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Abstract
Immune-related adverse events (IrAEs) affecting the gastrointestinal (GI) tract and liver are among the most frequent and most
severe inflammatory toxicities from contemporary immunotherapy. Inflammation of the colon and or small intestines
(entero)colitis is the single most common GI IrAE and is an important cause of delay of discontinuation of immunotherapy.
The severity of these GI IrAEs can range from manageable with symptomatic treatment alone to life-threatening complications,
including perforation and liver failure. The frequency and severity of GI IrAEs is dependent on the specific immunotherapy
given, with cytotoxic T lymphocyte antigen (CTLA)-4 blockade more likely to induce severe GI IrAEs than blockade of either
programmed cell death protein 1 (PD-1) or PD-1 ligand (PD-L1), and combination therapy showing the highest rate of GI IrAEs,
particularly in the liver. To date, we have minimal prospective data on the appropriate diagnosis and management of GI IrAEs,
and recommendations are based largely on retrospective data and expert opinion. Although clinical diagnoses of GI IrAEs are
common, biopsy is the gold standard for diagnosis of both immunotherapy-induced enterocolitis and hepatitis and can play an
important role in excluding competing, though less common, diagnoses and ensuring optimal management. GI IrAEs typically
respond to high-dose corticosteroids, though a significant fraction of patients requires secondary immune suppression. For colitis,
both TNF-α blockade with infliximab and integrin inhibition with vedolizumab have proved highly effective in corticosteroid-
refractory cases. Detailed guidelines have been published for the management of low-grade GI IrAEs. In the setting of more
severe toxicities, involvement of a GI specialist is generally recommended. The purpose of this review is to survey the available
literature and provide management recommendations focused on the GI specialist.
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Introduction

Inflammation in the gastrointestinal (GI) tract and liver are
among the most common immune-related adverse events
(IrAEs) resulting from inhibitors of the immune checkpoints
cytotoxic T lymphocyte antigen (CTLA)-4, programmed cell
death protein 1 (PD-1), and PD-1 ligand (PD-L1) [1]. These
toxicities can occur throughout the GI tract from stomach to
rectum and can, less commonly, involve the hepatic parenchy-
ma, biliary tree, pancreas, and potentially the gallbladder
[1–5]. The mechanisms underlying these inflammatory toxic-
ities are poorly understood, but they are presumed to arise
from inhibition of the regulatory mechanisms responsible for
preventing T cell immunity to self-antigens and/or commensal
microbes [6]. This is consistent with the predominantly lym-
phocytic inflammation seen on histopathology [7, 8].

The purpose of these practice recommendations is to provide
an overview of the gastrointestinal and hepatic complications of
immune checkpoint blockade, including recommendations for
diagnosis and for treatment. These practice recommendations
will focus specifically on the management of advanced compli-
cations that typically require involvement of a gastroenterolo-
gist or hepatologist, may benefit from endoscopic evaluation,
and may not respond to initial treatment strategies.

Checkpoint inhibitor colitis

Inflammation in the colon (colitis), with or without accompa-
nying inflammation in the small intestine (enterocolitis), is the
most common gastrointestinal IrAE associated with current
immunotherapies [1, 9–12]. Although isolated colitis is more
common than enteritis, the precise frequencies are not yet
established [1, 9–12]. Patients can also develop enteritis with-
out colitis, as well as gastroenteritis [1, 13]. Isolated, symp-
tomatic gastritis is less common [1, 14–16]. In addition to
enteritis, a small portion of patients present with newly symp-
tomatic celiac disease, though whether this represents de novo
disease or worsening of underlying, undiagnosed celiac dis-
ease is unknown [1].

The severity of GI IrAEs can range from readily manage-
able with lifestyle modification and symptom-directed treat-
ment to life-threatening complications such as perforation [1,
9–12, 17]. Stricturing disease is rare, and fistulizing disease,
a common variant of the inflammatory bowel disease,
Crohn’s disease, does not appear to occur [1, 9–12, 18].
The most common presenting symptom of checkpoint inhib-
itor (entero)colitis is watery, non-bloody diarrhea [1, 9–12,
19]. In clinical trials and most retrospective studies, diarrhea
severity is rated using the Common Terminology Criteria for
Adverse Events (CTCAE) using a grade 1 (mild) to grade 5
(death) scale [1, 20–22]. In its mildest form (grade 1), diar-
rhea from checkpoint inhibitor (entero)colitis presents as < 4

extra bowel movements a day, rarely occurring overnight
and often associated with eating [1, 20–22]. As symptoms
escalate to 4 to 6 extra bowel movements a day, they are
defined as grade 2 symptoms [1, 20–22]. These patients
often have cramping and urgency, but bleeding is rare [1,
9–12, 19–22]. Grade 3 diarrhea (> 7 extra bowel movements
a day) typically presents with cramping and urgency and can
include nocturnal bowel movements and incontinence [1,
9–12, 19–22]. Fevers, severe abdominal pain, and hemody-
namic instability are uncommon, but are more often compo-
nents of grade 4 diarrhea. Deaths from enterocolitis have
been reported, but are rare [1, 9–12, 19–22].

Because upper intestinal inflammation happens in a portion
of patients with colitis, nausea, vomiting, and decreased appe-
tite can also occur [1, 20–22]. Patients who have isolated
gastritis or duodenitis can present primarily with upper GI
symptoms, such as nausea and vomiting, epigastric pain, de-
creased appetite, or weight loss [1, 13]. Although many pa-
tients with isolated upper GI inflammation have some diar-
rhea, some will have normal bowel movements [1, 13].
Bleeding is less frequent in immunotherapy-induced
(entero)colitis than in other forms of colitis and is often indi-
rectly related to the severity of the colitis, representing hem-
orrhoids, dermal irritation, or metastatic disease [1, 20–22].
Constipation can occur in patients on immunotherapy, al-
though the degree to which these cases are inflammatory in
etiology is unclear, and constipation that rises to the level of
medical intervention involving a subspecialist is rare [1].

Blockade of CTLA-4 leads to more frequent IrAEs, often
severe IrAEs, in the GI tract than does blockade of PD-1 or
PD-L1, though mild GI IrAEs are seen for both [1, 20–22].
Ipilimumab, the only currently approved antibody that targets
CTLA-4, causes gastrointestinal symptoms in about 40% of
patients when given at the 3 mg/kg standard dose for melano-
ma [1, 20–23]. The frequency of these symptoms is directly
dependent on ipilimumab dose, with the adjuvant melanoma
dose of 10 mg/kg having a substantially higher incidence of
GI adverse events than occurs with the 3 mg/kg or 1 mg/kg
doses [23, 24]. Severe inflammation that requires urgent man-
agement is less common thanmilder GI inflammation, but still
occurs in 10–15% of patients on ipilimumab [1, 20–24].

Patients on PD-L1 inhibitors also have a fairly high inci-
dence of mild GI symptoms with about 20% of patients de-
veloping diarrhea of any grade [1, 20–23]. Severe GI toxicities
are much less frequent, however, affecting 2–5% of patients
[1, 20–23]. At this point, no direct comparisons among the
various PD-1 and PD-L1 inhibitors are available, but compar-
isons across trials suggest that GI IrAEs are reasonably uni-
form among the available drugs and are not substantially af-
fected by whether PD-1 or PD-L1 is the target [1, 20–23].

Toxicity from combination checkpoint inhibitor therapy is
at least additive, and there may be some synergistic effects on
the frequency and severity of GI IrAEs [1]. Diarrhea occurs in
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about half of patients who receive ipilimumab and nivolumab
in combination at the standard melanoma dosing (3 mg/kg
ipilimumab and 1mg/kg nivolumab), with severe GI toxicities
occurring in 15–20% of patients [1, 25]. At the lower doses of
ipilimumab (1 mg/kg) used in the more recent regimens (renal
cell carcinoma, microsatellite instability high colorectal can-
cer, lung cancer, etc.), severe GI toxicities occur in closer to
5% of combination treated patients [26–29].

For patients with mild symptoms (grade 1 and some grade
2), diagnosis is often made clinically based on suggestive
symptoms (e.g. new onset diarrhea) in the setting of immuno-
therapy treatment without another obvious etiology [1, 20–22].
Infectious causes are important to exclude, as this population is
at increased risk for hospital/medical setting acquired infections
[1, 20–22]. Depending on the context and pre-test probability as
assessed by the treating clinician, stool cultures, stool ova and
parasite testing, and testing for Clostridium difficile should all
be considered as part of the initial diagnostic evaluation [1,
20–22]. In many cases, suggestive symptoms and the exclusion
of infections are sufficient to diagnose a patient with a grade 1–
2 GI toxicity, which will then typically be managed by the
oncology treatment team [1, 20–22].

Cross-sectional imaging can have a role in the diagnosis of
colitis from checkpoint inhibitors [30–32]. Although the stan-
dard appearance is indistinguishable from other forms of co-
litis (i.e. infectious, ischemic), in a retrospective review of
patients on ipilimumab with new onset diarrhea referred for
imaging by computed tomography (CT) of the abdomen and a
colonoscopy, the CT scan was found to be 85.2% sensitive
and 75% specific for the presence of colitis [30–32]. This
corresponded to a positive predictive value of 95.8% and a
negative predictive value of 42.9% [30]. Whether these test
characteristics are applicable to PD-1/PD-L1 colitis is unclear
at present. Overall, these findings suggest that cross-sectional
imaging is valuable for confirming the diagnosis of check-
point inhibitor enterocolitis in patients with a high clinical
likelihood of having the disease, but that CT has limited utility
in excluding enterocolitis.

Endoscopic biopsies are the gold standard for diagnosis of
GI IrAEs from checkpoint inhibitors, though the importance
of endoscopy and tissue biopsies in the evaluation and treat-
ment of these patients has not been rigorously examined [1,
20–22, 33]. The differential diagnosis in patients with
suspected GI toxicities from immunotherapy includes check-
point inhibitor (entero)colitis (the most likely diagnosis), as
well as isolated checkpoint inhibitor (gastro)enteritis [1, 9–13,
33]. Complications of the malignancy itself can present simi-
larly to inflammatory toxicities [34]. Infections are rare but
important causes of GI symptoms in patients on immunother-
apy, as are side-effects from concurrent medications and other
sporadic GI illnesses such as diverticulitis and ischemic colitis
[1, 35, 36]. Celiac disease can rarely present as new diarrhea in
this population, as can pancreatic insufficiency [1, 2, 37, 38].

