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Abstract

Background/Objectives: Immune checkpoint inhibitors (ICIs) have revolutionized the
treatment of various malignancies, but their use is frequently accompanied by immune-
related adverse events, among which immune-mediated colitis (IMC) represents one of
the most common and clinically significant gastrointestinal toxicities. IMC may lead to
treatment interruption, increased morbidity, and compromised quality of life. This review
aims to provide a comprehensive overview of the pathophysiology, risk factors, diagnosis,
management, and emerging therapeutic strategies with particular emphasis on the role
of the gut microbiota and fecal microbiota transplantation (FMT). Methods: This review
integrates current international guidelines, meta-analyses, clinical trials, and recent trans-
lational studies addressing IMC. The available evidence on immunological mechanisms,
predictive biomarkers, clinical presentation, diagnostic algorithms, and treatment options
was critically synthesized to outline a structured and multidisciplinary management ap-
proach. Results: IMC is driven by dysregulated immune activation, cytokine release, and
alterations in gut microbiota. Incidence and severity vary according to ICI class, combi-
nation regimens, tumor type, and patient-related factors. Diagnosis requires exclusion of
infectious causes, laboratory assessment, and endoscopic and histologic evaluation with
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CTCAE-based severity grading. Corticosteroids remain the cornerstone of first-line ther-
apy, while infliximab and vedolizumab are effective in steroid-refractory cases. Emerging
therapies, including JAK inhibitors and FMT, have shown promising results in refractory
disease. Conclusions: IMC is a complex and potentially severe complication of ICI therapy
that necessitates early recognition, accurate grading, and individualized, multidisciplinary
management. Severity-guided treatment, timely escalation to biologics, and careful bal-
ancing of immunosuppression with antitumor efficacy are essential for optimal outcomes.
Future research should focus on biomarker validation, microbiome-targeted therapies, and
prospective trials to refine therapeutic algorithms and define the optimal role and timing of
FMT in clinical practice.

Keywords: immune checkpoint inhibitors; colitis; immunotherapy; immune-mediated
colitis; microbiota; fecal microbiota transplantation; immune-related adverse events;
management; cancer

1. Introduction
Immune checkpoint inhibitor (ICI) therapy has revolutionized the treatment of vari-

ous malignancies [1]. ICI is based on the use of monoclonal antibodies that block specific
molecules functioning as immune checkpoints, thereby enhancing the host’s antitumor
immune response [2]. Some of the most extensively studied immune checkpoints include
programmed death-1 (PD-1) and its ligand (PD-L1), as well as cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4). While immune checkpoints physiologically prevent au-
toimmunity, their blockade and subsequent immune stimulation can lead to autoreactive
inflammatory processes in healthy tissues, known as immune-related adverse events
(irAEs). These events may necessitate temporary or permanent discontinuation of anti-
cancer therapy, which can significantly impact treatment outcomes and patient quality of
life (QoL) [3].

Gastrointestinal irAEs, most notably diarrhea and immune-mediated colitis (IMC),
are frequent causes of ICI therapy interruption or discontinuation [4]. Any episode of
diarrhea in patients receiving ICIs warrants thorough evaluation to exclude IMC, based
on comprehensive laboratory, endoscopic, and histologic assessment [5]. Gastrointestinal
irAEs represent the second most prevalent category of ICI-associated toxicities after derma-
tologic events, with the left colon being the most commonly affected site [6]. IMC exhibits
a clinical spectrum ranging from mild diarrhea to severe, life-threatening disease. Given its
potential for rapid progression, early recognition, precise grading, and timely management
are crucial to minimize morbidity and optimize oncologic outcomes [7–11].

The aim of this review is to provide a structured approach to the diagnosis, classifi-
cation, treatment, and follow-up of patients with IMC, based on the latest international
recommendations and available evidence.

2. Methods
This is a narrative, structured review of the literature focused on immune-mediated

colitis associated with immune checkpoint inhibitors. A comprehensive literature search
was conducted using PubMed/MEDLINE, Scopus, and Web of Science databases for
articles published between January 2011 and January 2025. The search strategy included
combinations of the following keywords: “immune checkpoint inhibitors,” “immune-
mediated colitis,” “immune-related adverse events,” “immunotherapy,” “microbiota,” and
“fecal microbiota transplantation.”
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Priority was given to international clinical guidelines (e.g., ASCO, ESMO, AGA),
systematic reviews, meta-analyses, randomized clinical trials, and large observational
studies. Relevant translational and mechanistic studies were also included to provide
insight into pathophysiology and microbiome-related mechanisms.

Articles were selected based on their relevance to the pathophysiology, risk factors,
diagnosis, management, and emerging therapies for immune-mediated colitis. Case reports
and small case series were included primarily in sections discussing refractory disease and
fecal microbiota transplantation due to the limited availability of higher-level evidence.
Non-English publications, conference abstracts without full text, and studies not directly
related to immune-mediated colitis were excluded.

The evidence was qualitatively synthesized to provide a clinically oriented and multi-
disciplinary overview rather than a formal systematic meta-analysis.

3. Pathophysiology and Immunological Mechanisms
The pathophysiological mechanisms underlying IMC are not yet fully understood.

Nevertheless, available evidence suggests that activation of T lymphocytes, infiltration of
the colonic wall accompanied by cytokine secretion, and alterations in the gut microbiota
play central roles [12,13]. CD8+ T lymphocytes of tissue-resident memory origin, through
granzyme B release, appear to be crucial drivers of inflammatory activity. Evidence shows
these cells seem to play an even more prominent role in IMC than in ulcerative colitis
(UC). However, their absolute number has not been shown to correlate with clinical or
histopathological severity of inflammation [14].

Immune mechanisms start with CTLA-4, expressed on regulatory T cells (Tregs), who
interacts with CD80 and CD86 on antigen-presenting cells to suppress T-cell activation,
thereby maintaining immune tolerance. Inhibition of CTLA-4 disrupts this balance, promot-
ing CD4+ and CD8+ T-cell proliferation and cytokine release, which initiates inflammation.
Similarly, PD-1, a receptor on T cells, transduces inhibitory signals upon binding to its
ligand PD-L1, expressed across tumors and various immune cells. Therapeutic blockade
of the PD-1/PD-L1 pathway augments antitumor immunity but concurrently promotes
widespread immune activation, which may result in inflammatory injury to gastrointestinal
tissues [15]. Although CD8+ T-cell activity contributes to the initiation of IMC, studies show
no clear correlation between their cytotoxicity and disease severity, indicating that addi-
tional immunological mechanisms influence clinical outcomes and the need for intensified
therapy [16]. Moreover, CTLA-4, highly expressed on regulatory T cells, plays a central role
in maintaining tolerance; blockade of this pathway reduces Treg-mediated suppression and
enhances effector T-cell activation, thereby promoting intestinal inflammation characteristic
of IMC [17].

The role of the gastrointestinal microbiota in the development and severity of IMC, as
well as in the therapeutic efficacy of ICIs, has been increasingly recognized [12,13]. Certain
microbiome studies conducted before and after ICI administration demonstrated improved
survival outcomes in patients whose gut microbiota consisted of Faecalibacterium and other
Firmicutes, compared to those dominated by Bacteroidetes [12]. However, findings across
different centers remain inconsistent and inconclusive, emphasizing the need for larger
multicenter studies to provide suitable data and potentially translate microbiota profiling
into clinical practice [12,14].

4. Risk Assessment and Predictive Biomarkers of Immune-Mediated Colitis
The incidence of IMC varies depending on the type of ICI therapy, underlying ma-

lignancy, and patient-specific factors that influence immune responsiveness to treatment.
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Early identification of at-risk patients and recognition of predictive biomarkers are essential
to enable timely diagnosis, guide preventive strategies, and improve clinical outcomes.

4.1. Risk According to Type of Therapy Used

The incidence of IMC varies substantially depending on the ICI class and therapeutic
regimen. Anti–CTLA-4 therapy carries a relatively high risk (8–22%), with severe IMC
(Common Terminology Criteria for Adverse Events, CTCAE grade ≥ 3) developing in
5–10% of patients. In contrast, anti–PD-1/PD-L1 monotherapy is associated with a lower
incidence (1–5%), and severe forms occur in up to 2% of patients. Combination ICI therapy
poses the highest risk for IMC, with overall incidence rates of 15–30% and severe cases
reported in 15–30% of patients [18–21]. The incidence, severity, and time to onset of diarrhea
and IMC according to ICI type are summarized in Table 1.

Table 1. Incidence of diarrhea and IMC based on the type of ICI used.

ICI
Incidence of

Diarrhea
(CTCAE 1–4)

Incidence of
IMC

(CTCAE 1–4)

Severe IMC
(CTCAE ≥ 3)

Time to Onset
(Average)

anti-CTLA-4 30–35% ~8–22% 5–10% ~6–7 weeks

anti-PD-1/PD-L1 12–14% ~1–5%; 1–2% ~1 week–2 years

anti-PD-1/(L)1
+ anti-CTLA-4 up to 40% 15–30% 10–15% ~7 weeks

ICI, Immune Checkpoint Inhibitors; CTCAE, Common Terminology Criteria for Adverse Events; CTLA-4,
Cytotoxic T-Lymphocyte–Associated Antigen 4; PD-1, Programmed Death-1; PD-L1, Programmed Death Ligand-1.

The role of ICI dosing is not completely elucidated, although an association exists,
particularly with ipilimumab. Higher-dose ipilimumab (10 mg/kg) has been associated
with greater IMC risk than lower-dose regimens (3 mg/kg). Similarly, when combined with
nivolumab, low-dose ipilimumab (1 mg/kg) carries lower risk than higher-dose (3 mg/kg),
even with higher nivolumab dosing. By contrast, no dose-dependent differences have been
observed with pembrolizumab [22,23].

4.2. Risk According to Cancer Type

The incidence of IMC also varies according to the underlying malignancy, ranging
from 0 to 32% for all grades and 0–21% for severe cases (CTCAE grade ≥ 3) [24]. Patients
with melanoma appear to have a higher risk than those with other tumor types. For instance,
diarrhea develops in up to 41% of melanoma patients receiving ipilimumab, compared with
25–27% of patients treated for non–small cell lung cancer (NSCLC). Similarly, diarrhea in
NSCLC patients receiving anti–PD-1/PD-L1 therapy occurs in 5–14% of cases, whereas the
incidence in melanoma ranges from 10 to 22% [23]. Patients with malignancies frequently
managed with dual immune checkpoint blockade (such as melanoma, NSCLC, or renal cell
carcinoma) are at particularly high risk, reflecting the increased incidence associated with
combination regimens [25].

4.3. Patient-Specific Factors
4.3.1. Patients with Pre-Existing IBD

In patients with preexisting inflammatory bowel disease (IBD), irAEs following ICI
therapy are markedly more common than in those without IBD. In one study, gastroin-
testinal irAEs occurred in 41% of patients with IBD—substantially exceeding the rates
observed in non-IBD cohorts—and were frequently severe, presenting with high-grade
diarrhea or colitis, a high requirement for biologic rescue therapy (infliximab [IFX] or
vedolizumab [VDZ]), and occasional colonic perforation necessitating surgical interven-
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tion [26]. CTLA-4 blockade appears to confer a higher risk of gastrointestinal toxicity
compared with PD-1/PD-L1 inhibition [27,28].

Elevated fecal calprotectin (FC) (>150 µg/g) and C-reactive protein (CRP), though
nonspecific, may indicate subclinical inflammation preceding symptom onset [29,30].

ICI therapy may also precipitate IBD flares, making it challenging to distinguish
between disease reactivation and IMC [31]. Although corticosteroids and biologics are
effective in both settings, differentiating between them is clinically important.

Recent studies indicate that maintaining IBD control at baseline may reduce toxi-
city risk. Sleiman et al. observed that IBD patients with inactive disease or ongoing
maintenance therapy had fewer gastrointestinal AE and no adverse impact on overall
survival, suggesting ICIs should not be withheld when clinically indicated [32]. Similarly,
Abu-Sbeih et al. reported gastrointestinal AE in 41% of IBD patients treated with ICIs, with
most in remission and no deaths related to toxicity [26].

These findings emphasize the need for an individualized, multidisciplinary approach.
Although risk factors for IMC in IBD patients remain unclear, optimal disease control
before ICI initiation may be protective. The American Gastroenterological Association
(AGA) advises that ICIs can be administered to IBD patients with caution, guided by
individualized assessment and close monitoring [7]. Despite the increased risk of GI
toxicity, many IBD patients can still derive meaningful oncologic benefit if irAEs are
recognized and managed promptly [28].

4.3.2. Patients with Preexisting Autoimmune Comorbidities

Beyond IBD, a wide spectrum of preexisting autoimmune disorders—such as rheuma-
toid arthritis, systemic lupus erythematosus, psoriasis, autoimmune thyroiditis, sclero-
derma, vasculitis, and interstitial lung disease—has been evaluated in the context of ICI
therapy. Although these patients are typically excluded from clinical trials, real-world and
retrospective data indicate that ICIs can be administered cautiously, with manageable risk
in most cases [33,34].

