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Summary
Background: Immune checkpoint inhibitors have revolutionised cancer treatment, 
but at the cost of off-target immune-mediated organ damage. This includes check-
point inhibitor-induced enterocolitis which frequently requires hospitalisation and 
may be life-threatening. Empiric treatment typically includes corticosteroids and inf-
liximab, although no large-scale studies have confirmed their effectiveness.
Aim: To investigate the effectiveness of anti-inflammatory therapy in checkpoint 
inhibitor-induced enterocolitis
Methods: We performed a systematic review and meta-analysis of studies reporting 
clinical outcomes of checkpoint inhibitor-induced enterocolitis in adult cancer pa-
tients treated with anti-inflammatory agents. We searched Medline, EMBASE, and 
the Cochrane library through April and extracted the proportion of patients respond-
ing to anti-inflammatory therapy. Variation in effect size was studied using a random-
effects meta-regression analysis, with checkpoint inhibitor agent and tumour type as 
the variables.
Results: Data were pooled from 1210 treated patients across 39 studies. 
Corticosteroids were effective in 59% (95% CI 54- 65) of patients, with response sig-
nificantly more favourable in patients treated with anti-PD-1/L1 monotherapy, com-
pared with anti-CTLA-4 containing regimens (78%, 95% CI 69-85 vs 56 %, 95% CI 
49-63, P = 0.003), and more favourable in lung cancer patients compared with mela-
noma patients (88%, 95% CI 62-97 vs 55%, 95% CI 47-63, P = 0.04). Infliximab was 
effective in 81% (95% CI 73-87) of patients, and vedolizumab in 85% (95% CI 60-96).
Conclusion: Corticosteroids, infliximab and vedolizumab, are effective in the treat-
ment of checkpoint inhibitor‐induced enterocolitis. Checkpoint inhibitor regimen and 
cancer type were significant moderators in response to corticosteroid therapy.
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1  | INTRODUC TION

Immune checkpoint inhibitors including monoclonal antibodies targeting 
cytotoxic T-lymphocyte–associated-4 (CLTA-4), eg ipilimumab, and pro-
grammed cell death protein-1 (PD-1) or its ligand PD-L1, eg nivolumab 
and pembrolizumab, have transformed the treatment landscape for 
cancer by incurring a durable survival benefit.1-5 Their success is ham-
pered by immune-mediated toxicity, particularly with anti-CTLA-4 con-
taining regimens. Checkpoint inhibitor-induced enterocolitis is one of the 
most serious immune-mediated complications and is especially common 
in combination regimens (ipilimumab plus nivolumab), affecting >40%.5-7 
It is the most common cause of checkpoint inhibitor discontinuation and 
treatment-related death.7,8 Symptoms include diarrhoea, faecal urgency 
and rectal bleeding9-12 Endoscopic features include erythema, loss of 
vascular pattern, oedema, with around 30% of cases exhibiting ulcerated 
mucosa.10-17 Histological features include acute inflammation, epithelial 
apoptosis, crypt abscess formation and infiltration of immune cells, most 
notably neutrophils and lymphocytes.10-17

Checkpoint inhibitor-induced enterocolitis is typically treated 
with high-dose systemic corticosteroids while second-line treatments 
include the anti-TNF monoclonal antibody infliximab, the anti-α4β7 
integrin monoclonal antibody vedolizumab15,18 or other immuno-
suppressants such as mycophenolate mofetil, and tacrolimus.13,19-22 
These agents can incur significant side effects including life-threat-
ening infections.23-25 However, there are no randomised controlled 
studies evaluating the efficacy of anti-inflammatory therapy in this 
setting, with data mainly arising from small observational studies.

Collins et al17 published a recent systematic review which of-
fered insights into the management of this evolving mucosal disease. 
The current study complements this work, by providing an updated 
systematic review and the first meta-analysis with meta-regression 
to quantify the efficacy of anti-inflammatory therapy in checkpoint 
inhibitor-induced enterocolitis.

2  | METHODS

2.1 | Search strategy

A systematic search of the medical literature (from 2002 to 6th 
April 2020) was conducted using MEDLINE, EMBASE and Cochrane 
library, which were accessed via Pubmed, Ovid and Cochrane. 
Studies were identified with MESH terms and free text including 
‘immune check point inhibitor*’, ‘immune checkpoint antagonis*’ as 
well as specific checkpoint inhibitor drug names. These were com-
bined using the set operator AND with studies identified with the 
terms: immune-related adverse event*, immune-related toxicit*, 
diarrh*, colitis, enterocolitis and gastrointestinal (see Appendix A 
for full search strategy). Where possible, searches were filtered to 
human studies. There were no language restrictions. Additionally, 
abstracts from conference proceedings from DDW, UEGW, BSG, 
ASCO, SITC and ESMO from 2011 were manually searched to iden-
tify eligible studies published in abstract form.

