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Background: We conducted a systematic review and meta-analysis in an attempt to evaluate the risk of
colitis in immune checkpoint inhibitors (ICIs) and in chemotherapy/placebo for solid tumors.

Methods: Embase and PubMed were searched with specific keywords of our concern. Collected data were
processed using Stata 14.0 and Review Manager 5.3. Odds ratios (ORs) of grade 1-5 and grade 3-5 colitis in
treatment arms compared with control arms were pooled.

Results: A total of 11,226 patients from 20 phase 2/3 randomized controlled trials were included into this
meta-analysis. Treatment strategies involving ICIs resulted in a significant increased risk of any grade colitis
compared with chemotherapy/placebo (grade 1-5 colitis OR: 8.78, 95% CI: 5.88-13.12, P<0.001; grade 3-5
colitis OR: 10.82, 95% CI: 6.02-19.44, P<0.001). ICIs plus chemotherapy showed higher risk of colitis than
placebo plus chemotherapy (grade 1-5 colitis OR: 12.85, 95% CI: 4.98-33.18, P<0.001; grade 3-5 colitis
OR:9.17,95% CI: 3.31-25.41, P<0.001). ICIs monotherapy showed higher risk of colitis than placebo (grade
1-5 colitis OR: 11.98, 95% CI: 6.789-21.13, P<0.001; grade 3-5 colitis OR: 21.46, 95% CI: 7.80-59.04,
P<0.001). When comparing risk of colitis among three IClIs, results suggested that CTLA-4 antibodies (grade
1-5 colitis OR: 13.43, 95% CI: 7.88-22.89, P<0.001; grade 3-5 colitis OR: 15.74, 95% CI: 7.34-33.78,
P<0.001) tended to generate the highest risk of colitis and PD-1 antibodies (grade 1-5 colitis OR: 3.64, 95%
CI: 1.87-7.06, P<0.001; grade 3-5 colitis OR: 4.56, 95% CI: 1.68-12.36, P=0.003) the lowest. Subgroup
analyses between different tumor types showed that non-small-cell lung cancer (NSCLC) patients receiving
ICIs treatment seemed to have the lowest risk of colitis (grade 1-5 colitis OR: 6.41, 95% CI: 2.26-18.21,
P<0.001; grade 3-5 colitis OR: 5.64, 95% CI: 1.69-18.87, P=0.005). Publication bias was present in this
study, but trim and fill analysis was done and confirmed the results were reliable.

Conclusions: Among different treatment strategies for solid tumors, combination of ICIs and
chemotherapy produces higher risk of colitis than ICIs monotherapy. CTLA-4 antibodies tended to generate
highest risk of colitis, and PD-1 antibodies the lowest. Compared with melanoma and some other solid

tumors, NSCLC patients receiving ICIs treatment were least likely to develop colitis of any grade.
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Introduction

The oncology field of the 21" century witnessed the
groundbreaking entrance of cancer immune therapy.
Immune checkpoint inhibitors (ICls) targeting programmed
cell death 1 (PD-1), programmed cell death ligand 1 (PD-
L1) and cytotoxic T lymphocyte-associated protein 4
(CTLA-4) are able to reverse the immune-suppressed
tumor microenvironment and boost patient antitumor
immune activity (1-3). Numerous randomized, controlled
trials involving ICIs have reported inspiring efficacy and
safety results, leading to FDA approvals of various ICIs
for clinical use. By far, ICIs have literally reshaped the
treatment and prognosis of many solid tumors.

Providing that immune checkpoint molecules,
functioning as immune “brakes” in a healthy host, are
responsible for maintaining organ self-tolerance and
containing inflammatory damage, it is only logical to expect
certain side effects from ICIs. Presumably as a result of
immune over-stimulation in certain parts of the human
body, ICIs are known to cause specific adverse effects,
such as hypothyroidism, immune related pneumonitis and
immune related myositis (4-7). As more cancer patients
begin to gain survival benefits from ICIs in clinical practice,
ICIs related adverse event reports are gradually drawing
attention. Among the most common adverse events are
colitis, pneumonitis, rash or pruritus, liver toxicity and
nephritis (4). Some serious adverse events, such as immune
related myocarditis and encephalitis could be fatal if not
recognized dealt with in early stages (8,9).