Meta-analyses consistently demonstrate that patients with preexisting autoimmune
diseases have approximately a twofold higher risk of developing irAEs compared with
those without autoimmune comorbidity. The predominant complications include flares
of the underlying autoimmune disorder and de novo irAEs, occurring in up to 40% and
30% of patients, respectively. While most flares are mild to moderate and respond well to
corticosteroid therapy, 7–20% of patients ultimately require discontinuation of ICI treat-
ment [35–39].

Despite these risks, oncologic outcomes—including objective response rate (ORR),
progression-free survival (PFS), and overall survival (OS)—remain comparable to those
of the general cancer population, suggesting that ICI efficacy is largely preserved in this
setting [34,40].

Baseline immunosuppressive therapy does not appear to significantly affect these
outcomes, though severe, active autoimmune disease or high-dose immunosuppression
may contraindicate ICI initiation [34].

The pattern of irAEs often reflects the underlying autoimmune condition: exacerba-
tions tend to involve the same organ system previously affected, while unrelated irAEs
occur at rates similar to those in non-autoimmune patients [37]. Cai et al. further quan-
tified this risk, reporting pooled relative risks of 1.74 for any-grade and 1.43 for severe
(CTCAE ≥ 3) irAEs [41].

From a management perspective, ICIs should not be categorically withheld from pa-
tients with autoimmune comorbidities. Instead, treatment should follow an individualized
approach emphasizing disease control before therapy, involvement of relevant specialists,
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and close monitoring for flares. Continuation or discontinuation of ICIs should be guided
by the severity of adverse events, availability of effective immunosuppression, and overall
oncologic prognosis [34,40].

4.4. Predictive Biomarkers

Identifying reliable predictive biomarkers is crucial for risk stratification, early di-
agnosis, and therapeutic guidance. Traditional biomarkers, such as the neutrophil-to-
lymphocyte ratio (NLR), circulating tumor cells, lactate dehydrogenase, and the prognostic
nutritional index, have demonstrated moderate predictive capacity for irAEs [42]. Xu et al.
developed and validated a nomogram based on β2-microglobulin, globulin, NLR, and
CD4/CD8 ratio for estimating IMC risk in patients with lung cancer [43].

Emerging biomarkers include cytokine signatures such as elevated IL-6 and IL-17
(IL-interleukin), which drive Th17-mediated inflammation, and soluble CTLA-4, which
reflects dysregulated T-cell tolerance; all of these have been associated with an increased
risk of IMC and other irAEs in patients receiving ICIs [44,45]. Neurofilament light chain and
anti-neuronal autoantibodies also show potential in predicting neurological irAEs and may
be relevant in enteric neuropathy-associated IMC [46]. Elevated serum amyloid A and the
ATG16L1 T300A polymorphism have also been associated with more severe forms of IMC
in a retrospective study by Kogan et al., while lower levels of IBD-associated antibodies
to Saccharomyces cerevisiae (ASCA) were recorded in patients who required more intensive
immunosuppressive therapy, which indicates their potential as predictive biomarkers.
Other serological and inflammatory markers (ICAM-1, VCAM-1, VEGF, pANCA, anti-
OmpC) did not show significant associations with outcomes [47]. Furthermore, considering
the role of microRNA (miRNA) in epigenetic regulation of gene expression, several studies
have investigated the diagnostic and prognostic value of miRNA in the development of
solid tumors and IBD, including colitis [48–50]. However, as markers in predicting irAEs,
they remain insufficiently known. In a pilot study, six miRNAs were identified as being
significantly elevated and three as being decreased in basal samples from cancer patients
who developed IMC. Moreover, some miRNA signatures were associated with a specific
type of primary tumor [51].

Microbial biomarkers have received considerable attention. Enrichment of anti-
inflammatory taxa like Faecalibacterium prausnitzii and Akkermansia muciniphila is associated
with improved ICI response and reduced IMC incidence [52–54]. In contrast, depletion
of Bacteroides spp. and reduced microbial diversity correspond with heightened toxicity
risk. Metagenomic and metabolomic profiling of the gut microbiome further enables iden-
tification of functional microbial metabolites, such as short-chain fatty acids (SCFAs), as
biomarkers for immune modulation [54]. Radiologic and digital biomarkers, including
increased intestinal fluorodeoxyglucose (FDG) uptake on PET/CT (Positron Emission To-
mography/Computed Tomography) and real-time data from wearable sensors, are being
explored to anticipate IMC onset or flare [55]. Integration of these data streams using
machine learning has the potential to yield powerful multimodal biomarker models [56].

5. Clinical Presentation, Diagnosis
Diarrhea represents the most common clinical manifestation of IMC, occurring in

approximately 13–37% of patients receiving ICIs [57]. Up to 9% of patients may also present
with abdominal pain, fever, rectal bleeding, or passage of blood and mucus in the stool;
however, the absence of diarrhea does not exclude colitis [57,58].

Symptom onset typically occurs within the first 6–8 weeks after ICI initiation, although
delayed presentations have been reported, occasionally emerging up to two years after
treatment discontinuation [15,58]. The clinical spectrum ranges from mild increases in stool
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frequency to life-threatening colitis complicated by dehydration, sepsis, toxic megacolon,
or intestinal perforation [7].

The Common Terminology Criteria for Adverse Events (CTCAE) remain the stan-
dard tool for grading IMC severity and guiding therapeutic decisions, incorporating both
symptomatology and treatment response [5,7]. Grading of IMC according to CTCAE is
summarized in Table 2.

Table 2. Grades of IMC according to CTCAE.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Diarrhea

Increase of <4 stools/d
over baseline; mild
increase on ostomy
output compared
with baseline

Increase of
4–6 stools/d over
baseline; moderate
increase in ostomy
output compared with
baseline; limiting
instrumental ADL

Increase of
≥7 stools/d over
baseline;
hospitalization
indicated; severe
increase in ostomy
output compared with
baseline; limiting
self-care ADL *

Life-threatening
consequences, urgent
intervention indicated

Death

Colitis

Asymptomatic; clinical
or diagnostic
observations;
intervention
not indicated

Abdominal pain;
mucus or blood
in stool

Severe or persistent
abdominal pain; fever;
ileus; peritoneal signs

Life-threatening
consequences: urgent
intervention indicated

Death

* ADL, activities of daily living.

A structured diagnostic approach is essential to exclude alternative etiologies of
diarrhea or colitis in patients currently or previously treated with ICIs. The recommended
initial work-up includes complete blood count, FC, CRP, and electrolyte and metabolic
panels (urea, creatinine, potassium, sodium, calcium, magnesium, liver enzymes, and
albumin). Additional testing should assess for hepatitis B and C, latent tuberculosis, and
markers of malabsorption (iron, ferritin, vitamin B12, vitamin D, folic acid), as well as
thyroid function and celiac serology [15,59,60].

Although most cases are ICI-induced, infectious etiologies must be excluded before
establishing the diagnosis [4,9]. Stool cultures and testing for Clostridioides difficile, Giardia
duodenalis, cytomegalovirus (CMV), and Epstein–Barr virus (EBV) are recommended, as these
pathogens may exacerbate or resemble IMC [55].

Screening for ova and parasites should be guided by local epidemiology and exposure
history [10]. In patients with fever, severe abdominal pain, or peritoneal signs, abdominal
CT is warranted to rule out complications such as perforation, megacolon, or abscess
formation [1,2,10]. Non-infectious conditions such as lymphocytic or collagenous colitis,
anemia, electrolyte abnormalities, treatment-related thyroid toxicities, immune-mediated
pancreatic insufficiency, and de novo celiac disease may clinically simulate IMC and should
therefore always be considered and excluded during diagnostic evaluation [58].

Ileocolonoscopy with mucosal biopsies remains the reference standard for diagnos-
ing IMC in patients presenting with persistent diarrhea of CTCAE grade ≥ 2 [10]. The
endoscopic appearance of ICI-related inflammation is nonspecific, ranging from normal
mucosa to varying degrees of edema, erythema, erosions, aphthous lesions, inflammatory
exudate, and ulcerations [61]. A flexible sigmoidoscopy is often sufficient for diagnosis,
as the left colon is involved in up to 98% of cases. However, certain high-risk endoscopic
features—including deep ulcerations and extensive colonic involvement—are predictive of
steroid-refractory disease and an increased likelihood of requiring biologic therapy [62].
Importantly, a normal-appearing mucosa does not exclude IMC, as histologic inflammation
can be present even when endoscopic findings are unremarkable. Indeed, up to 37% of
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patients with IMC have a normal-appearing colon on endoscopy; therefore, biopsies should
always be obtained regardless of mucosal appearance [20,62]. Currently, there is no specific
endoscopic scoring system for IMC. In clinical practice, the Mayo Endoscopic Subscore
(MES) or the MD Anderson Cancer Center classification are commonly applied to grade
endoscopic severity and guide management (Table 3) [63,64].

Table 3. MD Anderson Cancer Center Endoscopic Inflammation Grading.

Severity Endoscopic Features

Mild Normal endoscopy and normal histology

Moderate
Normal colon appearance with pathology showing inflammation;
small ulcers <1 cm, shallow ulcer <2 mm, and/or number of ulcers <3;
inflammation limited to the left colon only, no ulcer inflammation

High Large ulcer ≥1 cm, deep ulcer ≥2 mm, and/or number of ulcers ≥3;
extensive inflammation beyond left colon

Histologic findings are not pathognomonic. The most common histologic features
of IMC are increased lamina propria cellularity, intraepithelial neutrophilic infiltrates,
cryptitis, crypt abscesses, and apoptotic cells, which may precede the onset of diarrhea [20].
Differentiating IMC from IBD can be challenging due to overlapping clinical, endoscopic,
and histologic features. Unlike IBD, which is typically characterized by architectural
distortion, basal plasmacytosis, or granulomas, IMC more often demonstrates a mixed
neutrophilic and lymphocytic infiltrate, crypt abscesses, and increased epithelial apoptosis,
but generally lacks the chronic mucosal remodeling observed in longstanding IBD.

Ultimately, an accurate diagnosis relies on the integration of clinical symptoms, associ-
ation with or history of ICI therapy, endoscopic and histologic findings, and the exclusion
of infectious and non-infectious causes of diarrhea [65].

6. Management and Treatment Strategies
The objectives of treating IMC are to rapidly control symptoms and improve pa-

tients’ QoL by achieving a symptomatic response followed by clinical remission, to pre-
vent life-threatening complications such as dehydration, ileus, toxic megacolon, intestinal
perforation, septic shock, and death, and, when possible, to continue or reintroduce im-
munotherapy [5]. Systemic immunosuppression resulting from corticosteroids, biologics,
or JAK inhibitors increases the risk of opportunistic infections and may potentially impair
ICI-induced antitumor immunity. Early recognition and a stratified treatment approach
according to clinical severity and response are essential to minimize morbidity without
compromising oncologic efficacy.

Management of IMC is guided primarily by the severity of colitis according to CTCAE
and the patient’s response to corticosteroid therapy; however, symptom duration, along
with endoscopic, histologic and biochemical findings, can also be useful predictors of
treatment response and outcomes [7,66]. Treatment options are comprehensively detailed
in Table 4, organized by treatment line and CTCAE grade to facilitate clear clinical decision-
making based on disease severity.
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Table 4. Medications for IMC: Dosage, Duration, and Response.

Agent/Intervention Dosing/Administration Timing/Duration Response
Rates

Key
Considerations/Contraindications

Corticosteroids [5,7,45,67–69]

Oral pred-
nisone/methylprednisolone
0.5–1 mg/kg/day (CTCAE 2;
outpatient care)
IV methylprednisolone
1–2 mg/kg/day (CTCAE ≥ 3
or insufficient response
on/relapse off oral
corticosteroids; inpatient care)
Oral budesonide MMX 9
mg/day (microscopic colitis)

4–6 weeks 70%

Response assessment at day 3–5;
taper over 4–6 weeks.
Increased risk of AE, serious
infections and mortality. May impair
antitumor ICI induced immune
response. Relapse rates 34–44%.

Infliximab [5,7,70,71]

Intravenous 5 mg/kg (week 0,
repeat as needed on week 2
and 6; maintenance every
8 weeks)

6 weeks
induction;
maintenance
as indicated

88% clinical
remission;
50.9%
corticosteroid-
free remission
at week 24

Fast acting (response within 7–14
days expected). Moderate to severe
steroid-refractory disease (especially
if risk of complications); increased
risk of serious infections and may
impair antitumor ICI induced
immune response. Biosimilars
available. No data on sc formulation,
dose escalation, TDM, combination
therapy with immunomodulators.

Vedolizumab [5,7,70]

Intravenous 300 mg (week 0,
repeat as needed on week 2
and 6; maintenance every
8 weeks)

6 weeks
induction;
maintenance
as indicated

89%
clinical
remission

Moderate steroid or IFX refractory
disease. Gut selective without
systemic immunosuppression.
Slower onset of action (>14 days);
use in severe cases with caution. No
biosimilars available. No data on
subcutaneous formulation, dose
escalation, therapeutic
drug monitoring.

