
and B7‐H5) [54, 55]. TIM‐3 is expressed on activated
CD4+ T cells, CD8+ T cells, DCs, monocytes, and other
lymphocyte subsets that can produce interferon‐γ
(IFN‐γ) [56, 57]. The interaction between TIM‐3 and
galectin‐9 leads to T cell exhaustion within tumors [58].
A number of studies have documented that targeting
both TIM‐3 and PD‐1 pathways shows better efficacy in
alleviating T‐cell dysfunction than targeting either
pathway alone [59–61]. Ongoing clinical trials are
assessing the effectiveness of anti‐TIM‐3 or anti‐TIM‐3/
PD‐1 therapies in tumor treatment (NCT02608268;
NCT03099109; NCT02791334; NCT03752177; and
ChiCTR2100045310) [62–65]. TIGIT is an suppressive
immunoreceptor that is found on a range of immune

UPDATE ON IMMUNOTHERAPY‐MEDIATED COLITIS: CLINICAL FEATURES, MECHANISMS, AND MANAGEMENT | 227



cells, such as effector CD4+ T cells, effector CD8+ T
cells, follicular helper CD4+ T cells, Tregs, and natural
killer (NK) cells [66, 67]. Upon T‐cell activation, TIGIT is
expressed and inhibits co‐stimulation by binding to
three receptors, CD155, CD112, and CD113, comple-
menting the function of CD226 [66, 68]. Recent clinical
research has explored the effectiveness of more than

10 antibodies targeting TIGIT, TIGIT/PD‐1, and TIGIT/
PD‐L1 in clinical research, including BGB‐A1217, SHS‐
006, IBI321, and so on (NCT02913313; NCT04150965;
NCT04047862; NCT04732494; NCT04746924; and
ChiCTR2100051282) [69, 70]. Besides PD‐L1 (B7‐H1),
other B7 family members include B7‐1 (CD80), B7‐2
(CD86), B7‐DC (PD‐L2/CD273), B7‐H2, B7‐H3,

TABLE 1 Approved ICIs and their indications.

Target Name Approval Tumor type

PD‐1 Pembrolizumab NMPA/FDA NSCLC; melanoma; HNSCC; CRC; CHL; HCC; PMBCL; UC; EC; MSI‐H/dMMR solid
tumor; GC/GEJ; CC; BTC; MCC; RCC; CSCC; TNBC; TMB‐H solid tumor

Nivolumab NMPA/FDA NSCLC; HNSCC; MPM; EC; GC/GEJ/EAC; melanoma; RCC; UC; CHL; CRC;
HCC; EC

Toripalimab NMPA/FDA Melanoma; NPC; ESCC; NSCLC; RCC; UC

Cemiplimab FDA NSCLC; CSCC; basal cell carcinoma

Dostarlimab FDA EC; MSI‐H/dMMR solid tumor

Retifanlimab FDA MCC

Pucotenlimab NMPA MSI‐H/dMMR solid tumor; melanoma

Sintilimab NMPA HL; NSCLC; HCC; ESCC; GC/GEJ;

Tislelizumab NMPA NSCLC; HCC; NPC; UC; MSI‐H/dMMR solid tumor; CHL; ESCC; GC/GEJ

Penpulimab NMPA CHL; NSCLC; NPC

Zimberelimab NMPA CHL; CC

Serplulimab NMPA MSI‐H solid tumor; NSCLC; ES‐SCLC; ESCC

Camrelizumab NMPA NSCLC; HL; HCC; ESCC; NPC
HCC; ESCC; NPC

Prolgolimab RMH Melanoma

PD‐L1 Atezolizumab NMPA/FDA NSCLC; SCLC; HCC; melanoma; ASPS; TNBC; UC

Durvalumab NMPA/FDA NSCLC; SCLC; HCC; BTC; UC

Avelumab FDA RCC; MCC; UC

Envafolimab NMPA MSI‐H/dMMR solid tumor

Sugemalimab NMPA NSCLC; ESCC; GC/GEJ; ENKTL

Adebrelimab NMPA ES‐SCLC

Socazolimab NMPA CC

Benmelstobart NMPA ES‐SCLC

CTLA4 Ipilimumab NMPA/FDA MPM; RCC, NSCLC; HCC; CRC with MSI‐H/dMMR; melanoma; ESCC

Tremelimumab FDA HCC; NSCLC

PD‐1/
CTLA4

Cadonilimab NMPA CC

PD‐1/LAG‐3 Nivolumab/Relatlimab FDA Melanoma

Abbreviations: ASPS, alveolar soft part sarcoma; BTC, biliary tract carcinoma; CC, cervical cancer; CHL, classic Hodgkin's lymphoma; CRC, colorectal cancer;
CSCC, cutaneous squamous cell carcinoma; CTLA4, cytotoxic T lymphocyte antigen 4; EAC, esophageal adenocarcinoma; EC, endometrial cancer; ENKTL,
extranodal NK/T‐cell lymphoma; ESCC, esophageal squamous cell carcinoma; ES‐SCLC, extensive‐stage small‐cell lung cancer; FDA, Food and Drug
Administration; GC, gastric cancer; GEJ, gastroesophageal junction carcinoma; HCC, hepatocellular carcinoma; HNSCC, head and neck squamous cell carcinoma;
LAG‐3, lymphocyte activation gene‐3; MCC, Merkel cell carcinoma; MPM, malignant pleural mesothelioma; MSI‐H/dMMR, high microsatellite instability/mismatch
repair deficiency; NMPA, National Medical Products Administration; NPC, nasopharyngeal carcinoma; NSCLC, non‐small‐cell lung cancer; PD‐1, programmed cell
death protein 1; PD‐L1, programmed cell death ligand 1; PMBCL, primary mediastinal large B‐cell lymphoma; RMH, Ministry of Health of the Russian Federation;
RCC, renal cell carcinoma; TMB, tumor mutation burden; TNBC, triple‐negative breast cancer; UC, urothelial carcinoma.
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B7‐H4, B7‐H5 (VISTA [V‐domain Ig suppressor of
T‐cell activation]/PD‐1H), B7‐H6, and B7‐H7. Increas-
ing evidence has uncovered their roles in regulating the
immune responses in autoimmune diseases and can-
cers, which has been comprehensively reviewed
[71–73]. Briefly, B7‐H3 and B7‐H4 suppress the acti-
vation and function of T cells, and are effective in
suppressing proliferation, cytokine secretion, and
cytotoxic activity of stimulated T cells. Inhibition of
VISTA decreases the melanoma tumor load and cor-
relates with increased proliferation and effector capa-
bilities of both CD4+ and CD8+ T cells [48]. En-
oblituzumab (MGA271), which targets B7‐H3, has been
found to have a good safety and efficacy profile for the
neoadjuvant treatment in localized prostate cancer in
clinical trials (NCT02923180) [74]. The combination of
enoblituzumab and pembrolizumab leads to great ORR
(33%−35.7%) in patients with solid tumors
(NCT02475213) [75]. Other promising drugs, such as
FPA150 (anti‐B7‐H4) and CA‐170 (anti‐B7‐H5/PD‐L1)
are currently under investigation in clinical trials
(NCT03514121 and NCT02812875) [48].

