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Abstract: Immune checkpoint inhibitors (ICI) are treatments for several cancer types. Pathogenesis of ICI-induced colitis is not yet clearly
explained as it can be disguised as another form such as inflammatory bowel disease or IBD. Recent studies revealed that ICI-induced colitis
is a unique form of colitis wherein the synergy of regulatory T cells with the gut microbiome is involved. Diagnosis of colitis can be done via
endoscopic lesions and histopathological methods. A patient with colitis can be compared with someone who has IBD. Initial treatment is
a corticosteroid. Cooperation between gastroenterologists and oncologists is required to understand further the complete diagnosis and
management of different behaviors of ICI-induced colitis. Although immunotherapy provides breakthroughs in treating cancer, adverse
effects cannot be prevented and have to be carefully addressed. This study aimed to discuss different biologic therapeutic perspectives in
treating refractory immune checkpoint inhibitor-induced colitis. This review provided guidelines, challenges, and suggested protocols for
drug immunosuppression.
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Introduction: Disease Definition, Epidemiology, and Risk Factors

Definition

Diarrhea, as defined by the American Society of Clinical Oncology (ASCO), is associated with a symptomatic
presentation of more than three moist bowel activities in 24 hours. On the other hand, colitis was established as
a disease characterized by persistent abdominal pain, blood in the rectum, and mucus in the stool.”™ Immune-
mediated colitis, on the other hand, can disguise as a regular inflammatory bowel disease due to their resemblance
with each other. But it is actually considered an uncommon type of colitis with acute onset characterized by accelerated
growth that could potentially lead to further adverse effects like bowel perforation and fatality."

Epidemiology
Colitis is oncologically defined by clinical manifestation, which poses a significant challenge for gastroenterologists since
these symptoms do not necessarily demonstrate colonic inflammation. Colonic inflammation is mucosal ulceration
detected endoscopically or showed as white blood cells in feces, increased lactoferrin, or calprotectin in stool. With
this confusion, it is essential to identify these emerging disorders to improve treatment and enhance overall survival.'
The prevalence of immune-mediated colitis (IMC) or diarrhea may depend on the drug regimen and dosage. Some
studies have identified a 12.1-13.7% occurrence of diarrhea in patients that were treated using anti- PD-1 (program cell
death protein-1). On the other hand, there was a 30.2-35.4% incidence for patients administered with anti-CTLA-4
(cytotoxic T-lymphocyte-associated protein-4), while patients that used a combination of both experienced prevalences at
9.4-10.6. Colitis was found to have a prevalence of 0.7-1.6%, 5.7-9.1%, and 13.6% for anti PD-1 treatment, anti-CTLA
-4, and combination therapy, respectively.”®
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Immuno-Checkpoint Inhibitors (ICls)

An anti-CTLA-4 drug, Ipilimumab, is an immuno-checkpoint inhibitor that provides dose-dependent occurrence for both
colitis and diarrhea, with 5% and 10% prevalence, respectively, for 10 mg/kg dosage. On the other hand, a 3mg/kg dose
obtained a prevalence of 6% and 2% for diarrhea and colitis, respectively. Ipilimumab intends to prolong survival in
advanced melanoma. Anti-PD-1 drugs Nivolumab and Pembrolizumab treat melanoma and metastatic NSCLC (non-small
cell lung cancer). Metastatic melanoma can also be treated using both ipilimumab and nivolumab. Anti-programmed death-
1 drugs Atezolizumab and Durvalumab were also approved to treat NSCLC, SCLC, Triple-negative breast cancer (TNBC),
and transitional cell carcinoma (urothelial cancer). These ICIs were found to improve antitumor T-cell activity and
demonstrate activation of global T-cell responses that cause gastrointestinal (GI) immune-related adverse events or irAE.
ICI-induced colitis, also termed immune-mediated colitis (IMC), is the most pertinent type of irAEs.’