Tofacitinib [72–74] Oral 2 × 10 mg/day 4–25 weeks

Clinical
response within
5 days; clinical,
biochemical,
endoscopic and
histologic
remission at
week 5–6.

Case reports in IFX refractory
disease. Thromboembolism risk
assessment needed. Generally, not
recommended for elderly.

Ustekinumab [74–76]

Single IV induction dose
according to body weight (260
mg for <55 kg; 390 mg for
55–85 kg; 520 mg for >85 kg)
followed by 90 mg sc dose
every 8 weeks after
induction dose

>6 months

Clinical
remission at
with significant
improvement in
endoscopy after
6 months

Case reports in refractory colitis.
Favorable and established long-term
safety profile in IBD literature.

Tocilizumab [77] IV 8 mg/kg every 4 weeks 20 weeks

At week 24, 84%
had ≥1 grade
steroid-free
symptom
reduction

Median time to response 14 days.
Results from open-label clinical
study. 25% of patients had serious
treatment related AEs.

Mycophenolate mofetil [78] Oral enteric-coated 2 ×
500–1000 mg/day N/A

44% clinical
remission in IFX
refractory IMC.

Concomitant with corticosteroids
hastens improvement of colitis or
reduce the incidence of relapse.

Cyclosporine/Tacrolimus [74,79]
Oral cyclosporine 5 mg/kg in
a split twice-daily dosing or IV
cyclosporine 2 mg/kg/day

54 days

72.7–74% of
patients
responded to
calcineurin
inhibitor in IFX
refractory IMC

Case series. Trough levels 100–200
ng/mL. Risk of renal
impairment development.

Mesalamine [67] Oral; dosing N/A 241 days
May be effective for patients with
delayed onset of CTCAE 1–2 colitis
and no ulcerations on endoscopy.

Loperamide [5,7] Oral; up to 16 mg/day Up to 72 h
For CTCAE 1 colitis. Caution in
malnourished and moderately to
severely dehydrated patients.
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Table 4. Cont.

Agent/Intervention Dosing/Administration Timing/Duration Response
Rates

Key
Considerations/Contraindications

Cholestyramine [80] Oral; dosing N/A 241 days
May be effective for patients with
delayed onset of Grade 1–2 colitis
and no ulcerations on endoscopy.

Probiotics [81]
Commercially available
probiotics (strains and dosing
were not specified)

N/A N/A

No significant microbiome
alterations or improved clinical
outcomes in patients receiving ICI
for melanoma.

IFX, infliximab; TDM, therapeutic drug monitoring; IV, intravenous.

6.1. First-Line Therapy
6.1.1. Mild Colitis (CTCAE Grade 1)

In patients with diarrhea (CTCAE 1), initial management strategy includes continua-
tion of the ICI-treatment after excluding infection, including Clostridioides difficile and CMV,
and measuring FC [7,15].

Supportive care includes oral hydration, dietary modification to reduce fiber, lactose,
and caffeine intake, and antidiarrheal agents (e.g., loperamide).

If colitis symptoms persist beyond 72 h, escalate to CTCAE grade ≥ 2, or FC
levels ≥ 150 µg/g, initiation of therapy with oral mesalamine or cholestyramine can be
considered, followed by performance of colonoscopy [80]. The presence of any endoscopic
activity (MES ≥ 1) necessitates temporary interruption of ICI therapy and commencement
of oral corticosteroids.

In cases of histologically confirmed colonic inflammation, budesonide 9 mg/day with
extended release is effective and may allow continuation of ICI therapy [67,80].

6.1.2. Moderate to Severe Colitis (CTCAE Grade ≥ 2)

After excluding infection and completing laboratory and endoscopic workup, patients
should be hospitalized if clinically indicated [5,7]. ICI therapy should be suspended or
even stopped (anti-PD-1/PD-L1 permanently for grade 4; consideration of permanent
discontinuation of anti-CTLA-4 for CTCAE ≥ 2).

Systemic corticosteroids are the mainstay of initial treatment for CTCAE ≥ 2 colitis, admin-
istered as oral or intravenous prednisone or methylprednisolone at 0.5–2 mg/kg/day [7,45,68].
Early initiation within five days is associated with shortened symptom duration and hospi-
talization [69]. Oral corticosteroid therapy is the preferred option for patients with Grade 2
colitis who are suitable candidates for outpatient care [68,69]. Intravenous corticosteroid
therapy should be considered for all patients with Grade ≥ 3 colitis requiring inpatient
care or in cases where oral therapy has failed.

Approximately 70% of patients achieve remission with corticosteroids alone [82–84].
Steroid tapering should be carefully managed over 4–6 weeks to minimize relapse risk [5,7].

Baseline corticosteroid use at the initiation of ICI therapy, as well as high-dose cor-
ticosteroid treatment following the onset of IMC, has been associated with poorer clini-
cal outcomes [85,86]. However, due to the retrospective, observational, and exploratory
design of these studies, the authors acknowledge multiple limitations and potential con-
founders, leaving the relationship between corticosteroid use and outcomes as one of
correlation rather than proven causation. Extended corticosteroid courses pose significant
risks, including serious adverse effects and increased mortality, notably due to potentially
life-threatening infections [87–91].

Patients with Grade 2 colitis and mild endoscopic findings (MES 0–1) may be treated
with low-dose corticosteroids (<10 mg prednisone equivalent dose) or de-escalate to
mesalamine or budesonide once improved [92].
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Rechallenge with ICIs may be considered in multidisciplinary discussion for patients
in clinical remission or on ≤8 mg/day of methylprednisolone [61].

6.2. Second-Line Therapy

One-third of patients do not respond to IV steroids, and 34–44% relapse following the
first-line therapy with steroids [93].

The presence of moderate-to-high-risk endoscopic features, including a MES of 3,
ulcerations exceeding 10 mm in size, ulceration depth greater than 2 mm, presence of more
than three ulcerations, and inflammatory changes extending proximal to the left colon, is
significantly associated with an increased probability of corticosteroid treatment failure,
escalation to biologic therapy, and prolonged inpatient hospitalization [94,95].

What is the optimal second-line therapy for steroid-refractory IMC that effectively
alleviates colitis symptoms without compromising the antitumor immune response?

Management strategies are primarily based on expert opinions drawn from retrospec-
tive studies, case reports, meta-analyses and IBD therapy, with considerable variability and
lack of standardization in the definitions of treatment response and follow-up periods.

To date, clinical studies have not adequately addressed the safety of immunosuppres-
sive agents concerning tumor progression. Also, no biomarkers have been identified that
reliably predict therapeutic response.

Second-line agents include IFX or VDZ following standard IBD induction
regimens [5,7,68,69,96]. Both induce rapid clinical remission in approximately 88–89%
of steroid-refractory cases after one or a few doses [85]. However, the corticosteroid-free
clinical remission rate at 26 weeks following IFX treatment remains modest, reported
at 50.9% [70].

The greatest experience has been with the use of IFX, especially in more severe forms
of the disease, likely due to its rapid onset of action, long-standing clinical experience in
IBD treatment, and lower treatment costs compared to VDZ because of the availability of
biosimilars, particularly in resource-limited settings. VDZ, by selectively targeting the gut
without causing systemic immunosuppression, represents a valid alternative, especially
for patients with moderate disease and those who have comorbidities or an increased risk
of infection.

When choosing between these two molecules, the clinician should in consultation
with gastroenterologist carefully consider the patient’s specific characteristics, including
the underlying malignant disease and comorbidities [7]. For example, pre-existing inflam-
matory bowel disease already treated with advanced therapeutic options, the presence
of latent tuberculosis, HIV infection, hematologic neoplasms, or congestive heart failure
may limit the use of IFX. It is also important to assess the expected duration of biologic
therapy and the risks of systemic immunosuppression, potential infections, and malignan-
cies, which are more pronounced with IFX. Additionally, attention should be given to other
possible ICI side effects (such as ICI-induced hepatitis) that may influence the choice of
biologic (hepatitis can also be a side effect of IFX), as well as the potential interference of
biologics with the antitumor efficacy of ICIs—this is especially relevant for VDZ in primary
gastrointestinal malignancies.

Patients who do not respond to initial biologic therapy may have their biologic class
changed, for example from IFX to VDZ or vice versa [7]. Given the severity of IMC, the
usual washout period is not awaited, but rather the new biologic is administered as soon
as it becomes evident that the previous therapy is ineffective.

In current clinical practice, therapeutic sequencing between systemic anti-TNF agents
such as infliximab and gut-selective anti-integrin therapy such as vedolizumab is guided
not only by efficacy but also by patient-specific risk factors. Anti-TNF therapy may be
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preferred in cases requiring rapid disease control or in the presence of significant extrain-
testinal manifestations, whereas vedolizumab is often favored in patients with increased
infection risk, prior or active malignancy, or situations where minimizing systemic im-
munosuppression is a priority. Therefore, individualized risk stratification plays a central
role in optimizing treatment selection and sequencing.

However, a few open questions remain regarding the application of IFX and VDZ
in the treatment of IMC. Namely, in all studies to date, these molecules have been ad-
ministered intravenously as monotherapy, with concomitant administration of high-dose
corticosteroids. The endpoints in these studies were frequently insufficiently defined. No
data are currently available on the use of these agents as monotherapy or as first-line im-
munosuppressive treatments, approaches that could potentially reduce exposure of patients
with IMC to corticosteroids and minimize associated side effects and tumor progression.
Similarly, there are no available data on the potential combined prescription of intravenous
IFX with an immunomodulator, which is the standard in IBD treatment, probably due to
the increased risk of additional and prolonged immunosuppression. Although IFX and
VDZ are now available in subcutaneous forms, data on their efficacy and safety in treating
IMC via subcutaneous administration are currently unavailable. Furthermore, questions
regarding therapy optimization include the possibility of dose escalation, therapeutic drug
monitoring, accelerated induction, and the influence of factors such as hypoalbuminemia,
all of which have not been sufficiently investigated to date.

Further insights into second-line immunosuppressive treatment for IMC are antic-
ipated from ongoing clinical trials, including a randomized Phase 1/2 trial comparing
the efficacy and safety of IFX versus VDZ in patients with corticosteroid-refractory col-
itis (NCT04407247); a Phase 2 trial comparing IFX to corticosteroids (NCT04305145); a
Phase 3 randomized trial evaluating IFX plus corticosteroids versus corticosteroids alone
(NCT05947669); and a Phase 2 randomized trial comparing VDZ to prednisolone with or
without IFX (NCT04797325) [68].

6.3. Third-Line and Refractory Colitis

Patients with persistent or worsening symptoms despite second-line therapy should
undergo a comprehensive evaluation, including repeat endoscopy and exclusion of infec-
tions such as CMV and Clostridioides difficile. Patients with IMC who are refractory to IFX
typically develop symptoms within the first 4 weeks following initiation of ICI therapy.
These patients are more likely to have a pre-existing autoimmune disease, present with
higher-grade IMC (CTCAE grade ≥ 3), and have received prolonged corticosteroid therapy
prior to the introduction of biologic agents [71].

Salvage treatments reported in limited series include immunosuppressants (mycophe-
nolate mofetil; cyclosporine and tacrolimus), JAK inhibitors (tofacitinib), and biologics target-
ing IL-12/23 (ustekinumab), IL-6 (tocilizumab), and CTLA-4 (abatacept) [68,72–79,84,97].

Ongoing trials of etrasimod (NCT06521762), mesalamine (NCT05663775), and the
probiotic formulation VSL#3 (NCT06508034) are expected to provide further insights into
potential management strategies for IMC [68].

As a last resort, elective or emergency colectomy may be considered for patients
with IMC who are refractory to medical therapy, as well as for those experiencing life-
threatening complications such as toxic megacolon, bowel perforation, intra-abdominal
abscess, or septic shock [5,7]. Additionally, elective colectomy was reported in a patient with
active inflammatory bowel disease (IBD) when the therapeutic benefits of ICI significantly
outweighed the morbidity associated with surgical intervention [98].
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6.4. Supportive and Preventive Measures

All patients with IMC require thromboembolism risk assessment and appropriate
anticoagulation [99]. Nutritional screening using NRS-2002 and SARC-F, with targeted
interventions, is essential given malnutrition risk [100,101].

Screening for latent infections and updating vaccinations (pneumococcal, influenza)
should occur before immunosuppression [5,7,102]. Prophylaxis against Pneumocystis
jirovecii is recommended during high-dose corticosteroid or combined immunosuppression.

Increased dietary fiber intake beneficially modulates gut microbiome composition,
particularly Ruminococcaceae and Faecalibacterium species, which has been associated with
enhanced anti–PD-1 therapy efficacy [81,103]. However, the use of commercially available
probiotics has not demonstrated significant microbiome alterations or improved clinical
outcomes in patients receiving ICIs.