Immune related colitis, one of the adverse events
reported in multiple randomized controlled trials, is a
common side effect in patients receiving ICIs in clinical
practice. In this meta-analysis we choose to focus on the risk
of immune related colitis in cancer patients, mainly because
we have observed several cases of this particular adverse
event during our daily work as physicians. Some patients
were regrettably delayed or even forced to withdraw from
an ICIs involved treatment that was substantially benefitting
them, thus we strive to explore the risk of immune related
colitis in cancer patients receiving ICIs treatment in the
hope of providing a safer treating strategy to different
patients. Currently, eight ICIs have been approved by
FDA, including three PD-1 inhibitors (nivolumab,
pembrolizumab and cemiplimab), three PD-L1 inhibitors
(atezolizumab, durvalumab and avelumab), and two CTLA-
4 inhibitors (ipilimumab and tremelimumab). This meta-
analysis focused on the risk of colitis in solid tumor patients
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receiving these drugs in comparison with chemotherapy
or placebo. We present the following article in accordance
with the PRISMA reporting checklist (available at http://
dx.doi.org/10.21037/tcr-19-2872).

Methods
Search strategy

We searched through PubMed and EMBASE to screen
clinical trials involving ICIs from January 1970 to October
2019. The aim of this study was to evaluate the risk of
colitis potentially associated with ICIs for solid tumors, thus
our search strategy combined text word and MeSH (Emtree
for EMBASE database accordingly) with the terms “colitis”
and “PD-1” or “PD-L1” or “CTLA-4” or “Pembrolizumab”
or “Nivolumab” or “Cemiplimab” or “Atezolizumab”
or “Durvalumab” or “Avelumab” or “Ipilimumab” or
“Iremelimumab”. The combination was adjusted in each
database. Only published clinical trials reporting the risk
of colitis were included. We also did a manual search upon
each study according to its references. The searching and
collecting process was in line with the PRISMA 2009
statement.

Criteria for inclusion and exclusion

The inclusion criteria for eligible studies were as follows: (I)
published in English literature; (II) phase 2/3 randomized
control trials (RCTs) with primary endpoints including
overall survival (OS) or progression-free survival (PFS);
(III) histologically diagnosed solid tumors; (IV) treatment
arms involving ICIs combined therapy or monotherapy; (V)
containing complete data of colitis incidence rate.

The exclusion criteria were as follows: (I) reviews, letters,
case reports, ongoing trials, conference abstracts without
original data; (II) phase 1 RCTs; (III) studies conducted
on animals or cell lines; (IV) studies without a control arm
of chemotherapy/placebo; (V) studies reported in other
languages.

Quality assessment and data extraction

Cochrane Handbook for systematic Reviews of
Interventions was used to assess the risk of bias for each
included study. Two reviewers independently assessed
the quality of every study included in this meta-analysis
using Review Manager 5.3. Should disagreements occur, a
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Figure 1 Flowchart of data collection.

third reviewer would join to reach consensus. This meta-
analysis was based on previously published high quality
clinical trials; thus no ethical approval was required. Ethical
approvals of each included study can be found in the
original article.

Data extraction was done by two reviewers independently,
and the indexes collected were as follows: surname of the
first author, year of publication, tumor histology, drugs
applied in the intervention group and control group,
number of events (any grade and grade 3-5 colitis) in the
intervention group and the control group. If data extraction
displayed inconsistency between two reviewers, a third
reviewer would join to check again.

Statistical analysis

Quality assessment was done by Review Manager 5.3. All
extracted data were processed by Stata 14.0. The odds
ratios (ORs) for any grade and grade 3-5 colitis with 95%
CI were pooled. If no significant heterogeneity occurred,
fixed effects model was applied. Otherwise, random effects
model would be applied. ’abbe plot and Galbraith Radial
plot were drawn to evaluate potential heterogeneity.
Different subgroup analyses were done to explore influence
factors. Sensitivity analysis was done to determine the

influence of each study on the pooled result. A funnel plot
as well as Egger’s and Begg’s test was performed to evaluate
publication bias. If publication bias existed, trim and fill
analysis would be done to check the stability of the pooled
results.