Risk Factors
There have not been any well-established biomarkers that can predict the commencement of ipilimumab-induced colitis.
The increased risk of diarrhea and severe colitis was found to be correlated with increased levels of baseline serum IL-
17.'° On the other hand, there were increased risks of GI irAEs found with high peripheral eosinophil values during
ipilimumab treatments.'°

At the introduction of ipilimumab, detection on patients undergoing colonoscopy 1-2 weeks subsequently demon-
strated that first abnormal endoscopic findings could not be predicted for grade 2 or higher colitis. Even elevated focal
neutrophilic cryptitis, infiltration of neutrophils, excess plasma in the lamina propria, and cryptitis by the lymphocytes
predicted the commencement of symptoms in a span of three weeks for grade 2 or higher diarrhea, they were found to be
a not quite dependable biomarker in determining IMC. Lastly, calprotectin on feces can be associated with inflammation
of the intestines. However, its baseline levels still cannot predict GI irAEs onset.'' Another risk factor that can be
associated as a risk factor for IMCs is nonsteroidal anti-inflammatory drugs. They were also found to induce an increased
risk of IMC in patients that have pre-existing autoimmune diseases such as IBD or Inflammatory Bowel Disease, with
a 30% prevalence for those treated with ipilimumab. Three of nine patients with ulcerative colitis (UC) incurred IMC or
relapsed UC or Crohn's disease (CD). Another study showed that in 5 patients with a past record using the anti-PD-1
inhibitor, treatment for IBD was found pertinent with no recorded flares. They also found that anti-PD-1 therapy had
a higher tolerance in patients with IBD than therapy using ipilimumab. In terms of dosage, there were increased rates of
cases of IMC for those with increased doses of ipilimumab and its combination with nivolumab.'? The possibility of
immune-mediated colitis with PD-1 inhibitors may also come from tumor histology since they may increase melanoma
incidence, compared with NSCLC and renal cell carcinoma (RCC)."

Diagnosis of ICl-Induced Colitis

The overall survival rates and duration of treatment of patients for previously almost untreatable malignant diseases
have generally increased through the years. Nonetheless, there has been an incidence of “non-classical” oncology
adverse events brought about by immunotherapy agents like ICI-induced diarrhea or colitis. Diarrhea with sustained
pain with rectal bleeding is termed colitis, which is usually exhibited as an IBD flare and is resistant to supportive
treatment.

Immune-Related Side Effects of ICl Therapy

Immune checkpoint proteins, activated by T lymphocytes like PD-1 and CTLA-4, are common immunosuppressive
receptors. Their role is to obstruct the endogenous immune system against cancer cells. ICI drugs, ie, ipilimumab
(CTLA-4), pembrolizumab and nivolumab (PD-1), and atezolizumab (PD-L1) are drugs that have been already widely
prescribed to treat higher forms of aggressive melanoma, lung cancer, and RCC. Under regulatory consideration are some
indications such as urothelial cancer, head and neck SCC, stomach cancer, colon cancer, cancer of the ovaries, Merkel
cell carcinoma, and Hodgkin’s disease.'*
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ICI can therefore cause immune-mediated adverse events such as colitis but still cannot be associated with tumor
response. There were only reported mild cases of adverse events, but grade 2 or 4 toxicity levels can also be exhibited in
up to 10% of patients that have undergone immunotherapy.'”

ICl-Induced Diarrhea and Colitis

The occurrence of diarrhea was found to be higher in patients that received treatment with CTLA-4 obstructing
antibodies in comparison to those with PD-1 receptor inhibitors. Its level was associated with the amount of dosage
for ipilimumab. During the second phase of dose findings, the severity of diarrhea was elevated up to 10mg/kg rate
compared to 3mg/kg at 10 to 1%, respectively.'*

Physical signs and symptoms of colitis are exhibited by diarrhea with pain in the abdomen, colorectal bleeding, or
mucus in the stool. There were 0.3% to 7% of patients that acquired immune-related colitis and then proceeded to further
complications such as reflex ileus (abnormal to lack of muscle contractions in the intestine), distension of the colon
(colectasia), or perforation on the intestines that may eventually need emergency surgery and worse, can lead to death.
Further studies also showed that excess use of ipilimumab in stage 3 melanoma could lead to grade III-IV adverse effects
such as GI (16%). Lastly, three patients out of 475 died with colitis upon treatment with ipilimumab.'® It was found that
diarrhea and colitis may emerge within six weeks, or later upon introduction to ICI treatment. This suggests that the risk
of getting immune-mediated colitis in the first few months of treatment is high.