To prevent osteopenia and osteoporosis, it is essential to ensure adequate daily intake
of calcium and vitamin D, promote smoking cessation, and encourage regular physical ac-
tivity tailored to individual capacity. Vitamin D and calcium supplementation is indicated
for all patients receiving corticosteroid therapy, while bisphosphonate treatment is recom-
mended for those with postmenopausal or corticosteroid-induced osteoporosis [104]. A
retrospective study demonstrated that the use of over-the-counter vitamin D supplements
in melanoma patients treated with ICI (anti–PD-1, anti–CTLA-4, or their combination) was
associated with a reduced risk of developing IMC [105]. The use of multivitamin supple-
ments is justified only in IMC patients with documented clinically significant deficiencies
of vitamins, minerals, or trace elements [103].

The treatment algorithm is shown in Figure 1.

Figure 1. Therapeutic approach to IMC.

Key challenges for future therapeutic strategies include optimizing biologic sequenc-
ing, evaluating subcutaneous formulations, defining targets for therapeutic drug moni-
toring, and balancing immunosuppression with antitumor efficacy. Prospective trials are
required to refine induction protocols, establish robust clinical endpoints, evaluate novel
agents, and explore microbiome-based interventions.
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7. Future Directions and Emerging Therapies
7.1. Personalized Approaches

The implementation of personalized strategies in cancer immunotherapy extends
beyond tumor genomics to encompass host immune profiling, pharmacogenomics, and
microbiome features. Artificial intelligence (AI)-driven decision-support tools now incor-
porate patient-specific data from transcriptomics, cytokine levels, T-cell phenotyping, and
gut microbiota to forecast IMC development and guide treatment decisions [56].

Pharmacogenomic markers, such as HLA-DQA1*02:01 and UGT1A1 polymorphisms,
offer insights into susceptibility to immunotherapy-related toxicity [106,107]. Immune
cell profiling—including CD8+ tissue-resident memory cells and regulatory T cells—also
contributes to stratifying patients by risk and tailoring anti-inflammatory therapies [108].

Liquid biopsies, which measure circulating tumor DNA and exosomal RNA can
noninvasively monitor treatment response and detect early molecular changes predictive
of irAE onset [109]. Similarly, AI-guided histological analyses and digital pathology tools
are gaining ground for automated scoring of inflammation in colonic biopsies [110]. In UC,
a condition closely resembling IMC, AI models have predicted therapeutic outcomes with
high accuracy by integrating transcriptomic data and immune cell landscapes [111]. These
methodologies are now being translated to cancer care, improving precision and real-time
adaptability of immunotherapeutic regimens.

7.2. Fecal Microbiota Transplantation

The gut microbiota, and its modulation, is proven to play an important role in immune
response, antitumor response and response to immunotherapy [112–114]. Fecal microbiota
transplantation (FMT) is a medical procedure which involves administration of donor
fecal matter into the recipient’s gastrointestinal tract, either via colonoscopy or nasojejunal
tube. The main goal of FMT is modulating the recipient’s intestinal microbiota. While it is
generally safe, FMT may induce adverse effects, mostly mild, such as nausea, vomiting,
bloating, abdominal discomfort and diarrhea [115]. The most common indication for
FMT is curing recurrent Clostridiodales difficile infection after failure of antibiotic therapy
in immunocompetent adults, but there is emerging evidence for FMT being a useful
therapeutic option in other conditions including cancer [52,116–118]. In recent years,
FMT has shown promising results as a potential therapeutic option for patients with IMC
refractory to standard immunosuppressive therapy. Although corticosteroids are usually
given as a 1st line IMC treatment, followed by 2nd line IFX or VEDO, there is a subset
of patients which are refractory to standard therapy [119]. Up to 41% of patients with
grade ≥ 2 IMC are refractory to corticosteroids but respond to IFX, while up to 11% of
patients are refractory to both corticosteroids and IFX [69].

To date, scarce case reports and studies have been published on the use of FMT in 1st
and 2nd line refractory IMC. The first ever report, published by Wang et al. in 2018 [120],
described two patients with IMC unresponsive to 1st and 2nd line treatment who both
achieved complete clinical remission following FMT. One patient achieved remission
after a single FMT, while the other achieved remission after 2 applications of FMT. All
stools were by the same donor. Analysis of microbiota showed similarity to donor stool
post FMT, although the similarity was reduced over time. Nonetheless, an abundance of
Bifidobacterium genera in both recipients and Blautia genera in one recipient were found post
FMT [120]. A subsequent case report by Fasanello et al. in 2020 confirmed a similar result
with patient in IMC remission following a single course of FMT after failure of treatment
with corticosteroids, IFX, mycophenolate mofetil, mesalamine and VDZ [121]. In 2023, a
larger case series by Halsey et al. observed clinical improvement in 10 out of 12 patients
with IMC, out of which 7 patients reached full remission and 3 patients reached partial
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remission. They used 4 healthy donors and most patients responded to a single course of
FMT, although one patient responded only after 2 courses of FMT, while the two patients
did not respond even with two courses of FMT. Microbiome was analyzed and shown that
responders demonstrated an increased alpha-diversity and had an increase in beneficial
genera, such as Bifidobacterium and Collinsella [122]. Most recently, preliminary findings
from a large study by Wang et al. involving 62 patients further support these outcomes.
Their results show 80% patients achieved clinical improvement, though mild and transient
adverse events were reported in 37% cases [123].

Although FMT is for now considered as a 3rd line salvage option for refractory IMC,
there is a currently ongoing clinical trial by Wang et al. assessing the safety of FMT as a
1st line treatment for IMC. Out of their 12 patients so far, 75% had remission and only two
patients required immunosuppression after FMT failure [124].

Collectively, these results suggest that FMT is a promising salvage strategy for patients
with refractory IMC, capable of reestablishing microbial balance and mitigating intestinal
inflammation. However, its optimal timing, donor selection, route of administration, and
long-term effects remain to be determined, there is a need for prospective trials to define
the answers to these questions. FMT studies and results are summarized in Table 5.

Table 5. FMT studies summary: methodology and results.

Study Design Patients Prior Treatment Donor FMT Route Number of FMTs Clinical
Outcomes Adverse Effects Microbiome Findings

[120] Case series 2 Steroids
Infliximab Single healthy donor Colonoscopy 1 (patient 1)

2 (patient 2)

Complete clinical
and endo-

scopic remission

Mild, self-limited GI
symptoms

Shift toward donor-like
microbiota; enrichment of

Bifidobacterium spp. (both)
and Blautia spp. (one);

increased mucosal Tregs

[121] Single case report 1

Steroids Infliximab
Vedolizumab

Mycophenolate
mofetil

Mesalamine

Healthy donor Colonoscopy 1 Complete
clinical remission

No serious adverse
events Not reported

[122] Multicenter
case series 12

Steroids
Infliximab

Vedolizumab
4 healthy donors Colonoscopy Mostly 1, 3 patients 2

Clinical
improvement
10/12 (83%);

complete
remission 7 (58%);
partial 3 (25%); 2
non-responders

Mostly mild
transient symptoms

Shift toward donor-like
microbiota, increased

alpha-diversity; enrichment
of Bifidobacterium

and Collinsella

[123] Prospective
observational study 62 Immunosuppressive

therapy Not reported Not reported Not reported

Clinical
improvement

~80%
(patient-reported

outcomes)

Mild transient
adverse events ~37% Not reported

[124] Ongoing prospective
trial (first-line FMT) 12 None Not reported Not reported Not reported

Remission 75%; 2
required

subsequent im-
munosuppression

No major safety
concerns reported Not reported

7.3. Preventive and Combined Strategies

Preventive strategies to mitigate IMC and other irAEs are of paramount importance to
avoid treatment discontinuation and preserve QoL.

FMT is also being investigated as a preventive measure. Administering FMT or
prebiotics before ICI initiation in patients with dysbiosis may prime a more favorable
immunologic baseline. Jiang et al. showed that specific microbial signatures before
treatment correlated with ICI response, suggesting the feasibility of microbiota-guided
patient stratification [111].

Antibiotic stewardship remains essential, as antibiotic-induced dysbiosis negatively
affects ICI efficacy and increases irAE incidence [125].

Dietary interventions and next-generation probiotics designed to enhance SCFA-
producing bacteria may further prevent IMC [54].

Beyond microbiota modulation, combined therapeutic strategies offer promising
avenues. Co-administration of ICIs with cytokine inhibitors (e.g., anti-IL-6, anti-IL-17), vas-
cular endothelial growth factor (VEGF), or mitogen-activated extracellular signal-regulated
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kinase (MEK) inhibitors has been shown to enhance efficacy but also necessitates careful
toxicity management [126,127].

Other novel approaches include extracorporeal photopheresis, dendritic cell-based
vaccines, neoantigen-based vaccines, and oncolytic viruses, all of which can synergize
with ICIs while offering potential immune modulation [128–130]. Implementation of these
approaches should be individualized, biomarker-guided, and monitored longitudinally
using digital health tools and remote patient-reported outcome platforms [56].

Lastly, the interactions between chronic liver disease and gut microbiota, highlighted
by Stojic et al., offer translational insights. The dysbiotic changes observed in patients
with liver disease, such as reduced Faecalibacterium and increased Enterobacteriaceae, par-
allel microbiota shifts in IMC, reinforcing the relevance of the gut-liver axis in systemic
immune regulation [131].

Despite many studies, noting that a significant amount of data comes from retrospec-
tive and time-limited studies, to date, no single biomarker has proven reliable for predicting
or differentiating IMC in clinical practice.

Ultimately, an integrated approach combining predictive biomarkers, personalized risk
assessment, and preventive interventions such as FMT or cytokine modulation may offer the
most effective strategy for managing and mitigating IMC and other irAEs. The challenge
moving forward will be implementing these advances into routine clinical workflows,
supported by prospective trials and real-world validation.

8. Oncological Outcomes After ICI Discontinuation
Discontinuation of ICIs occurs for several reasons, including irAEs, achievement

of durable tumor response, patient preference, or disease progression. The long-term
consequences of treatment cessation remain an active area of investigation.

Several meta-analyses have evaluated outcomes after ICI discontinuation. Pala et al.
reported that long-term progression-free survival (PFS) varies depending on tumor type
and reason for cessation—patients with melanoma or those treated with combined anti–PD-
1 and anti–CTLA-4 therapy demonstrated more favorable outcomes, whereas poorer results
were observed in renal cell carcinoma (RCC) and non–small cell lung cancer (NSCLC) when
discontinuation occurred due to toxicity [132].

Tzeng et al. examined treatment-free survival (TFS) in metastatic RCC and found that
26% of patients maintained durable responses after treatment cessation, with higher TFS in
those receiving dual ICI therapy compared with ICI plus VEGF-directed regimens [133].

In a meta-analysis of advanced melanoma, Mayer et al. found that both PFS and
overall survival (OS) remained high for up to three years post-discontinuation. Elective
cessation yielded better one-year PFS (≈91%) than discontinuation due to toxicity (≈79%),
and longer treatment duration was associated with improved outcomes [134].

Lellas et al. similarly reported that approximately 21% of patients relapsed after ICI
withdrawal, but time to progression was longer in those who achieved a complete response
(CR), suggesting durable antitumor immunity [135].

Across tumor types, patients achieving CR prior to discontinuation consistently exhibit
the most favorable long-term outcomes. Even when therapy was stopped because of toxicity,
durable responses have been observed, supporting the concept of persistent immunologic
memory after ICI withdrawal [136–138].

Rechallenge following prior discontinuation has emerged as a feasible strategy in
selected patients. Cai et al. and pooled analyses across solid tumors reported objective
response rates of 20–22% and disease control rates around 50% upon ICI retreatment, with
incidences of all-grade and high-grade irAEs (41% and 13%, respectively) comparable to
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initial exposure [139,140]. These data suggest that ICI rechallenge can restore antitumor
activity without a disproportionate increase in toxicity risk.

Overall, current evidence indicates that discontinuation does not necessarily compro-
mise oncologic outcomes—particularly when ICIs are stopped after a period of disease
control [134,137,141–143]. However, significant heterogeneity among tumor types, treat-
ment durations, and reasons for discontinuation underscores the need for prospective trials
and standardized clinical guidelines.

Patients with preexisting IBD and autoimmune comorbidities remain at higher risk for
immune-related toxicity during ICI therapy. Although adverse events in these populations
are more frequent and sometimes severe, they are often manageable, and therapeutic
efficacy is generally preserved. Importantly, discontinuation of ICIs, whether due to
toxicity or sustained tumor response, does not necessarily predict poor prognosis; durable
remissions can occur even after treatment withdrawal.

Future research should focus on identifying predictive biomarkers that define which
patients are at greatest risk for autoimmune complications and which can safely discontinue
therapy without compromising long-term disease control. Until such data are available,
multidisciplinary collaboration, individualized decision-making, and early intervention
remain the cornerstones of optimizing safety while maintaining oncologic benefit.

9. Conclusions
IMC represents one of the most significant gastrointestinal toxicities associated with ICI

therapy, with a broad clinical spectrum ranging from mild diarrhea to life-threatening colitis.
As the use of ICIs continues to expand across oncological indications, the incidence and
clinical relevance of IMC are expected to increase, underscoring the need for standardized
diagnostic and therapeutic strategies.