THE CLINICAL AND BIOLOGICAL
FEATURES AND MANAGEMENT OF
IRAES

Various clinical trials have reported that ICIs improve
the prognosis of patients with various cancers, includ-
ing melanoma [76, 77] and NSCLC [15, 78, 79]. How-
ever, some patients with durable responses to ICIs
have reported experiencing a range of therapy‐related
toxicities, known as irAEs, which may result in the
discontinuation of the treatment [77, 80].

The incidence, frequency, and onset of irAEs
might differ based on a number of factors, including
the type of ICIs administered, cancer types, and
individual patient characteristics. The irAEs can
affect any organ network, including the gastro-
intestinal tract, skin, liver, endocrine system, lung,
and others. A prospective study, which involved 270
patients with advanced NSCLC who had received at
least one dose of either anti‐PD‐L1 (10.7%) or anti‐
PD‐1 (89.3%) therapy, revealed that 44% of these
patients developed irAEs of any grade. The most
frequently affected areas were the endocrine sys-
tem (20%), skin (7%), and gastrointestinal tract
(7%). [76]. Two other studies were conducted on
195 and 38 patients with NSCLC, respectively, who
were treated with nivolumab. The results showed
that the incidence of irAEs was 43.6% and 28.9%,
respectively [81, 82]. The irAEs typically manifested
after a median of 50 days, and the most common
sites were the endocrine system, gastrointestinal
tract, and skin [81, 82]. Two additional retrospective
studies have assessed the frequency of irAEs in

melanoma patients undergoing treatment with anti‐
PD‐1 antibodies. The studies found that the inci-
dence of irAEs is 59% and 49%, respectively, with
the skin, gastrointestinal tract, liver, and endocrine
system being the most commonly affected areas
[83, 84]. IMC is a condition marked by inflammation
of the colon following treatment with ICIs, especially
anti‐CTLA4 or combination therapy, and ranks the
first in the incidence of gastrointestinal adverse
reactions. Typical manifestations include abdominal
pain, rectal bleeding, and increased frequency of
stool [85]. In this section, we will focus on the inci-
dence, diagnosis, potential mechanisms, and man-
agement of IMC.

The incidence of IMC

The incidence of IMC may vary according to the
therapeutic agents administered and the types of
cancer. Previous studies have implied that patients
who receive anti‐CTLA4 antibodies have a higher
probability of developing IMC compared to those
treated with anti‐PD‐1 antibodies [86–88]. Patients
with melanoma experience a greater frequency of IMC
than those with other tumor types [87]. Results from a
randomized, open‐label, international phase Ⅲ trial
comparing nivolumab with docetaxel in treating
advanced non‐squamous NSCLC have demonstrated
that the median onset time for any grade of gastro-
intestinal irAEs induced by nivolumab was 4.7 weeks.
Additionally, the study found that grade 3−4 adverse
reactions occurred after an average of 11.7 weeks
(NCT01673867) [89]. Another phase Ⅲ trial compar-
ing nivolumab with docetaxel in advanced squamous
NSCLC showed that the occurrence rate of gastro-
intestinal irAEs of any severity level was 9%, and the
median time for it was 3.0 weeks. However, grade 3−5
adverse reactions were found to occur after
91.0 weeks [90]. In another case where NSCLC pa-
tients were treated with long‐term nivolumab,
immune‐related colitis was diagnosed 32.5 months
after treatment [91]. Moreover, pre‐existing auto-
immune diseases show higher potential risk of IMC. In
a retrospective, multicenter analysis of 102 cancer
patients with a history of inflammatory bowel disease
(IBD) undergoing ICI therapy, 41% of these patients
experienced gastrointestinal adverse events, which is
a rate higher than that observed in similar patients
without a pre‐existing IBD treated at the same facili-
ties (11%; p < 0.001) [92]. Another prospective study
has also shown a heightened vulnerability to irAEs
among patients with existing autoimmune deseases
who received anti‐PD‐1 therapy. [93]. This suggests
that having a prior IBD raises the risk of gastro-
intestinal adverse events in individuals undergoing ICI
treatment.
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Clinical symptoms of IMC

IMC can often resemble spontaneous autoimmune dis-
eases, such as IBD [5, 94]. IBD is generally categorized
into two primary forms: Crohn's disease (CD) and ulcer-
ative colitis (UC). CD is known to induce fissure ulcers
and can involve any segment of the gastrointestinal tract,
predominantly the terminal ileum and the perianal region,
in a segmental fashion. Consequently, CD frequently
leads to complications such as abscess formation, fistula
development, and stricture occurrence. On the other
hand, UC is defined by a continuous inflammatory pro-
cess that extends from the rectum upwards to the cecum.
Unlike CD, UC is typified by superficial ulceration with
mucosal hyperemia, edema, and increased fragility
[95–97]. Histopathologically, CD presents as a crevice‐
like ulcer, non‐caseous granuloma, and lymphocyte
accumulation in the submucosa, while UC presents as
full‐thickness diffuse inflammation of the lamina propria,
crypt abscess, and significant abnormality in crypt archi-
tecture, with decreased goblet cells.