ICI-mediated colitis has a remarkable similarity with IBD in terms of its physiopathology. UC and CD are very multi-faceted
and considered a relapsing-remitting inflammatory disorders. Factors such as genetics largely cause aggression in T cell response
to microbiota and dysbiosis. On the other hand, melanoma patients subjected to ipilimumab treatment exhibited a response with
unique baseline gut microbiota.'® On the other hand, with the use of endoscopy, the similarity between ICI-induced colitis and
inflammatory colitis was also observed with their absence of blood vessel patterns, frank friability, casual bleeding, and
ulcerations. They also possess similar histological properties such as cryptitis, lympho-plasmocytic, and polynuclear epithelial
infiltration. Granuloma was also found in ICI-induced colitis, akin to Crohn’s disease.!”

Assessment of ICl-Induced Colitis

Endoscopy assessment is the best tool to verify and identify the extent of mucosal inflammation. Studies have shown that
the formation of ulcers in the colon may indicate steroid-refractory in patients with enterocolitis induced by ipilimumab.
Prognosis via endoscopy is possible in identifying future steroid-refractory patients.

A colonoscopy with biopsy is necessary for prevalent NCI Common Terminology Criteria for Adverse events (NCI
CTCAE) v4 grade I-11, III-1V diarrhea, or rectal bleeding — including confirmation of colitis prior to infliximab therapy.
Primary lesions observed via endoscopy were the absence of vascular patterns, erythema, and ulcerations.'’

Another option that can be considered aside from colonoscopy is rectosigmoidoscopy as an exploratory technique.
While the former mostly may require effective cleansing of the colon and general anesthesia, the latter proposes a very
simple enema preparation, providing faster diagnosis.

Management of ICl-Induced Colitis

For proper diagnosis, recurrence of bowel movement, colorectal bleeding, the intensity of pain, dehydration, and
inflammation of the abdomen or peritonitis must be carefully examined. From Lichtiger scores, severe ICI colitis is
relative to severe acute colitis brought by IBD. Intense flares can cause distension of the colon and perforation. It is
important to assess the extent of the level of adverse effects during the IMC. This can be obtained from general condition
evaluation, recurrence of stool, occurrence of stool at night, colorectal bleeding, abdominal pain, and use of therapy for
diarrhea. With these, clinical scores can be determined.'® See Table 1 of criteria for evaluation of severe acute colitis that
is determined by obtaining a score of greater than or equal to 10.

Meanwhile, ambulatory treatment is possible if there were less than six bowel movements per day over baseline
(grade 1 or 2 diarrhea). For grade 1 diarrhea, a continuation of treatment is possible with close medical supervision. If
symptoms persist, ICI treatment shall be halted. Outpatient care management must be done in terms of biological and
bacteriological assessments. Supported care therapy can be done by taking racecadotril 100mg thrice a day with oral
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Table | Evaluation of Acute Severe Colitis via Lichtiger Score of Colitis Severity in