Potentially relevant papers were obtained and evaluated in de-
tail, with the reference lists used to carry out a recursive search of 
the literature. Articles were assessed independently by two investi-
gators (HI and MAS) according to the predefined eligibility criteria. 
Any disagreement between investigators was resolved by consen-
sus or discussion with a third investigator (NP), if a consensus was 
not reached.

2.2 | Outcomes of interest

In this study, the term ‘checkpoint inhibitor-induced enterocolitis’ is 
used to denote inflammation of the gastrointestinal tract that is usu-
ally associated with diarrhoea.

The inclusion criteria included: adult patients with any solid 
or haematological malignancy receiving at least one dose of any 
checkpoint inhibitor; availability of data for rate of checkpoint inhibi-
tor-induced enterocolitis and response to anti-inflammatory therapy 
and studies where more than 5 patients received anti-inflammatory 
therapy. Studies where checkpoint inhibitor therapy was delivered 
in combination with other therapies (eg radiotherapy, chemotherapy, 
etc.) were excluded.

For studies that were close to fulfilling the inclusion criteria, cor-
responding authors were contacted by email to see if additional data 
were available that might qualify the study as eligible. For example, 
in studies where there was ambiguity in the number of patients re-
sponding to anti-inflammatory therapy.

The main outcomes of interest included the anti-inflammatory 
agent used (with regimen and dose—if available) and number or 
proportion of patients ‘responding’ to anti-inflammatory therapy. 
‘Response’ was taken to be the definition used by authors in their 
respective studies.

2.3 | Data extraction

Data were extracted by two authors in duplicate, according to a pre-
defined protocol and recorded in a table. Data extracted included 
author and publication year, study design, sample size (number of 
patients with enterocolitis), checkpoint inhibitor agent/s, underlying 
cancer, anti-inflammatory agent/s and rate of response/remission to 
therapy. Other data extracted where available, included diagnostic 
criteria used for defining cases, definition of response to anti-inflam-
matory therapy, time to response and any safety signals/adverse 
events identified.

Missing outcome data for patients who had received anti-inflam-
matory therapy were excluded from analysis.

2.4 | Assessment of study quality

The methodological quality of studies was evaluated using a qual-
ity appraisal tool by Moga et al.18 This uses an 18-point checklist 
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to evaluate the domains of study objective, study population, inter-
ventions and co-interventions, outcome measures, statistical analy-
sis, results and conclusions and competing interests. Studies were 
awarded points according to preset criteria agreed between two 
authors (Appendix B).

2.5 | Data synthesis and statistical methods

Due to substantial between-study variance in effect size, a ran-
dom effects meta-analysis model, according to the method of 
DerSimmonian and Laird,19 was used to calculate the pooled es-
timate proportion of checkpoint inhibitor-induced enterocolitis 
patients who responded to each anti-inflammatory agent (rounded 
to the nearest significant figure). Each proportion was logit trans-
formed prior to analysis and then the pooled estimate and 95% con-
fidence interval boundaries were back transformed to a proportion 
scale using the antilogit formula. Heterogeneity was assessed using 
the I2 method, with a threshold of ≥50% to define a substantial 
heterogeneity,20 and the Cochrane chi-squared test with a P ≤ 0.10, 
used to define a significant degree of heterogeneity.26

Comparisons between checkpoint inhibitor regimens and be-
tween cancer types were performed using random-effects me-
ta-regression.21 Dummy variables representing type of cancer and 
checkpoint inhibitor regimen (anti-CTLA-4 containing regimen 
[which includes both anti-CTLA-4 monotherapy and the combina-
tion anti-CTLA-4 plus anti-PD-1 regimen] and anti-PD-1/PD-L1 
monotherapy) were included as independent variables in the model. 
Some studies included cohorts with a mixed population of patients 
on a range of checkpoint inhibitor regimens and across a range of 
cancers, with limited individual data available. For the subgroup 
analysis, it was agreed that when at least 75% of the study popu-
lation had a particular cancer or were on a particular checkpoint 
inhibitor regimen, they were included in that respective subgroup 
category for analysis (eg if one study had 80% of patients treated 
with an anti-CTLA-4 containing regimen, that study was included in 
the anti-CTLA-4 group). If a study did not fulfil this criterion, it was 
depicted on the forest plot under the label ‘mixed’.