IMC shares similarities with UC, such as gastro-
intestinal mucosa inflammation. It results in a few compli-
cations such as fistulas and intestinal strictures since
it rarely invades the muscularis [94]. Additionally,
inflammation is typically continuous and can cause pan-
colitis [94]. Despite these similarities, there are notable
differences between the two. IMC can affect the small
intestine, while UC primarily occurs in the colon [98, 99].
IMC can also cause severe complications like intestinal
obstruction, toxic megacolon, peritonitis, intestinal perfo-
ration, and death [100–102]. However, UC is mostly
chronic intestinal inflammation and rarely results in severe
complications at the onset of symptoms. IMC does not
recur after the initial inflammation subsides and rarely
develops into a chronic inflammatory syndrome. In con-
trast, UC is a chronic inflammation that can be acute
[95–97]. Lastly, an increase in lamina propria mononuclear
cells, neutrophilic cryptitis or crypt abscesses, and mild
apoptosis can be seen in IMC, while chronic changes in
epithelial structure and granulomas are rare. Acute epi-
sodes of UC often present as neutrophil infiltration with
chronic changes in epithelial structure [3, 99, 103].

Although immunotherapy can cause IMC, most of them
are mild. In the era of precision medicine, it is important to
find the mechanism of IMC for better treatment effects.

Diagnosis of IMC

Diagnosing IMC requires a combination of clinical
manifestations, laboratory tests, imaging exams, en-
doscopy, and biopsy. The clinical symptoms of IMC are
often nonspecific and may include diarrhea, abdominal
pain, nausea, vomiting, hematochezia, and fever. The
prevalence of diarrhea in IMC is the highest among its
symptoms, and its severity is gauged by the Common
Terminology Criteria for Adverse Events (CTCAE,
version 5), a system established by the National Can-
cer Institute (Table 2) [99, 104]. When patients under-
going treatment with ICIs experience gastrointestinal
adverse reactions, it is important to conduct a thorough
differential diagnosis. This may include a detailed his-
tory, physical examination, and a fecal microbiological
examination for parasites, intestinal bacteria, and
Clostridium difficile [105]. However, other diseases,
such as hyperthyroidism, infections, and electrolyte
disorders, can cause similar gastrointestinal symp-
toms. Changes in thyroid hormone, whole blood
counts, albumin, C‐reactive protein (CRP), and total
immunoglobulin A can assist in the diagnosis of IMC,
which can be considered as an exclusive diagnosis
[105, 106]. In some patients with IMC, elevated fecal
calprotectin can be detected. It may also show positive
results for anti‐Saccharomyces cerevisiae antibodies
(ASCA) and perinuclear antineutrophilic cytoplasmic
antibodies [5]. IMC has the potential to escalate into
severe complications, including ileus, toxic megacolon,
peritonitis, and bowel perforation. These complications
can be detected through imaging studies, with com-
puted tomography (CT) being the preferred mode,
which has a sensitivity of 53% and a specificity of 78%
[4, 100, 106–109]. Endoscopy is an important auxiliary
means for the diagnosis of IMC, especially for grade
3−4 colitis. Some patients may also need to undergo
continuous endoscopy since unexpected endoscopic

TABLE 2 Grading of IMC.

Grade
Increased number of stools/
days over baseline

Degree of increase in ostomy
output compared to baseline Colitis

Grade 1 < 4 Mild Asymptomatic; clinical or diagnostic
observations only

Grade 2 4−6 Moderate Abdominal pain; mucus or blood in stool

Grade 3 ≥ 7 Severe Severe abdominal pain; peritoneal signs

Grade 4 ≥ 7 Severe Life‐threatening consequences; urgent
intervention indicated

Grade 5 Death
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normality cannot be ruled out [105]. A recent clinical
cross‐sectional study showed that a flexible sigmoido-
scopy is adequate for diagnosing IMC compared to
colonoscopy [110]. Early endoscopy can also assess
prognosis. It is reported that patients who had endo-
scopy performed within seven days after the onset of
IMC experienced a shorter duration of IMC symptoms
and a reduced period of steroid therapy compared to
those who had endoscopy after the first seven days of
IMC onset (p = 0.026 and p = 0.053, respectively) [111].
Moreover, endoscopy with biopsy is regarded as the
gold standard for diagnosing numerous gastrointestinal
conditions, and it is equally essential for confirming IMC
and assessing the severity of the disease's activity. As
mentioned above, IMC is characterized by acute
inflammation, which is mainly manifested by obvious
lamina propria neutrophil infiltration, although chronic,
acute chronic, and microscopic colitis also can be seen
[4, 106]. Interestingly, scientists identified signs of IMC
in biopsied tissue with a normal appearance. Out of 51
symptomatic patients with IMC, 35 (which is 68.6%)
had such evidence discovered in their biopsies [110].
This suggests that biopsy samples should be collected
from both areas of mucosa that appear normal and
those exhibit abnormal characteristics.

Potential cellular mechanisms
underlying IMC

In this section, we will focus on recent studies on the
potential cellular mechanisms of IMC (Figure 2).