Results
Literature screening and data extraction

As shown in Figure 1, originally 690 studies were identified
via our search strategy, plus 3 studies added by manual
search. After removing 29 duplicated studies, we reviewed
the title and abstract of 664 studies, leaving 24 studies for
further selection. Then we went through the whole text as
well as supplementary materials of these potentially eligible
studies to remove those with insufficient data. Eventually
20 studies comprising of 11,226 patients were included into
this meta-analysis (10-29).

Two investigators independently extracted the following
data from the included studies: surname of the first author,
year of publication, study type, histology, study endpoint,
treatment arms, number of patients in different arms,
number of any grade and grade 3-5 colitis in different arms.
Disagreements between two reviewers were resolved by a
third reviewer. All data involved in this meta-analysis were
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extracted from previously published clinical trials, thus no
ethical approval was required.

Study characteristics and quality assessment

The characteristics of all included studies are listed
in Table 1. A total of 11,226 patients from 20 studies
were included into this meta-analysis, all of which were
phase 2/3 randomized controlled trials. These twenty
studies covered melanoma, non-small cell lung cancer
(NSCLC), small cell lung cancer (SCLC), prostate cancer,
malignant mesothelioma, urothelial carcinoma and
head-and-neck squamous cell carcinoma. ICIs involved
were PD-1 antibodies (nivolumab and pembrolizumab),
PD-L1 antibodies (atezolizumab) and CTLA-4 antibodies
(ipilimumab and tremelimumab). Six studies compared ICIs
plus chemotherapy with placebo plus chemotherapy. Four
studies compared ICIs with placebo. Ten studies compared
ICIs with chemotherapy.

Quality assessment was performed according to
Cochrane Handbook for systematic Reviews of Intervention
via Review Manager 5.3, as shown in Figure 2.

Risk of colitis in different treatmment strategies involving
ICIs

We were able to collect 20 studies comparing IClIs treatment
(PD-1/PD-L1/CTLA-4 antibodies) and chemotherapy/
placebo, or comparing ICIs plus chemotherapy and placebo
plus chemotherapy. Fixed effects model was applied for the
absence of significant heterogeneity.

As shown in Figure 3 (A: grade 1-5 colitis, B: grade 3-5
colitis), pooled data suggested that treatment strategies
involving ICIs resulted in a significant increased risk of
grade 1-5 as well as grade 3-5 colitis compared with control
arms of placebo or chemotherapy (grade 1-5 colitis OR:
8.78, 95% CI: 5.88-13.12, P<0.001; grade 3-5 colitis OR:
10.82, 95% CI: 6.02-19.44, P<0.001).

Combined treatment containing both ICIs and
chemotherapy also showed higher risk of grade 1-5 and
grade 3-5 colitis than the control arm of placebo plus
chemotherapy (grade 1-5 colitis OR: 12.85, 95% CI:
4.98-33.18, P<0.001; grade 3-5 colitis OR: 9.17, 95% CI:
3.31-25.41, P<0.001).

When comparing ICIs monotherapy with placebo, ICIs
monotherapy obviously showed higher risk of grade 1-5
and grade 3-5 colitis than placebo (grade 1-5 colitis OR:
11.98,95% CI: 6.789-21.13, P<0.001; grade 3-5 colitis OR:
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21.46,95% CI: 7.80-59.04, P<0.001).

Between ICIs monotherapy and chemotherapy, ICIs
monotherapy still showed a slightly higher risk of grade 1-5
and grade 3-5 colitis than chemotherapy (grade 1-5 colitis
OR: 2.93, 95% CI: 1.38-6.18, P=0.005; grade 3-5 colitis
OR: 3.18,95% CI: 1.07-9.46, P=0.038).

According to the ORs mentioned above, when both
compared with ICIs monotherapy, chemotherapy seemed
to present higher risk of grade 1-5 and grade 3-5 colitis
than placebo. When both compared with chemotherapy,
ICIs plus chemotherapy seemed to produce higher risk of
immune related colitis than ICIs monotherapy.