Inflammatory Bowel Diseases

Criteria Answer Corresponding
Score
Number of stools per day (more than usual) | 0-2 0
34 |
5-6 2
7-9 3
10 and more 4
Stool during the night No 0
Yes |
Rectal bleeding (percentage) Absent 0
<50% |
> or = 50% 2
100% 3
Fecal incontinence No 0
Yes |
Abdominal pain None 0
Light |
Mild 2
Intense 3
General condition Perfect 0
Very good |
Good 2
Mild 3
Bad 4
Very Bad 5
Provoked abdominal pain None 0
Light |
Mild and diffuse 2
Important 3
Anti-diarrheal necessity No 0
Yes |
TOTAL
Definition Acute severe colitis defined by a score of
210
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rehydration and strict monitoring.'® Corticosteroids are taken at an exact dosage of 1 mg/kg per day up to 2mg/kg per day
in refractory cases. This can be followed by a progressive corticosteroid decrease after two to five days when symptoms
have already been controlled, for a period of 1-to 2 months alongside prophylaxis treatment with trimethoprim and
sulphamethoxazole.?® If symptoms persist and there is no progress over a 24-h period, hospitalization may follow, with
an intravenous corticosteroid, and rehydration. At this stage, loperamide and opioids must be avoided even with
abdominal pain and diarrhea.?’ At a Lichtiger score of >10, most cases proceed to the hospitalization in a colitis-
specialized unit. ICI must be discontinued. Further abdominal symptoms such as peritonitis, and abdominal computed
tomography must be done to identify colonic perforation. This is followed by an endoscopic assessment to evict any
other differential diagnosis. Alongside this stage is an infusion of corticosteroid of 1 mg/kg/day dosage for 1-2 months. If
the case proceeds to deterioration, infliximab (an anti-TNF-alpha) may be considered at a single dosage (5mg/kg). TNF-
alpha is responsible for inflammatory colitis. It is used in corticosteroid-resistant SAC (severe acute colitis) or as
a continuance for corticosteroid-reliant or severe IBD. On the other hand, infliximab maintains overall survival.*?

No preventive treatment displayed a promising efficacy yet. Moreover, antibiotics positively affect severe colitis in
IBD, but no sufficient information regarding immune checkpoint inhibitor-induced colitis is parallel to IBD. There is also
no data regarding systemic preventive anti-coagulation, local therapy, or Ciclosporin. Diagnosis, management, and
treatment of ICI-induced colitis are still based on its similarity with IBD.

Refractory Immune Checkpoint Inhibitors Colitis and Rule of Biologic
Therapy

Only a few studies discussed handling challenging cases such as ICI-induced colitis. Basic guidelines for treatment always start
with a high dose of steroids, followed by an increase in drug immune suppression. This process will continue without proven
biomarkers that determine the steroid-refractory disease. For patients with severe irARs, adding cytokine-directed mAb at the
beginning provides presumptive convenience of preventing immuno-pathophysiological process also avoiding exposure to
extended courses of immune suppression. Table 2 shows several new advancements of therapies for the control of irAEs.**

ICI-related myocarditis is an aggressive drug immune-suppression, reportedly associated with high morbidity and
mortality rate with a high risk of adverse effects when subjected to lower doses of steroids compared to higher dose
therapy, as affirmed by a meta-analysis in 2018 wherein there was a 0.6% prevalence in patients subjected to I1CIs.**
Upon treatment initiation with monotherapy, severe irAEs start to appear, while it arises with ICI combination at median
two weeks. Mortality-contributing factors are seen from unusual clinical presentations with diagnosis delay.

Dominant autoimmune diseases related to irAEs also vary with factors such as disease phenotype, treatment response,
and pathophysiological activities. Another factor considered is the uniqueness of steroid efficiency in Al diseases in
comparison to most ICI-induced diseases. Also, the costings and economical value on healthcare providers affect the use
of different therapeutic strategies, which are amortized depending on decreasing patient morbidity. With this, clinical
trials of toxicities are also essential due to the growing need for cancer immunotherapy.

Corticosteroids

The usual first line of treatment is corticosteroids due to their fast action and ease of use. Oral prednisone at 1-2 mg/kg or
parenteral methylprednisolone at 125-1000mg is the common doses. High-dose corticosteroids may result in other
infectious complications and metabolic disturbances. Narrowing duration up to 4-6 weeks is recommended to avoid

flares.?