Cross‐reactivity to shared antigens or loss of
self‐tolerance

There are two potential mechanisms of irAEs. Firstly,
the autoimmune T cells primed in the tumor micro-
environment (TME) become mature in regional sec-
ondary lymphoid tissues and travel to the inflamed
organs which share the same antigens with cancer
cells [112]. In PD‐1 inhibitors‐treated NSCLC pa-
tients who underwent immune‐mediated skin inflam-
mation, IFN‐γ+ T cells are infiltrated in both lung
tumor tissues and normal skin tissues, which share
the same T‐cell clones specific for desmocollin 3,
keratin 6, maspin, LL37, and keratin 14 [113]. How-
ever, the presence of shared antigens of colon and
tumor tissues has not been identified. The discovery
of similarities between certain microbial epitopes and
tumor antigens suggests that colitis may be a

F IGURE 2 Cellular mechanisms of IMC. While ICI exerts antitumor effects, it causes changes in the intestinal microenvironment, which
participate in the development of IMC. The populations of CD21−/low B cells, NK cells, macrophages, T helper type 17 (Th17) cells, Th1 cells,
and DCs are increased, while the populations of circulating B cells, Tregs, and Trm cells are decreased in the intestines. Macrophages secrete
chemokines (C‐X‐C motif) ligand (CXCL)−9/10, which can recruit CD4+ and CD8+ effector T cells. DCs secrete interleukin 23 (IL‐23), which can
activate CD4+ and CD8+ cells. Th17, Th1, and activated T cells can secret IL‐17, IFN‐γ, tumor necrosis factor‐α (TNF‐α), IL‐2, and IL‐6, which
ultimately promote the development of colitis. An increase in Salmonella, Faecalibacterium, Proteus mirabilis, and Bacteroides dorei, and a
decrease in Barnesiellaceae, Rikenellaceae, and Bacteroidaceae have been reported.
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consequence of shared epitopes between tumor an-
tigens and gut microbiota antigens [114, 115]. Sec-
ondly, ICIs also decrease the self‐tolerance of tissue‐
resident or central memory T (Trm) cells, leading
to the infiltration of immune cells in normal tissues
[116, 117]. However, it remains unclear whether this
inflammation is resulted from a loss of self‐tolerance
of immune cells, or a loss of tissue‐specific
homeostasis due to disturbances in Treg activity,
which requires further investigation.

Fc fragment‐induced antibody‐dependent
cell‐mediated cytotoxicity (ADCC) and
antibody‐dependent cell‐mediated
phagocytosis (ADCP) effect

The ADCC and ADCP effects induced by the Fc fragment
of the anti‐CTLA4 antibody may damage the intestine,
causing IMC. When antibodies are digested by papain,
three protein fragments are produced. Two of the frag-
ments, called Fab fragments, contain specific binding sites
for antibodies and antigens, while the third fragment, which
is known as the Fc fragment, crystallizes quickly. The Fab
fragment needs to connect to Fc through a protein frag-
ment called the hinge domain of antibodies [118]. The
plasma cell‐produced Fab fragment binds to antigens on
the surface of normal cells, while the Fc fragment binds to
NK cells and macrophages, resulting in ADCC and ADCP,
which can damage normal tissues [119, 120]. In the
mouse models of colon adenocarcinoma tumor and mela-
noma, the antitumor efficacy of anti‐CTLA4 antibodies
requires Fc‐effector function [121, 122]. A further study
reported that intestinal inflammation was detected in mice
administered Fc‐effector CTLA4 antagonists but not Fc‐
mutant or Fc‐null CTLA4 antagonists, which indicates that
effectors are important for the development of en-
teritis [123].

Changes in circulating B cells

Research has shown a reduction in B cell number cou-
pled and an upsurge in distinctive CD21−/low B cells
during the initial phase of combined checkpoint blockade
(CCB) that target CTLA4 and PD‐1 receptors in mela-
noma patients [124]. CD21−/low B cell is a type of circu-
lating B cell that has been demonstrated to be insensitive
to proliferation caused by B‐cell receptor (BCR) and/or
CD40. However, it expresses autoreactive antibodies
originating from the germline that can recognize both
nuclear and cytoplasmic components. [125]. Studies
have also suggested that CD21−/low B cells could be
rapidly activated and cause tissue damage after check-
point blockade [126–128]. Therefore, the proliferation of
CD21−/low B cells could potentially trigger the onset of
autoimmune diseases. It is noteworthy that the the

degree of early reduction in B cell number following
treatment correlates directly with the occurrence timing of
toxic reactions and the maximum toxicity grade [124].
However, the mechanism of circulating B cell reduction
remains unclear.

Imbalance of T‐cell populations

T cells are believed to be the main cause of anti‐PD/
anti‐CTLA4‐induced inflammation in the intestines [123].
In UC, CD, and ICI‐induced colitis, there is an increase
in proliferating T cells, and the increase is prominent in
colitis [117, 129, 130]. Through a comprehensive single‐
cell analysis of IMC patient samples, researchers found
that T cells evolve from tissue‐resident Trm cells to
cytotoxic circulating effector T cells during the develop-
ment of colitis [117]. Therefore, it is generally hypothe-
sized that the activation of tissue‐resident CD8+ T cells
recruits additional CD8+ and CD4+ T‐cell populations
from the bloodstream, which significantly contributes to
the development of colitis [117]. Monoclonal blockade of
CTLA4 intensifies the activation of CD4+ and CD8+

T cells, leading to the secretion of cytokines like tumor
necrosis factor (TNF), IFN‐γ, and interleukin‐2 (IL‐2).
This, in turn, further stimulates the proliferation and
activation of T cells [131]. The activation of T cells
through co‐antigens or cytokines can cause irAEs.

The imbalance between the anti‐inflammatory effect of
Tregs and the pro‐inflammatory effect of T helper type 17
(Th17) cells may lead to IMC. Tregs are the predominant
suppressor cells within the TME which are defined by by
the expression of the transcription factor FoxP3 (forkhead/
winged helix transcriptional factor P3) and CTLA4. They
play a vital role in immunological regulation, such as cell‐
cell contact inhibition with the secretion of inhibitory mole-
cules [132, 133]. A study in the mouse model of melanoma
showed that anti‐CTLA4 reduces the activation of Tregs
infiltrated in the tumors [134]. Additionally, Fc effector‐
modified anti‐CTLA4 antibodies with high ADCC and
ADCP activities selectively depleted CTLA4+FoxP3+