Funnel plots were produced for the principal outcome for each 
comparison, and Egger's test of funnel plot asymmetry was used to 
assess publication bias.27 All statistical analyses described above 
were performed using the STATA (version 16) software. Reporting of 
this study adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement.

3  | RESULTS

3.1 | Search

After de-duplication, the search strategy identified a total of 4093 
citations, of which 98 were potentially relevant and retrieved for fur-
ther assessment (Figure 1). Of these, 59 were excluded for various 

reasons leaving 39 eligible studies (Table 1). Thirteen were abstracts 
and 26 were full articles. One article was translated from Japanese.22 
The majority of studies were either observational studies (prospective 
and retrospective) or case series. Detailed characteristics of included 
studies are shown in Table 1. Of note there were no discrepancies 
between authors, in terms of studies deemed suitable for inclusion.

Corticosteroids and infliximab were the most frequently admin-
istered anti-inflammatory agents.

All but one study22 included patients with melanoma, with 21 
of these primarily assessing melanoma patients. Other studies in-
cluded NSCLC (non-small cell lung cancer), ‘lung cancer’ (subtype not 
specified), urothelial cancer, prostate cancer, renal cell carcinoma, 
‘other solid tumours,’ Hodgkin's lymphoma and ‘other haematologi-
cal’ malignancies. One study included thymoma and oral squamous 
cell carcinoma.11

Fourteen studies looked exclusively at anti-CTLA-4 monother-
apy (ipilimumab or tremelimumab) and 9 at anti-PD1/anti-PD-L1 
monotherapy (either nivolumab, pembrolizumab or anti-PD-L1). 
The combination regimen, ipilimumab and nivolumab, was used 
in 15 studies but not exclusively. Across all studies, there were 
1210 checkpoint inhibitor-induced enterocolitis patients treated 
with anti-inflammatory therapy. In all but one study, outcomes 
were based on unique patients. Foppen et al10 report outcomes on 
‘episodes’ of diarrhoea/colitis where theoretically one patient may 
have multiple episodes of diarrhoea/colitis recorded. However, 
this was only the case in four patients who had two different epi-
sodes of diarrhoea.

3.2 | Study quality

Studies scored between 5/18 and 17/18 points on the quality as-
sessment for case series checklist (see Appendix B), with an aver-
age score of 11. Studies scoring lower marks were predominantly 
abstracts which lacked the detail to achieve points in the relevant 
categories.

Points were also frequently deducted for studies being single cen-
tre, and lack of reporting for length of follow up and adverse events.

3.3 | Publication bias

Funnel plots did not show significant asymmetry for any cohorts 
(cancer type, checkpoint inhibitor regimen) for either corticosteroids 
or infliximab, with Eggers test P value ≥ 0.5 in all cases.

3.4 | Efficacy of corticosteroids

Thirty-three studies reported outcomes on 1104 checkpoint in-
hibitor-induced enterocolitis patients treated with corticosteroids. 
Just over half of data were contributed by 6 studies; Abu-Sbeih 
et al9 (n = 141), Wang et al, 201923 (n = 109), Nahar et al, 201924 
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(n = 106) Foppen et al10 (n = 92), Spain et al25 (n = 72) and Hughes 
et al(II), 201928 (n = 57). Reporting of the corticosteroid dose and 
regimen used was inconsistent and described in 20 studies. Most 
studies incorporated a range of regimens including prednisolone 
(14 studies), hydrocortisone (3 studies), methylprednisolone (6 
studies) and budesonide (5 studies). Three of the 6 largest afore-
mentioned studies provide a more detailed description of the corti-
costeroid regimen employed, with Hughes et al(II)28 reporting that 
87.5% of patients received at least 1 mg/kg prednisone or equiva-
lent; Foppen et al10 describing budesonide use in 12 episodes and 
“high dose corticosteroids” in 92 episodes (32 episodes at a dose 
of <1 mg/kg, 57 at 1 mg/kg and 3 at >1 mg/kg) and Wang et al23 
reporting that anti-PD-1 monotherapy and combination regimen 
treated patients received a median of 1.0 and 1.5  mg/kg pred-
nisone equivalent respectively.