Most patients with checkpoint inhibitor (entero)colitis, en-
teritis, or gastritis will respond to first-line treatment with high
dose corticosteroids andwill achieve remission of inflammation
after a 4–6 week corticosteroid taper [1, 9–12]. Approximately
30–40% of patients with GI IrAEs from checkpoint inhibitors
will require secondary immune suppression with a biologic
agent [9]. The best studied biologic therapies are infliximab
and vedolizumab, both commonly used for the treatment of
inflammatory bowel disease (IBD) [1, 9–12, 39–44].

Recent retrospective analyses have demonstrated that en-
doscopic findings are the most important clinical factors for
predicting resistance to first-line treatment with corticoste-
roids [10, 12]. Specifically, the presence of colonic ulcerations
on endoscopy suggests a more difficult treatment course [10,
12]. Importantly, diarrhea grading as determined by the
CTCAE was not predictive. Whether having this information
prospectively can improve patient outcomes is unclear.
However, a recent retrospective analysis found that patients
who did receive endoscopic evaluation early in their treatment
course tended to have faster symptom resolution and shorter
duration exposure to immune suppression [33].

Checkpoint inhibitor hepatitis

Hepatitis is much less common than (entero)colitis in patients
treated with either ipilimumab or PD-L1 monotherapy, but
when combined with other agents, hepatitis is considerably
more frequent [1, 3]. Because of the lower incidence com-
pared with (entero)colitis, at this time, much less is known
about checkpoint inhibitor hepatitis diagnosis and manage-
ment than is known for (entero)colitis. The incidence of hep-
atitis that is detectable on laboratory testing is < 5% in clinical
trials of checkpoint inhibitor monotherapy, and severe hepa-
titis is rare [1, 3, 45, 46]. When ipilimumab is combined with
nivolumab, the incidence of hepatitis rises to nearly 25% with
severe hepatitis in 2–5% of cases [1, 3, 45, 46]. This level of
synergy in a toxicity is uncommon with current immunother-
apies, where many of the toxicities are usually additive in
combination treatments [1, 3, 45, 46]. For this reason, the
synergistic toxicity seen in patients for hepatitis suggests that,
in the liver, the PD-L1 and CTLA-4 pathways have important
functional redundancy in maintaining immune homeostasis.
When immunotherapies are combined with conventional che-
motherapies or with targeted agents, liver injury also becomes
significantly more common, suggesting that checkpoint in-
hibitors increase the sensitivity of the liver to other toxic
insults [47–50].

Liver inflammation induced by immunotherapy is typically
detected on routine monitoring and is rarely symptomatic [3,
45, 46]. However, patients with cancer are at increased risk for
a wide variety of injuries to the liver, including metastatic
spread, thromboembolic disease, biliary disease including
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obstruction, and infection, all of which can be symptomatic [3,
45, 46]. For this reason, careful evaluation of abnormal liver
tests is essential to making a correct diagnosis and providing
appropriate management [3]. In severe liver inflammation
(grade 3–4), biopsies have an important role in confirming
the diagnosis [3, 20–22]. Typical histologic patterns of check-
point inhibitor hepatitis have been described, though whether
these patterns predict response to treatment or other outcomes
is presently unknown [51–55]. Interestingly, although sponta-
neous autoimmune hepatitis (AIH) is a well-described syn-
drome that we might expect to resemble checkpoint inhibitor
hepatitis histologically, the two diseases appear quite distinct
[51–55]. AIM is characterized by an influx of plasma cells;
checkpoint inhibitor hepatitis, on the other hand, is most typ-
ically a lymphocytic hepatitis, but can also appear as granulo-
matous inflammation, while fibrin ring granulomas are a de-
scribed subtype of PD-1 hepatitis specifically [51–55]. Most
patients with checkpoint inhibitor hepatitis will respond to
corticosteroids, though a small fraction requires secondary
immune suppression [3, 20–22]. Several agents have been
reported to be effective in these circumstances, including my-
cophenolate mofetil, tacrolimus, and azathioprine [3, 20–22].
At present, we have no data to recommend one treatment over
another, and all 3 are likely to have some deleterious effects on
T cell immunity. Anti-thymocyte globulin (ATG) has been
reported to be effective in a case of severe, fulminant hepatitis
related to checkpoint inhibitors [56]. The role of infliximab in
treating checkpoint inhibitor hepatitis is presently unknown,
though it is generally considered to be risky given the rare
association between infliximab and acute liver injury [57].

Evaluation and management of luminal
toxicities from immunotherapy

Current evaluation and management guidelines for GI adverse
events from checkpoint inhibitors are based almost entirely on
retrospective analysis and expert opinion [20–22]. One prospec-
tive study has been published evaluating enteric budesonide
compared with placebo for the prevention of diarrhea and colitis
associated with ipilimumab treatment [58]. This trial was nega-
tive and has generally led to the conclusion that budesonide is
ineffective as treatment for immunotherapy-associated enteroco-
litis, although this trial did not assess therapeutic (i.e. not pro-
phylactic) use [58].

Several comprehensive guidelines have been published re-
cently that focus on evaluation and management of IrAEs
directed toward the primary oncology team [20–22]. The
CTCAE provides definitions for adverse events both based
on symptoms (e.g. diarrhea) and clinicopathologic diagnoses
(e.g. colitis). Generally, gastroenterologists will become in-
volved when patients develop severe symptoms (CTCAE
grade 2–4) and at the point where a pathologic diagnosis is

required. Here we provide recommendations targeted toward
the consulting gastroenterologist to assist in management of
these more severe IrAEs in the GI tract. These recommenda-
tions focus on patients with (entero)colitis. Although enteritis
and gastroenteritis can also occur in patients on immunother-
apy, these other luminal inflammatory syndromes are less
common and are currently managed identically to enterocoli-
tis due to paucity of clinical evidence comparing management
strategies in each setting [1, 13, 20–22, 59].

Laboratory testing

Exclusion of infectious causes of diarrhea is important in all
patients presenting with grade 2–4 diarrhea or colitis on im-
munotherapy. This includes stool culture. Ova and parasite
testing should be considered based on risk factors and local
prevalence. C. difficile toxin testing is also reasonable in this
population, as all of these patients have hospital exposure and
many have had prior exposure to antibiotics.

Fecal calprotectin and lactoferrin are highly sensitive tests
for colonic inflammation that are often used in inflammatory
bowel disease to rule out luminal inflammation when triaging
patients for colonoscopic evaluation [60]. Whether fecal
calprotectin or lactoferrin can help stratify patients for endo-
scopic evaluation remains unclear at the moment, but it is a
reasonable strategy if rapid testing is available. Calprotectin
may also be useful in monitoring colitis response to treatment
in addition to following symptom resolution [33]. Fecal elas-
tase may also be appropriate as an early test in patients pre-
senting with diarrhea on immunotherapy to exclude pancreatic
insufficiency, particularly in patients who have not responded
adequately to initial management with corticosteroids or who
are presenting with steatorrhea [2]. Serological testing for ce-
liac disease (tissue transglutaminase (TTG)-Immunoglobulin
(Ig)A and total IgA) is reasonable, but we advocate confirma-
tory biopsies by EGD in patients with positive test results [1,
37, 38]. Importantly, both newly symptomatic celiac disease
and pancreatic insufficiency occurring in the setting of check-
point inhibitors may be steroid unresponsive [1, 2, 37, 38].

Because of the high risk that patients with immunotherapy-
associated enterocolitis will require secondary immune sup-
pression (between 30 and 40%), we advocate testing for hep-
atitis B (surface antigen, surface antibody, and core antibody)
and for latent tuberculosis (either purified protein derivative
(PPD) or tuberculosis enzyme-linked immunospot (ELISpot))
at the time of initial evaluation for enterocolitis [9].

Endoscopy

Inflammation in the GI mucosa induced by immunotherapy
targeting CTLA-4 and/or PD-L1 can involve any part of the
GI tract from the stomach to the rectum [1, 10, 12]. Colitis
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or enterocolitis are the most common types of inflammation
[1, 10, 12].

Although clinically important, symptoms and CTCAE
grade correlate poorly with the extent and severity of mucosal
injury found on endoscopy in patients with suspected check-
point inhibitor colitis [61, 62]. Perhaps more importantly,
symptoms also do not predict response to treatment [61, 62].
In contrast, the degree of mucosal injury found on endoscopy
is the most predictive factor of treatment responsiveness [61,
62]. Endoscopic evaluation can be useful in identifying pa-
tients with milder symptoms who have significant mucosal
injury [61]. These patients are less likely to respond to corti-
costeroids and may require secondary immune suppression
[61]. They may also be at higher risk of developing compli-
cations should immunotherapy resume, though data address-
ing this question are currently lacking. At the same time, en-
doscopy can identify patients with severe symptoms and no
visible mucosal injury (checkpoint microscopic colitis); pa-
tients with microscopic colitis may respond well to colonic
formulations of budesonide alone [62].

In the great majority of patients, colonic inflammation in-
volves the left colon, and while regional variability does oc-
cur, most patients can be diagnosed by directed biopsies of the
left colon [1, 7, 10, 12]. Thus, flexible sigmoidoscopy, which
is both easier on the patient and less expensive than colonos-
copy, is often sufficient for making a diagnosis. A portion of
patients with luminal inflammation from immunotherapy will
have findings isolated to the upper GI tract, although the pre-
cise frequency has not been fully defined [1, 13, 59].
Esophagogastroduodenoscopy (EGD) is reasonable in pa-
tients who have had negative flexible sigmoidoscopies, but
who have a sufficiently high likelihood of having luminal
inflammation based on symptoms and history, potentially in
conjunction with a full colonoscopy.

No guidelines have yet been developed describing appro-
priate biopsy numbers/coverage. We typically take four gas-
tric biopsies and four in the duodenum beyond the duodenal
bulb during upper endoscopies. Esophagitis from immuno-
therapy is rare, and we do not biopsy the esophagus in the
absence of mucosal changes or symptoms suggestive of
esophagitis. In the colon, we typically collect 2–4 biopsies
from the descending colon, sigmoid colon, and rectum and
pool these unless regional variation is observed on endoscopic
evaluation. In the event of localized inflammation, we guide
biopsies toward endoscopically abnormal tissue.