Risk of colitis in PD-1, PD-L1 and CTLA-4 antibody
treatment

This meta-analysis included studies using PD-1, PD-L1 and
CTLA-4 inhibitors. Subgroup analyses concerning different
ICIs were shown in Figure 4 (A: grade 1-5 colitis, B: grade
3-5 colitis).

Treatment arms involving CTLA-4 antibodies presented
higher risk of grade 1-5 and grade 3-5 colitis than control
arms (grade 1-5 colitis OR: 13.43, 95% CI: 7.88-22.89,
P<0.001; grade 3-5 colitis OR: 15.74, 95% CI: 7.34-
33.78, P<0.001). Similar results were seen in treatment
arms involving PD-1 antibodies compared with control
arms (grade 1-5 colitis OR: 3.64, 95% CI: 1.87-7.06,
P<0.001; grade 3-5 colitis OR: 4.56, 95% CI: 1.68-12.36,
P=0.003). Treatment involving PD-L1 antibodies also
seemingly induced higher risk than control arms, showing
no significant differences. However, this meta-analysis
only contained two studies concerning PD-L1 antibodies,
where Grade 3-5 colitis only occurred in one. Both studies
compared PD-L1 inhibitors with chemotherapy.

When comparing risk of colitis among three IClIs, results
suggested that CTLA-4 antibodies tended to generate the
highest risk of colitis and PD-1 antibodies the lowest.

Risk of colitis in ICIs treatment for different tumor
bistology

Providing that different solid tumors respond to ICIs
differently, we conducted a subgroup analysis among
different tumor histology, as shown in Figure 5 (A: grade
1-5 colitis, B: grade 3-5 colitis). Studies were categorized
into three subgroups: melanoma, NSCLC and other
tumors, which included SCLC, prostate cancer, malignant
mesothelioma, urothelial carcinoma and head-and-neck

Transl Cancer Res 2020;9(7):4173-4187 | http://dx.doi.org/10.21037/tcr-19-2872



4177

Translational Cancer Research, Vol 9, No 7 July 2020

(ponurzu0d) 1 d1qey,

[eu} ¢ eseyd ‘jaqe) owsayo
0°0 (B 0°0 c'e 0Sk ‘vSi DTOSN  -usdo ‘paziwopuey SASIOl L-dd  9l0¢ (02) o8y
[eur ¢
aseyd ‘jage|-uado owayo
0‘o 0‘o 0‘o 0°‘c 8/6G ‘609 OT0SN ‘peziwopuey 'SAS|IOl 11-ad 9102 (61) sokewny
(010s-@3)
Jaoued bunj |0 Apnis ¢ aseyd owayo
-|lews-asessIp ‘puIlg-9|gNoOp  "SA oW_Yd ¥
0‘tL v ‘02 0L 9'le 9/ ‘8L¥ -9AISUaIX] ‘paziwopuey +SI01 -V110 910¢ (81) ooy
e} ¢ eseyd
‘puljg-e|gnop ogeoe(d 14 (1)
0°‘c 8 ‘8¢ L 9l ‘L. viv ‘LY EewlouepiN ‘peziwopuey SASIOl -VILO  Sl0¢ juoweb63
[el
2 oseyd ‘pajjosuoo owayo
[ Le Le A LLLf2G€ ewoue|d ‘paziwopuey 'SASIOl L-Qd  §102 (91) seary
el €/2
oseyd ‘|jaqe|-uado owsyo
0°0 Ly 0°0 L9 60€ ‘289 O10SN ‘paziwopuey SAS[Ol -dd  SH0¢ (1) 3squeH
Jaoueod leu1 ¢ aseyd
a1elsoud juelsisal ‘puljg-s|gnop ogaoe|d %
0‘o G ‘sl L ‘e L2 96¢ ‘€6€ -uonelised ‘poziwopuey SAS[Ql -VILO  vl0cC (71) uomyy
(010s-a3)
Jaoueo Bun| |92 leuy g aseyd owsayo
-|lews-asessIp ‘puUIlg-9|gNoOp  "SA oWAYd ¥
0‘o LYl 0°0 [y vy ‘v8 -9AISUdIX] ‘paziwopuey +S8I0l -V11D0 ¢l0c (e1) 004
Apnis g aseyd owayo
‘pullg-s|gnop  "SA owayd ¥
0‘0 LC 0‘0 L2 G9 ‘gel OTOSN ‘paziwopuey +8I01 -V11D0 <¢l0c (1) uouky
Apnis ¢ aseyd owayo
‘pulig-s|gnop  ‘SA owayo 1%
00 2's 0‘0 vLE LSe ‘Lve Buwouea|N ‘paziwopuey +s[0l -V11O0 oz (k1) Wegoy
Apnis g owsyo
oseyd ‘joge|-uedo  'sA oweyd ¥
el S‘c €'l 8°‘c G ‘6€ EllouepiN ‘paziwopuey +S8I0l -v11D0 010¢ (01) usseH
(9% ‘u) Juswieas (9 ‘u) wuswieasr (9% ‘u) wewieall (9% ‘u) Juswieas;  (JoaU0D
swJie 190iey
|OJIJUOD UO SIH|0D  S|D| UO SIHI0D  [0JIUOD UO SIHI0D  S|D| UO SI1j0D ‘s191) ABojo1siH adAy Apmig JueLEa) Bru JeaA Joyiny
G-¢ spesy G—€ 8petn G-1 spein -1 8pesy sjusijed L d

