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New strategies in the diagnosis and treatment of immune-checkpoint inhibitor-

mediated colitis

Velikova T ef al. Immune-checkpoint inhibitor-mediated colitis

Abstract

Immune-checkpoint inhibitor-mediated colitis (IMC) is an increasingly recognized
adverse event in cancer immunotherapy, particularly associated with immune
checkpoint inhibitors (ICIs) such as anti-cytotoxic T-lymphocyte antigen-4 and anti-
programmed cell death protein-1 antibodies. As this revolutionary immunotherapy
gains prominence in cancer treatment, understanding, diagnosing, and effectively
managing IMC becomes paramount. IMC represents a unique challenge due to its
immune-mediated nature and potential for severe complications development.
However, a precise picture of IMC pathophysiology is currently unavailable; however,
we aimed to summarize the existing data while acknowledging the need for further
research. This comprehensive review explores the mechanisms underlying ICls,
gastrointestinal adverse effects, and, in particular, IMC’s incidence, prevalence, and
features. Our review also emphasizes the importance of recognizing IMC'’s distinct
clinical and histopathological features to differentiate it from other colitis. Furthermore,
this paper highlights the urgent need for evolving diagnostic methods, therapeutic

strategies, and a multidisciplinary approach to manage IMC effectively.
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Core Tip: Diagnosing and managing immune-checkpoint inhibitor-mediated colitis
(IMC) is essential for optimizing the benefits of cancer immunotherapy. This review
underscores the importance of accurate diagnosis, differentiating IMC from other
colitis, and tailoring treatment strategies for optimal outcomes. Multidisciplinary
approaches, including endoscopy, histopathology, and immune profiling, are crucial in
diagnosing IMC. Treatment options range from corticosteroids to immunosuppressants,
and a personalized approach is often required. Collaborative efforts between
oncologists, gastroenterologists, and pathologists are critical to manage this emerging

immune-related adverse event effectively.

INTRODUCTION

Over the past two decades, immune checkpoint inhibitors (ICIs) have transformed the

landscape of cancer treatment,ﬁ)ffering a glimmer of hope for patients battling a
spectrum of malignancieslll. By targeting immune checkpoint molecules like cytotoxic
T-lymphocyte antigen-4 (CTLA-4) and programmed cell death protein-1 (PD-1), these
immunotherapies harness their own defenses to combat cancer cells. The clinical
success of ICIs is nothing short of remarkable, ushering in an era where some
individuals previously deemed incurable experience profound and durable
remissions/2l.

However, this therapeutic paradigm shift has not been without its challenges. While
ICIs show great promise, they also constrain immune-related adverse events (irAEs)3l.
These irAEs can affect nearly any organ or system in the organism, ranging from skin
rashes to endocrine dysfunction. Gastrointestinal (GI) toxicities are the most common
and clinically significant. Immune-checkpoint inhibitor-mediated colitis (IMC) stands

out as a prominent and often formidable challengel*°l.
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IMC is characterized by inflammation of the colonic mucosa and presents as one of
the most frequent irAEs associated with ICIsl¢l. This inflammatory condition arises
when the delicate balance between immune activation and tolerance in the gut is
disrupted, leading to dysregulated immune responses. The exact pathophysiological
mechanisms of IMC are still under intense investigation, but emerging evidence
indicates that gut mucosal immunity plays a pivotal role in its development!”]. Figure 1
presents some of the hypothesized immunological mechanisms of IMC development.

Precise incidence and prevalence of IMC can be challenging to ascertain, primarily
due to variations in rates between different ICIs and the absence of standardized
reporting mechanisms. However, some estimates have provided insights.
Contemporary studies suggest that the incidence of GI irAEs, which include IMC,
occurs in 0.3% to 7.0% of treated patients: Approximately 15%-25% of patients treated
with anti-CTLA-4 agents and 5%-10% of patients treated with anti-PD-1/PD-L1
agents(89. The prevalence of IMC may be underestimated, as not all cases reach clinical
significancell0l.