Initial treatment with corticosteroids

Currently, we have no rigorous evidence supporting any spe-
cific management strategy for the GI toxicities of immuno-
therapy [9, 20–22, 39, 43, 44]. However, current guidelines
universally recommend high-dose corticosteroids as initial
management based on extensive experience from patients on

immunotherapy clinical trials, as well as subsequent retrospec-
tive analyses [20–22] and are summarized in Table 1.
Corticosteroids are often initiated by the primary oncology
team using doses between 0.5 and 2 mg/kg of methylprednis-
olone or equivalent daily [20–22]. These are delivered intra-
venously to patients who are hospitalized. For outpatients,
doses closer to those used for IBD (40–60 mg of prednisone)
are generally effective [1, 20–22]. Local treatment with colon-
ic budesonide preparations were shown to be ineffective in
prophylaxis of CTLA-4 blockade colitis, but may still have a
role in the treatment of checkpoint colitis without macroscopic
mucosal injury (i.e. microscopic checkpoint colitis) [62].
Steroid tapers are typically performed over 4–6 weeks, de-
pending on the severity of the initial inflammation and the
rapidity of the initial response [1, 20–22].

Approximately two-thirds of patients will respond to initial
management with corticosteroids and will not require any fur-
ther treatment [1, 9, 20–22]. The remaining patients require
escalation of immune suppression, which is generally done in
consultation with a gastroenterologist [1, 9, 20–22].

Escalation to secondary immune suppression

For patients who do not respond adequately to corticosteroids,
both infliximab and vedolizumab appear to have substantial
efficacy in the treatment of enterocolitis associated with
CTLA-4 or PD-L1 inhibitors individually or in combination
[9, 20–22, 39, 43, 44, 63]. Alternative antibodies targeting
tumor necrosis factor (TNF)α are likely to be effective,
though clinical experience is minimal. Both agents are used
at standard IBD doses, although infliximab can be dose-
escalated in partial responders [9, 20–22, 39, 43, 44, 63].

The effectiveness of infliximab and vedolizumab has not
been directly compared, but both appear to act rapidly, often
within a week [9, 20–22, 39, 43, 44, 63]. Onset of symptom
control is generally more rapid than would be expected
when treating IBD [9, 20–22, 39, 43, 44, 63]. Optimal dose
and schedule of secondary immune suppression is not
established for either agent, though standard IBD dosing is
typically sufficient [9, 20–22, 39, 43, 44, 63]. Between 1
and 3 infusions are typically sufficient for enterocolitis con-
trol for both vedolizumab and infliximab, and very few pa-
tients ever require maintenance therapy [9, 20–22, 39, 43,
44, 63]. Recommendations in respect of dose and duration
are based on symptom control, with treatment continued
only in those patients who have residual symptoms. The
utility of calprotectin monitoring or follow-up endoscopy
as strategies to guide this decision remains unclear, neither
do we know how guided treatment schedules with variable
doses compare with fixed doses with 3 infusions in patients
irrespective of response.

Early initiation of secondary immune suppression is asso-
ciated with faster symptom resolution, decreased
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hospitalization, and decreased risk of enterocolitis recurrence
in retrospective analyses [44]. In general, the decision to start
secondary immune suppression is made for two reasons: (1)
inadequate response to initial treatment with corticosteroids
and (2) recurrence of enterocolitis symptoms during cortico-
steroid taper. We recommend using the grade of mucosal
severity to guide the decision on how quickly to use second-
ary immune suppression. Patients who have ulcerating dis-
ease are treated within 72 h of corticosteroid initiation if they
do not have resolution back to grade 1 symptoms. For less
severe enterocolitis, a longer duration of steroid treatment
may be appropriate before determining that a patient is unre-
sponsive [10, 12]. Secondary immune suppression is initiated
after reemergence of symptoms during a steroid taper.
Following initiation of secondary immune suppression, the
steroid dose is increased being equivalent to the last effective
dose, with tapering commenced on resolution of symptoms.

Several factors should be considered in choosing between
infliximab and vedolizumab as treatment for immune-related
enterocolitis. Based on currently available evidence, both
drugs can be considered as equivalent first-line treatments
[9, 20–22, 39, 43, 44, 63]. Infliximab is a systemically active
immune suppressive agent that modulates immune responses,
while vedolizumab blocks α4β7 integrin, which primarily
affects the trafficking of lymphocytes into the gut.
Consequently, patients with active infections of anatomical
sites outside the GI tract may be more appropriately treated
by vedolizumab. Additionally, vedolizumab should be
avoided in patients with GI malignancies or metastases (ap-
proximately 5% of patients with melanoma) [34, 64]. The
impact of these two drugs on antitumor immunity in humans
is unknown, though vedolizumab is unlikely to have deleteri-
ous effects on antitumor immune responses outside of the gut.
Blockade of TNFα with agents such as infliximab has been
linked to improved antitumor responses in murine models of
antitumor immunity [65, 66]. Infliximab has been associated
with an increased incidence ofmelanoma in a meta-analysis of
patients with IBD, but not in larger analyses of patients treated
for rheumatologic conditions [67, 68]. Retrospective analyses
of patients with melanoma treated with immunotherapy that
developed colitis and received infliximab have shown no neg-
ative impact on tumor outcomes [42]. Irrespective of the
aforementioned issues, drug availability and coverage are im-
portant considerations and may ultimately be the principal
deciding factors for determining selection between infliximab
and vedolizumab in most clinical scenarios.

Treatment of patients refractory to initial biologic
therapy

A small fraction of patients with immune-related enterocolitis
will fail to respond to corticosteroids as well as infliximab or
vedolizumab. In these patients, confirmation of ongoing

inflammation and exclusion of opportunistic infections is es-
sential. Based on patient risk factors, recommended investiga-
tions should include repeat stool cultures, C. difficile testing,
and ova and parasite testing.

Although measurement of calprotectin or lactoferrin may
be useful in suggesting ongoing luminal inflammation, endos-
copy should be considered in all of these patients. These in-
vestigations are necessary to provide evidence of mucosal
healing and to confirm ongoing inflammation histopathologi-
cally. Additional differential diagnoses include cytomegalovi-
rus (CMV) infection, other opportunistic viral infections, and
fungal colitis. Provided that these infections are excluded and
ongoing significant inflammation is confirmed, escalation of
immune suppression is appropriate.

Patients with immunotherapy-induced enterocolitis often
do not have the time to wait for a full washout period before
initiation of alternative immune suppression. Initiation of al-
ternative immune suppression often begins within 2–4 weeks
of treatment with the prior biologic therapy [39].

Current evidence, albeit limited, suggest that switching
from infliximab to vedolizumab, or vice versa, is the most
appropriate management strategy after failure of the initial
choice of biologic therapy [39]. The response rates to third-
line immune suppression are generally lower than would
be expected for the same agent as second-line treatment. In
patients who have failed both biologic therapies, fecal mi-
crobiota transplant (FMT) can be considered depending on
accessibility [69]. Clinical trials are ongoing to determine
whether FMT is appropriate as earlier management and to
define response rates. FMT has shown some efficacy in
IBD, but is known to be highly effective in C. difficile
colitis, suggesting that colonic dysbiosis or occult infec-
tions may play an important role in driving ongoing in-
flammation in some patients with immune-related entero-
colitis from immunotherapy [70, 71].

Whether other forms of immune suppression that are effec-
tive in IBD are also effective in immune-related enterocolitis
is not clear. Mesalamine has been used in some cases of mild
enterocolitis. Immunomodulatory drugs such as 6-
mercaptopurine or methotrexate typically has a slow onset of
therapeutic efficacy in IBD and may not act fast enough to be
clinically useful in severe cases of immune-related enteroco-
litis. Although unproven, these drugs may also have a delete-
rious effect on the antitumor response.

In very refractory cases, alternative biologic agents such
as ustekinumab would be reasonable to try, though current-
ly we have no published evidence of efficacy [72]. Based
on comprehensive analyses of the correlates of effective
antitumor immunity and the pathways of immunotherapy
resistance, signaling through Janus kinase (JAK) kinases is
likely to play an important role in anticancer treatment.
Although JAK inhibitors (e.g. tofacitinib) present a poten-
tial therapeutic option, this remains to be proven and
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should be used with extreme caution in this patient popu-
lation. Similarly, CTLA-4Ig (e.g. abatacept, belatacept) is
likely to be effective in CTLA-4 blockade colitis, and po-
tentially PD-1 blockade colitis, given its efficacy in colitis
associated with CTLA-4 haploinsufficiency [73–80]. Yet
the mechanism of action of CTLA-4Ig also means that it is
likely to interfere with effective antitumor responses. All
the abovementioned strategies are not proven and requires
clinical studies to confirm the efficacy.

Grading-based treatment algorithm

Although the following algorithm focuses on diarrhea as the
presenting symptom, other GI symptoms such as nausea,
vomiting, and decreased appetite can be managed similarly.
For primarily upper GI symptoms, upper endoscopy is fa-
vored over lower endoscopy for evaluation. For patients with
decreased appetite, weight loss, or abdominal pain, cross-
sectional imaging has a critical role in management for any
severe (grade 3–4) symptoms. The rationale for these grading-
based recommendations is presented in detail in the preceding
sections (Table 1).

Grade 1 diarrhea

Low-grade diarrhea—somewhere between 1 and 3 extra
bowel movements a day—is frequent with current immu-
notherapy and is managed with symptomatic control. This
can include motility-slowing agents such as loperamide or
diphenoxylate-atropine, dietary modification including
bulking agents like psyllium, and lifestyle changes.
Immunotherapy is generally continued for grade 1 symp-
toms. In addition to diarrhea, low-grade nausea, vomiting,
and decreased appetite can all occur from immunotherapy,
as can, albeit less frequently, pain and cramping.

Grade 2 diarrhea

The evaluation and management of grade 2 diarrhea (4 to 7
addition bowel movements a day) is less well established.
This is similar for nausea, vomiting, and decreased appetite.
Many of these patients are managed by their oncology teams
through temporary holding of immunotherapy and empiric
treatment courses with corticosteroids. However, some of
these patients are referred to subspecialists for tissue diagno-
ses. In these instances, the endoscopy can be valuable for two
reasons. The first is to identify those patients who do not have
mucosal inflammation at all. In these patients, corticosteroids
are not likely to be beneficial, and alternative treatments can
be considered. Because symptoms correlate poorly with the
extent and severity of mucosal disease and do not predict
response to therapy, endoscopic evaluation plays an important
role in management decisions. The identification of mucosal

ulcerations increases the likelihood that a patient will require
secondary immune suppression to control checkpoint colitis,
while identification of microscopic colitis may indicate re-
sponsiveness to colonic formulations for budesonide.