SIIPMIS PapN{OUI 33 JO SONsLIAOLIRY)) T I[qE],

Transl Cancer Res 2020;9(7):4173-4187 | http://dx.doi.org/10.21037/tcr-19-2872

© Translational Cancer Research. All rights reserved.



IS

a meta-analysi

Wei et al. Colitis and immune therapy

4178

‘| puebl| yresp |90 pawwesboid
‘17-ad ‘I yiesp |90 pawwesboid ‘|-qd 4eoued Bun| ||90-|lews-uou ‘DTOSN ‘7 uieloid pajeioosse-ajhooydwA| | 91x0301A0 ‘p-y 11D douqiyul julodyosyo sunwwli ‘9|

[euy ¢
oseyd ‘|jage|-uado owsyo (62)
0°0 Ll 0°0 L GeEl ‘erk OT0SN ‘paziwopuey SASIOI 11-dd  910¢ J8yoequalysq
398U pue peay euy g
ay1 jo ewouloued  aseyd ‘[ege|-uado owayo
0‘0 0‘o LY 0‘0 LLL ‘9ge [[®2-snowenbg ‘peziwopuey SASIOl L-Ad  9l0¢ (82) sied
Apnys ¢ eseyd
‘pulg-e|gnop owsyo
0°0 0L 0°0 L2 G0c ‘902 EulouepiN ‘paziwopuey SAS[OI 1-dd  vi0¢ (22) weqoy
Apnis ¢ aseyd owayo
‘pulig-s|gnop  "sA owayod ¥
0‘o 26 0°k g ‘el L9€ ‘88¢ OT0SN ‘peziwopuey +s|01 -V11O 2102 (92) uepuinon
[euy €
aseyd ‘jage|-uado owayo
0‘o LYl 0‘o 0k 6cl ‘Lel OT0SN ‘paziwopuey 'SAS|Dl L-Od  Gl0g  (Ge) Jewyesg
leuy ¢ eseyd
‘puljg-sjgnop ogeoe(d (¥2)
0°k AN L‘e v ‘6L 20S ‘605 EeulouepiN ‘paziwopuey SAS[Ol  L-dd  8l0¢ juoweb63
BwOUIDIBD Apnis ¢
||90 snowenbs  aseyd ‘jagej-uado owsyo
0‘o 0‘o 0°k 0°‘c ¥€¢ ‘9ve osu-pue-pesH ‘paziwopuey 'SASIOl  -Ad  8l0¢ (e2) uayon
[euy €
ewouoied  aseyd ‘jagel-usdo owsayo
0°0 L‘e 0‘L 29 GS¢ ‘99¢ [elsyioin ‘paziwopuey 'SAS|Dl L-Od 2102 (ge) unwijeg
[eu} gg eseyd
euwloljpylosawl ‘pulg-s|gnop ogeoe|d ¥
0‘o L'9g 0‘o 6 ‘se 681 ‘08¢ jeubie ‘poziwopuey SASIQl -VILO  LL0cC (L2) oren
(% ‘u) Juswiealy (9% ‘u) Juswieasy (9% ‘u) uewieasy (% ‘U) Juswieas};  (jo4uod
swie 196ie]
|OJIUOD UO SIHI0D S]] UO SI}[0D  |OJJUOD UO SIHI0D  S|D] UO SI}|0D ‘s|0l) ABojoisiH adAy Apnis wewneol,  Bnig JeoA Joyiny
G-¢ epelny G—€ 9pely G-1 dpesy G- epeln sjuslied