The clinical features of IMC are broad and varied, encompassing a spectrum of
presentations from mild diarrhea to severe colitis. The diversity of symptoms and the
potential for rapid progression underscore the need for early detection and prompt
intervention. Clinicians, oncologists, and researchers must comprehensively understand
IMC to optimize patient carel”!1l.

The review aims to present the mechanisms of action of ICIs and existing data on
IMC-risk factors, diagnosis, clinical, endoscopic, and serologic features, and treatment
strategies, including medications, biologics, fecal microbiota transplantation (FMT),
surgery, efc., and the emergence of novel biomarkers and treatments comprehensively,

leading to more effective management of this irAE and improved patient outcomes.

SEARCH STRATEGY
We conducted a comprehensive literature review to identify relevant studies focusing

on the diagnosis and treatment of IMC. The search was performed in key databases,
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including PubMed, Scopus, and Medline. A combination of Medical Subject Headings
(MESH) terms and free-text words was used to maximize the search results.

The search terms used were as follows: (“Immune-Checkpoint Inhibitor” OR
“Checkpoint Inhibitor”) AND (“Colitis”); (“Immune-Checkpoint Inhibitor-Mediated
Colitis” OR “Immunotherapy-Associated Colitis”) AND (“Diagnosis Strategies” OR
“Diagnostic Approaches”); (“Immune-Checkpoint Inhibitor” OR “Checkpoint
Inhibitor”) AND (“Gastrointestinal Adverse Effects” OR “Immune-Related Colitis”);
(“Immune-Checkpoint Inhibitor-Mediated Colitis” OR “Immunotherapy-Associated
Colitis”) AND (“Treatment Approaches” OR “Management”). The search strategy
aimed to identify papers discussing the diagnosis and treatment of IMC in the context
of immunotherapy and ICIs. Relevant articles were screened based on titles, abstracts,
and full texts to ensure their alignment with the paper’s objectives. The flow chart of
identification, screening, and inclusion of retrieved papers is shown in Figure 2,
following the PRISM guidelines.

The retrieved papers were further filtered to include only original research, reviews,
clinical trials, and case studies that provided valuable insights into the topic. The
publication date was limited to the most recent literature, primarily from the last ten
years.

This systematic search strategy gathered a comprehensive selection of literature to
form the basis for our review of new strategies for diagnosing and treating IMC. We

wrote a modified form of a narrative review, following the recent guidelinesl'2l.

RISK FACTORS FOR THE DEVELOPMENT OF IMMUNE-CHECKPOINT
INHIBITOR-MEDICATED COLITIS

The risk of IMC among cancer patients depends on various factors with external and
intrinsic nature. One of the most significant determinants of IMC occurrence is the type
of checkpoint inhibitor treatment. While both anti-CTLA4 and PD1 inhibitors have the
potential to cause immune-mediated bowel inflammation and diarrhea, this toxicity is

up to three times more common among patients treated with anti-CTLA4 compared to
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those who have received anti-PD1 or anti-PD-L1 agents!'314. The risk of IMC and
diarrhea becomes most pronounced with checkpoint inhibitor combinations.

A meta-analysis on the incidence of immune-related diarrhea among patients treated
with combinations of anti-CTLA4 and anti-PD1 or anti-CTLA1 and anti-PD-L1 reports
the incidence of IMC almost three times higher in the anti-CTLA4 and anti-PD1 cohort-
404% for anti-CTLA4 and anti-PD-L1 vs 13.2% for the anti-CTLA4 and anti-PD1
combination(’5l. Monotherapies with anti-PD1-L1 or anti-PD-1 posed the slightest risk of
such GI complications, with occurrence rates of 11.0% and 9.1% for each drug subclass,
respectively. Whether higher doses of ICIs are associated with more IMC is not yet clear
enough. While it is considered more relevant to drugs like nivolumab and ipilimumab,
for pembrolizumab, the dose seems less significant!!®l.