Corticosteroids are first-line therapy for biopsy proven
grade 2 enterocolitis. No rigorous studies have examined ste-
roid dose. Typically, patients will respond to doses in the
range of 0.5–1 mg/kg oral prednisone or, for inpatients, intra-
venous methylprednisolone. Doses of 40–60 mg of oral pred-
nisone many also be effective in many cases. Steroid tapers
generally occur over a 4–6-week period and can be guided by
the severity of mucosal inflammation observed on biopsy,
with slower tapers for patients with colonic ulcers and rapid
tapers for patients who have histologic inflammation without
endoscopic evidence of inflammation.

Grade 3/4 diarrhea

Grade 3 diarrhea is often managed in conjunction with a spe-
cialist in gastroenterology. Patients can have grade 3 diarrhea
either because they failed to respond to initial management for
grade 2 diarrhea or because they initially present with severe
diarrhea (> 7 extra bowel movements a day). Grade 4 diarrhea
is associated with life-threatening complications such as end-
organ injury, severe hypotension, and anemia. Many of these
patients have significant mucosal inflammation, and endo-
scopic evaluation is recommended in all of them, ideally prior
to initiation of corticosteroids.

The purpose of endoscopy in this group of patients is
several-fold. First, a small, but significant subset of these
patients will have an alternative cause for their diarrhea.
This includes infectious and ischemic colitis, new onset
celiac disease, pancreatic insufficiency (endoscopically
normal), and other medication-induced diarrhea (which
will often show minimal mucosal changes) [2, 61, 62,
81]. This is particularly important in patients who are ini-
tially referred to a gastroenterologist after having failed
first-line corticosteroids. The second reason for endoscopic
evaluation is to determine mucosal severity. Similar to the
rationale for grade 2 symptoms, determining which of
these patients has severe mucosal injury can help guide
the transition to more rapid initiation of secondary immune
suppression [61] and identifying microscopic colitis can
help avoid systemic corticosteroids altogether [62].

Corticosteroids remain first-line therapy for biopsy proven
grade 3/4 enterocolitis, although initial corticosteroid doses
are typically 1–2 mg/kg methylprednisolone or equivalent.
Some evidence suggests that earlier initiation of secondary
immune suppression may be beneficial in patients with more
severe GI adverse events, though this evidence is largely
based on mucosal severity rather than the severity of the pre-
senting symptoms.
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Hepatitis

Hepatitis grade 1: ALT/AST upper limit of normal (ULN) to 3×
ULN, ALKP ULN to 2.5× ULN, TBILI ULN to 1.5× ULN

Recommendations (Table 2): Frequent blood monitoring is
indicated (1–2× weekly). A patient history of concomitant
drugs usage (including all over-the-counter medications),
herbal supplements, and alcohol use should be obtained.
Immunotherapy does not need to be delayed, and sub-
specialists are typically not involved.

Hepatitis grade 2: ALT/AST > 3–5× ULN, ALKP > 2.5–5× ULN,
TBILI > 1.5–3× ULN

Recommendations: twice weekly monitoring and with-
holding immunotherapy. Patients with grade 2 hepatitis
should be investigated for potential non-immune-
mediated etiologies. This investigation includes a right up-
per quadrant ultrasound, hepatitis A, B, and C serology,
Epstein-Barr virus (EBV) and CMV testing, autoimmune
disease serology, iron studies, and measurement of cerulo-
plasmin and alpha-1-antitrypsin (A1AT) testing (in select-
ed patients based on prior history). As for all patients with
abnormal liver testing results, concomitant medications
and alcohol use should be assessed. For patients with a
predominantly cholestatic hepatitis, advanced imaging of
the biliary tract should be considered such as magnetic
resonance cholangiopancreatography (MRCP) or endo-
scopic ultrasound (EUS) if indicated. Patients with abdom-
inal malignancies or known hepatic metastases should also
undergo cross-sectional imaging. For patients without an-
other clear etiology for their hepatitis and with a predom-
inantly hepatocellular pattern of injury, checkpoint hepati-
tis is the most likely diagnosis and empiric treatment with
0.5–1 mg/kg prednisone or prednisone equivalent is a rea-
sonable treatment option. Whether biopsy should be ob-
tained prior to initiation of corticosteroids in these patients
is presently unclear. For patients who do not respond with-
in 1 week to corticosteroids with a least a 50% reduction in
laboratory values, a biopsy is indicated to confirm the di-
agnosis. Secondary immune suppression should be consid-
ered if the diagnosis is confirmed. Azathioprine (1–
2 mg/kg), mycophenolate mofetil (500–1000 mg BID),
and tacrolimus (targeting blood levels of 8–10 nanograms
(ng)/ml or lower if a response is detected early) have all
been used as secondary immune suppression in these pa-
tients even though optimal doses and dosing schedules
have not been determined.

Grade 3=4 : ALT=AST > 5� ULN;ALKP

> 5� ULN;TBILI > 3� ULN

Recommendations: Patients with higher-grade hepatic in-
jury will typically be referred to hepatology. In addition to all
of the considerations for grade 2 hepatic injury, we recom-
mend performing biopsies on all of these patients to exclude
a non-immune-mediated cause of the liver injury, given the
severity of the detected laboratory changes, and the potential
clinical impact of missing an alternative diagnosis. Treatment
for confirmed grade 3/4 checkpoint hepatitis is similar to that
of grade 2 hepatitis, though doses of corticosteroid as high as
2 mg/kg could be considered in severe cases. Failure to re-
spond within 1 week to corticosteroids with at least a 50%
reduction in laboratory values should prompt the addition of
secondary immune suppression. Azathioprine (1–2 mg/kg),
mycophenolate mofetil (500–1000 mg BID), and tacrolimus
(targeting blood levels or 8–10 ng/ml or lower if a response is
detected early) have all been used as secondary immune sup-
pression in these patients even though, as mentioned above,
optimal doses and dosing schedules remains to be determined.
In severe, fulminant hepatitis, ATG is another treatment op-
tion. The role of infliximab in the management of immune-
checkpoint hepatitis remains unclear.

Conclusions

Immune-mediated adverse events in the GI tract and liver are
important limitations on current checkpoint inhibitor thera-
pies. Although we are beginning to develop a robust under-
standing of the clinical presentations of these IrAEs, our un-
derstanding of the immune mechanisms that drive them re-
mains inconclusive. Several empiric treatments have been de-
veloped for these toxicities. These appear to have reasonable
efficacy based on retrospective analyses, although optimal
diagnostic and treatment strategies have not been established
in prospective clinical trials. For this reason, we do not yet
know if any specific treatment strategy is more efficacious
than another. Moreover, there is a limited understanding of
how these GI and hepatic irAEs affect cancer treatment out-
comes and how treatment of these IrAEs may influence the
antitumor immune response.

Future work should focus on developing a clear under-
standing of the immune mechanisms that drive GI and hepatic
IrAEs. Clinical trials should prospectively compare various
treatment strategies using both organ-specific outcomes (e.g.
resolution of colitis) and tumor-specific outcomes (e.g.
progression-free and overall survival). These trials will be
necessary for the establishment of truly evidence-based rec-
ommendations to optimize outcomes for these patients.

Acknowledgments Professor BL Rapoport is supported by the Cancer
Association of South Africa (CANSA) and the National Research
Foundation (NRF) of South Africa. Dr. I. Glezerman is supported by
the NIH/NCI (Cancer Center Support Grant P30 CA008748).

6138 Support Care Cancer (2020) 28:6129–6143



Authors’ contributions All of the authors contributed equally to the con-
ceptualization of the manuscript; MD drafted the manuscript, while BLR
and DBJ provided clinical input and BLR, DBJ, and RA editorial over-
sight. All of the authors provided critical appraisal of the manuscript and
approve of its submission.

Compliance with ethical standards

Conflict of interest AB, RA, JC, TC, PG, DG, andVRS have no conflict
of interest to declare. MD reports grants from Novartis and other (SAB)
from Neoleukin Therapeutics, personal fees from Partner Therapeutics,
personal fees from Tillotts Pharma, and grants from Genentech outside
the submitted work. MG reports consultant work with Bristol Myers
Squibb (BMS) and AstraZeneca outside the submitted work. IG reports
other (Stock Ownership) from Pfizer Inc. and personal fees fromCytomX
Inc. outside the submitted work. DBJ reports other (advisory board) from
Array Biopharma, grants and other (advisory board) from BMS, other
(advisory board) from Jansen, grants from Incyte, other (advisory board)
from Merck, and other (advisory board) from Novartis outside the sub-
mitted work. In addition, DBJ has a patent co-inventor on use of CTLA-4
agonist for IAEs pending. BLR reports personal fees and other (advisory
board) from Merck and Co; grants, personal fees, and other (advisory
board) from BMS; grants, personal fees, and other (advisory board) from
Roche South Africa; and personal fees and other (advisory board) from
AstraZeneca during the conduct of the study. MSA reports personal fees
from Gilead, grants from Pfizer, and personal fees from Abbvie outside
the submitted work.