Overall, the pooled response to corticosteroids was 59% (95% 
CI 54-65), which was associated with a high degree of statistically 
significant heterogeneity between studies (I2  =  61%, P  <  0.001) 
(Figure 2A). The median time to response was defined in seven stud-
ies,27-33 varying between 1 day27 and 9529 days, although most stud-
ies reported a median time of around several weeks. Mir et al report 
two outcomes—median time to grade 1 colitis (11.5 days) and median 
time to symptom resolution (43 days).34

Stratification according to the type of checkpoint inhibitor regimen 
included 19 studies, with anti-CTLA-4 containing regimen-treated 
patients accounting for the majority of patients in the meta-analy-
sis (13 with only anti-CTLA-4 containing regimen-treated patients 
and 6 studies that included at least 75% of anti-CTLA-4 containing 
regimen-treated patients). Nine studies included anti-PD-1/L1 mono-
therapy-treated patients (8 with only anti-PD-1/L1 treated patients, 

F I G U R E  1   Flow diagram of assessment 
of studies identified in the systematic re-
view and meta-analysis
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F I G U R E  2   Forest plot of pooled response rate to corticosteroid therapy in patients with checkpoint inhibitor induced-enterocolitis 
according to checkpoint inhibitor regimen (2A) and underlying cancer (2B). ‘Mixed’ cohorts refer to those where the variable of interest 
(ie checkpoint inhibitor regimen or underlying cancer) was not represented in at least 75% of the group study. ‘Unknown’ refers to studies 
where the variable of interest was not quantified within the group
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F I G U R E  2  (Continued)
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F I G U R E  3   Forest plot of pooled response rate to infliximab in patients with checkpoint inhibitor induced-enterocolitis according to 
checkpoint inhibitor regimen (3A) and underlying cancer (3B). ‘Mixed’ cohorts refer to those where the variable of interest (ie checkpoint 
inhibitor regimen or underlying cancer) was not represented in at least 75% of the group study. ‘Unknown’ refers to studies where the 
variable of interest was not quantified within the group
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and one study where >75% cohort were on anti-PD-1/L1 monother-
apy). The remaining studies included a cohort of patients treated with 
a range of checkpoint inhibitor regimens (‘mixed’) (Figure 2A).

The response to corticosteroid therapy was more favourable in an-
ti-PD-1/L-1-treated patients (78%, 95% CI 69-85), compared with the 
anti-CTLA-4 containing regimen group (56%, 95% CI 49-63), with the 

F I G U R E  3  (Continued)
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anti-CTLA-4 subgroup accounting for at least some of the heterogene-
ity seen (I2 = 61%, P < 0.001 vs I2 = 0%, respectively). Meta-regression 
confirmed a statistically significant association between checkpoint 
inhibitor regimen and response to corticosteroids (P = 0.003).

Subgroup analysis according to underlying malignancy included 
20 studies for melanoma and two for lung, with the remainder stud-
ies comprising ‘mixed’ cancers, or studies where the cohorts under-
lying cancers were not clearly defined (‘unknown’) (Figure 2B).

While the proportion of patients responding to corticosteroid 
therapy in the melanoma studies was similar to the overall pooled 
proportion (55% ,95% CI 47-63), it was markedly lower than the 
88% (95% CI 62-97) response rate seen within the two lung cancer 
studies. Meta-regression showed a statistically significant associ-
ation between cancer type (melanoma vs lung) and response rate 
(P = 0.04), with the melanoma subgroup accounting for some of the 
heterogeneity seen (I2 = 68%, P < 0.001 vs I2 = 0%, P = 0.61).

3.5 | Efficacy of infliximab

Seventeen studies reported outcomes of infliximab therapy in 333 
patients not achieving an adequate response to corticosteroids. The 
exception was in the O'Connor et al study35 where one patient was 
given infliximab as primary therapy due to “severity of symptoms” 
and a previous serious adverse effect related to corticosteroid use. 
Over half of the pooled cohort was contributed by 5 studies, Foppen 
et al10 (n = 54), Abu-Sbeih et al9 (n = 43), Harding et al36 (n = 35), 
Horvat et al37 (n = 29) and Lesage et al38 (n = 27).

Overall, the pooled response to infliximab was 81% (95% CI 73-
87), with a moderate degree of statistically significant heterogeneity 
between studies (I2 = 49%, P = 0.01) (Figure 3A).