Genetic predisposition to the occurrence of IMC has also been a subject of research
and speculations. A report on the association of human leucocyte antigen (HLA)
variation and immunotherapy-related adverse events revealed a significant association
between HLA-DQB1*03:01 and colitis['7]. As this HLA class II variant is also found with
higher prevalence among inflammatory bowel disease (IBD) patients, it further
supports a potential role in the pathogenesis of immune-mediated bowel inflammation
like the one observed with IMC. Clinical similarities between IMC and IBD led to
investigation of a polygenic risk score, primarily developed for ulcerative colitis, in
IMCI8I. The score effectively identified subjects at risk of all grade and severe IMC in a

cohort of more than 1300 non-small cell lung cancer patients receiving ICIsl18l,

DIAGNOSING OF IMMUNE-CHECKPOINT INHIBITOR-MEDICATED COLITIS

Clinical presentation

Most commonly, ICl-related GI irAEs manifest as colitis, characterized by watery
diarrhea, bdominal pain, blood or mucus in the stool, and nocturnal bowel
movements. IMC is the second most common irAE, which appears 6 to 8 wk after initial

treatment with ICIs[19.20],




It was estimated that more frequently GI irAEs emerged in patients treated with anti-

CTLA-4 monotherapy than with PD-1/PD-L1 inhibitors. More specifically, as reported
above, many studies reported that 30% to 40% of patients treated with CTLA-4 blockers
developed diarrhea. Moreover, combined therapy of PD-1/PD-L1 inhibitor to CTLA-4
blockade leads to the highest rate of ICI-mediated diarrheal'42!l.

The evaluation of IMC typically involves a combination of clinical, endoscopic,
histopathological, and laboratory assessments to determine the severity, extent, and
underlying cause of the condition.

The clinical presentation of IMC can vary from person to person but often includes
the following symptoms: Diarrhea, abdominal pain, rectal bleeding, urgency tenesmus,
and weight lossl’l. To rule out infectious enterocolitis, the patients should be tested
initially for infections such as Salmonella, Shigella, Campylobacter, parasites, and
Clostridium difficile before the diagnosis of IMC is accepted. Another important
diagnostic test in patients with diarrhea also includes a fecal PCR test to exclude
cytomegalovirus colitisk2. Computer tomography (CT) with oral and intravenous
contrast should be performed in patients with diarrhea and abdominal pain to evaluate
bowel inflammation and other intra-abdominal disorders. Long-lasting IMC could lead
to severe complications such as ileus, toxic megacolon, and intestinal perforation/?*!.

It must be underlined that the severity of symptoms and their duration could vary
wildly in patients. Clinical manifestation could be present with mild, intermittent
symptoms in some patients; others could have severe symptoms that require urgent
medical treatment. The exact medical evaluation and early detection of IMC are
essential for better outcomes/?4.

In line with this, Common Terminology Criteria for Adverse Events (CTCAE)
provides a widely recognized system for evaluating the intensity of IMCI7l. IMC
severity is categorized on a scale ranging from 1 (indicating mild symptoms) to 5
(signifying the most severe cases), taking into account symptomatology, endoscopic
observations, and treatment protocols. Based on the grading, different treatment

options are available (Figure 3).
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Endoscopic features of immune-mediated colitis

It should be pointed out that the precise evaluation of colonic mucosa during the
colonoscopy is essential for distinguishing the IMC from other GI disorders, such as
IBD or infections colitis. After detailed analysis of many factors, such as clinical
manifestation, endoscopic appearance, and histopathological examination of the tissue
biopsies, the diagnosis of IMC could be accepted(23].

So far, there is no established grading scale for endoscopic evaluation of IMC.
However, in clinical practice, the Mayo Endoscopic Score for Ulcerative Colitis and the
Simple Endoscopic Score for Crohn’s disease (CD) could be used!24l.

In line with this, endoscopic evaluation is essential in diagnosing and assessing the
severity of IMC. The endoscopic features of IMC could be diverse, depending on the
underlying cause and the extent of inflammation. Some of the major endoscopic
features typical for IMC include mucosal inflammation, erythema, edema, and loss of
vascular pattern of the mucosal2®l. Most commonly, in clinical practice, patients on a
high dose or combination of immunotherapy are diagnosed with mild colitis(’].

Many publications indicate that colonic ulcerations observed during endoscopy in
patients with ipilimumab-mediated enterocolitis may be a clinical indicator of a more
severe and potentially steroid-refractory disease. Extensive ulcerations suggest a more
significant degree of tissue damage and inflammation. Patients with such endoscopic
findings may be at higher risk of not responding well to standard steroid therapy!?5l.