References

1. Dougan M (2017) Checkpoint blockade toxicity and immune ho-
meostasis in the gastrointestinal tract. Front Immunol 8:1547.
https://doi.org/10.3389/fimmu.2017.01547

2. Eshet Y, Baruch EN, Shapira-Frommer R, Steinberg-Silman Y,
Kuznetsov T, Ben-Betzalel G, Daher S, Gluck I, Asher N, Apter
S, Schachter J, Bar J, Boursi B, Markel G (2018) Clinical signifi-
cance of pancreatic atrophy induced by immune-checkpoint inhib-
itors: a case-control study. Cancer Immunol Res 6(12):1453–1458.
https://doi.org/10.1158/2326-6066.CIR-17-0659

3. Reynolds K, ThomasM, DouganM (2018) Diagnosis and manage-
ment of hepatitis in patients on checkpoint blockade. Oncologist
23(9):991–997. https://doi.org/10.1634/theoncologist.2018-0174

4. Raschi E, Mazzarella A, Antonazzo IC, Bendinelli N, Forcesi E,
Tuccori M, Moretti U, Poluzzi E, De Ponti F (2019) Toxicities with
immune checkpoint inhibitors: emerging priorities from
disproportionality analysis of the FDA Adverse Event Reporting
System. Target Oncol 14(2):205–221. https://doi.org/10.1007/
s11523-019-00632-w

5. Abu-Sbeih H, Tran CN, Ge PS, Bhutani MS, Alasadi M, Naing A,
Jazaeri AA, Wang Y (2019) Case series of cancer patients who
developed cholecystitis related to immune checkpoint inhibitor
treatment. J Immunother Cancer 7(1):118. https://doi.org/10.1186/
s40425-019-0604-2

6. Pauken KE, Dougan M, Rose NR, Lichtman AH, Sharpe AH
(2019) Adverse events following cancer immunotherapy: obstacles
and opportunities. Trends Immunol 40(6):511–523. https://doi.org/
10.1016/j.it.2019.04.002

7. Marthey L,Mateus C,Mussini C, NachuryM, Nancey S, Grange F,
Zallot C, Peyrin-Biroulet L, Rahier JF, Bourdier de Beauregard M,
Mortier L, Coutzac C, Soularue E, Lanoy E, Kapel N, Planchard D,
Chaput N, Robert C, Carbonnel F (2016) Cancer immunotherapy
with anti-CTLA-4 monoclonal antibodies induces an inflammatory

bowel disease. J Crohns Colitis 10(4):395–401. https://doi.org/10.
1093/ecco-jcc/jjv227

8. Chen JH, Pezhouh MK, Lauwers GY, Masia R (2017)
Histopathologic features of colitis due to immunotherapy with
anti-PD-1 antibodies. Am J Surg Pathol 41(5):643–654. https://
doi.org/10.1097/PAS.0000000000000829

9. Beck KE, Blansfield JA, Tran KQ, Feldman AL, Hughes MS,
Royal RE, Kammula US, Topalian SL, Sherry RM, Kleiner D,
Quezado M, Lowy I, Yellin M, Rosenberg SA, Yang JC (2006)
Enterocolitis in patients with cancer after antibody blockade of
cytotoxic T-lymphocyte-associated antigen 4. J Clin Oncol
24(15):2283–2289. https://doi.org/10.1200/JCO.2005.04.5716

10. Geukes Foppen MH, Rozeman EA, van Wilpe S, Postma C,
Snaebjornsson P, van Thienen JV, van Leerdam ME, van den
Heuvel M, Blank CU, van Dieren J, Haanen JBAG (2018)
Immune checkpoint inhibition-related colitis: symptoms, endo-
scopic features, histology and response to management. ESMO
Open 3(1):e000278. https://doi.org/10.1136/esmoopen-2017-
000278

11. Wang DY, Mooradian MJ, Kim D, Shah NJ, Fenton SE, Conry
RM, Mehta R, Silk AW, Zhou A, Compton ML, Al-Rohil RN,
Lee S, Voorhees AL, Ha L, McKee S, Norrell JT, Mehnert J,
Puzanov I, Sosman JA, Chandra S, Gibney GT, Rapisuwon S,
Eroglu Z, Sullivan R, Johnson DB (2018) Clinical characterization
of colitis arising from anti-PD-1 based therapy. Oncoimmunology
8(1):e1524695. https://doi.org/10.1080/2162402X.2018.1524695

12. Wang Y, Abu-Sbeih H, Mao E, Ali N, Qiao W, Trinh VA, Zobniw
C, Johnson DH, Samdani R, Lum P, Shuttlesworth G, Blechacz B,
Bresalier R, Miller E, Thirumurthi S, Richards D, Raju G,
Stroehlein J, Diab A (2018) Endoscopic and histologic features of
immune checkpoint inhibitor-related colitis. Inflamm Bowel Dis
24(8):1695–1705

13. Sokal A, de Chou CS, Delyon J, Roche B, Lourenco N, Lebbe C,
Baroudjian B, PATIO group (2018) Enteritis without colitis in pa-
tients treated with immune checkpoint inhibitors: a tricky diagnosis.
Melanoma Res 28(5):483–484. https://doi.org/10.1097/CMR.
0000000000000484

14. Yip RHL, Lee LH, Schaeffer DF, Horst BA, Yang HM (2018)
Lymphocytic gastritis induced by pembrolizumab in a patient with
metastatic melanoma. Melanoma Res 28(6):645–647. https://doi.
org/10.1097/CMR.0000000000000502

15. Nishimura Y, Yasuda M, Ocho K, Iwamuro M, Yamasaki O,
Tanaka T, Otsuka F (2018) Severe gastritis after administration of
nivolumab and ipilimumab. Case Rep Oncol 11(2):549–556.
https://doi.org/10.1159/000491862

16. Boike J, Dejulio T (2017) Severe esophagitis and gastritis from
nivolumab therapy. ACG Case Rep J 4:e57. https://doi.org/10.
14309/crj.2017.57

17. Celli R, Kluger HM, Zhang X (2018) Anti-PD-1 therapy-associated
perforating colitis. Case Rep Gastrointest Med 2018:3406437–
3406433. https://doi.org/10.1155/2018/3406437

18. Abraham C, Cho JH (2009) Inflammatory bowel disease. N Engl J
Med 361(21 ) :2066–2078 . h t t p s : / / do i . o rg / 10 .1056 /
NEJMra0804647

19. Wang Y, Abu-Sbeih H, Mao E, Ali N, Ali FS, Qiao W, Lum P,
Raju G, Shuttlesworth G, Stroehlein J, Diab A (2018) Immune-
checkpoint inhibitor-induced diarrhea and colitis in patients with
advanced malignancies: retrospective review at MD Anderson. J
Immunother Cancer 6(1):37. https://doi.org/10.1186/s40425-018-
0346-6

20. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ,
Caterino JM, Chau I, Ernstoff MS, Gardner JM, Ginex P,
Hallmeyer S, Holter Chakrabarty J, Leighl NB, Mammen JS,
McDermott DF, Naing A, Nastoupil LJ, Phillips T, Porter LD,
Puzanov I, Reichner CA, Santomasso BD, Seigel C, Spira A,
Suarez-Almazor ME, Wang Y, Weber JS, Wolchok JD,

6139Support Care Cancer (2020) 28:6129–6143

https://doi.org/10.3389/fimmu.2017.01547
https://doi.org/10.1158/2326-6066.CIR-17-0659
https://doi.org/10.1634/theoncologist.2018-0174
https://doi.org/10.1007/s11523-019-00632-w
https://doi.org/10.1007/s11523-019-00632-w
https://doi.org/10.1186/s40425-019-0604-2
https://doi.org/10.1186/s40425-019-0604-2
https://doi.org/10.1016/j.it.2019.04.002
https://doi.org/10.1016/j.it.2019.04.002
https://doi.org/10.1093/ecco-jcc/jjv227
https://doi.org/10.1093/ecco-jcc/jjv227
https://doi.org/10.1097/PAS.0000000000000829
https://doi.org/10.1097/PAS.0000000000000829
https://doi.org/10.1200/JCO.2005.04.5716
https://doi.org/10.1136/esmoopen-2017-000278
https://doi.org/10.1136/esmoopen-2017-000278
https://doi.org/10.1080/2162402X.2018.1524695
https://doi.org/10.1097/CMR.0000000000000484
https://doi.org/10.1097/CMR.0000000000000484
https://doi.org/10.1097/CMR.0000000000000502
https://doi.org/10.1097/CMR.0000000000000502
https://doi.org/10.1159/000491862
https://doi.org/10.14309/crj.2017.57
https://doi.org/10.14309/crj.2017.57
https://doi.org/10.1155/2018/3406437
https://doi.org/10.1056/NEJMra0804647
https://doi.org/10.1056/NEJMra0804647
https://doi.org/10.1186/s40425-018-0346-6
https://doi.org/10.1186/s40425-018-0346-6


Thompson JA, National Comprehensive Cancer Network (2018)
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
36(17):1714–1768. https://doi.org/10.1200/JCO.2017.77

21. Haanen J, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J,
Jordan K, ESMO Guidelines Committee (2017) Management of
toxicities from immunotherapy: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol
28(suppl_4):iv119–iv142. https://doi.org/10.1093/annonc/mdx225

22. Puzanov I, Diab A, Abdallah K, Bingham CO 3rd, Brogdon C,
Dadu R, Hamad L, Kim S, Lacouture ME, LeBoeuf NR, Lenihan
D, Onofrei C, Shannon V, Sharma R, Silk AW, Skondra D, Suarez-
AlmazorME,WangY,WileyK,KaufmanHL, Ernstoff MS (2017)
Managing toxicities associated with immune checkpoint inhibitors:
consensus recommendations from the Society for Immunotherapy
of Cancer (SITC) Toxicity Management Working Group. J
Immunother Cancer 5(1):95. https://doi.org/10.1186/s40425-017-
0300-z

23. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA,
Haanen JB, Gonzalez R, Robert C, Schadendorf D, Hassel JC,
Akerley W, van den Eertwegh AJ, Lutzky J, Lorigan P, Vaubel
JM, Linette GP, Hogg D, Ottensmeier CH, Lebbé C, Peschel C,
Quirt I, Clark JI, Wolchok JD, Weber JS, Tian J, Yellin MJ, Nichol
GM, Hoos A, Urba WJ (2010) Improved survival with ipilimumab
in patients with metastatic melanoma. N Engl J Med 363(8):711–
723. https://doi.org/10.1056/NEJMoa1003466

24. Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R, Wolchok
JD, Schmidt H, Hamid O, Robert C, Ascierto PA, Richards JM,
Lebbé C, Ferraresi V, Smylie M, Weber JS, Maio M, Bastholt L,
Mortier L, Thomas L, Tahir S, Hauschild A, Hassel JC, Hodi FS,
Taitt C, de Pril V, de Schaetzen G, Suciu S, Testori A (2016)
Prolonged survival in stage III melanomawith ipilimumab adjuvant
therapy. N Engl J Med 375(19):1845–1855. https://doi.org/10.
1056/NEJMoa1611299

25. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob
JJ, Cowey CL, Lao CD, Wagstaff J, Schadendorf D, Ferrucci PF,
Smylie M, Dummer R, Hill A, Hogg D, Haanen J, Carlino MS,
Bechter O, Maio M,Marquez-Rodas I, Guidoboni M, McArthur G,
Lebbé C, Ascierto PA, Long GV, Cebon J, Sosman J, PostowMA,
Callahan MK, Walker D, Rollin L, Bhore R, Hodi FS, Larkin J
(2017) Overall survival with combined nivolumab and ipilimumab
in advanced melanoma. N Engl J Med 377(14):1345–1356. https://
doi.org/10.1056/NEJMoa1709684