Current evidence indicates that IMC is driven by complex interactions between im-
mune activation, loss of peripheral tolerance, cytokine dysregulation, and alterations in
the gut microbiota. Although corticosteroids remain the mainstay of first-line treatment, a
substantial proportion of patients require escalation to biologic therapy, most commonly
infliximab or vedolizumab, highlighting the need for early risk stratification and timely in-
tervention. Importantly, treatment decisions must balance effective control of inflammation
with preservation of antitumor immune responses and overall oncologic outcomes.

Emerging data suggest that predictive biomarkers, including inflammatory markers,
cytokine signatures, microbiome composition, and multimodal digital biomarkers, may
enable earlier identification of high-risk patients and more personalized management.
Microbiome-targeted interventions, particularly fecal microbiota transplantation, are gain-
ing attention as promising salvage and potentially preventive strategies in refractory IMC,
although robust prospective data are still lacking.
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Abbreviations
The following abbreviations are used in this manuscript:

AI Artificial Intelligence
ASCA Anti-Saccharomyces Cerevisiae Antibodies
CD Crohn’s Disease
CMV Cytomegalovirus
CR Complete Response
CRP C-Reactive Protein
CT Computed Tomography
CTCAE Common Terminology Criteria for Adverse Events
CTLA-4 Cytotoxic T-Lymphocyte-Associated Antigen 4
DCR Disease Control Rate
FC Fecal Calprotectin
FMT Fecal Microbiota Transplantation
HLA Human Leukocyte Antigen
IBD Inflammatory Bowel Disease
ICAM-1 Intercellular Adhesion Molecule-1
ICI Immune Checkpoint Inhibitor
IFX Infliximab
IL Interleukin
IMC Immune-Mediated colitis
imDC Immune Mediated Diarrhea and Colitis
irAEs Immune-Related Adverse Events
JAK Janus Kinase
LDH Lactate Dehydrogenase
MEK Mitogen-activated Extracellular signal-regulated Kinase
MES Mayo Endoscopic Subscore
miRNA MicroRNA
NLR Neutrophil-to-Lymphocyte Ratio
NRS-2002 Nutrition Risk Screening 2002
NSAID Nonsteroidal Anti-Inflammatory Drugs
NSCLC Non-Small Cell Lung Cancer
OmpC Outer Membrane Protein C
OS Overall Survival
pANCA Perinuclear Anti-Neutrophil Cytoplasmic Antibody
PD-1 Programmed Death-1
PD-L1 Programmed Death-Ligand1
PET/CT Positron Emission Tomography/Computed Tomography
PFS Progression-Free Survival
PPI Proton Pump Inhibitor
RCC Renal Cell Carcinoma
SARC-F Sarcopenia Assessment Questionnaire
SCFA Short-Chain Fatty Acid
Tregs Regulatory T Cells
TFS Treatment-Free Survival
UC Ulcerative Colitis
UGT1A1 UDP-Glucuronosyltransferase 1A1
VCAM-1 Vascular Cell Adhesion Molecule-1
VDZ Vedolizumab
VEGF Vascular Endothelial Growth Factor
QoL Quality of Life

https://doi.org/10.3390/biomedicines14030683

https://doi.org/10.3390/biomedicines14030683


Biomedicines 2026, 14, 683 19 of 25

References
1. Ribas, A.; Wolchok, J.D. Cancer immunotherapy using checkpoint blockade. Science 2018, 359, 1350–1355. [CrossRef]
2. Kong, X.; Zhang, J.; Chen, S.; Wang, X.; Xi, Q.; Shen, H.; Zhang, R. Immune checkpoint inhibitors: Breakthroughs in cancer

treatment. Cancer Biol. Med. 2024, 21, 451–472. [CrossRef]
3. Yin, Q.; Wu, L.; Han, L.; Zheng, X.; Tong, R.; Li, L.; Bai, L.; Bian, Y. Immune-related adverse events of immune checkpoint

inhibitors: A review. Front. Immunol. 2023, 14, 1167975. [CrossRef] [PubMed]
4. Tran, A.N.; Wang, M.; Hundt, M.; Chugh, R.; Ohm, J.; Grimshaw, A.; Ciarleglio, M.; Hung, K.W.; Proctor, D.D.; Price, C.C.; et al.

Immune checkpoint inhibitor-associated diarrhea and colitis: A systematic review and meta-analysis of observational studies.
J. Immunother. 2021, 44, 325–334. [CrossRef] [PubMed]

5. Powell, N.; Ibraheim, H.; Raine, T.; Speight, R.A.; Papa, S.; Brain, O.; Green, M.; Samaan, M.A.; Spain, L.; Yousaf, N.; et al. British
Society of Gastroenterology endorsed guidance for the management of immune checkpoint inhibitor-induced enterocolitis. Lancet
Gastroenterol. Hepatol. 2020, 5, 679–697. [CrossRef] [PubMed]

6. Bishay, K.; Tandon, P.; Bourassa-Blanchette, S.; Laurie, S.A.; McCurdy, J.D. The risk of diarrhea and colitis in patients with lung
cancer treated with immune checkpoint inhibitors: A systematic review and meta-analysis. Curr. Oncol. 2020, 27, e486–e494.
[CrossRef]

7. Dougan, M.; Wang, Y.; Rubio-Tapia, A.; Lim, J.K. AGA clinical practice update on diagnosis and management of immune
checkpoint inhibitor colitis and hepatitis: Expert Review. Gastroenterology 2021, 160, 1384–1393. [CrossRef]

8. Shah, R.; Witt, D.; Asif, T.; Mir, F.F. Ipilimumab as a cause of severe pan-colitis and colonic perforation. Cureus 2017, 9, e1182.
[CrossRef]

9. Dilling, P.; Walczak, J.; Pikiel, P.; Kruszewski, W.J. Multiple colon perforation as a fatal complication during treatment of metastatic
melanoma with ipilimumab—Case report. Pol. Przegl. Chir. 2014, 86, 94–96. [CrossRef] [PubMed]

10. Burdine, L.; Lai, K.; Laryea, J.A. Ipilimumab-induced colonic perforation. J. Surg. Case Rep. 2014, 2014, rju010. [CrossRef]
11. Wang, Y.; Abu-Sbeih, H.; Mao, E.; Ali, N.; Ali, F.S.; Qiao, W.; Lum, P.; Raju, G.; Shuttlesworth, G.; Stroehlein, J.; et al. Immune-

checkpoint inhibitor-induced diarrhea and colitis in patients with advanced malignancies: Retrospective review at MD Anderson.
J. Immunother. Cancer 2018, 6, 37. [CrossRef]

12. Sehgal, K.; Khanna, S. Gut microbiome and checkpoint inhibitor colitis. Intest. Res. 2021, 19, 360–364. [CrossRef]
13. Tang, L.; Wang, J.; Lin, N.; Zhou, Y.; He, W.; Liu, J.; Ma, X. Immune Checkpoint Inhibitor-Associated Colitis: From Mechanism to

Management. Front. Immunol. 2021, 12, 800879. [CrossRef] [PubMed]
14. Casalegno Garduño, R.; Däbritz, J. New Insights on CD8+ T Cells in Inflammatory Bowel Disease and Therapeutic Approaches.

Front. Immunol. 2021, 12, 738762. [CrossRef]
15. Hashash, J.G.; Francis, F.F.; Farraye, F.A. Diagnosis and management of immune checkpoint inhibitor colitis. Gastroenterol. Hepatol.

2021, 17, 358–366. [PubMed] [PubMed Central]
16. Luoma, A.M.; Suo, S.; Williams, H.L.; Sharova, T.; Sullivan, K.; Manos, M.; Bowling, P.; Hodi, F.S.; Rahma, O.; Sullivan, R.J.; et al.

Molecular Pathways of Colon Inflammation Induced by Cancer Immunotherapy. Cell 2020, 182, 655–671.e22. [CrossRef]
17. Badran, Y.R.; Cohen, J.V.; Brastianos, P.K.; Parikh, A.R.; Hong, T.S.; Dougan, M. Concurrent therapy with immune checkpoint

inhibitors and TNFα blockade in patients with gastrointestinal immune-related adverse events. J. Immunother. Cancer 2019, 7, 226.
[CrossRef] [PubMed]

18. Haanen, J.B.A.G.; Carbonnel, F.; Robert, C.; Kerr, K.M.; Peters, S.; Larkin, J.; Jordan, K. Management of toxicities from immunother-
apy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv119–iv142. Erratum in
Ann. Oncol. 2018, 29, iv264–iv266. https://doi.org/10.1093/annonc/mdy162. [CrossRef]

19. Martins, F.; Sofiya, L.; Sykiotis, G.P.; Lamine, F.; Maillard, M.; Fraga, M.; Shabafroutz, K.; Ribi, C.; Cairoli, A.; Guex-Crosier, Y.;
et al. Adverse effects of immune-checkpoint inhibitors: Epidemiology, management and surveillance. Nat. Rev. Clin. Oncol. 2019,
16, 563–580. [CrossRef]

20. Som, A.; Mandaliya, R.; Alsaadi, D.; Farshidpour, M.; Charabaty, A.; Malhotra, N.; Mattar, M.C. Immune checkpoint inhibitor-
induced colitis: A comprehensive review. World J. Clin. Cases 2019, 7, 405–418. [CrossRef] [PubMed]

21. Dougan, M. Checkpoint blockade toxicity and immune homeostasis in the gastrointestinal tract. Front. Immunol. 2017, 8, 1547.
[CrossRef]

22. Wolchok, J.D.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.J.; Cowey, C.L.; Lao, C.D.; Wagstaff, J.; Schadendorf, D.;
Ferrucci, P.F.; et al. Overall survival with combined nivolumab and ipilimumab in advanced melanoma. N. Engl. J. Med. 2017,
377, 1345–1356. Erratum in N. Engl. J. Med. 2018, 379, 2185. https://doi.org/10.1056/NEJMx180040. [CrossRef]

23. Gong, Z.; Wang, Y. Immune checkpoint inhibitor-mediated diarrhea and colitis: A clinical review. JCO Oncol. Pract. 2020, 16,
453–461. [CrossRef]

24. Dong, H.; Peng, Y.; Wang, X.; Cui, H. An updated review on immune checkpoint inhibitor-induced colitis: Epidemiology,
pathogenesis, treatment strategies, and the role of traditional Chinese medicine. Front. Immunol. 2025, 16, 1551445. [CrossRef]
[PubMed]

https://doi.org/10.3390/biomedicines14030683

https://doi.org/10.1126/science.aar4060
https://doi.org/10.20892/j.issn.2095-3941.2024.0055
https://doi.org/10.3389/fimmu.2023.1167975
https://www.ncbi.nlm.nih.gov/pubmed/37304306
https://doi.org/10.1097/CJI.0000000000000383
https://www.ncbi.nlm.nih.gov/pubmed/34380976
https://doi.org/10.1016/S2468-1253(20)30014-5
https://www.ncbi.nlm.nih.gov/pubmed/32553146
https://doi.org/10.3747/co.27.6251
https://doi.org/10.1053/j.gastro.2020.08.063
https://doi.org/10.7759/cureus.1182
https://doi.org/10.2478/pjs-2014-0017
https://www.ncbi.nlm.nih.gov/pubmed/24670341
https://doi.org/10.1093/jscr/rju010
https://doi.org/10.1186/s40425-018-0346-6
https://doi.org/10.5217/ir.2020.00116
https://doi.org/10.3389/fimmu.2021.800879
https://www.ncbi.nlm.nih.gov/pubmed/34992611
https://doi.org/10.3389/fimmu.2021.738762
https://www.ncbi.nlm.nih.gov/pubmed/34602898
https://pmc.ncbi.nlm.nih.gov/articles/PMC8475264
https://doi.org/10.1016/j.cell.2020.06.001
https://doi.org/10.1186/s40425-019-0711-0
https://www.ncbi.nlm.nih.gov/pubmed/31439050
https://doi.org/10.1093/annonc/mdy162
https://doi.org/10.1093/annonc/mdx225
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.12998/wjcc.v7.i4.405
https://www.ncbi.nlm.nih.gov/pubmed/30842952
https://doi.org/10.3389/fimmu.2017.01547
https://doi.org/10.1056/NEJMx180040
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1200/OP.20.00002
https://doi.org/10.3389/fimmu.2025.1551445
https://www.ncbi.nlm.nih.gov/pubmed/40165945
https://doi.org/10.3390/biomedicines14030683


Biomedicines 2026, 14, 683 20 of 25

25. Wei, W.; Ding, Y.; He, J.; Wu, J. Risk of colitis in immune checkpoint inhibitors and in chemotherapy/placebo for solid tumors:
A systematic review and meta-analysis. Transl. Cancer Res. 2020, 9, 4173–4187. [CrossRef]