A single-center study by Wang et all??l demonstrated the connection between
endoscopic and histologic features of ICI-raated Gl toxicities with long-term follow-up.
The authors established that patients with more extensive and higher-grade colitis with
ulcers on endoscopy and histological findings of acute inflammation have better
outcomes. Another important conclusion is the correlation between endoscopic

inflammation and the higher grade of colitis but not with higher-grade diarrhea.

Pathologic and histologic features of IMC
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Today, as oncology emphasizes personalized therapy, the identification of PD-L1 on
tumor cells and tumor-infiltrating immune cells by histological and
immunohistochemical examination, it is vital to determine it as a predictive tissue
biomarker for scientific research and realize the potential of antitumor immunotherapy
in patients. Although PD-L1 expression represents a measure of the potential of the
patient’s immune system to recognize the tumor and mount an effective antitumor
immune response, ICIs, however, produce various side effectsl®l. According to
literature data, only 4.9% to 22.0% of patients treated with ICIs report mild immune-
related side effects and 4%-8%-severe, requiring treatment discontinuation®%l. The most
commonly reported side effects are fatigue (affecting more than 36% of patients),
opportunistic infections (in more than 38% of cases), disorders in the function of the
thyroid gland as thyroiditis, hyper- and hypothyroidism (mainly when treated with
anti-PD-1), adrenal insufficiency, hepatitis (proceeding with jaundice and asymptomatic
elevation of transaminases and/or bilirubin) and diarrhea. Diarrhea is the most
frequent mild side effect in patients with IMC, and perforation, on the other hand, is
rare but severe complication. The incidence of immune-related diarrhea is 1.3%-13.6%
based on the specific agent, dose and_combination of treatment for patients taking anti-
PD1 and anti-PD-L1 medication'*2l. Colitis is an immune-related adverse event of anti-
PD1 (Nivolumab and Pembrolizumab) and anti-PD-L1 medications (Atezolizumab,
Avelumab, and Durvalumab)32.

Histologic assessment is a valuable tool for confirming the diagnosis of IMC and
guiding treatment decisions. Depending on the severity and extent of inflammation,
treatment may include corticosteroids, immunosuppressive agents, or temporary
discontinuation of the ICII?’l, as we showed in Figure 3.

It's important to note that the histologic features of IMC can overlap with those of
other forms of colitis, such as IBD. Therefore, a careful evaluation of clinical history,
endoscopic findings, and histopathological features is necessary to differentiate ICI-
related colitis from other causes. A hallmark feature of IMC is the presence of a dense

inflammatory infiltrate within the colonic mucosal®?.
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According to our experience, in just one month, we have 6 patients (3/6 men and 3/6
women), aged between 27-51 years. The patients are with relapse/refractory Hodgkin
lymphoma (4/6 with nodular sclerosis and 2/6 with mixed cellularity) and are treated
with PDL-1 therapy as 4t line. All patients developed immune-related colitis after
treatment with Nivolumab (4/6) and Pembrolizumab (2/6). One of the patients also
had immune-related hepatitis and immune-related arthritis, and one died during
therapy. The observed IMC were grade 2 (5 of the patients) and grade 3 (one patient).
We performed fibro colonoscopy (FCS) in one patient with grade 3 colitis (Figure 4) and
with grade 1-2 colitis (Figure 5) to evaluate the mucosal involvement. We provide a
histological evaluation of the biopsies (Figures 4 and 5). All patients had grade 3
diarrhea which was treated medically with corticosteroids and cessation of checkpoint
inhibitors.

Recent reports suggest that ICI-induced 6iarrhea/colitis may occur at different
periods of therapy course but, in most cases, occurs after an average of three infusions.
However, it can occur immediately after the first infusion!33341.