26. Hammers HJ, Plimack ER, Infante JR, Rini BI, McDermott DF,
Lewis LD, Voss MH, Sharma P, Pal SK, Razak ARA,
Kollmannsberger C, Heng DYC, Spratlin J, McHenry MB, Amin
A (2017) Safety and efficacy of nivolumab in combination with
ipilimumab in metastatic renal cell carcinoma: the CheckMate
016 study. J Clin Oncol 35(34):3851–3858. https://doi.org/10.
1200/JCO.2016.72.1985

27. Hellmann MD, Ciuleanu TE, Pluzanski A, Lee JS, Otterson GA,
Audigier-Valette C, Minenza E, Linardou H, Burgers S, Salman P,
Borghaei H, Ramalingam SS, Brahmer J, Reck M, O'Byrne KJ,
Ge e s e WJ , G r e e n G , Ch ang H , S z u s t a k owsk i J ,
Bhagavatheeswaran P, Healey D, Fu Y, Nathan F, Paz-Ares L
(2018) Nivolumab plus ipilimumab in lung cancer with a high
tumor mutational burden. N Engl J Med 378(22):2093–2104.
https://doi.org/10.1056/NEJMoa1801946

28. Motzer RJ, Tannir NM, DF MD, Aren Frontera O, Melichar B,
Choueiri TK, Plimack ER, Barthélémy P, Porta C, George S,
Powles T, Donskov F, Neiman V, Kollmannsberger CK, Salman
P, Gurney H, Hawkins R, Ravaud A, Grimm MO, Bracarda S,
Barrios CH, Tomita Y, Castellano D, Rini BI, Chen AC, Mekan
S, McHenry MB, Wind-Rotolo M, Doan J, Sharma P, Hammers
HJ, Escudier B, CheckMate 214 Investigators (2018) Nivolumab

plus ipilimumab versus sunitinib in advanced renal-cell carcinoma.
N Engl J Med 378(14):1277–1290. https://doi.org/10.1056/
NEJMoa1712126

29. Overman MJ, Lonardi S, Wong KYM, Lenz HJ, Gelsomino F,
Aglietta M, Morse MA, Van Cutsem E, McDermott R, Hill A,
Sawyer MB, Hendlisz A, Neyns B, Svrcek M, Moss RA, Ledeine
JM, Cao ZA, Kamble S, Kopetz S, André T (2018) Durable clinical
benefit with nivolumab plus ipilimumab in DNA mismatch repair-
deficient/microsatellite instability-highmetastatic colorectal cancer.
J Clin Oncol 36(8):773–779. https://doi.org/10.1200/JCO.2017.76.
9901

30. Garcia-Neuer M, Marmarelis ME, Jangi SR, Luke JJ, Ibrahim N,
Davis M, Weinberg J, Donahue H, Bailey N, Hodi FS, Buchbinder
EL, Ott PA (2017) Diagnostic comparison of CT scans and colo-
noscopy for immune-related colitis in ipilimumab-treated advanced
melanoma patients. Cancer Immunol Res 5(4):286–291. https://doi.
org/10.1158/2326-6066.CIR-16-0302

31. Kim KW, Ramaiya NH, Krajewski KM, Shinagare AB, Howard
SA, Jagannathan JP, Ibrahim N (2013) Ipilimumab-associated co-
litis: CT findings. AJR Am J Roentgenol 200(5):W468–W474.
https://doi.org/10.2214/AJR.12.9751

32. Barina AR, Bashir MR, Howard BA, Hanks BA, Salama AK, Jaffe
TA (2016) Isolated recto-sigmoid colitis: a new imaging pattern of
ipilimumab-associated colitis. AbdomRadiol (NY) 41(2):207–214.
https://doi.org/10.1007/s00261-015-0560-3

33. Abu-Sbeih H, Ali FS, Luo W, Qiao W, Raju GS, Wang Y (2018)
Importance of endoscopic and histological evaluation in the man-
agement of immune checkpoint inhibitor-induced colitis. J
Immunother Cancer 6(1):95. https://doi.org/10.1186/s40425-018-
0411-1

34. Bello E, Cohen JV, Mino-Kenudson M, Dougan M (2019)
Antitumor response to microscopic melanoma in the gastric muco-
sa mimicking ipilimumab-induced gastritis. J Immunother Cancer
7(1):41. https://doi.org/10.1186/s40425-019-0524-1

35. Lankes K, Hundorfean G, Harrer T, Pommer AJ, Agaimy A,
Angelovska I, Tajmir-Riahi A, Göhl J, Schuler G, Neurath MF,
Hohenberger W, Heinzerling L (2016) Anti-TNF-refractory colitis
after checkpoint inhibitor therapy: possible role of CMV-mediated
immunopathogenesis. Oncoimmunology 5(6):e1128611. https://
doi.org/10.1080/2162402X.2015.1128611

36. Zhou C, Klionsky Y, Treasure ME, Bruno DS (2019)
Pembrolizumab-induced immune-mediated colitis in a patient with
concurrent Clostridium difficile infection. Case Rep Oncol 12(1):
164–170. https://doi.org/10.1159/000497155

37. Gentile NM, D'Souza A, Fujii LL, Wu TT, Murray JA (2013)
Association between ipilimumab and celiac disease. Mayo Clin
Proc 88(4):414–417. https://doi.org/10.1016/j.mayocp.2013.01.
015

38. Abdel-Wahab N, Shah M, Suarez-Almazor ME (2016) Adverse
events associated with immune checkpoint blockade in patients
with cancer: a systematic review of case reports. PLoS One 11(7):
e0160221. https://doi.org/10.1371/journal.pone.0160221

39. Abu-Sbeih H, Ali FS, Alsaadi D, Jennings J, Luo W, Gong Z,
Richards DM, Charabaty A, Wang Y (2018) Outcomes of
vedolizumab therapy in patients with immune checkpoint
inhibitor-induced colitis: a multi-center study. J Immunother
Cancer 6(1):142. https://doi.org/10.1186/s40425-018-0461-4

40. Bergqvist V, Hertervig E, Gedeon P, Kopljar M, Griph H, Kinhult
S, Carneiro A, Marsal J (2017) Vedolizumab treatment for immune
checkpoint inhibitor-induced enterocolitis. Cancer Immunol
Immunother 66(5):581–592. https://doi.org/10.1007/s00262-017-
1962-6

41. Hsieh AH, Ferman M, Brown MP, Andrews JM (2016)
Vedolizumab: a novel treatment for ipilimumab-induced colitis.
BMJ Case Rep 2016:216641. https://doi.org/10.1136/bcr-2016-
216641

6140 Support Care Cancer (2020) 28:6129–6143

https://doi.org/10.1200/JCO.2017.77
https://doi.org/10.1093/annonc/mdx225
https://doi.org/10.1186/s40425-017-0300-z
https://doi.org/10.1186/s40425-017-0300-z
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1056/NEJMoa1611299
https://doi.org/10.1056/NEJMoa1611299
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1200/JCO.2016.72.1985
https://doi.org/10.1200/JCO.2016.72.1985
https://doi.org/10.1056/NEJMoa1801946
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1200/JCO.2017.76.9901
https://doi.org/10.1200/JCO.2017.76.9901
https://doi.org/10.1158/2326-6066.CIR-16-0302
https://doi.org/10.1158/2326-6066.CIR-16-0302
https://doi.org/10.2214/AJR.12.9751
https://doi.org/10.1007/s00261-015-0560-3
https://doi.org/10.1186/s40425-018-0411-1
https://doi.org/10.1186/s40425-018-0411-1
https://doi.org/10.1186/s40425-019-0524-1
https://doi.org/10.1080/2162402X.2015.1128611
https://doi.org/10.1080/2162402X.2015.1128611
https://doi.org/10.1159/000497155
https://doi.org/10.1016/j.mayocp.2013.01.015
https://doi.org/10.1016/j.mayocp.2013.01.015
https://doi.org/10.1371/journal.pone.0160221
https://doi.org/10.1186/s40425-018-0461-4
https://doi.org/10.1007/s00262-017-1962-6
https://doi.org/10.1007/s00262-017-1962-6
https://doi.org/10.1136/bcr-2016-216641
https://doi.org/10.1136/bcr-2016-216641


42. Arriola E, Wheater M, Karydis I, Thomas G, Ottensmeier C (2015)
Infliximab for IPILIMUMAB-related colitis-letter. Clin Cancer Res
21(24):5642–5643. https://doi.org/10.1158/1078-0432.CCR-15-
2471

43. Johnson DH, Zobniw CM, Trinh VA, Ma J, Bassett RL Jr, Abdel-
Wahab N, Anderson J, Davis JE, Joseph J, Uemura M, Noman A,
Abu-Sbeih H, Yee C, Amaria R, Patel S, Tawbi H, Glitza IC,
Davies MA, Wong MK, Woodman S, Hwu WJ, Hwu P, Wang
Y, Diab A (2018) Infliximab associated with faster symptom reso-
lution compared with corticosteroids alone for the management of
immune-related enterocolitis. J Immunother Cancer 6(1):103.
https://doi.org/10.1186/s40425-018-0412-0

44. Abu-Sbeih H, Ali FS, Wang X, Mallepally N, Chen E, Altan M,
Bresalier RS, Charabaty A, Dadu R, Jazaeri A, Lashner B, Wang Y
(2019) Early introduction of selective immunosuppressive therapy
associated with favorable clinical outcomes in patients with im-
mune checkpoint inhibitor-induced colitis. J Immunother Cancer
7(1):93. https://doi.org/10.1186/s40425-019-0577-1

45. De Martin E, Michot JM, Papouin B, Champiat S, Mateus C,
Lambotte O, Roche B, Antonini TM, Coilly A, Laghouati S,
Robert C, Marabelle A, Guettier C, Samuel D (2018)
Characterization of liver injury induced by cancer immunotherapy
using immune checkpoint inhibitors. J Hepatol 68(6):1181–1190.
https://doi.org/10.1016/j.jhep.2018.01.033

46. Bernardo SG,MoskalenkoM, PanM, Shah S, SidhuHK, Sicular S,
Harcharik S, Chang R, Friedlander P, Saenger YM (2013) Elevated
rates of transaminitis during ipilimumab therapy for metastatic mel-
anoma. Melanoma Res 23(1):47–54. https://doi.org/10.1097/CMR.
0b013e32835c7e68