Where dose of infliximab used was defined, it was 5  mg/
kg.9,13,14,16,38-40 The number of infliximab doses administered was 
reported in 14 studies,9,10,13,14,16,25,32,35-41 with three of these not in-
cluded in the quantitative analysis as too few patients were treated. 
In most studies, the number of infusions varied between one and 
three depending on the clinical response, although two studies were 
less specific using either ‘more than one dose’10 or ‘more than two 
doses’.36 Only Bamias et al administered infliximab in a predefined 
classical IBD induction regimen at weeks 0-2-6,14 although this was 
not included in the quantitative analysis as only four patients were 
treated (100% response rate). The time to response after infliximab 

therapy, was defined in 5 studies ranging between a median of 
2-14 days.10,25,31,34,40

A response rate of 78% (95% CI 68-85) was observed in the 12 
studies of anti-CTLA-4 containing regimen-treated groups, which 
was associated with a moderate degree of statistically significant 
heterogeneity (I2  =  42%, P  =  0.06) (Figure  3A). Only Kim et al42 
reported outcomes in patients exclusively receiving anti-PD-1/L1 
monotherapy (n = 6, response rate 100%), and so a pooled response 
could not be generated in this subgroup.

Subgroup analysis according to underlying cancer was only 
possible in melanoma and included 186 infliximab-treated patients 
from 11 studies (Figure 3B). The remainder studies included ‘mixed’ 
or mainly ‘unknown’ cancer cohorts. The pooled response rate in 
melanoma-treated patients was 74% (95% CI 64-82), which was as-
sociated with a moderate degree of statistically significant hetero-
geneity (I2 37%, P = 0.1), and thus may partly account for the overall 
heterogeneity seen.

3.6 | Efficacy of vedolizumab

Three studies (two articles and one abstract) reported outcomes of 
vedolizumab in checkpoint inhibitor-induced enterocolitis,43-45 in a 
total of 50 patients. The overall pooled response was 85% (95% CI 
60-96) with a high degree of heterogeneity that was not statistically 
significant (I2 = 52%, P = 0.12) (Figure 4). All studies reviewed patients 
across a range of cancers and checkpoint inhibitor agents including 
anti-CTLA-4 monotherapy, anti-PD-1 monotherapy, and combina-
tion therapy. Bergqvist et al reported a case series of 7 endoscopically 
proven corticosteroid refractory patients with checkpoint inhibitor-in-
duced enterocolitis (one had prior infliximab), who received 2-4 doses 
of vedolizumab (300 mg). Prednisolone was successfully tapered in 6 
of 7 patients. Of note, the one patient who did not respond had in-
flammatory bowel disease and was given vedolizumab prophylactically 
prior to checkpoint inhibitor therapy. The median time from start of 
vedolizumab treatment to corticosteroid-free remission from entero-
colitis symptoms was 56 days (range 52-92 days).44

In the larger Abu-Sbeih et al study,43 34 corticosteroid refractory 
patients (2 had prior exposure to infliximab) received a median of 3 
doses (range 1-6) of vedolizumab, incurring a response rate of 32/34. 
Improvement of symptoms was defined as a reduction in symptoms 
of at least one CTCAE grade.

F I G U R E  4   Forest plot of pooled 
response rate to vedolizumab in patients 
with checkpoint inhibitor-induced 
enterocolitis.
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In the Harris et al study,45 of the 9 corticosteroid refractory pa-
tients treated with vedolizumab, 7 had previously failed an anti-TNF 
agent. The median time for a clinical response to vedolizumab in the 
6 patients who responded (defined as improvement in diarrhoea to 
≤CTCAE grade 1 or less) was 7 days (IQR 5-14), with a median of 
2 doses administered. The median time taken for sustained clinical 
remission (defined as resolution of diarrhoea with no further flares 
in 30 days) was 15 days (IQR 5-43).

There were too few studies to perform subgroup analysis or 
meta-regression.

4  | DISCUSSION

Despite the success of checkpoint inhibitor therapy in an expand-
ing number of malignancies, immune-related adverse events are an 
important clinical challenge limiting their use. Checkpoint inhibitor-
induced enterocolitis is a common complication, associated with 
disabling symptoms and intestinal injury. It frequently requires hos-
pitalisation, and is associated with life-threatening complications, in-
cluding intestinal perforation. Until the results of prospective clinical 
trials are available, data regarding the efficacy of anti-inflammatory 
therapy in this context are urgently needed to provide an evidence-
based framework for management. In this study, we pooled data 
from 39 studies across a range of tumours and checkpoint inhibitor 
regimens and performed a systematic review and meta-analysis with 
meta-regression. To our knowledge this is the largest study to ad-
dress this question. A key finding was that all the anti-inflammatory 
agents evaluated appeared to be effective in checkpoint inhibitor-
induced enterocolitis, with success rates of 59% (95% CI 54-65) for 
corticosteroids, 81% for infliximab (95% CI 73-87) and 85% for ved-
olizumab (95% CI 60-96).