Tregs, and consequently expanded tumor‐antigen–
specific CD8+ T cells, thus evoking tumor immunity and
inducing colitis [135, 136]. A clinical study involving meta-
static melanoma patients who received anti‐CTLA4 (tre-
melimumab) therapy has shown that patients who ex-
perienced autoimmune toxicity during the first cycle of
treatment had a significant increase in Th17 cells
(NCT00471887) [137]. Th17 cells are considered to be
central to the pathogenesis of certain types of IBD and
have developmental plasticity [138, 139]. Th17 cell pre-
cursors can differentiate into Th17 cells that retain the
IL‐17A phenotype, and Th1‐like cells that lack IL‐17 ex-
pression but acquire IFN‐γ expression [138]. One study in
the mouse model of colitis stated that the development of
colitis requires the transition of Th17 precursors to Th1‐like
cells [138]. Another study reported that increased levels of
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IL‐17 correlate with grade 3 diarrhea/colitis in melanoma
patients receiving neoadjuvant treatment with ipilimumab
(NCT00972933) [140]. Moreover, infiltration of the mucosa
by neutrophils and lymphocytes, as well as significant
upregulation of the Th1 and Th17 effector pathways were
observed in colon biopsies from melanoma and RCC pa-
tients who experienced colitis following anti‐CTLA4 ther-
apy. The increase was more than 10‐fold and 5‐fold for
IFNγ and IL17A mRNA, respectively [98, 141].

Potential role of cytokines

Cytotoxicity molecules (perforin [PRF1], granzyme B
[GZMB], granzyme A [GZMA]), interferon‐responsive
genes (CXCL10), as well as IL‐23 and its key target sig-
nal transducer and activator of transcription 3 (STAT3), are
significantly upregulated in patients who experience colitis
subsequent to treatment with the combination of CTLA4
and PD‐1 immunotherapy [142, 143]. IL‐23 blockade at-
tenuates key colitis features, including significant reduction
in colonic mass, histological scoring, and the infiltration of
neutrophils in the colon. Further study has shown that IL‐
23 blockade decreases the number of CD4+ T cells pro-
ducing IFN‐γ, and particularly those co‐producing both
IFN‐γ and TNF‐α in the colon in IMC patients [143]. IFN‐γ
is involved in the development of colitis as mentioned
above. Mechanistic studies have revealed that IL‐23 might
promote the development of colitis by augmenting the
population of IFN‐γ‐secreting CD4+ T cells via the stimu-
lation of transcription factors (STAT3, the nuclear factor of
activated T‐cell cytoplasmic 1 [NFATc1], and T‐bet),
mitogen‐activated protein kinase (MAPK) pathways (the
extracellular signal‐regulated kinases 1 and 2 [ERK1/2],
p38 MAPK), signaling molecules (Phospholipase C
gamma 2), and other kinases (Protein Kinase C Delta
[PRKCD], spleen tyrosine kinase [Syk]) implicated in
inflammatory diseases [143].

Another study showed that IL‐6 expression level
is elevated in colitis compared to normal intestinal tis-
sues [144]. IL‐6 serves as a pro‐inflammatory cytokine,
capable of promoting the differentiation of naive CD4+

T cells into Th17 cells [145]. In the melanoma mouse
model, IL‐6 blockade significantly reduces the number of
Th17 cells and increases the number of CD4+/CD8+

effector T cells, alleviating encephalomyelitis while pro-
moting antitumor effects [144]. In a clinical trial involving
20 solid tumor patients with ICI‐induced arthritis or
colitis, the IL‐6 inhibitor tocilizumab demonstrated en-
couraging therapeutic results and exhibited a favorable
safety profile (NCT03601611) [146]. Therefore, it is
assumed that IL‐6 is involved in the development of
colitis. The ability to retain lymphocytes in the gut
mucosa is contingent upon the presence of the α4β7
integrin, and elevated expression of genes encoding
α4β7 integrin receptors (ITGA4 and ITGB7) are
observed in colitis‐associated T‐cell clusters [117, 147].

Infliximab (IFX), a TNF‐α antagonist, and vedolizumab,
an α4β7 antagonist, have shown therapeutic effects in
steroid‐refractory immune‐mediated diarrhea and colitis
(IMDC), suggesting that cytokines or integrins contribute
to the progression of IMDC [148–152]. However, the
detailed mechanism is unknown.

Intestinal bacteria

Intestinal bacteria play a prominent role in maintaining
homeostatic intestinal microenvironment and the devel-
opment of intestinal inflammation. Recent studies have
confirmed that microorganisms contribute to the patho-
genesis of IMC [153–155]. For instance, Proteus mira-
bilis and Salmonella are known to cause the progression
of IBD [156, 157]. Additionally, intestinal bacteria may be
linked to the deterioration of intestinal symptoms after
immunotherapy. In a clinical trial of 26 patients with
metastatic melanoma treated with Ipilimumab, patients
were grouped based on the gut microbial 16S rRNA
gene sequencing data. Faecalibacterium and other
Firmicutes were enriched in group A, Bacteroides was
enriched in group B, and Prevotella was enriched in
group C. The findings indicated that patients in group A
presented a higher susceptibility to colitis, while patients
in group B were less likely to develop colitis [153].
Faecalibacterium can upregulate antigen presentation
and enhance effector T‐cell function, which amplifies
systemic immune response. It not only augments the
tumor‐inhibiting efficacy of ICIs but also promotes the
attack of immune cells on normal intestinal mucosa,
thereby inducing IMC [153]. A further prospective
investigation of individuals afflicted with metastatic mel-
anoma undergoing ipilimumab treatment has shown that
three of the Bacteroidetes phylum families (Bacter-
oidaceae, Rikenellaceae, and Barnesiellaceae) have
higher abundance in colitis‐free patients. A scarcity of
microbial genetic pathways related to polyamine trans-
port and B vitamin biosynthesis is correlated with a
heightened susceptibility to colitis [154]. Similarly, stud-
ies have shown that patients with an elevated abun-
dance of Bacteroides dorei within their gut microbiota
exhibit an increased risk of experiencing severe irAEs,
while patients with a predominance of Bacteroides vul-
gatus have a lower risk of irAEs [155]. Furthermore,
patients experiencing severe irAEs (grades 3–5) exhibit
a notably increased presence of Streptococcus, Pae-
calibacterium, and Stenotrophomonas, whereas those
with mild irAEs (grades 1–2) demonstrate a higher
concentration of Faecalibacterium and unidentified
Lachnospiraceae [158]. The above studies indicate that
specific strains of bacteria might contribute to ICI‐
associated IMC.