47. Paz-Ares L, Luft A, Vicente D, Tafreshi A, GümüşM, Mazières J,
Hermes B, Çay Şenler F, Csőszi T, Fülöp A, Rodríguez-Cid J,
Wilson J, Sugawara S, Kato T, Lee KH, Cheng Y, Novello S,
Halmos B, Li X, Lubiniecki GM, Piperdi B, Kowalski DM,
KEYNOTE-407 Investigators (2018) Pembrolizumab plus chemo-
therapy for squamous non-small-cell lung cancer. N Engl J Med
379(21):2040–2051. https://doi.org/10.1056/NEJMoa1810865

48. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata
H, Diéras V, Hegg R, Im SA, Shaw Wright G, Henschel V,
Molinero L, Chui SY, Funke R, Husain A, Winer EP, Loi S,
Emens LA, IMpassion130 Trial Investigators (2018)
Atezolizumab and nab-paclitaxel in advanced triple-negative breast
cancer. N Engl J Med 379(22):2108–2121. https://doi.org/10.1056/
NEJMoa1809615

49. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D,
Pouliot F, Alekseev B, Soulières D, Melichar B, Vynnychenko I,
Kryzhanivska A, Bondarenko I, Azevedo SJ, Borchiellini D,
Szczylik C, Markus M, McDermott RS, Bedke J, Tartas S, Chang
YH, Tamada S, Shou Q, Perini RF, ChenM, Atkins MB, Powles T,
KEYNOTE-426 Investigators (2019) Pembrolizumab plus axitinib
versus sunitinib for advanced renal-cell carcinoma. N Engl J Med
380(12):1116–1127. https://doi.org/10.1056/NEJMoa1816714

50. Pelster MS, Amaria RN (2019) Combined targeted therapy and
immunotherapy in melanoma: a review of the impact on the tumor
microenvironment and outcomes of early clinical trials. Ther Adv
Med Oncol 11:1758835919830826. https://doi.org/10.1177/
1758835919830826

51. Everett J, Srivastava A, Misdraji J (2017) Fibrin ring granulomas in
checkpoint inhibitor-induced hepatitis. Am J Surg Pathol 41(1):
134–137. https://doi.org/10.1097/PAS.0000000000000759

52. Johncilla M, Misdraji J, Pratt DS, Agoston AT, Lauwers GY,
Srivastava A, Doyle LA (2015) Ipilimumab-associated hepatitis:
clinicopathologic characterization in a series of 11 cases. Am J
Surg Pathol 39(8):1075–1084. https://doi.org/10.1097/PAS.
0000000000000453

53. Zen Y, Yeh MM (2018) Hepatotoxicity of immune checkpoint
inhibitors: a histology study of seven cases in comparison with

autoimmune hepatitis and idiosyncratic drug-induced liver injury.
Mod Pathol 31(6):965–973. https://doi.org/10.1038/s41379-018-
0013-y

54. Kleiner DE, Berman D (2012) Pathologic changes in ipilimumab-
related hepatitis in patients with metastatic melanoma. Dig Dis Sci
57(8):2233–2240. https://doi.org/10.1007/s10620-012-2140-5

55. Kim KW, Ramaiya NH, Krajewski KM, Jagannathan JP, Tirumani
SH, Srivastava A, Ibrahim N (2013) Ipilimumab associated hepati-
tis: imaging and clinicopathologic findings. Investig New Drugs
31(4):1071–1077. https://doi.org/10.1007/s10637-013-9939-6

56. Spänkuch I, Gassenmaier M, Tampouri I, Noor S, Forschner A,
Garbe C, Amaral T (2017) Severe hepatitis under combined immu-
notherapy: resolution under corticosteroids plus anti-thymocyte im-
munoglobulins. Eur J Cancer 81:203–205. https://doi.org/10.1016/
j.ejca.2017.05.018

57. ZhangHC, LuoW,WangY (2019) Acute liver injury in the context
of immune checkpoint inhibitor-related colitis treated with
infliximab. J Immunother Cancer 7(1):47. https://doi.org/10.1186/
s40425-019-0532-1

58. Weber J, Thompson JA, Hamid O, Minor D, Amin A, Ron I,
Ridolfi R, Assi H, Maraveyas A, Berman D, Siegel J, O'Day SJ
(2009) A randomized, double-blind, placebo-controlled, phase II
study comparing the tolerability and efficacy of ipilimumab admin-
istered with or without prophylactic budesonide in patients with
unresectable stage III or IV melanoma. Clin Cancer Res 15(17):
5591–5598. https://doi.org/10.1158/1078-0432.CCR-09-1024

59. Zhang ML, Neyaz A, Patil D, Chen J, Dougan M, Deshpande V
(2020) Immune-related adverse events in the gastrointestinal tract:
diagnostic utility of upper gastrointestinal biopsies. Histopathology
76(2):233–243. https://doi.org/10.1111/his.13963

60. Nemakayala DR, Cash BD (2019) Excluding irritable bowel syn-
drome in the inflammatory bowel disease patient: how far to go?
Curr Opin Gastroenterol 35(1):58–62. https://doi.org/10.1097/
MOG.0000000000000493

61. Mooradian MJ, Wang DY, Coromilas A, Lumish M, Chen T,
Giobbie-Hurder A, Johnson DB, Sullivan RJ, Dougan M (2020)
Mucosal inflammation predicts response to systemic steroids in
immune checkpoint inhibitor colitis. J Immunother Cancer 8(1):
e000451. https://doi.org/10.1136/jitc-2019-000451

62. HughesMS,Molina GE, Chen ST, ZhengH, Deshpande V, Fadden
R, Sullivan RJ, Dougan M (2019) Budesonide treatment for micro-
scopic colitis from immune checkpoint inhibitors. J Immunother
Cancer 7(1):292. https://doi.org/10.1186/s40425-019-0756-0

63. Hillock NT, Heard S, Kichenadasse G, Hill CL, Andrews J (2017)
Infliximab for ipilimumab-induced colitis: a series of 13 patients.
Asia Pac J Clin Oncol 13(5):e284–e290. https://doi.org/10.1111/
ajco.12651

64. Panagiotou I, Brountzos EN, Bafaloukos D, Stoupis C, Brestas P,
Kelekis DA (2002) Malignant melanoma metastatic to the gastro-
intestinal tract. Melanoma Res 12(2):169–173. https://doi.org/10.
1097/00008390-200204000-00010

65. Bertrand F, Montfort A, Marcheteau E, Imbert C, Gilhodes J,
Filleron T, Rochaix P, Andrieu-Abadie N, Levade T, Meyer N,
Colacios C, Ségui B (2017) TNFα blockade overcomes resistance
to anti-PD-1 in experimental melanoma. Nat Commun 8(1):2256.
https://doi.org/10.1038/s41467-017-02358-7

66. Perez-Ruiz E,Minute L, Otano I, AlvarezM, OchoaMC, Belsue V,
de Andrea C, Rodriguez-Ruiz ME, Perez-Gracia JL, Marquez-
Rodas I, Llacer C, Alvarez M, de Luque V, Molina C, Teijeira A,
Berraondo P, Melero I (2019) Prophylactic TNF blockade uncou-
ples efficacy and toxicity in dual CTLA-4 and PD-1 immunother-
apy. Nature 569(7756):428–432. https://doi.org/10.1038/s41586-
019-1162-y

67. Maneiro JR, Souto A, Gomez-Reino JJ (2017) Risks of malignan-
cies related to tofacitinib and biological drugs in rheumatoid arthri-
tis: systematic review, meta-analysis, and network meta-analysis.

6141Support Care Cancer (2020) 28:6129–6143

https://doi.org/10.1158/1078-0432.CCR-15-2471
https://doi.org/10.1158/1078-0432.CCR-15-2471
https://doi.org/10.1186/s40425-018-0412-0
https://doi.org/10.1186/s40425-019-0577-1
https://doi.org/10.1016/j.jhep.2018.01.033
https://doi.org/10.1097/CMR.0b013e32835c7e68
https://doi.org/10.1097/CMR.0b013e32835c7e68
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.1177/1758835919830826
https://doi.org/10.1177/1758835919830826
https://doi.org/10.1097/PAS.0000000000000759
https://doi.org/10.1097/PAS.0000000000000453
https://doi.org/10.1097/PAS.0000000000000453
https://doi.org/10.1038/s41379-018-0013-y
https://doi.org/10.1038/s41379-018-0013-y
https://doi.org/10.1007/s10620-012-2140-5
https://doi.org/10.1007/s10637-013-9939-6
https://doi.org/10.1016/j.ejca.2017.05.018
https://doi.org/10.1016/j.ejca.2017.05.018
https://doi.org/10.1186/s40425-019-0532-1
https://doi.org/10.1186/s40425-019-0532-1
https://doi.org/10.1158/1078-0432.CCR-09-1024
https://doi.org/10.1111/his.13963
https://doi.org/10.1097/MOG.0000000000000493
https://doi.org/10.1097/MOG.0000000000000493
https://doi.org/10.1136/jitc-2019-000451
https://doi.org/10.1186/s40425-019-0756-0
https://doi.org/10.1111/ajco.12651
https://doi.org/10.1111/ajco.12651
https://doi.org/10.1097/00008390-200204000-00010
https://doi.org/10.1097/00008390-200204000-00010
https://doi.org/10.1038/s41467-017-02358-7
https://doi.org/10.1038/s41586-019-1162-y
https://doi.org/10.1038/s41586-019-1162-y


Semin Arthritis Rheum 47(2):149–156. https://doi.org/10.1016/j.
semarthrit.2017.02.007

68. Chen Y, Sun J, YangY, HuangY, Liu G (2016)Malignancy risk of
anti-tumor necrosis factor alpha blockers: an overview of system-
atic reviews and meta-analyses. Clin Rheumatol 35(1):1–18.
https://doi.org/10.1007/s10067-015-3115-7

69. Wang Y,Wiesnoski DH, Helmink BA, Gopalakrishnan V, Choi K,
DuPont HL, Jiang ZD, Abu-Sbeih H, Sanchez CA, Chang CC,
Parra ER, Francisco-Cruz A, Raju GS, Stroehlein JR, Campbell
MT, Gao J, Subudhi SK, Maru DM, Blando JM, Lazar AJ,
Allison JP, Sharma P, Tetzlaff MT, Wargo JA, Jenq RR (2019)
Author Correction: Fecal microbiota transplantation for refractory
immune checkpoint inhibitor-associated colitis. Nat Med 25(1):
188. https://doi.org/10.1038/s41591-018-0305-2