Although IMC is one of the most common side effects, there is little information on
the pathologic features of anti-PD-1/PD-L1 colitis. Chen et all**l described the most
common histopathologic findings in 8 patients who developed colitis while
administered monotherapy with ICIs. The most common injury pattern they observed
(5/8 cases) was an active colitis with neutrophilic crypt microabscesses andﬁrominent
crypt epithelial cell apoptosis and crypt atrophy/dropout. The remaining cases (3/8)
showed a lymphocytic colitis-like pattern characterized by increased intraepithelial
lymphocytes and surface epithelial injury without crypt atrophy!®°l.

Interestingly, the authors reported that recurrent colitis was observed in patients
several months after completion of ICI therapyl33®l. Unfortunately, in our practice,
patients with immune-related colitis are rarely biopsied, thus significantly reducing the
awareness of anti-PD-1/PD-L1 colitis among pathologists and making it difficult to

diagnose and treat it timely.
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Nevertheless, precisely because of the non-specific morphological features of IMC
and the similar changes in other colitis (i.e.,, cytomegalgpirus-associated colitis, acute graft
vs host disease, IBD; chemotherapy-induced colitis), further evaluation with endoscopy

and biopsy could confirm the diagnosis.

Biomarkers and serological markers

Effective management of IMC is liable on early diagnosis, as prompt intervention can
mitigate the severity of colitis. To facilitate this, there is growing interest in identifying
serological and fecal biomarkers that can aid in the early detection and monitoring of
IMCI36l,

These markers can be obtained from circulation, target organs, efc. For CTLA-4
inhibitors are discussed the following: From blood (i.e., T cell repertoires, T regulatory
cells, eosinophils, IL-6, [L-17, serum proteins, and gene expression profiles, etc.), from
target organs (i.e., ectopic expression of CTLA-4, baseline gut microbiota, muscle
attenuation) and from the host. On the other hand, for PD-1/PD-L1 inhibitors-related
toxicity, there are some routine blood tests (i.e., complete blood count, CD4+ Th1 cells,
serum autoantibodies, soluble serum proteins, HLA genotypes), etcl37-401.

Since IMC involves complex immune system dysregulation, IL-17, a pro-
inflammatory cytokine implicated in several autoimmune and inflammatory conditions,
has also been explored. While IL-17's role in IMC remains an area of active
investigation, its elevated levels in the serum and colon tissue may signify the
immunological milieu and contribute to the pathogenesis of IMC. Monitoring IL-17
levels could provide insights into disease progression and therapeutic responses(4143l.

Fecal calprotectin is another biomarker whose usefulness is under investigation for
IMC diagnosis and management. Elevated fecal calprotectin levels are associated with
various GI disorders, including IBD. For IMC, a rise in fecal calprotectin levels may
indicate an inflammatory process in the colon. However, more research is needed to

establish the sensitivity and specificity of fecal calprotectin as a reliable biomarker for
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IMC. Its use is limited by the possibility of false-positive results in the context of irAEs
and immunotherapy, making its interpretation challengingl#-46l.

Despite potential biomarkers, it is essential to acknowledge that serological markers
for IMC are not yet validated for routine clinical use. Current research primarily
consists of small-scale studies and case reports, and there is a lack of standardized
cutoff values to define IMC. Moreover, serological markers may not be exclusive to
IMC, making differential diagnosis complex?7. However, the search for reliable
biomarkers for IMC continues. By identifying distinct serological profiles associated
with IMC, clinicians may be better equipped to diagnose and manage these emerging
irAEs. Prospective studies with larger cohorts, exploring a spectrum of potential
markers and their correlation with clinical outcomes, are vital for establishing their
clinical utility. Furthermore, understanding the interplay between these serological
markers and the evolving immune responses during immunotherapy will provide
deeper insights into the immunopathogenesis of IMCI31.

In conclusion, some established biomarkers, such as fecal calprotectin and IL-17,
represent promising avenues for improving the diagnosis and management of IMC.
While these markers hold potential, further research and standardization are required
before they can be integrated into clinical practice. By leveraging the collective expertise
of oncologists, gastroenterologists, and immunologists, the quest for biomarkers specific
to IMC is a collaborative effort that underscores the need for precision medicine in the

era of cancer immunotherapy.