Reduced diversity of the gut microbiome is also a
contributing factor to the development of IMC [159]. A
low diversity of gut microbiota is often indicative of a
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delicate gut homeostasis, which can easily be dis-
rupted by ICIs and antibiotic interventions [159–161]. In
a research study involving 65 patients with advanced
HCC undergoing anti‐PD‐1 treatment, the comparative
analysis of the relative abundance of various phyloge-
netic levels within the gut microbiome was conducted
between patients who exhibited a clinical benefit
response (CBR) and those who did not show a clinical
benefit (nonclinical benefit, NCB). The results showed
that the composition of the gut microbiome in the group
with CBR tends to be relatively stable at the phylum
level throughout the treatment, while the microbial
diversity in the NCB group seems to decrease [162]. In
a clinical study, 140 out of 568 melanoma patients
treated by ICI received antibiotics priorly. The result
showed that antibiotic exposure is correlated with an
increased prevalence of colitis (HR = 2.14, 95% CI:
1.02−4.52, p = 0.46) [161]. Another observational study
involving 832 patients who received anti‐PD‐1 therapy
showed that 42 patients with antibiotic exposure de-
veloped severe irAEs with grades of 3 or higher. The
univariate (HR = 4.36, 95% CI: 1.81−9.71, p < 0.001)
and multivariate analyses (HR = 4.39, 95% CI: 1.81−
10.64, p = 0.001) displayed that antibiotic exposure is
linked to the development of severe irAEs [163]. These
studies imply the close relationship between microbiota
diversity and colitis, as well as the therapeutic efficacy.
High diversity might benefit ICI treatment and lower the
risks of IMC.

Molecular mechanisms of IMC

Genetic variants

Varying incidence of IMC among individuals suggests
genetic susceptibility as a potential factor. A high‐density
genotype analysis showed that 18 single variants have
more than 95% correlation with CD or UC [164]. Another
study reported that more than 200 risk variants in the
human genome are associated with IBD enteritis [165].
However, there is still a deficiency of relevant reports on
the role of genetic variants in IMC. Performing high‐
resolution fine mapping on a large cohort could convert
the results of numerous genomic association studies
into identifiable causal variants, laying a foundation for
experimental clarification of disease mechanisms [166].

MicroRNAs (miRNAs)

miRNAs are a type of noncoding RNAs (ncRNAs).
Current research indicates that miRNAs are the pre-
dominant class of ncRNAs that modulate immune
checkpoint signaling pathways [167]. For example, miR‐
28 plays a role in cytotoxic T‐cell activity and antitumor
responses [168, 169]. Therefore, we speculated that

miRNAs may play a role in regulating immunotoxicity.
One study demonstrated that mice lacking miR‐146a
showed greater inflammatory activity in the lung, liver,
colon, and skin, and experienced increased severity of
adverse effects after ICI treatment [170]. Further study
found that single‐nucleotide polymorphism (SNP)
rs2910164, which causes an approximately two‐fold
reduction in miR‐146a expression, is correlated with a
heightened risk of severe irAEs, diminished PFS, and
elevated neutrophil counts both at baseline and
throughout ICI therapy, which indicates the relationship
between miRNA and irAEs [170].

Currently, there are few reports describing the
molecular mechanisms of adverse effects caused by
ICI treatment. This is partly owing to the absence of
suitable animal models that can accurately mimic clin-
ical events. Commonly used models of enteritis, such
as dextran sulfate sodium (DSS)‐induced models, do
not respond well to enteritis in patients after ICI treat-
ment. However, a study by Park et al. successfully
developed a mouse model engrafted with hCD34+ that
can be monitored for long‐term immunity. The model
was used to demonstrate the antitumor effect of anti‐
PD‐1 antibodies and offered the first in vivo system for
assessing the sustained efficacy of antitumor immu-
notherapy and biomarkers [171]. Recently, a study re-
ported the development of a novel C57BL/6 mouse
model that was crossed with autoimmune predisposed
MRL/lpr mice. These mice are more susceptible to
inflammation in the liver, colon, lung, and pancreas
after exposure to both anti‐PD‐1 and anti‐CTLA4 anti-
bodies, and subsequent to an MC38 (a mouse colon
adenocarcinoma cell line) tumor challenge [172]. The
establishment of these models will assist researchers
in further investigating the mechanisms behind irAEs.

Prediction of IMC

Early intervention can be performed by using pre-
dictive biomarkers in patients to minimize the occur-
rence and development of adverse reactions
[173–175]. Predicting the onset of IMC before ICI
treatment can be based on the low levels of Treg, IL‐
6, IL‐8, soluble IL‐2 receptor alpha chain (sCD25),
and gut microbial diversity, and high levels of IL‐17
[140, 153, 154]. The progression of IMC during ICI
treatment can be predicted by elevated white blood
cell (WBC) count and reduced relative lymphocyte
count (RLC) [176]. In addition, CRP levels may be
useful in assessing the initial severity of IMC,
including the severity levels of diarrhea and colitis, as
well as the intensity of endoscopically observed
inflammation [177]. Fecal calprotectin levels could act
as a noninvasive biomarker for predicting endoscopic
and histologic remission in patients undergoing
treatment for IMC, potentially reducing the necessity
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for frequent endoscopic procedures [178]. Preclinical
studies have suggested the value of CD4+ T cells in
predicting IMC, however, it is not considered to be
powerful enough to reliably identify susceptible in-
dividuals [179]. Big data, such as clinical records,
real‐world datasets, and multi‐omics data, can be
analyzed to characterize irAEs more precisely, which
has been well reviewed [180]. Recently, a real‐time
single cytokine counting platform using a digital na-
nopillar surface‐enhanced Raman scattering (SERS)
technique was developed to monitor immune toxi-
cities [181]. Table 3 summarizes some biomarkers
that can be used for the prediction of IMC.