Interestingly, the efficacy of corticosteroids in checkpoint in-
hibitor-induced enterocolitis is broadly comparable to response 
rates observed in patients with acute, severe ulcerative colitis.46-48 
A potentially important and previously unrecognised insight from 
our study, was that clinical response to corticosteroids was signifi-
cantly diminished in patients treated with anti-CTLA-4 containing 
regimens compared with anti-PD-1/L1-treated patients. Two key en-
doscopy-based studies also identified high risk endoscopic features 
(extensive colitis and/or presence of mucosal ulcers) as predictors of 
corticosteroid failure.9,10 In keeping with this observation, one of the 
studies reporting the lowest response rate to corticosteroids (37.1%) 
was from a cohort where mucosal ulceration was present in 79% of 
patients.15 Taken altogether, it may be reasonable to consider more 
intensive treatment, including early escalation to biological therapy 
in patients developing checkpoint inhibitor-induced enterocolitis 
following anti-CTLA-4 containing regimens, especially if high-risk 
endoscopic features are present.

A tumour-specific effect on incidence of checkpoint inhibitor-
induced enterocolitis has been described, with melanoma patients 
appearing to have higher rates of colitis.54 This prompted us to probe 
whether a differential response to anti-inflammatory therapy may 

also be linked to tumour type. The current study shows that cancer 
type—namely, melanoma and lung cancer—were significant moder-
ators in effect size, with melanoma patients experiencing a less fa-
vourable response to corticosteroid therapy.

Another important finding pertains to the clinical utility 
of budesonide- a topical corticosteroid that has a well docu-
mented role in the management of IBD. Although prophylactic 
budesonide, was not effective in preventing ipilimumab-induced 
diarrhoea in a phase 2 randomised placebo-controlled trial,49 
our study highlights the potential for budesonide as a primary 
therapeutic strategy in checkpoint inhibitor induced-enterocoli-
tis. Eight studies report the use of budesonide,10,14,16,27,29,30,33,37 
although few describe the clinical outcomes related to its ad-
ministration. De Felice et al report that 5 of 6 prednisolone re-
fractory patients achieved a ‘complete response’ after treatment 
with budesonide (9-12  mg).30 Hughes et al used budesonide to 
successfully treat over 50% (exact rate not extractable) of 12 
patients with checkpoint inhibitor-induced microscopic colitis.33 
Other studies report a few cases where budesonide was success-
fully used as the primary corticosteroid.27,29

In line with this, a small case series (n = 2) also demonstrated that 
Clipper, another type of topical corticosteroid, was effective in in-
ducing clinical and histological remission in two patients with check-
point inhibitor-induced enterocolitis.50 The favourable side effect 
profile of topical corticosteroids over systemic corticosteroids such 
as prednisolone, positions it as an attractive option for the manage-
ment of these patients, although more work is needed to determine 
which subgroup may benefit the most.

Infliximab has an established role as second-line therapy in cor-
ticosteroid refractory cases, or some instances of corticosteroid 
relapse.17,51 Other anti-TNF agents have not been extensively stud-
ied, although successful use of adalimumab has been reported.15,52 
There is evidence that timely initiation of infliximab is associated 
with a shorter time to resolution, shorter duration on corticosteroids 
as well as lower rates of recurrence.9

In terms of dose, 5  mg/kg has been widely adopted, with the 
number of infusions administered seeming to depend on clinical 
response, but generally not exceeding 3 doses, before alternative 
therapeutic strategies are sought.

There is a movement towards adopting a ‘top-down’ approach, 
as used in the IBD paradigm. One study introduced early infliximab 
to checkpoint inhibitor-induced enterocolitis patients in a pre-
defined schedule, administering three or more infusions regardless 
of response to corticosteroids.43 This was associated with a re-
duced length of hospital stay, reduced need for re-hospitalisation, 
increased likelihood of successful corticosteroid taper and a lower 
recurrence rate compared to patients who received less than three 
infliximab infusions, and at a later time course in their disease.

A differential response to infliximab based on checkpoint in-
hibitor regimen was less apparent than in the corticosteroid sub-
group, although this was challenging to ascertain given there was 
only one anti-PD-1/L1 treated study included.42 Notably, all 6 
infliximab treated patients experienced a response,42 compared 
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to a pooled response of 78% from 12 studies of anti-CTLA-4 con-
taining regimen treated patients. Similarly, limited cancer data for 
the infliximab subgroup made it difficult to assess the influence 
of cancer type. To inform a precision medicine approach to man-
agement, further studies are needed to evaluate the impact of 
checkpoint inhibitor regimen and cancer type on response to in-
fliximab therapy.