MANAGEMENT OF IMMUNE-CHECKPOINT INHIBITOR-MEDICATED COLITIS

Treatment options
The grade of the GLirAE is determined by the severity of the diarrhea (i.e., a rise in the
number of stool movements per day relative to baseline) and the existence and

seriousness of additional colitis symptoms.

Management of grade 1 and 2 IMC

11/30




Current guidelines recommend that patients with grade 1 diarrhea (< 4 bowel
movements per day) without other additional symptoms of colitis be treated
conservatively with hydration and loperamide or diphenoxylate/atropinet47l.

In patients with more than 4 bowel movements per day (grade 2), treatment should
start with oral corticosteroid (1-2 mg/kg) with tapering in 4-6 wk. In such cases, ICI
therapy should be discontinued immediately (Figure 3). If this therapy fails,
intravenous corticosteroids should be initiated. The efficacy of the treatment has to be
evaluated regularly every 3-5 d. In cases where the general condition of the patient
deteriorates and the severity of diarrhea does not improve, a colonoscopy should be
performed#sl. The results from the endoscopic assessment can give valuable
information about the activity of colon inflammation and its extent. According to many
retrospective clinical studies, half of the patients treated with systemic corticosteroids
have improved ICI-related diarrheal?4],

However, in certain situations, corticosteroids cannot control the symptoms, and the
deterioration of diarrhea may become even life-threatening without more aggressive
immunosuppressant treatment. Current guidelines recommend adding infliximab or
vedolizumab to corticosteroid treatment in such cases. g

Initially, infliximab has been recommended in steroid-refractory IMC. ﬂiximab is a
monoclonal antitumor necrosis factor alpha (TNF-a) antibody, which has a
comprehensive implication in the treatment of various autoimmune diseases such as
ulcerative colitis, CD, rheumatoid and psoriatbarthritis, and psoriasisl®l. There have
been reported data concerning the implication of infliximab for treating severe steroid-
refractory IMC associated with ipilimumab /0511,

Another immunosuppressant agent used in steroid-refractory IMC cases is
vedolizumab, which represents an integrin antagonist that binds to a4f7 integrin. In
general, the mechanism of action of vedolizumab includes limiting the migration of T-
lymphocytes into the gut mucosa, which leads to the alleviation of gut inflammation.
Vedolizumab can provide a more specific immunosuppression impact over inflamed

gut mucosa by remodeling antitumor immune responses®2%1,
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It has to be pointed out that both immunosuppressants have several weaknesses,

such as drug-induced comorbidities and increased risk of infectionsl54551.

Management of severe (grade 3-4) IMC

In cases with severe IMC (grade 3-4), patients should be hospitalized, and specific
treatment has to be initiated. Intravenous corticosteroids (1-2 mg/kg/d) should be
started until the improvement of the symptoms has been detected. The duration of
corticosteroid treatment usually continues over 4-6 wk with tapering of corticosteroid
dosagel>®l.

The current guidelines recommend combined therapy with steroids and infliximab or
vedolizumab, preferably within two weeks of onset, especially for patients with high-
risk endoscopic features, if no improvement is seen after two to three days of
intravenous methylprednisolone (1-2 mg/kg/d) therapyl*1.

There is no consensus on the length of treatment with TNF-blockers (infliximab) or
integrin blockers (vedolizumab). The likelihood of endoscopic/histologic remission is
correlated with the duration of the treatment. It was estimated that the risk of
recurrence is decreased by using up to three doses (at weeks 0, 2, and 6)[58].

The choice between which immunosuppressive regimen (infliximab or vedolizumab)
has to be administrated depends on many factors. Of great importance is to properly
evaluate the risk of infections, other comorbidities, and malignancy(59.

Data related to treating colitis resistant to immunosuppressive medication with fecal
transplantation has been published. Of course, the expertise of the center and the

institutional availability are of great importance for the success of the procedurel®l.

Fecal transplantation in immune-mediated colitis

The impaired homeostasis of the gut microbiome plays an essential role in developing
IMC. In recent decades, FMT has been used in clinical practice as a treatment method
for patients with recurrent Clostridium difficile infection and IBD. FMT aims to

restructure the gut microbiota to its normal composition. This medical process is
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characterized by transferring fecal matter obtained from a healthy donor into the GI
tract of the patientléll. The first case series concerning the implication of FMT for
successfully treated patients with IMC was published by Wang et all®l. The authors
cconcluded that modulation of the gut microbiome could lead to improvement of the
IMC.