TREATMENT OF IMC

Current clinic treatment of IMC

After the occurrence of colitis, immunotherapy and
treatment of colitis should be weighed, and the treat-
ment regimen should be adjusted according to the
patient's diarrhea, the grade of colitis, and the in-
dividual's condition [182–184].

When grade 1 diarrhea occurs and no other symp-
toms of enteritis and infection are diagnosed, lactoferrin
needs to be closely monitored, especially when the
symptoms persist or progress. If lactoferrin is negative,
conservative treatment can be adopted, including hydra-
tion, administration of loperamide or besylate/atropine to

ameliorate diarrhea, and supplement of methylamine or
cholestyramine when necessary. If lactoferrin is positive
during disease surveillance, early endoscopy including
flexible sigmoidoscopy and biopsy is recommended, and
treatment can be based on grade 2 [182–185]. When
grade 2 diarrhea occurs, immunosuppressants such as
corticosteroids and monoclonal antibodies are the main-
stay of treatment [103]. Corticosteroids are regarded
as the primary treatment option and have been found to
be effective in 87.5% of patients [186]. Prednisone/
methylprednisolone (1mg/(kg*day)) is recommended. If
no improvement is observed within 48 h, the corticosteroid
dose can be increasd to 2mg/(kg*day) prednisone/
methylprednisolone. Corticosteroids need to be tapered
over 4−6 weeks when a reduction to G1 or milder
symptoms is attained. Anti‐PD‐1/PD‐L1 monotherapy
can be resumed once corticosteroids are reduced to
≤ 10mg/day and the patient remains asymptomatic with a
toxicity (≤G1) [184]. The American Society of Clinical
Oncology (ASCO) does not recommend resumption of
anti‐CTLA4 therapy since the high risk of gastrointestinal
irAE recurrence is at 44% [187]. Monoclonal antibodies,
primarily IFX and vedolizumab, are used for the treatment
of steroid‐refractory IMC. Research indicates that admin-
istering IFX or vedolizumab within the first 10 days of
colitis onset can decrease symptom duration and en-
hance the efficacy of steroid treatments [188–190]. Given
the similarity of IMC and IBD in pathogenesis, clinical
presentation, endoscopic, and histopathological features,
although prospective studies guiding the dosing

TABLE 3 Current biomarkers of IMC in clinics.

Biomarker Connection
Tissue
source Cancer type Treatment

Tregs [153] A low baseline proportion of Tregs is associated with colitis Blood Metastatic
melanoma

Ipilimumab

Baseline gut
microbiota [153]

Reduced bacterial diversity is associated with colitis Fecal Metastatic
melanoma

Ipilimumab

IL‐6, IL‐8, and
sCD25 [153]

Lower levels of IL‐6, IL‐8, and sCD25 are associated with
colitis

Blood Metastatic
melanoma

Ipilimumab

Firmicutes [153] Enrichment of firmicutes is associated with colitis Fecal Metastatic
melanoma

Ipilimumab

Bacteroidetes [153, 154] Enrichment of Bacteroidetes is associated with a reduced
incidence of colitis.

Fecal Metastatic
melanoma

Ipilimumab

IL‐17 [140] High levels of IL‐17 are associated with grade ≥3 colitis Blood Metastatic
melanoma

Ipilimumab

Routine blood
count [176]

Increased WBC count and decreased RLC are associated
with gastrointestinal toxicities

Blood Melanoma Nivolumab

CRP [177] A higher CRP level is associated with a higher grade of
clinical symptoms of colitis

Blood Various tumor
types

ICIs

Calprotectin [178] High fecal calprotectin concentrations are associated with
evident endoscopic inflammation and acute/chronic active
colitis

Fecal Various tumor
types

ICIs

Abbreviations: CRP, C‐reactive protein; RLC, relative lymphocyte count; WBC, white blood cell.
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schedules for IFX and vedolizumab are currently lacking,
the suggested dosages are 5–10mg/kg for IFX and
300mg/dose for vedolizumab [148, 191]. During treat-
ment, multiple endoscopies are necessary to determine
response [151].

For grade 3−4 patients, hospitalization is necessary
due to systemic manifestations, such as fever, tachycar-
dia, and dehydration, as well as electrolyte imbalances
[192]. Intravenous (IV) prednisone/methylprednisolone
(1−2mg/(kg*day)) is primary. If it is refractory to or not
improved with IV corticosteroids, prednisone/methyl-
prednisolone (2mg/(kg*day)) needs to start for three days.
Patients refractory to corticosteroids may be treated with
IFX or vedolizumab [184]. When symptoms show no signs
of improvement within 4−6 weeks, immunotherapy needs
to be discontinued in grade 3 patients, and ICIs should be
permanently discontinued in grade 4 patients [184]. In
addition, it is reported that two instances of IMC that were
unresponsive to IV corticosteroids and biological therapies
were effectively managed through fecal microbiota trans-
plantation from healthy donors, which reveals the thera-
peutic role of microbiota in colitis [193].

Efforts to uncouple irAEs from antitumor
effect

The occurrence of irAEs has forced some patients to
stop immunotherapy. Therefore, scientists are still ex-
ploring more immunotherapeutic targets or other
strategies to ameliorate irAEs while preserving the
antitumor effect of immunotherapy.