Calcineurin Inhibitors and Anti-TNF Alpha Therapies

Due to their similarities, treatments used in IBD and autoimmune hepatitis are also utilized in ICI-related colitis. Colitis
brought about by refractory irAEs respond positively with a one dose of 5 mg per kilogram of infliximab, the same as the
treatment for Crohn’s disease.” Infliximab treatment provided high efficacy for corticosteroid-refractory colitis, with
a response as quick as one to three days. Patients with recidivism or non-response may require a second dose after 14
days. Consequently, maintenance must be done for long-term and recurring cases. This treatment has good efficiency
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Table 2 New Therapeutic Perspectives for the Management of Immune-Related Adverse Events®®

immunoglobulins

inflammatory demyelinating

Treatment irAE Indications Protocols
Anti-IL-1 Severe irAE during acute phase; severe or refractory Anakinra 100 mg once per day, or canakinumab 300— once
blockade arthritis; chronic every 8 weeks

Inflammatory; demyelinating polyradiculoneuritis; psoriasis-

like reactions;

Psoriasis exacerbation; severe and anti-TNFa refractory

colitis; myasthenia

Gravis; encephalitis; aseptic meningitis; myocarditis;

pneumonitis
Anti-IL-6 Severe irAE during acute phase; severe or refractory Tocilizumab 8 mg/kg intravenously once per month or
blockade arthritis; large vessel subcutaneous 162 mg once per week

Vasculitis; uveitis; myocarditis; pneumonitis; myasthenia gravis
Intravenous Guillain-Barré syndrome; subacute and chronic Intravenous immunoglobulins 400 mg/kg per day for 5 days,

or once per month for a total of 3—4 courses

Polyradiculoneuritis; subacute and chronic inflammatory

neuropathies; immune

Neutropenia; immune thrombocytopenia; facial nerve

palsy; myasthenia gravis;

Transverse myelitis; enteric neuropathy; encephalitis;

aseptic meningitis

Anti-CD20 Systemic lupus erythematosus; severe Sjdgren’s syndrome; | Rituximab | g every 2 weeks for 2 courses or 375 mg/m2
depletion ANCA-associated vasculitis; cutaneous vasculitis; once per week for 4 courses; ofatumumab 300 mg on the
autoimmune autonomic ganglionopathy; sensory first day and 1000 mg on the second day; obinutuzumab
ganglionopathy; nephritis; myasthenia gravis; transverse 1000 mg on the first day; ocrelizumab 300 mg on the first and
myelitis; enteric neuropathy; encephalitis; aseptic fourth day
meningitis; hepatitis
Anti-IL-17 Severe colitis and anti-TNFa refractory colitis; severe or Ixekizumab 80 mg subcutaneous once every 2 weeks;
blockade refractory arthritis; anti-IL-6 refractory irAEs brodalumab 210 mg subcutaneous once every 2 weeks;

secukinumab 150 mg subcutaneous once every 2 weeks

Anti-TNFalpha
blockade

Severe colitis; hepatitis; severe or refractory arthritis;
nephritis; uveitis; pneumonitis; myocarditis

Infliximab 5 mg/kg once every 2 weeks; adalimumab 40 mg

once every 2 weeks;

Golimumab 50 mg once per month; etanercept 50 mg once

a week; certolizumab

400 mg once a month

Anti-integrin 4
blockade

Limbic encephalitis

Natalizumab 300 mg once per month

Anti-IL-23 and
anti-IL-12
blockade

Acute phase, severe, or anti-TNFa refractory colitis; severe
or anti-TNFa

Ustekinumab initial dose 40 mg then 45 mg after 4 weeks and
then 45 mg every 12 weeks

Refractory psoriasis; severe or refractory arthritis

Janus kinase
inhibitor

Severe or refractory arthritis

Tofacatinib 5 mg twice per day

Note: Reprinted from Lancet Oncol. 20(1). Martins F, Sykiotis GP, Maillard M, et al. New therapeutic perspectives to manage refractory immune checkpoint-related toxi-
cities. e54—e64, Copyright (2019), with permission from Elsevier.?
Abbreviations: irAE, immune-related adverse event; IL, interleukin type; ANCA, antineutrophil cytoplasmic antibody.
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towards steroid-refractory pneumonitis. Thus, anti-TNF alpha therapy may also provide a better option compared to other
former known immuno-suppressive drugs.