Recently, many data represent fascinating results concerning the effect of FMT in the
treatment of refractory to corticosteroids and immunosuppression therapy. A current
study by Taylor ef all®2l reveals 92% achieving clinical remission in patients with grade 3
or 4 ICM-related diarrhea. The authors also made a 165 rRNA sequencing of patient
stool samples. They found a complete remission of the patient’s microbiota after the
FMT with increases in the abundance of Collinsella and Bifidobacterium.

A study by Wang et all3] represents data on managing IMC with FMT as a first-line
treatment. The results from the study demonstrate that FMT as a first-line treatment
leads to quick relief of symptoms in a majority of patients; thus, the use of steroids and
immunosuppression could be avoided. Furthermore, the study revealed that first-line

FMT treatment of IMC could replace the current treatment standards.

Surgical treatment

In situations where IMC fails to respond adequately to medical treatment and becomes
severe, surgical intervention becomes necessaryl®465]. The surgical procedure can vary,
contingent upon factors such as the severity and extent of the colitis, the patient’s
overall health, and specific clinical considerations. Surgery is particularly indicated
when complications arise, such as colonic perforation, toxic megacolon, or severe
bleeding.

Fortunately, such complications are rare. In a phase III clinical trial comprising 511
patients who underwent ipilimumab treatment for malignant melanoma, only 1% had
perforation as a side effect, while 5% needed hospitalization for severe enterocolitis!®®l.
A difference in the frequency of colonic perforation or need for colectomy is observed

among patients treated for renal cell carcinoma, with an incidence of 6.6 %671,
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The preferred surgical approach is a subtotal colectomy because the colonic lesions
tend to be extensive. Opting for segmental colonic resection often leads to significant
inflammation of the remaining colon during the postoperative period!®sl.

In non-perforative cases, particularly in critically ill patients, an alternative option is
the creation of a diverting ileostomy. This can help reduce the duration of the surgery
and minimize complications/®’l. An ileostomy should be considered at an earlier stage,
as this surgical intervention tends to be less aggressive than a colectomy. Additionally,
an early ileostomy allows for the potential resumption of ICI therapy sooner!”’L Due to
the possibility of relapsing the severe form of colitis, which in some cases can be much
more severe than the initial type, the ileostomy closure period must be carefully
planned(1l.

Postoperative complications vary depending on the surgical procedure and patient
comorbidities. At short-term follow-up (< 30 d), complications may occur in 21%, often
presenting as postoperative infection and intestinal obstruction. In the long term, the
complication rate can vary by 39%, mainly due to fecal incontinence and small bowel
obstruction!72l,

Due to the lack of early warning symptoms of colitis development after ICI use,

multidisciplinary team monitoring and quick action are advised!”l.

FUTURE DIRECTIONS AND PERSPECTIVES FOR IMC

As the field of immunotherapy rapidly evolves, ongoing research in diagnosing and
managing IMC is essential to ensure the best possible care for patients. Several
promising future directions can be explored to enhance our understanding and
handling of this specific immunotherapy-related adverse event!74.

The development of these future directions relies on robust, large-scale studies,
interdisciplinary collaboration, and the exchange of knowledge across the fields of
oncology, immunology, and gastroenterology. A collective effort among researchers,

clinicians, and pharmaceutical companies is vital to enhance our ability to diagnose and




manage IMC, ultimately improving patient outcomes and the safety of cancer

immunotherapy 7576l

Personalized risk profiling
Precision medicine proposed tools to predict individual susceptibility to IMC, such as
genomics, immunogenetics, and immune profiling, allowing for risk assessment before

immunotherapy initiation.

Early biomarker panels
Identifying specific serological and molecular markers for IMC is a priority. However,
the search for reliable, high-sensitivity assays that can identify IMC earlier in treatment,

allowing for timely intervention, is ongoing.