Cytokine therapy is considered to be able to uncouple
the toxicity and antitumor efficacy of immunotherapy
[175]. An anti‐IL‐17 monoclonal antibody, secukinumab,
was reported to treat two patients with melanoma and
NSCLC, respectively. The results have shown that pa-
tients' dermatologic irAEs were resolved without abolish-
ing the antitumor effect [194, 195]. In the transplantable
colon adenocarcinoma mouse model, anti‐PD‐1 and anti‐
CTLA4 monoclonal antibodies exert significant antitumor
effects but also exacerbate autoimmune colitis. The
application of anti‐TNF antibodies not only increases an-
titumor efficacy but also relieves colon inflammation [142].
Inhibition of IL‐6 has been found to alter the Th17‐Treg
balance without inhibiting the CD4+ T‐cell subtypes that
support cancer cell attacks [145, 196]. The IL‐6 inhibitor
tocilizumab has been suggested to have good clinical
efficacy in IMC [146]. Multiple cytokines are suspected to
contribute to the development of IMC, and targeting these
cytokines might have a potential dual benefit in preventing
IMC while promoting antitumor immunity.

Oncostatin M (OSM) is a member of the glycoprotein
130 (gp130) (IL‐6/leukemia inhibitory factor [LIF]) cytokine
family. It attaches to the heterodimeric receptors com-
posed of gp130 and either the OSM receptor (OSMR) or
LIF receptor‐β (LIFR), thereby triggering the activation of

the Janus kinase (JAK)‐STAT pathway, the PI3K‐Akt
pathway, and the MAPK cascade, which are involved in
physiological processes and diseases such as hemato-
poiesis, central nervous system development, liver
regeneration, and cancers [197–199]. Overexpression of
OSM is believed to contribute to the development of vari-
ous types of tumors. For example, OSM stimulates the
expression of fascin in a STAT3‐dependent manner, which
in turn promotes the migratory and invasive characteristics
of breast cancer cells [200]. In cervical squamous cell
carcinoma, OSM stimulates inflammation and angiogene-
sis, which promotes the progression [201]. In pancreatic
ductal adenocarcinoma (PDAC), OSM binds to gp130/
OSMR, which leads to the activation of JAK1/2, inducing
phosphorylation and dimerization of STAT3, and subse-
quently, STAT3‐driven transcription of Zeb1 (zinc finger
E‐box‐binding homeobox 1, or transcription factor 8
[TCF8]), Snail (zinc finger protein SNAI1), andOSMR. The
positive feedback loop potentiates the mesenchymal/can-
cer stem cell (CSC) phenotype [202]. Interestingly, an SNP
within the human OSM gene locus has been identified to
have a strong correlation with the risk of developing IBD
[165]. Colonic biopsies from patients with IBD also
revealed elevated expression levels of OSM and OSMR,
which correlate positively with the severity of the disease in
IBD [199]. An elevated pre‐treatment expression of OSM
is strongly linked to the ineffectiveness anti‐TNF therapy in
IBD [199]. Therefore, OSM/OSMR signaling exerts dual
impacts on IBD and tumor progression. Studies in mice
have shown that drugs such as berberine, Ilex rotunda
Thunb (IR), and Feiyangchangweiyan capsule (FYC)
reduce intestinal inflammation in UC by modulating the
OSM/OSMR pathway, resulting in the alleviation or treat-
ment of UC. Considering the similarity of the mechanisms
and clinical manifestations of IBD and IMC, targeting OSM/
OSMR in OSM/OSMR high‐expressing tumors might be
one of the strategies to augment antitumor efficacy and
prevent IMC. However, investigations are still required to
study the regulatory role of OSM/OSMR in IMC.

Clofazimine (CLF) was originally approved as a
medication for leprosy. A recent study has indicated that
CLF reverses resistance to anti‐PD‐1 and CTLA4 ICB,
and reduces lethal irAEs [203]. Mechanistically, CLF
enhances the transcriptional activity of E2F transcription
factor 1 (E2F1), which induces Tcf7 promoter activation
and increases Tcf1 expression, thereby amplifying the
tumor‐inhibiting potency of cytotoxic T lymphocytes
specific to tumor antigens and reducing pathogenic
Th17 differentiation to attenuate irAEs [203]. A recent
study proposed that pH‐sensitive anti‐CTLA4 antibodies
bind to CTLA4 in a pH‐dependent manner. The anti-
bodies detach from CTLA4 under low pH conditions,
enabling CTLA4 to be redeployed to the cell surface,
while antibodies protected from degradation are reused.
Recycling of CTLA4 increases the ligand density of anti‐
CTLA4 antibodies for better ADCC, and the increased
bioavailability of the antibodies enhances the antitumor
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effect. Besides, the use of pH‐sensitive antibodies has
been found to reduce the incidence of irAEs. One pos-
sible reason is that the increased CTLA4 on host tissue
reduces immune cell attacks on itself [133]. Overall, pH‐
sensitive anti‐CTLA4 antibodies may be a more effective
strategy with safety, which needs to be verified in further
preclinical and clinical studies. Another study indicated
that anti‐PD‐1 and anti‐CTLA4 antibodies could com-
plement each other to provide a stronger antitumor
effect without Fcγ receptor (FcγR) engagement since
FcγR involvement mediates ADCC and ADCP that
could potentially harm other organs, including the gas-
trointestinal tract [123]. Therefore, using CTLA4 an-
tagonists lacking Fc‐effector functionality may minimize
intestinal inflammation while maintaining the potent
combined antitumor efficacy with anti‐PD‐1 antibodies.
However, its clinical use needs to be explored.

CONCLUSION

On the one hand, the occurrence of IMC might indicate a
benefit from ICIs. On the other hand, severe IMC greatly
influences the quality of life and might cause death,
which brings a cease to ICIs. Therefore, it is crucial to
balance the efficacy and safety of ICI therapy. Firstly, the
biomarkers with more specificity and accuracy to distin-
guish IMC from IBD might improve early diagnosis and
predict the response to ICIs. Therefore, further cohort
studies of IMC are needed to screen promising predictive
and prognostic biomarkers. Secondly, a comprehensive
understanding of mechanisms underlying IMC could
provide new insights to prevent and treat IMC, as well as
boost the efficacy of ICIs. Accordingly, the development
of appropriate in vitro and in vivo models, such as animal
models, to study pathogenesis is in eminent need. In
summary, the accurate prediction and precise treatment
for IMC based on mechanistic profiles are required to
maximize the efficacies of ICIs and improve the life
quality and prognosis of patients with cancer.
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