(ponurzu0d) 1 S1qey,

Transl Cancer Res 2020;9(7):4173-4187 | http://dx.doi.org/10.21037/tcr-19-2872

© Translational Cancer Research. All rights reserved.



Translational Cancer Research, Vol 9, No 7 July 2020

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

4179

0% 25%  50% 75%  100%

. Low risk of bias

|:| Unclear risk of bias

[l High risk of bias

Figure 2 Quality assessment of included studies.

squamous cell carcinoma.

ICIs in melanoma patients showed significant higher risk of
colitis (grade 1-5 colitis OR: 8.71, 95% CI: 5.00-15.17, P<0.001;
grade 3-5 colitis OR: 9.43, 95% CI: 4.11-21.68, P<0.001).
Similar results were found in NSCLC patients (grade 1-5 colitis
OR: 641, 95% CI: 2.26-18.21, P<0.001; grade 3-5 colitis OR:
5.64,95% CI: 1.69-18.87, P=0.005) and in other tumors (grade
1-5 colitis OR: 10.04, 95% CI: 4.98-20.21, P<0.001; grade
3-5 colitis OR: 10.82, 95% CI: 6.02-19.44, P<0.001).

According to our subgroup analysis, NSCLC patients
receiving ICIs treatment seemed to have the lowest risk of
colitis, while melanoma patients in ICIs treatment should
be more carefully on the watch for colitis events.

Heterogeneity analysis

No significant overall heterogeneity of grade 1-5/3-5
colitis incidence was found among all the studies included
in this meta-analysis (I-squared=6%, P=0.382). In subgroup
analyses, marginal heterogeneity occurred in subgroup of
other tumors (I-squared=50.3%, P=0.061). L’abbe plot and
Galbraith Radial plot were drawn to further confirm that
no significant heterogeneity existed, as shown in Figure S1
(A: grade 1-5 colitis, B: grade 3-5 colitis) and Figure S2
(A: grade 1-5 colitis, B: grade 3-5 colitis) in the
supplementary appendix online.

Publication bias

We performed Egger’s and Begg’s test to evaluate potential
publication bias among different studies in this meta-analysis,
as shown in Figure S3 (A: grade 1-5 colitis, B: grade 3-5 colitis)
and Figure S4 (A: grade 1-5 colitis, B: grade 3-5 colitis) in the
supplementary appendix online. Both Egger’s and Begg’ test
suggested there was potential publication bias (grade 1-5 colitis:

© Translational Cancer Research. All rights reserved.

Egger’s test P=0.070, Begg’s test P=0.015; grade 3-5 colitis:
Egger’s test P=0.061, Begg’s test P=0.029). Funnel plots were
drawn in Figure 6 (A: grade 1-5 colitis, B: grade 3-5 colitis). We
further conducted trim and fill analysis. The results, as shown
in Figure 7 (A: grade 1-5 colitis, B: grade 3-5 colitis), suggested
that the results of this meta-analysis were reliable.

Sensitivity analysis

We conducted influence analysis via STATA 14.0 to evaluate
the influence of each study on the overall result. As shown
in Figure S5 (A: grade 1-5 colitis, B: grade 3-5 colitis) in
the supplementary appendix online, no single study had
significant influence on the overall results.