26. Abu-Sbeih, H.; Faleck, D.M.; Ricciuti, B.; Mendelsohn, R.B.; Naqash, A.R.; Cohen, J.V.; Sellers, M.C.; Balaji, A.; Ben-Betzalel, G.;
Hajir, I.; et al. Immune checkpoint inhibitor therapy in patients with preexisting inflammatory bowel disease. J. Clin. Oncol. 2020,
38, 576–583. [CrossRef]

27. Johnson, D.H.; Zobniw, C.M.; Trinh, V.A.; Ma, J.; Bassett, R.L., Jr.; Abdel-Wahab, N.; Anderson, J.; Davis, J.E.; Joseph, J.;
Uemura, M.; et al. Infliximab Associated with Faster Symptom Resolution Compared with Corticosteroids Alone for the
Management of Immune-Related Enterocolitis. J. Immunother. Cancer 2018, 6, 103. Erratum in J. Immunother. Cancer 2019, 7, 107.
https://doi.org/10.1186/s40425-018-0469-9. [CrossRef]

28. Meserve, J.; Facciorusso, A.; Holmer, A.K.; Annese, V.; Sandborn, W.J.; Singh, S. Systematic Review with Meta-Analysis: Safety
and Tolerability of Immune Checkpoint Inhibitors in Patients with Pre-Existing Inflammatory Bowel Diseases. Aliment. Pharmacol.
Ther. 2021, 53, 374–382. [CrossRef] [PubMed]

29. Lutz, M.; Horst, S.; Caldera, F. Applying biomarkers in treat-to-target approach for IBD. Curr. Gastroenterol. Rep. 2025, 27, 41.
[CrossRef]

30. Liu, C.; Shatila, M.; Mathew, A.; Machado, A.P.; Thomas, A.; Zhang, H.C.; Thomas, A.S.; Faleck, D.; Funchain, P.; Philpott, J.;
et al. Role of C-reactive protein in predicting the severity and response of immune-mediated diarrhea and colitis in patients with
cancer. J. Cancer 2023, 14, 1913–1919. [CrossRef] [PubMed]

31. Grover, S.; Ruan, A.B.; Srivoleti, P.; Giobbie-Hurder, A.; Braschi-Amirfarzan, M.; Srivastava, A.; Buchbinder, E.I.; Ott, P.A.; Kehl,
K.L.; Awad, M.M.; et al. Safety of Immune Checkpoint Inhibitors in Patients with Pre-Existing Inflammatory Bowel Disease and
Microscopic Colitis. JCO. Oncol. Pract. 2020, 16, e933–e942. [CrossRef]

32. Sleiman, J.; Wei, W.; Shah, R.; Faisal, M.S.; Philpott, J.; Funchain, P. Incidence of Immune Checkpoint Inhibitor-Mediated
Diarrhea and Colitis (imDC) in Patients with Cancer and Preexisting Inflammatory Bowel Disease: A Propensity Score-Matched
Retrospective Study. J. Immunother. Cancer 2021, 9, e002567. [CrossRef]

33. Abdel-Wahab, N.; Shah, M.; Lopez-Olivo, M.A.; Suarez-Almazor, M.E. Use of Immune Checkpoint Inhibitors in the Treatment
of Patients with Cancer and Preexisting Autoimmune Disease: A Systematic Review. Ann. Intern. Med. 2018, 168, 121–130.
[CrossRef]

34. Kennedy, L.C.; Bhatia, S.; Thompson, J.A.; Grivas, P. Preexisting Autoimmune Disease: Implications for Immune Checkpoint
Inhibitor Therapy in Solid Tumors. J. Natl. Compr. Canc. Netw. 2019, 17, 750–757. [CrossRef] [PubMed]

35. Furugen, A.; Takekuma, Y.; Sugawara, M.; Kobayashi, M. Preexisting autoimmune disease is a risk factor for immune-related
adverse events: A meta-analysis. Support Care Cancer. 2021, 29, 774753. [CrossRef]

36. Leonardi, G.C.; Gainor, J.F.; Altan, M.; Kravets, S.; Dahlberg, S.E.; Gedmintas, L.; Azimi, R.; Rizvi, H.; Riess, J.W.; Hellmann,
M.D.; et al. Safety of programmed death-1 pathway inhibitors among patients with non–small-cell lung cancer and preexisting
autoimmune disorders. J. Clin. Oncol. 2018, 36, 1905–1912. [CrossRef]

37. Liu, X.; Li, S.; Ke, L.; Cui, H. Immune Checkpoint Inhibitors in Cancer Patients with Rheumatologic Preexisting Autoimmune
Diseases: A Systematic Review and Meta-Analysis. BMC. Cancer 2024, 24, 490. [CrossRef] [PubMed]

38. Tison, A.; Garaud, S.; Chiche, L.; Cornec, D.; Kostine, M. Immune-Checkpoint Inhibitor Use in Patients with Cancer and
Pre-Existing Autoimmune Diseases. Nat. Rev. Rheumatol. 2022, 18, 641–656. [CrossRef]

39. Xie, W.; Huang, H.; Xiao, S.; Fan, Y.; Deng, X.; Zhang, Z. Immune Checkpoint Inhibitors Therapies in Patients with Cancer and
Preexisting Autoimmune Diseases: A Meta-Analysis of Observational Studies. Autoimmun. Rev. 2020, 19, 102687. [CrossRef]

40. Menzies, A.M.; Johnson, D.B. Immune Checkpoint Inhibitors and Preexisting Autoimmune Disorders: Therapeutic Challenges
and Opportunities. Ann. Oncol. 2021, 32, 21–29. [CrossRef]

41. Cai, Q.; Huo, G.W.; Zhu, F.Y.; Yue, P.; Yuan, D.Q.; Chen, P. Safety and Efficacy of Immune Checkpoint Inhibitors in Advanced
Cancer Patients with Autoimmune Disease: A Meta-Analysis. Hum. Vaccines Immunother. 2022, 18, 2145102. [CrossRef]

42. Wang, J.; Ma, Y.; Lin, H.; Wang, J.; Cao, B. Predictive Biomarkers for Immune-Related Adverse Events in Cancer Patients Treated
with Immune-Checkpoint Inhibitors. BMC. Immunol. 2024, 25, 8. [CrossRef]

43. Xu, Q.; Li, X.; Yuan, Y.; Liang, G.; Hu, Z.; Zhang, W.; Wang, Y.; Lei, H. Development and Validation of a Nomogram for Predicting
Immune-Mediated Colitis in Lung Cancer Patients Treated with Immune Checkpoint Inhibitors: A Retrospective Cohort Study in
China. Front. Immunol. 2025, 16, 1510053. [CrossRef] [PubMed]

44. Tarhini, A.A.; Zahoor, H.; Lin, Y.; Malhotra, U.; Sander, C.; Butterfield, L.H.; Kirkwood, J.M. Baseline Circulating IL-17 Predicts
Toxicity While TGF-β1 and IL-10 Are Prognostic of Relapse in Ipilimumab Neoadjuvant Therapy of Melanoma. J. Immunother.
Cancer 2015, 3, 39. [CrossRef]

45. Giesler, S.; Riemer, R.; Lowinus, T.; Zeiser, R. Immune-Mediated Colitis after Immune Checkpoint Inhibitor Therapy. Trends Mol.
Med. 2025, 31, 265–280. [CrossRef]

https://doi.org/10.3390/biomedicines14030683

https://doi.org/10.21037/tcr-19-2872
https://doi.org/10.1200/JCO.19.01674
https://doi.org/10.1186/s40425-018-0469-9
https://doi.org/10.1186/s40425-018-0412-0
https://doi.org/10.1111/apt.16217
https://www.ncbi.nlm.nih.gov/pubmed/33314269
https://doi.org/10.1007/s11894-025-00991-7
https://doi.org/10.7150/jca.84261
https://www.ncbi.nlm.nih.gov/pubmed/37476185
https://doi.org/10.1200/JOP.19.00672
https://doi.org/10.1136/jitc-2021-002567
https://doi.org/10.7326/M17-2073
https://doi.org/10.6004/jnccn.2019.7310
https://www.ncbi.nlm.nih.gov/pubmed/31200356
https://doi.org/10.1007/s00520-021-06359-7
https://doi.org/10.1200/JCO.2017.77.0305
https://doi.org/10.1186/s12885-024-12256-z
https://www.ncbi.nlm.nih.gov/pubmed/38632528
https://doi.org/10.1038/s41584-022-00841-0
https://doi.org/10.1016/j.autrev.2020.102687
https://doi.org/10.1016/j.annonc.2020.10.595
https://doi.org/10.1080/21645515.2022.2145102
https://doi.org/10.1186/s12865-024-00599-y
https://doi.org/10.3389/fimmu.2025.1510053
https://www.ncbi.nlm.nih.gov/pubmed/39949779
https://doi.org/10.1186/s40425-015-0081-1
https://doi.org/10.1016/j.molmed.2024.09.009
https://doi.org/10.3390/biomedicines14030683


Biomedicines 2026, 14, 683 21 of 25

46. Vogrig, A.; Dentoni, M.; Florean, I.; Cellante, G.; Domenis, R.; Iacono, D.; Pelizzari, G.; Rossi, S.; Damato, V.; Fabris, M.; et al.
Prediction, Prevention, and Precision Treatment of Immune Checkpoint Inhibitor Neurological Toxicity Using Autoantibodies,
Cytokines, and Microbiota. Front. Immunol. 2025, 16, 1548897. [CrossRef] [PubMed]

47. Kogan, L.; Townsend, M.J.; Raj, D.; Levy, A.N.; Little, M.; Lian, J.; Crawford, C.V.; Chen, J.; Chen, Y.; Grover, S. Prognostic Value of
Inflammatory Bowel Disease-Associated Biomarkers in Patients with Immune Checkpoint Inhibitor Enterocolitis: A Retrospective
Cohort Study. Inflamm. Bowel Dis. 2024, 30, 1032–1035. [CrossRef]

48. Bottani, M.; Banfi, G.; Lombardi, G. Circulating miRNAs as Diagnostic and Prognostic Biomarkers in Common Solid Tumors:
Focus on Lung, Breast, Prostate Cancers, and Osteosarcoma. J. Clin. Med. 2019, 8, 1661. [CrossRef]

49. Włodarczyk, M.; Grzybowski, M.; Włodarczyk, J.; Fichna, J. The Role of miRNAs in the Pathogenesis, Diagnosis, and Treatment
of Colorectal Cancer and Colitis-Associated Cancer. Clin. Exp. Med. 2025, 25, 86. [CrossRef] [PubMed]

50. Khan, A.U.; Chacon-Millan, P.; Stiuso, P. Potential miRNAs as Diagnostic Biomarkers for Differentiating Disease States in
Ulcerative Colitis: A Systematic Review. Int. J. Mol. Sci. 2025, 26, 6822. [CrossRef]

51. Swaminathan, M.; Olsson-Brown, A.; Sacco, J.; Pirmohamed, M.; Parker, J.; Yachi, P.P.; Pritchard, D.M. P140 Investigating
Circulating miRNAs as Diagnostic and Prognostic Biomarkers of Immune Checkpoint Inhibitor-Related Colitis. Gut 2024, 73,
A137–A138. [CrossRef]

52. Baruch, E.N.; Youngster, I.; Ben-Betzalel, G.; Ortenberg, R.; Lahat, A.; Katz, L.; Adler, K.; Dick-Necula, D.; Raskin, S.; Bloch, N.;
et al. Fecal microbiota transplant promotes response in immunotherapy-refractory melanoma patients. Science 2021, 371, 602–609.
[CrossRef] [PubMed]

53. Gopalakrishnan, V.; Spencer, C.N.; Nezi, L.; Reuben, A.; Andrews, M.C.; Karpinets, T.V.; Prieto, P.A.; Vicente, D.; Hoffman, K.;
Wei, S.C.; et al. Gut Microbiome Modulates Response to Anti–PD-1 Immunotherapy in Melanoma Patients. Science 2018, 359,
97–103. [CrossRef]

54. Helmink, B.A.; Khan, M.A.W.; Hermann, A.; Gopalakrishnan, V.; Wargo, J.A. The Microbiome, Cancer, and Cancer Therapy. Nat.
Med. 2019, 25, 377–388. [CrossRef] [PubMed]

55. Shatila, M.; Takigawa, K.; Lu, Y.; Urias Rivera, A.C.; Mittal, N.; Aleem, A.S.; Ngo, S.; Lu, E.; Wu, D.; Sperling, G.; et al. Predictive
Value of FDG Uptake on PET for Future Immune Checkpoint Inhibitor-Mediated Colitis: A Case Series. J. Clin. Med. 2025, 14, 256.
[CrossRef]

56. De Deo, D.; Dal Buono, A.; Gabbiadini, R.; Nardone, O.M.; Ferreiro-Iglesias, R.; Privitera, G.; Bonifacio, C.; Barreiro-de Acosta,
M.; Bezzio, C.; Armuzzi, A. Digital Biomarkers and Artificial Intelligence: A New Frontier in Personalized Management of
Inflammatory Bowel Disease. Front. Immunol. 2025, 16, 1637159. [CrossRef]