The quantitative synthesis for vedolizumab consisted of only 
3 studies, although outcomes were fairly comparable. In line with 
the therapeutic efficacy of vedolizumab in this context, Bergqvist 
et al also reported a significant biochemical response in the 6 (of 
7 treated) vedolizumab responders. Post vedolizumab, CRP and 
faecal calprotectin decreased from 14.0 mg/L (range 2.0-28.0) and 
382 mg/kg (range 54-1268) to 6.5 mg/L (range 0.3-16.0) and 76 mg/
kg (range 15-199) respectively.44

Additional insights into the efficacy of vedolizumab can be 
gauged from a retrospective study reporting outcomes in 28 vedoli-
zumab-treated checkpoint inhibitor-induced enterocolitis patients by 
Abu-Sbeih et al53 (which we excluded due to overlap of patients with 
their larger more recently published study in 201943). The authors 
describe clinical remission, as well as endoscopic remission and his-
tological remission in 84%, 54% and 29% of patients, respectively, 
highlighting a lag in endoscopic and histological remission.

Interestingly, there may be a role for prophylactic vedolizumab 
as either a primary or secondary prophylaxis strategy. Abu Sbeih 
et al(II)43 describe 14 patients who resumed checkpoint inhibitor 
therapy after resolution of enterocolitis. Of the 8 who received 
vedolizumab concurrently with checkpoint inhibitor infusions, only 
one experienced recurrence of enterocolitis, compared to 3 of 6 pa-
tients who did not receive vedolizumab.

The gut-specific mechanism of action, favourable safety profile 
and effectiveness of vedolizumab in this evolving mucosal disease 
render this an attractive agent in the management of checkpoint in-
hibitor induced-enterocolitis. However, to delineate its role further, 
there is a need for larger prospective trials which include a focus on 
optimal dosing schedules and impact on cancer outcomes.

Although our study did not set out to define side effects as-
sociated with the different checkpoint inhibitor-induced coli-
tis treatments, we believe this is a particularly important metric 
of treatment success. Reassuringly, most data suggest that 
the beneficial anticancer effect of checkpoint inhibitor ther-
apy is not negated in patients treated with immunosuppressive 
agents.8,37,39,55-57 However, there are some data indicating that 
the anticancer efficacy may be compromised in patients treated 
with corticosteroids. In melanoma patients developing autoim-
mune hypophysitis (another well-recognised immune-mediated 
complication of checkpoint inhibitor therapy) following ipilimumb 
treatment, overall survival was reduced in patients treated with 
high-dose corticosteroids compared to those treated with low-
dose corticosteroids.58 Similarly, PD-L1-treated non-small cell lung 
cancer patients had reduced overall and progression free survival 
if they were taking corticosteroids immediately prior to check-
point inhibitor initiation, as compared to patients not exposed to 

corticosteroids.59 This study was a retrospective analysis, and so it 
could be argued that patients requiring corticosteroids at baseline 
might have had an increased burden of comorbidity and reduced 
performance status as a potentially important confounding issue 
for survival. In addition to their potential impact on checkpoint in-
hibitor efficacy, it is also important to consider other potential side 
effects of immunosuppressive therapy in cancer patients treated 
with checkpoint inhibitors.

Five studies reported safety outcomes in corticosteroid mono-
therapy, including no ‘major adverse events’ in 16 corticoste-
roid-treated patients,40 corticosteroid-induced diabetes mellitus 
in a cohort of 12 treated patients,60 adrenal insufficiency (n = 5), 
hyperglycaemia (n  =  4), musculoskeletal issues (n  =  3), volume 
overload (n = 2), hypertension, psychosis, insomnia and clostrid-
ium difficile colitis of 109 treated patients,23 hyperglycaemia, 
labile mood and vaginal candidiasis,40 and one study reporting in-
fectious colitis in 2 patients alongside the other commonly docu-
mented corticosteroid complications in 23 corticosteroid-treated 
patients.30

Six studies reported safety outcomes in the context of inflix-
imab 10,25,36-38,40 across 171 infliximab-treated patients. Of 36 inflix-
imab-treated corticosteroid refractory patients, Harding et al describe 
hypersensitivity reactions in two and a fungal pneumonia in one pa-
tient.36 In another study with 17 corticosteroid refractory patients 
receiving infliximab, infection occurred in 10 episodes, prompting 
antibiotic therapy in 9, including two cases of Pneumocystis jirovecii 
pneumonia.25 An infusion reaction after the second dose of infliximab 
was reported.37 Three studies report an absence of ‘serious’ or ‘major’ 
adverse effects.10,38,40 It is worth highlighting the challenges of ex-
trapolating the infection risk incurred by infliximab in this context, 
given the additive effect of corticosteroids.