Multidisciplinary guidelines
Creating comprehensive, multidisciplinary guidelines to offer oncologists,
gastroenterologists, and other healthcare providers a standardized approach to the

diagnosis, management, and monitoring of IMC.

Tailored therapies
Investigating tailored therapies for individual patient responses to different treatment
modalities, including immunosuppressive agents, ICI discontinuation, and monoclonal

antibodies, is essential for optimizing care.
Combination of immunotherapies
More research is needed to understand the specific risk profiles for IMC and establish

guidelines for managing complex cases.

Telemedicine and remote monitoring
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These allow for regular monitoring of patients, enabling the early detection of IMC

symptoms and swift intervention.

Shared decision-making
Future clinical practice should embrace shared decision-making models, allowing
patients to actively participate in treatment decisions while understanding the risks and

benefits of certain immunotherapy.
Immunomodulation strategies

Novel immunomodulation targeting and modulating immune responses and inducing

immune tolerance.

CONCLUSION

IMC is an emerging and complex clinical entity associated with the expanding use of
cancer immunotherapies. In this comprehensive review, we have delved into the
mechanisms, clinical features, diagnosis, management of IMC and promising future
directions, focusing on the evolving biomarker-based diagnostics.

The importance of early recognition and accurate diagnosis of IMC to ensure prompt
and effective management of the condition was emphasized. Incorporating established
or novel biomarkers for IMC into clinical practice holds promise for swift, accurate, and
non-invasive identification of cases, enabling clinicians to intervene in a timely manner.
Nevertheless, managing IMC requires a multidisciplinary approach and tailored
treatment strategies that balance effective ICI administration with the potential risk of
IMC. medical professionals from different fields must collaborate to optimize patient
care while minimizing adverse effects. Overall, as immunotherapy continues to
revolutionize cancer treatment, IMC remains a challenge but also represents a growing
opportunity for research and innovation. The future directions we have outlined open

avenues for more personalized care, early biomarker-based diagnosis, and novel
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treatment strategies, fostering a safer and more effective landscape for cancer

immunotherapy.
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Figure Legends
Figure 1 Proposed immune-mediated pathways of immune checkpoint inhibitor-

mediated colitis. In normal mucosa, T regulatory cells are fully capable of inducing

tolerance while balancing pro-inflammatory cells and molecules (i.e., Th17 cells) and




anti-inflammatory molecules (i.e., IL-10, TGFb, efc.). By blocking cytotoxic T-lymphocyte
antigen-4 (CTLA-4) or programmed cell death ligand-1, immune checkpoint inhibitors
promote pro-inflammatory cytokines, chemokines production, Treg differentiation
inhibition, and suppression of IL-10 and TGFb secretion. Parts of the figure were drawn
by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed
under a Creative =~ Commons Attribution 3.0 Unported License
(https:/ / creativecommons.org/ Licenses/ by /3.0/). CTLA-4: Cytotoxic T-lymphocyte

antigen-4; PD-L1: Programmed cell death ligand-1.

29/30




Figure 2 PRISMA-guided flow chart of the papers screened and included in the

manuscript. “*”

Figure 3 Grading the severity of immune checkpoint inhibitor-induced colitis and
diarrhea and management. After discontinuing immune checkpoint inhibitors, clinical
response and mucosal healing assessment are needed, and then biologics, fecal
microbiota transplantation or surgery are introduced. Parts of the figure were drawn by
using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed
under a Creative =~ Commons Attribution 3.0 Unported License
(https:/ / creativecommons.org/ Licenses/ by /3.0/). ICI: Immune checkpoint inhibitors;

FMT: Fecal microbiota transplantation.

Figure 4 This colonic biopsy shows severe colitis highlighted by cryptitis and focal
crypt microabscess (C-marked with an arrows), and surface epithelial injury without

crypt atrophy. A: Hematoxylin and eosin (H&E) x 20; B: H&E x 50; C: H&E x 100.

Figure 5 Hematoxylin and eosin staining. A and B: This colonic biopsy shows
increased intraepithelial lymphocytes (lymphocytic colitis pattern of injury), mild focal

active colitis and surface epithelial injury. Hematoxylin and eosin x 50 (A), x 100 (B).
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