Discussion

To our knowledge, this is the first meta-analysis to
compare the risk of colitis in ICIs treatment and that in
chemotherapy/placebo. After searching through several
major databases, we identified 11,226 patients from 20
eligible studies that compared treatment involving ICIs with
placebo/chemotherapy. The studies covered various solid
tumors including melanoma, NSCLC, SCLC, prostate
cancer, malignant mesothelioma, urothelial carcinoma
and head-and-neck squamous cell carcinoma. ICIs drugs
involved were nivolumab, pembrolizumab, atezolizumab,
ipilimumab and tremelimumab. Pooled results displayed a
consistent increased risk of grade 1-5 and grade 3-5 colitis
from treatment involving ICIs compared with placebo or
chemotherapy. Pooled ORs also suggested that CTLA-
4 antibodies tended to generate the highest risk of colitis
and PD-1 antibodies the lowest. NSCLC patients receiving
ICIs treatment seemed to have the lowest risk of colitis.
No significant heterogeneity was found. Publication bias

Transl Cancer Res 2020;9(7):4173-4187 | http://dx.doi.org/10.21037/tcr-19-2872
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Figure 3 Risk of colitis in different treatment strategies involving ICIs. (A) Grade 1-5 colitis, (B) grade 3-5 colitis. ICI, immune checkpoint

inhibitor.

existed, but both trim and fill analysis and sensitivity

analysis confirmed that the pooled results were reliable.

ICIs originally made their big entrance in late-stage
melanoma patients, CTLA-4 antibodies being the first and

© Translational Cancer Research. All rights reserved. Tran

soon followed by PD-1/PD-L1 antibodies. ICIs showed
tremendous efficacy in these patients and sparkled a trail
of clinical trials in other tumors. As numerous clinical
trials carry on, inspiring results continue to support
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Figure 4 Risk of colitis in PD-1, PD-L1 and CTLA-4 antibody treatment. (A) Grade 1-5 colitis, (B) grade 3-5 colitis. PD-1, programmed
cell death 1; PD-L1, programmed cell death ligand 1; CTLA-4, cytotoxic T lymphocyte-associated protein 4.

the efficacy of immune therapy in various tumors. Up

until 2019, indications for ICIs have covered melanoma,
NSCLC, SCLC, head-and-neck cancer, classic Hodgkin’s
lymphoma, renal cell carcinoma, urothelial carcinoma,
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gastric/gastroesophageal adenocarcinoma, hepatocellular
carcinoma, colorectal carcinoma, etc., all with certain
specific conditions. Bringing significant survival benefits and
relatively mild side effects compared with chemotherapy,
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Figure 5 Risk of colitis in ICIs treatment for different tumor histology. (A) Grade 1-5 colitis, (B) grade 3-5 colitis. ICI, immune checkpoint

inhibitor.

immune therapy is moving towards the frontline of the chance of targeted therapy and left with the only choice of
battle against cancer, taking up a major role instead of chemotherapy or radiotherapy, ICIs may very well set them
holding the last defense. For those who are denied the on a brand new path to a better outcome.
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Figure 6 Funnel plots for publication bias. (A) Grade 1-5 colitis,
(B) grade 3-5 colitis.

As immune therapy came under the spotlight these years,
considerable incidence rates of various immune related
adverse events begin to draw attention. In the process of
reviving a patient’s antitumor response, ICIs inhibit certain
immune brakes and release an active, sometimes over-active
immune system to fight against tumor cells in the patient’s
body, bringing collateral damage. Colitis, among other
adverse events, is rather frequently reported in multiple
randomized clinical trials. A patient with ICIs induced
colitis is likely to present symptoms of abdominal pain and
diarrhea with or without bloody purulent stool. Endoscopic
exams tend to show diffuse ulceration and edema and biopsy
samples reveal a lymphocytic and neutrophilic infiltration
with apoptotic mucosal epithelial cells and crypt abscesses (4).