70. Costello SP, Soo W, Bryant RV, Jairath V, Hart AL, Andrews JM
(2017) Systematic review with meta-analysis: faecal microbiota
transplantation for the induction of remission for active ulcerative
colitis. Aliment Pharmacol Ther 46(3):213–224. https://doi.org/10.
1111/apt.14173

71. Quraishi MN, Widlak M, Bhala N, Moore D, Price M, Sharma N,
Iqbal TH (2017) Systematic review with meta-analysis: the efficacy
of faecal microbiota transplantation for the treatment of recurrent
and refractory Clostridium difficile infection. Aliment Pharmacol
Ther 46(5):479–493. https://doi.org/10.1111/apt.14201

72. Feagan BG, Sandborn WJ, Gasink C, Jacobstein D, Lang Y,
Friedman JR, Blank MA, Johanns J, Gao LL, Miao Y, Adedokun
OJ, Sands BE, Hanauer SB, Vermeire S, Targan S, Ghosh S, de
Villiers WJ, Colombel JF, Tulassay Z, Seidler U, Salzberg BA,
Desreumaux P, Lee SD, Loftus EV Jr, Dieleman LA, Katz S,
Rutgeer ts P, UNITI–IM-UNITI Study Group (2016)
Ustekinumab as induction and maintenance therapy for Crohn's
disease. N Engl J Med 375(20):1946–1960. https://doi.org/10.
1056/NEJMoa1602773

73. Wei SC, Levine JH, Cogdill AP, Zhao Y, Anang NAS, Andrews
MC, Sharma P, Wang J, Wargo JA, Pe'er D, Allison JP (2017)
Distinct cellular mechanisms underlie anti-CTLA-4 and anti-PD-1
checkpoint blockade. Cell 170(6):1120–1133 e17. https://doi.org/
10.1016/j.cell.2017.07.024

74. Zaretsky JM, Garcia-Diaz A, Shin DS, Escuin-Ordinas H, HugoW,
Hu-Lieskovan S, Torrejon DY, Abril-Rodriguez G, Sandoval S,
Barthly L, Saco J, Homet Moreno B, Mezzadra R, Chmielowski
B, Ruchalski K, Shintaku IP, Sanchez PJ, Puig-Saus C, Cherry G,
Seja E, Kong X, Pang J, Berent-Maoz B, Comin-Anduix B,
Graeber TG, Tumeh PC, Schumacher TN, Lo RS, Ribas A (2016)
Mutations associated with acquired resistance to PD-1 blockade in
melanoma. N Engl J Med 375(9):819–829. https://doi.org/10.1056/
NEJMoa1604958

75. HugoW, Zaretsky JM, Sun L, Song C, Moreno BH, Hu-Lieskovan
S, Berent-Maoz B, Pang J, Chmielowski B, Cherry G, Seja E,
Lomeli S, Kong X, Kelley MC, Sosman JA, Johnson DB, Ribas
A, Lo RS (2016) Genomic and transcriptomic features of response
to anti-PD-1 therapy in metastatic melanoma. Cell 165(1):35–44.
https://doi.org/10.1016/j.cell.2016.02.065

76. Rooney MS, Shukla SA, Wu CJ, Getz G, Hacohen N (2015)
Molecular and genetic properties of tumors associated with local
immune cytolytic activity. Cell 160(1–2):48–61. https://doi.org/10.
1016/j.cell.2014.12.033

77. Zeissig S, Petersen BS, Tomczak M, Melum E, Huc-Claustre E,
Dougan SK, Laerdahl JK, Stade B, Forster M, Schreiber S, Weir D,
Leichtner AM, Franke A, Blumberg RS (2015) Early-onset Crohn's
disease and autoimmunity associated with a variant in CTLA-4. Gut
64(12):1889–1897. https://doi.org/10.1136/gutjnl-2014-308541

78. Schubert D, Bode C, Kenefeck R, Hou TZ, Wing JB, Kennedy A,
Bulashevska A, Petersen BS, Schäffer AA, Grüning BA, Unger S,
Frede N, Baumann U, Witte T, Schmidt RE, Dueckers G, Niehues
T, Seneviratne S, Kanariou M, Speckmann C, Ehl S, Rensing-Ehl
A, Warnatz K, Rakhmanov M, Thimme R, Hasselblatt P,
Emmerich F, Cathomen T, Backofen R, Fisch P, Seidl M, May
A, Schmitt-Graeff A, Ikemizu S, Salzer U, Franke A, Sakaguchi
S, Walker LSK, Sansom DM, Grimbacher B (2014) Autosomal
dominant immune dysregulation syndrome in humans with
CTLA4 mutations. Nat Med 20(12):1410141–1410146. https://
doi.org/10.1038/nm.3746

79. Kuehn HS, OuyangW, Lo B, Deenick EK, Niemela JE, Avery DT,
Schickel JN, Tran DQ, Stoddard J, Zhang Y, Frucht DM, Dumitriu
B, Scheinberg P, Folio LR, Frein CA, Price S, Koh C, Heller T,
Seroogy CM, Huttenlocher A, Rao VK, Su HC, Kleiner D,
Notarangelo LD, Rampertaap Y, Olivier KN, McElwee J, Hughes
J, Pittaluga S, Oliveira JB, Meffre E, Fleisher TA, Holland SM,
Lenardo MJ, Tangye SG, Uzel G (2014) Immune dysregulation in
human subjects with heterozygous germline mutations in CTLA4.
Science 345(6204):1623–1627. https://doi.org/10.1126/science.
1255904

80. Tivol EA, Boyd SD, McKeon S, Borriello F, Nickerson P, Strom
TB, Sharpe AH (1997) CTLA4Ig prevents lymphoproliferation and
fatal multiorgan tissue destruction in CTLA-4-deficient mice. J
Immunol 158(11):5091–5094

81. Schoenfeld SR, Aronow ME, Leaf RK, Dougan M, Reynolds KL
(2020) Diagnosis and management of rare immune-related adverse
events. Oncologist 25(1):6–14. https://doi.org/10.1634/
theoncologist.2019-0083

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

6142 Support Care Cancer (2020) 28:6129–6143

https://doi.org/10.1016/j.semarthrit.2017.02.007
https://doi.org/10.1016/j.semarthrit.2017.02.007
https://doi.org/10.1007/s10067-015-3115-7
https://doi.org/10.1038/s41591-018-0305-2
https://doi.org/10.1111/apt.14173
https://doi.org/10.1111/apt.14173
https://doi.org/10.1111/apt.14201
https://doi.org/10.1056/NEJMoa1602773
https://doi.org/10.1056/NEJMoa1602773
https://doi.org/10.1016/j.cell.2017.07.024
https://doi.org/10.1016/j.cell.2017.07.024
https://doi.org/10.1056/NEJMoa1604958
https://doi.org/10.1056/NEJMoa1604958
https://doi.org/10.1016/j.cell.2016.02.065
https://doi.org/10.1016/j.cell.2014.12.033
https://doi.org/10.1016/j.cell.2014.12.033
https://doi.org/10.1136/gutjnl-2014-308541
https://doi.org/10.1038/nm.3746
https://doi.org/10.1038/nm.3746
https://doi.org/10.1126/science.1255904
https://doi.org/10.1126/science.1255904
https://doi.org/10.1634/theoncologist.2019-0083
https://doi.org/10.1634/theoncologist.2019-0083


Affiliations

Michael Dougan1,2
& Ada G. Blidner3 & Jennifer Choi4 & Tim Cooksley5,6 & Ilya Glezerman7

& Pamela Ginex8 &

Monica Girotra9,10 & Dipti Gupta10 & Douglas Johnson11
& Vickie R. Shannon12

&Maria Suarez-Almazor13 &

Ronald Anderson14
& Bernardo L. Rapoport14,15

1 Massachusetts General Hospital, Boston, MA, USA

2 Harvard Medical School, Boston, MA, USA

3 Laboratory of Immunopathology, Institute of Biology and

Experimental Medicine-CONICET, Buenos Aires, Argentina

4 Division of Oncodermatology, Robert H. Lurie Comprehensive

Cancer Center, Northwestern University Feinberg School of

Medicine, Chicago, IL, USA

5 Tim Cooksley, Manchester University Foundation Trust,

Manchester, UK

6 The Christie, University of Manchester, Manchester, UK

7 Renal Service, Department of Medicine, Memorial Sloan-Kettering

Cancer Center, New York, NY, USA

8 Oncology Nursing Society, Pittsburgh, PA, USA

9 Endocrine Division, Department ofMedicine, Weill Cornell Medical

College, New York, NY, USA

10 Department ofMedicine, Memorial Sloan-Kettering Cancer Center,

New York, NY, USA

11 Department ofMedicine, Vanderbilt UniversityMedical Center and

Vanderbilt Ingram Cancer Center, Nashville, TN, USA

12 Department of Pulmonary Medicine, The University of Texas MD

Anderson Cancer Center, Houston, TX, USA

13 Section of Rheumatology and Clinical Immunology, University of

Texas MD Anderson Cancer Center, Houston, TX, USA

14 Department of Immunology, Faculty of Health Sciences, University

of Pretoria, PO Box 667, Pretoria 0001, South Africa

15 The Medical Oncology Centre of Rosebank, 129 Oxford Road,

Saxonwold, Johannesburg 2196, South Africa

6143Support Care Cancer (2020) 28:6129–6143

http://orcid.org/0000-0001-7610-3653

	Multinational...
	Abstract
	Introduction
	Checkpoint inhibitor colitis
	Checkpoint inhibitor hepatitis
	Evaluation and management of luminal toxicities from immunotherapy
	Laboratory testing
	Endoscopy
	Initial treatment with corticosteroids
	Escalation to secondary immune suppression
	Treatment of patients refractory to initial biologic therapy
	Grading-based treatment algorithm
	Grade 1 diarrhea
	Grade 2 diarrhea
	Grade 3/�4 diarrhea

	Hepatitis
	Hepatitis grade 1: ALT/AST upper limit of normal (ULN) to 3× ULN, ALKP ULN to 2.5× ULN, TBILI ULN to 1.5× ULN
	Hepatitis grade 2: ALT/AST >&thinsp;3–5× ULN, ALKP >&thinsp;2.5–5× ULN, TBILI >&thinsp;1.5–3× ULN


	Conclusions
	References