57. Shatila, M.; Zhang, H.C.; Shirwaikar Thomas, A.; Machado, A.P.; Naz, S.; Mittal, N.; Catinis, C.; Varatharajalu, K.; Colli Cruz, C.;
Lu, E.; et al. Systematic review of immune checkpoint inhibitor-related gastrointestinal, hepatobiliary, and pancreatic adverse
events. J. Immunother. Cancer 2024, 12, e009742. [CrossRef]

58. Zoghbi, M.; Burk, K.J.; Haroun, E.; Saade, M.; Carreras, M.T.C. Immune checkpoint inhibitor-induced diarrhea and colitis:
An overview. Support. Care Cancer 2024, 32, 680. [CrossRef]

59. Eshet, Y.; Baruch, E.N.; Shapira-Frommer, R.; Steinberg-Silman, Y.; Kuznetsov, T.; Ben-Betzalel, G.; Daher, S.; Gluck, I.; Asher, N.;
Apter, S.; et al. Clinical Significance of Pancreatic Atrophy Induced by Immune-Checkpoint Inhibitors: A Case-Control Study.
Cancer Immunol. Res. 2018, 6, 1453–1458. [CrossRef] [PubMed]

60. Badran, Y.R.; Shih, A.; Leet, D.; Mooradian, M.J.; Coromilas, A.; Chen, J.; Kem, M.; Zheng, H.; Borowsky, J.; Misdraji, J.; et al.
Immune checkpoint inhibitor-associated celiac disease. J. Immunother. Cancer 2020, 8, e000958. Erratum in J. Immunother. Cancer
2020, 8, e000958corr1. https://doi.org/10.1136/jitc-2020-000958corr1. [CrossRef]

61. Li, H.; Fu, Z.Y.; Arslan, M.E.; Cho, D.; Lee, H. Differential diagnosis and management of immune checkpoint inhibitor-induced
colitis: A comprehensive review. World J. Exp. Med. 2021, 11, 79–92. [CrossRef]

62. Abu-Sbeih, H.; Ali, F.S.; Luo, W.; Qiao, W.; Raju, G.S.; Wang, Y. Importance of endoscopic and histological evaluation in the
management of immune checkpoint inhibitor-induced colitis. J. Immunother. Cancer 2018, 6, 95. [CrossRef]

63. Wang, Y.; Abu-Sbeih, H.; Tang, T.; Shatila, M.; Feleck, D.; Harris, J.; Dougan, M.; Olsson-Brown, A.; Johnson, D.B.; Grivas, P.; et al.
Novel endoscopic scoring system for immune mediated colitis: A multicenter retrospective study of 674 patients. Gastrointest.
Endosc. 2024, 100, 273–282. [CrossRef] [PubMed]

64. MDAnderson Cancer Center. Immune-Mediated Colitis Treatment Algorithm. Available online: https://www.mdanderson.
org/content/dam/mdanderson/documents/for-physicians/algorithms/clinical-management/clin-management-immune-
mediated-colitis-web-algorithm.pdf (accessed on 20 July 2025).

65. Del Gaudio, A.; Di Vincenzo, F.; Petito, V.; Giustiniani, M.C.; Gasbarrini, A.; Scaldaferri, F.; Lopetuso, L.R. Focus on Immune
Checkpoint Inhibitors-related Intestinal Inflammation: From Pathogenesis to Therapeutical Approach. Inflamm. Bowel. Dis. 2024,
30, 1018–1031. [CrossRef]

66. Shah, S.; US Department of Health and Human Services. Common Terminology for Adverse Events (CTCAE); National Institutes of
Health, National Cancer Institute: Bethesda, MD, USA, 2022; pp. 784–785.

https://doi.org/10.3390/biomedicines14030683

https://doi.org/10.3389/fimmu.2025.1548897
https://www.ncbi.nlm.nih.gov/pubmed/40181971
https://doi.org/10.1093/ibd/izad121
https://doi.org/10.3390/jcm8101661
https://doi.org/10.1007/s10238-025-01582-6
https://www.ncbi.nlm.nih.gov/pubmed/40091000
https://doi.org/10.3390/ijms26146822
https://doi.org/10.1136/gutjnl-2024-BSG.222
https://doi.org/10.1126/science.abb5920
https://www.ncbi.nlm.nih.gov/pubmed/33303685
https://doi.org/10.1126/science.aan4236
https://doi.org/10.1038/s41591-019-0377-7
https://www.ncbi.nlm.nih.gov/pubmed/30842679
https://doi.org/10.3390/jcm14010256
https://doi.org/10.3389/fimmu.2025.1637159
https://doi.org/10.1136/jitc-2024-009742
https://doi.org/10.1007/s00520-024-08889-2
https://doi.org/10.1158/2326-6066.CIR-17-0659
https://www.ncbi.nlm.nih.gov/pubmed/30275274
https://doi.org/10.1136/jitc-2020-000958corr1
https://doi.org/10.1136/jitc-2020-000958
https://doi.org/10.5493/wjem.v11.i6.79
https://doi.org/10.1186/s40425-018-0411-1
https://doi.org/10.1016/j.gie.2024.01.024
https://www.ncbi.nlm.nih.gov/pubmed/38272276
https://www.mdanderson.org/content/dam/mdanderson/documents/for-physicians/algorithms/clinical-management/clin-management-immune-mediated-colitis-web-algorithm.pdf
https://www.mdanderson.org/content/dam/mdanderson/documents/for-physicians/algorithms/clinical-management/clin-management-immune-mediated-colitis-web-algorithm.pdf
https://www.mdanderson.org/content/dam/mdanderson/documents/for-physicians/algorithms/clinical-management/clin-management-immune-mediated-colitis-web-algorithm.pdf
https://doi.org/10.1093/ibd/izad229
https://doi.org/10.3390/biomedicines14030683


Biomedicines 2026, 14, 683 22 of 25

67. Choi, K.; Abu-Sbeih, H.; Samdani, R.; Nogueras Gonzalez, G.; Raju, G.S.; Richards, D.M.; Gao, J.; Subudhi, S.; Stroehlein, J.; Wang,
Y. Can Immune Checkpoint Inhibitors Induce Microscopic Colitis or a Brand New Entity? Inflamm. Bowel Dis. 2019, 25, 385–393.
[CrossRef] [PubMed]

68. Hughes, M.S.; Molina, G.E.; Chen, S.T.; Zheng, H.; Deshpande, V.; Fadden, R.; Sullivan, R.J.; Dougan, M. Budesonide treatment
for microscopic colitis from immune checkpoint inhibitors. J. Immunother. Cancer 2019, 7, 292. [CrossRef]

69. Haanen, J.; Obeid, M.; Spain, L.; Carbonnel, F.; Wang, Y.; Robert, C.; Lyon, A.R.; Wick, W.; Kostine, M.; Peters, S.; et al. Management
of toxicities from immunotherapy: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2022,
33, 1217–1238. [CrossRef] [PubMed]

70. Zou, F.; Faleck, D.; Thomas, A.; Harris, J.; Satish, D.; Wang, X.; Charabaty, A.; Ernstoff, M.S.; Glitza Oliva, I.C.; Hanauer, S.; et al.
Efficacy and safety of vedolizumab and infliximab treatment for immune-mediated diarrhea and colitis in patients with cancer:
A two-center observational study. J. Immunother. Cancer 2021, 9, e003277. [CrossRef]

71. Alexander, J.L.; Ibraheim, H.; Sheth, B.; Little, J.; Khan, M.S.; Richards, C.; Hunter, N.; Chauhan, D.; Ratnakumaran, R.; McHugh,
K.; et al. Clinical outcomes of patients with corticosteroid refractory immune checkpoint inhibitor-induced enterocolitis treated
with infliximab. J. Immunother. Cancer 2021, 9, e002742. [CrossRef]

72. Bishu, S.; Melia, J.; Sharfman, W.; Lao, C.D.; Fecher, L.A.; Higgins, P.D.R. Efficacy and Outcome of Tofacitinib in Immune
checkpoint Inhibitor Colitis. Gastroenterology 2021, 160, 932–934.e3. [CrossRef]

73. Holmstroem, R.B.; Dahl, E.K.; Helms, M.; Nielsen, H.V.; Andersen, J.B.; Bjerrum, J.T.; Svane, I.M.; Ellebaek, E.; Seidelin, J.B.
Tofacitinib and faecal microbiota transplantation in treating checkpoint inhibitor-induced enterocolitis: Case report. BMJ Open.
Gastroenterol. 2022, 9, e000989. [CrossRef]

74. Harvey, C.; Nahar, K.J.; McKeown, J.; Lo, S.N.; Farag, S.; Yousaf, N.; Young, K.; Tas, L.; Meerveld-Eggink, A.; Blank, C.;
et al. Management of infliximab refractory immune checkpoint inhibitor gastrointestinal toxicity: A multicenter case series.
J. Immunother. Cancer 2024, 12, e008232. [CrossRef]

75. Thomas, A.S.; Ma, W.; Wang, Y. Ustekinumab for Refractory Colitis Associated with Immune Checkpoint Inhibitors. N. Engl. J.
Med. 2021, 384, 581–583. [CrossRef]

76. Del Nogal, G.P.; Patel, N. Refractory Checkpoint Inhibitor Colitis Responsive to Ustekinumab. ACG Case Rep. J. 2022, 9, e00946.
[CrossRef]

77. Holmstroem, R.B.; Nielsen, O.H.; Jacobsen, S.; Riis, L.B.; Theile, S.; Bjerrum, J.T.; Vilmann, P.; Johansen, J.S.; Boisen, M.K.;
Eefsen, R.H.L.; et al. COLAR: Open-label clinical study of IL-6 blockade with tocilizumab for the treatment of immune checkpoint
inhibitor-induced colitis and arthritis. J. Immunother. Cancer 2022, 10, e005111. [CrossRef] [PubMed]

78. Mir, R.; Shaw, H.M.; Nathan, P.D. Mycophenolate mofetil alongside high-dose corticosteroids: Optimizing the management of
combination immune checkpoint inhibitor-induced colitis. Melanoma Res. 2019, 29, 102–106. [CrossRef]

79. Zhang, E.; Kiely, C.; Sandanayake, N.; Tattersall, S. Calcineurin inhibitors in steroid and anti-TNF-alpha refractory immune
checkpoint inhibitor colitis. JGH Open 2021, 5, 558–562. [CrossRef]

80. Hollander, B.; Khurana, S.; Jacob, J.S.; Altan, M.; Wang, J.; Zhao, D.; Varatharajalu, K.; Alasadi, M.; Thomas, A.S.; Wang, Y.
Mesalamine and cholestyramine for immune checkpoint inhibitor-mediated diarrhea and colitis. J. Cancer Res. Clin. Oncol. 2023,
149, 3637–3648. [CrossRef]

81. Spencer, C.N.; McQuade, J.L.; Gopalakrishnan, V.; McCulloch, J.A.; Vetizou, M.; Cogdill, A.P.; Khan, M.A.W.; Zhang, X.; White,
M.G.; Peterson, C.B.; et al. Dietary fiber and probiotics influence the gut microbiome and melanoma immunotherapy response.
Science 2021, 374, 1632–1640. [CrossRef] [PubMed]

82. ODay, S.; Weber, J.S.; Wolchok, J.D.; Richards, J.M.; Lorigan, P.; McDermott, D.F.; Urba, W.J.; DePril, V.; Heller, K.N.; Ibrahim,
R.A.; et al. Effectiveness of treatment guidance on diarrhea and colitis across ipilimumab studies. J. Clin. Oncol. 2011, 29, 8554.
[CrossRef]

83. Marthey, L.; Mateus, C.; Mussini, C.; Nachury, M.; Nancey, S.; Grange, F.; Zallot, C.; Peyrin-Biroulet, L.; Rahier, J.F.; Bourdier
de Beauregard, M.; et al. Cancer Immunotherapy with Anti-CTLA-4 Monoclonal Antibodies Induces an Inflammatory Bowel
Disease. J. Crohns. Colitis 2016, 10, 395–401. [CrossRef] [PubMed]

84. Losurdo, G.; Angelillo, D.; Favia, N.; Sergi, M.C.; Di Leo, A.; Triggiano, G.; Tucci, M. Checkpoint Inhibitor-Induced Colitis:
An Update. Biomedicines 2023, 11, 1496. [CrossRef]

85. Daetwyler, E.; Wallrabenstein, T.; König, D.; Cappelli, L.C.; Naidoo, J.; Zippelius, A.; Läubli, H. Corticosteroid-resistant immune-
related adverse events: A systematic review. J. Immunother. Cancer 2024, 12, e007409. [CrossRef] [PubMed]

86. Arbour, K.C.; Mezquita, L.; Long, N.; Rizvi, H.; Auclin, E.; Ni, A.; Martínez-Bernal, G.; Ferrara, R.; Lai, W.V.; Hendriks, L.-E.L.;
et al. Impact of Baseline Steroids on Efficacy of Programmed Cell Death-1 and Programmed Death-Ligand 1 Blockade in Patients
with Non-Small-Cell Lung Cancer. J. Clin. Oncol. 2018, 36, 2872–2878. [CrossRef]