Anti-Interleukin (IL)-1 Blockade

At the acute phase of inflammation, IL-1 is present and preclinical data determined that the IL-1 beta pathway is
responsible for tumor progression via tumor-linked macrophages, myeloid suppressive cells, and upregulation of PD-L1
in cancer cells. Anakinra is an anti-IL-1 receptor that treats rheumatoid arthritis and is used for other autoinflammatory
disorders. Blocking IL-1 does not affect cancer response.>’

Anti-Interleukin (IL)-6 Blockade

Interleukin-6 comes alongside IL-1 with TNF alpha in acute inflammation phase that causes cancer progression and
metastasis. An anti- Interleukin-6 treatment can also be efficient for severe IBD when there is no response to standard
treatment as it also targets TNF alpha. Consequently, this can be an alternative as anti-TNF alpha or anti-IL-1.
Tocilizumab at 8mg/kg per month dosage can be administered via intravenous therapy or 162mg subcutaneously one
dosage every seven days. This must be appropriately administered in patients with refractory ICI colitis as it poses higher
chances of lower GI tract perforation.”®

Anti-Interleukin (IL)-23 and Anti-Interleukin(IL)-12 Therapy

Ustekinumab can be a significant treatment for cutaneous psoriasis and arthritis. A trial was conducted- in which it was
administered in an initiation of anti-TNF alpha refractory Crohn’s disease, wherein one-third of the patients had
a response at six weeks. However, concerns on opposite functions of IL-23 and IL-12 are raised, but there is no found
higher risk of cancer in approved indications. The protocol is 6 mg per kilogram IV treatment followed by 90mg for two
to three months.*

Anti-Integrin 4

Typically, natalizumab serves as a treatment for multiple sclerosis. A study showed positive results with combined
checkpoint inhibition therapy from a patient with stage 4 lung cancer with a relapse of limbic encephalitis. Vedolizumab
is also an anti-integrin with alpha-4-beta-7 antibody with gut-selective anti-inflammatory activity and can be used as
a treatment for refractory IBD.*° Two to four administrations of this drug can be used to prevent steroid reduction in their
cohort with no other side effects.

Janus Kinase Inhibition

Tofacitinib is a Janus Kinase (JAK)-1 and JAK3 inhibitor that treats refractory rheumatoid arthritis and UC. However,
this therapy is correlated with lower GI tract perforation, requiring to follow-up check-ups upon treatment of ICI-induced
colitis. The dosage suggested is 5mg or 10 mg 2 times per day.’’

Anti-B-Cell

B-cell reduction in patients with melanoma that are unresponsive to therapy was administered with ofatumumab and
apparently showed positive results for immunosuppression and a median of 1-year survival for metastatic melanoma
upon treatments with rituximab. Two rounds of rituximab may be administered, 1 g per 14 days or 375 mg/m2 per week
for one month. Another anti-B-cell therapy used was belimumab, which showed a promising response to severe and
refractory auto-mAb irAEs.>*

Immune-mediated colitis can be typically recognized as an ordinary kind of bowel disease, but the complexity behind
it is underestimated, along with its accelerated growth that can potentially lead to worse adverse effects like bowel
perforation and, worse, fatality. The disease’s prevalence may vary from different types of drug regimens and doses. In
this study, researchers were able to identify immuno-checkpoint inhibitors in the likes of Ipilimumab, a drug that causes
the dose-dependent occurrence of diarrhea and colitis. Risk factors must also be considered as there have not been
established biomarkers to detect induced colitis. Diagnosis determines the chance of survival and duration of treatment.

Biologics: Targets and Therapy 2022:16 https: 125

Dove:


https://www.dovepress.com
https://www.dovepress.com

Alorfi and Alourfi Dove

In this study, immune-related side effects were also discussed and assessed using endoscopy, recognized as the best tool
to verify the extent of the disease. To manage, proper condition evaluation, assessment of recurrence of stool, occurrence
of stool at night, colorectal bleeding, and abdominal pain must be monitored. Dominant autoimmune diseases related to
irAEs also vary with factors such as disease phenotype, treatment response, and pathophysiological activities. Another
factor considered is the uniqueness of steroid efficiency in Al diseases in comparison to most ICI-induced conditions.
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