In relation to vedolizumab, one study noted an absence of ad-
verse events.44 The 2018 vedolizumab Abu-Sbeih et al study, which 
included patients from the cohort in their most recent series, de-
scribes one patient who developed a skin rash and another with dif-
fuse joint pain after one dose leading to discontinuation.53

While our study focused on the most widely used agents cur-
rently used to treat checkpoint inhibitor-induced colitis, other ther-
apies such as 5-aminosalicylic acid (5-ASA), calcineurin inhibitors 
and mycophenolate mofetil (MMF) have been described, albeit with 
relatively sparse data.13,19-22,49,50 The success of 5-ASA therapy has 
been variable,49,50 but given these agents have a lower cost and tox-
icity profile, prospective data on the value of 5-ASA intervention 
would be welcome.

This study has some important limitations. Meta-analyses of 
observational studies are prone to biases and confounding factors 
that are inherent in the original studies. Notably, we observed a 
significant degree of heterogeneity between studies, which may 
be partly explained by differences in their inclusion criteria. For 
example, many studies included patients with any gastrointestinal 
symptom,14,22,25,27,35,37,41,60-62 while others were more stringent 
and only included patients exhibiting at least CTCAE grade 240,63,64 
or 323,34 diarrhoea, endoscopic and/or histological evidence of 
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inflammation,16,33,42,44,65-67 patients requiring corticosteroids24,30 or 
having some response to immunosuppressive therapy.68

Moreover, there was marked variation between studies in how 
treatment response was recorded and the time points of perceived 
disease resolution. Although these studies employed pragmatic end-
points of treatment success that are likely to be clinically relevant in 
real world datasets, the lack of standardisation of definitions across 
the different studies is a weakness of this review, and likely an im-
portant source of the observed heterogeneity. For example, Mitome 
et al22 considered an ‘improvement in symptoms’ to correspond to 
a response to corticosteroids, while Marthey et al15 used ‘complete 
clinical remission’ as their endpoint. This may explain the discrepancy 
in response rates of 100% and 37% respectively. Other potential 
sources of heterogeneity include differences in corticosteroid regi-
mens, immunotherapy exposure and the baseline characteristics of 
the study population (especially around disease extent and severity 
of mucosal injury).

Of note, apart from melanoma and lung cancer it was not possi-
ble to evaluate the impact of other cancers, although clearly this is 
an important consideration for future studies.

Finally, in the subgroup analysis we included some studies where 
not all the study group belonged to the covariate being analysed. It 
may be argued that this may ‘dilute’ the true effect size, but reassur-
ingly when we removed these studies and only analysed those that 
exclusively reported patients with melanoma, or a particular check-
point inhibitor regimen there were no considerable differences in 
the response rate seen (data not shown).

In conclusion, administration of anti-inflammatory therapy 
with corticosteroids, infliximab and vedolizumab, are effective 
in inducing a favourable clinical response in patients with check-
point inhibitor-induced enterocolitis. Checkpoint inhibitor regi-
men and cancer type influenced the magnitude of response to 
corticosteroid therapy. Responses to infliximab and vedolizumab 
were especially favourable, challenging current management 
paradigms.

These data emphasise the need for high-quality, prospective 
comparator studies to inform optimal management strategies for 
this emerging clinical problem.
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APPENDIX A

Search strategy
PubMed

(immune checkpoint inhibit* OR immune checkpoint block* 
OR "immunotherapy" OR "ipilimumab"[MeSH Terms] OR 
"nivolumab"[MeSH Terms] OR "pembrolizumab"[Supplementary 
Concept] OR "atezolizumab"[Supplementary Concept] OR 
"avelumab"[Supplementary Concept] OR "durvalumab"[Supplementary 
Concept] OR "cemiplimab"[Supplementary Concept])) OR ("anti-
PD-1"[Title/Abstract] OR "anti PD-L1"[Title/Abstract] OR 
"anti ctla-4"[Title/Abstract])))) AND (colitis[Title/Abstract] OR 
enterocolitis[Title/Abstract] OR diarrh*[Title/Abstract] OR "im-
mune- related adverse event*"[Title/Abstract] OR "immune- related 
toxicit*"[Title/Abstract] OR gastrointestinal[Title/Abstract]) AND 
"humans"[MeSH Terms]

https://doi.org/10.1111/apt.15998
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