87. Bai, X.; Hu, J.; Betof Warner, A.; Quach, H.T.; Cann, C.G.; Zhang, M.Z.; Si, L.; Tang, B.; Cui, C.; Yang, X.; et al. Early Use of
High-Dose Glucocorticoid for the Management of irAE Is Associated with Poorer Survival in Patients with Advanced Melanoma
Treated with Anti-PD-1 Monotherapy. Clin. Cancer Res. 2021, 27, 5993–6000. [CrossRef]

https://doi.org/10.3390/biomedicines14030683

https://doi.org/10.1093/ibd/izy240
https://www.ncbi.nlm.nih.gov/pubmed/30169584
https://doi.org/10.1186/s40425-019-0756-0
https://doi.org/10.1016/j.annonc.2022.10.001
https://www.ncbi.nlm.nih.gov/pubmed/36270461
https://doi.org/10.1136/jitc-2021-003277
https://doi.org/10.1136/jitc-2021-002742
https://doi.org/10.1053/j.gastro.2020.10.029
https://doi.org/10.1136/bmjgast-2022-000989
https://doi.org/10.1136/jitc-2023-008232
https://doi.org/10.1056/NEJMc2031717
https://doi.org/10.14309/crj.0000000000000946
https://doi.org/10.1136/jitc-2022-005111
https://www.ncbi.nlm.nih.gov/pubmed/36096534
https://doi.org/10.1097/CMR.0000000000000543
https://doi.org/10.1002/jgh3.12531
https://doi.org/10.1007/s00432-022-04116-9
https://doi.org/10.1126/science.aaz7015
https://www.ncbi.nlm.nih.gov/pubmed/34941392
https://doi.org/10.1200/jco.2011.29.15_suppl.8554
https://doi.org/10.1093/ecco-jcc/jjv227
https://www.ncbi.nlm.nih.gov/pubmed/26783344
https://doi.org/10.3390/biomedicines11051496
https://doi.org/10.1136/jitc-2023-007409
https://www.ncbi.nlm.nih.gov/pubmed/38233099
https://doi.org/10.1200/JCO.2018.79.0006
https://doi.org/10.1158/1078-0432.CCR-21-1283
https://doi.org/10.3390/biomedicines14030683


Biomedicines 2026, 14, 683 23 of 25

88. Lichtenstein, G.R.; Feagan, B.G.; Cohen, R.D.; Salzberg, B.A.; Diamond, R.H.; Price, S.; Langholff, W.; Londhe, A.; Sandborn, W.J.
Serious infection and mortality in patients with Crohn’s disease: More than 5 years of follow-up in the TREAT™ registry. Am. J.
Gastroenterol. 2012, 107, 1409–1422. [CrossRef]

89. Lewis, J.D.; Scott, F.I.; Brensinger, C.M.; Roy, J.A.; Osterman, M.T.; Mamtani, R.; Bewtra, M.; Chen, L.; Yun, H.; Xie, F.; et al.
Increased Mortality Rates with Prolonged Corticosteroid Therapy When Compared with Antitumor Necrosis Factor-α-Directed
Therapy for Inflammatory Bowel Disease. Am. J. Gastroenterol. 2018, 113, 405–417. [CrossRef]

90. Einarsdottir, M.J.; Ekman, P.; Molin, M.; Trimpou, P.; Olsson, D.S.; Johannsson, G.; Ragnarsson, O. High Mortality Rate in Oral
Glucocorticoid Users: A Population-Based Matched Cohort Study. Front. Endocrinol. 2022, 13, 918356. [CrossRef] [PubMed]

91. Farraj, K.L.; Pellegrini, J.R.; Munshi, R.F.; Russe-Russe, J.; Kaliounji, A.; Tiwana, M.S.; Srivastava, P.; Subramani, K. Chronic
steroid use: An overlooked impact on patients with inflammatory bowel disease. JGH Open 2022, 6, 910–914. [CrossRef]

92. Feuerstein, J.D.; Rubin, D.T.; Aberra, F.N.; Yarur, A.J.; Malter, L. Appropriate Use and Complications of Corticosteroids in
Inflammatory Bowel Disease: A Comprehensive Review. Clin. Gastroenterol. Hepatol. 2025, 23, 2068–2082. [CrossRef]

93. Brahmer, J.R.; Lacchetti, C.; Schneider, B.J.; Atkins, M.B.; Brassil, K.J.; Caterino, J.M.; Chau, I.; Ernstoff, M.S.; Gardner, J.M.; Ginex,
P.; et al. National Comprehensive Cancer Network. Management of Immune-Related Adverse Events in Patients Treated with
Immune Checkpoint Inhibitor Therapy: American Society of Clinical Oncology Clinical Practice Guideline. J. Clin. Oncol. 2018,
36, 1714–1768. [CrossRef]

94. Bellaguarda, E.; Hanauer, S. Checkpoint Inhibitor-Induced Colitis. Am. J. Gastroenterol. 2020, 115, 202–210. [CrossRef]
95. Jain, A.; Lipson, E.J.; Sharfman, W.H.; Brant, S.R.; Lazarev, M.G. Colonic ulcerations may predict steroid-refractory course in

patients with ipilimumab-mediated enterocolitis. World J. Gastroenterol. 2017, 23, 2023–2028. [CrossRef]
96. Geukes Foppen, M.H.; Rozeman, E.A.; van Wilpe, S.; Postma, C.; Snaebjornsson, P.; van Thienen, J.V.; van Leerdam, M.E.;

van den Heuvel, M.; Blank, C.U.; van Dieren, J.; et al. Immune checkpoint inhibition-related colitis: Symptoms, endoscopic
features, histology and response to management. ESMO Open 2018, 3, e000278. [CrossRef]

97. Gravina, A.G.; Pellegrino, R.; Esposito, A.; Cipullo, M.; Romeo, M.; Palladino, G.; Iodice, P.; Federico, A.; Troiani, T. The JAK-STAT
Pathway as a Therapeutic Strategy in Cancer Patients with Immune Checkpoint Inhibitor-Induced Colitis: A Narrative Review.
Cancers 2024, 16, 611. [CrossRef]

98. Perdigoto, A.L.; Tran, T.; Patel, N.; Clark, P.; Patell, K.; Stamatouli, A.M.; Reddy, V.; Clune, J.; Herold, K.C.; Robert, M.E.; et al.
Elective Colectomy in a Patient with Active Ulcerative Colitis and Metastatic Melanoma Enabling Successful Treatment with
Immune Checkpoint Inhibitors. Clin. Oncol. Case Rep. 2020, 3, 142. [PubMed] [PubMed Central]

99. Wang, T.F.; Connors, J.M. The Pursuit of “Best” Anticoagulant for Cancer-Associated Thrombosis: Are We There Yet? JACC Cardio
Oncol. 2024, 6, 114–116. [CrossRef] [PubMed]

100. Muscaritoli, M.; Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Hütterer, E.; Isenring, E.; Kaasa, S.;
et al. ESPEN practical guideline: Clinical Nutrition in cancer. Clin. Nutr. 2021, 40, 2898–2913. [CrossRef] [PubMed]

101. Bischoff, S.C.; Bager, P.; Escher, J.; Forbes, A.; Hébuterne, X.; Hvas, C.L.; Joly, F.; Klek, S.; Krznaric, Z.; Ockenga, J.; et al. ESPEN
guideline on Clinical Nutrition in inflammatory bowel disease. Clin. Nutr. 2023, 42, 352–379. [CrossRef] [PubMed]

102. Kucharzik, T.; Ellul, P.; Greuter, T.; Rahier, J.F.; Verstockt, B.; Abreu, C.; Albuquerque, A.; Allocca, M.; Esteve, M.; Farraye,
F.A.; et al. ECCO Guidelines on the Prevention, Diagnosis, and Management of Infections in Inflammatory Bowel Disease.
J. Crohns. Colitis 2021, 15, 879–913. Erratum in J. Crohns. Colitis 2023, 17, 149. https://doi.org/10.1093/ecco-jcc/jjac104. [CrossRef]
[PubMed]

103. Saha, A.; Dreyfuss, I.; Sarfraz, H.; Friedman, M.; Markowitz, J. Dietary Considerations for Inflammatory Bowel Disease Are
Useful for Treatment of Checkpoint Inhibitor-Induced Colitis. Cancers 2022, 15, 84. [CrossRef] [PubMed]

104. Gordon, H.; Burisch, J.; Ellul, P.; Karmiris, K.; Katsanos, K.; Allocca, M.; Bamias, G.; Barreiro-de Acosta, M.; Braithwaite, T.;
Greuter, T.; et al. ECCO Guidelines on Extraintestinal Manifestations in Inflammatory Bowel Disease. J. Crohns. Colitis 2024,
18, 1–37. [CrossRef]

105. Grover, S.; Dougan, M.; Tyan, K.; Giobbie-Hurder, A.; Blum, S.M.; Ishizuka, J.; Qazi, T.; Elias, R.; Vora, K.B.; Ruan, A.B.; et al.
Vitamin D intake is associated with decreased risk of immune checkpoint inhibitor-induced colitis. Cancer 2020, 126, 3758–3767.
[CrossRef]

106. Spraggs, C.F.; Budde, L.R.; Briley, L.P.; Bing, N.; Cox, C.J.; King, K.S.; Whittaker, J.C.; Mooser, V.E.; Preston, A.J.; Stein, S.H.; et al.
HLA-DQA1*02:01 Is a Major Risk Factor for Lapatinib-Induced Hepatotoxicity in Women with Advanced Breast Cancer. J. Clin.
Oncol. 2011, 29, 667–673. [CrossRef]

107. Rizvi, N.A.; Hellmann, M.D.; Snyder, A.; Kvistborg, P.; Makarov, V.; Havel, J.J.; Lee, W.; Yuan, J.; Wong, P.; Ho, T. Mutational
Landscape Determines Sensitivity to PD-1 Blockade in Non–Small Cell Lung Cancer. Science 2015, 348, 124–128. [CrossRef]
[PubMed]

108. Ponvilawan, B.; Khan, A.W.; Subramanian, J.; Bansal, D. Non-Invasive Predictive Biomarkers for Immune-Related Adverse
Events Due to Immune Checkpoint Inhibitors. Cancers 2024, 16, 1225. [CrossRef] [PubMed]

109. Alix-Panabières, C.; Pantel, K. Liquid Biopsy: From Discovery to Clinical Application. Cancer Discov. 2021, 11, 858–873. [CrossRef]

https://doi.org/10.3390/biomedicines14030683

https://doi.org/10.1038/ajg.2012.218
https://doi.org/10.1038/ajg.2017.479
https://doi.org/10.3389/fendo.2022.918356
https://www.ncbi.nlm.nih.gov/pubmed/35872995
https://doi.org/10.1002/jgh3.12841
https://doi.org/10.1016/j.cgh.2025.05.019
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.14309/ajg.0000000000000497
https://doi.org/10.3748/wjg.v23.i11.2023
https://doi.org/10.1136/esmoopen-2017-000278
https://doi.org/10.3390/cancers16030611
https://www.ncbi.nlm.nih.gov/pubmed/33778814
https://pmc.ncbi.nlm.nih.gov/articles/PMC7993656
https://doi.org/10.1016/j.jaccao.2023.12.001
https://www.ncbi.nlm.nih.gov/pubmed/38510294
https://doi.org/10.1016/j.clnu.2021.02.005
https://www.ncbi.nlm.nih.gov/pubmed/33946039
https://doi.org/10.1016/j.clnu.2022.12.004
https://www.ncbi.nlm.nih.gov/pubmed/36739756
https://doi.org/10.1093/ecco-jcc/jjac104
https://doi.org/10.1093/ecco-jcc/jjab052
https://www.ncbi.nlm.nih.gov/pubmed/33730753
https://doi.org/10.3390/cancers15010084
https://www.ncbi.nlm.nih.gov/pubmed/36612082
https://doi.org/10.1093/ecco-jcc/jjad108
https://doi.org/10.1002/cncr.32966
https://doi.org/10.1200/JCO.2010.31.3197
https://doi.org/10.1126/science.aaa1348
https://www.ncbi.nlm.nih.gov/pubmed/25765070
https://doi.org/10.3390/cancers16061225
https://www.ncbi.nlm.nih.gov/pubmed/38539558
https://doi.org/10.1158/2159-8290.CD-20-1311
https://doi.org/10.3390/biomedicines14030683


Biomedicines 2026, 14, 683 24 of 25

110. Wang, D.; Zhao, Y.; Zeng, Y.; Hu, L.; Xu, C. Update on Immunotherapy-Mediated Colitis: Clinical Features, Mechanisms, and
Management. Malig. Spect. 2024, 1, 225–242. [CrossRef]

111. Jiang, L.; Zhang, S.; Jiang, C.; Chen, H.; Huang, J.; Yang, J.; Chi, H.; Wu, Q.; Yang, G. Integrative Biomarker Discovery and
Immune Profiling for Ulcerative Colitis: A Multi-Methodological Approach. Sci. Rep. 2024, 14, 24290. [CrossRef]
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