As is mentioned above, we attempt to compare the risk
of colitis from ICIs and from chemotherapy/placebo, thus
studies that did not set a control group of chemotherapy/
placebo were not included in this meta-analysis. The
following excluded studies reported similar colitis incidence

© Translational Cancer Research. All rights reserved.
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Figure 7 Trim and fill analysis. (A) Grade 1-5 colitis, (B) grade 3-5

colitis.

with the included studies in this meta-analysis. It was
reported that patients with urothelial or nonurothelial
urinary tract carcinoma receiving atezolizumab 1,200 mg
every 3 weeks had a risk of grade >3 colitis at 1% (30),
which falls in line with another study reporting a 1% colitis
incidence rate in advanced, PD-L1-positive papillary
or follicular thyroid cancer patients after receiving
pembrolizumab 10 mg/kg every 2 weeks (31). A cohort
of 192 patients with recurrent or metastatic head and
neck squamous cell carcinoma from KEYNOTE-012,
a nonrandomized multi-cohort trial, received either
pembrolizumab 10 mg/kg every 2 weeks or 200 mg every
3 weeks, of whom 0.5% patients developed immune-
mediated colitis (32). A 6% colitis incidence rate was
reported from a phase 2, dose-ranging study in a cohort
of advanced melanoma patients on ipilimumab 10 mg/kg
every 2 weeks, which is currently the standard dosage (33).
Some trials evaluated the efficacy and safety of PD-1/
PD-L1 antibodies combined with CTLA-4 antibodies. A
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phase 1b study applying durvalumab plus tremelimumab
in NSCLC patients reported 4-24% colitis incidence rates
among groups of different dosage plans (34). Similar data
were reported from a phase 2 trial applying neoadjuvant
ipilimumab plus nivolumab in macroscopic stage III
melanoma patients, of whom 3-24% developed colitis
during treatment (35).

Enlightened by the success of ICIs, scientists endeavor
to prolong the OS even a bit further with the help of other
treatment methods. ICIs combined with anti-angiogenesis
therapy might very well be the best solution for solid tumors
in the next decade. One study using axitinib, a VEGF
receptor tyrosine-kinase inhibitor, plus pembrolizumab in
patients with sarcoma reported a 3% autoimmune colitis
incidence rate (36). Another trial combining ramucirumab, a
VEGF receptor-2 antagonist, with pembrolizumab reported
7% colitis events in gastric or gastro-oesophageal junction
adenocarcinoma patients and 8% in urothelial carcinoma
patients (37). Combination plans of ICIs with other immune
treatment methods were also evaluated. Adjuvant nivolumab
with vaccine in resected high-risk metastatic melanoma was
reported to produce a 6.1% colitis rate (38). Autologous
monocyte-derived mRNA electroporated dendritic cells
(TriMixDC-MEL) plus Ipilimumab in advanced melanoma
patients induced diarrhea/colitis events in 15% of the safety
population (39). A meta-analysis including six trials, 445
patients, showed that combined Ipilimumab and GM-CSF
produced a lower incidence of colitis versus Ipilimumab
alone (combined RR=0.34, 95% CI: 0.13-0.86, P=0.02),
which was explained by the authors that GM-CSF could
promote the homeostasis of the gastrointestinal tract by
protecting and helping the healing of mucosa (40).

In order to more effectively recognize and manage
immune related colitis, its underlying mechanism needs to
be further explored. One of the mostly favorable theories
is that the gut microbiome plays a vital role during this
process (41). It is reported that the use of ICIs disturbs and
sometimes completely breaks the homeostasis between
intestinal microbiota and the mucosal immune system and
such microbiome dysbiosis consequently leads to intestinal
inflammation (42,43). Currently acknowledged managing
approach is to apply high doses of steroids, which
in its mechanism would attenuate the inflammatory
cascades from an over stimulated bowel immune system
and restore balance in the bowel environment. If the
microbiome dysbiosis theory is correct, then fecal
transplantation is theoretically another solution for
immune related colitis (41).

© Translational Cancer Research. All rights reserved.
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There are some limitations in this meta-analysis.
According to our searching strategy, inclusion and
exclusion criteria, the included twenty studies only covered
melanoma, NSCLC, SCLC, prostate cancer, malignant
mesothelioma, urothelial carcinoma and head-and-
neck squamous cell carcinoma, with the absence of other
common solid tumors that positively respond to ICIs
treatment, like gastric/gastroesophageal carcinoma. This
could be explained by three reasons. First, many ongoing
RCT5 using immune therapy in other solid tumors has not
yet reached endpoint, thus eventual data have not been
published. Second, it is possible that certain tumor types are
less likely to develop immune related colitis, consequently,
studies of these tumors reported none or neglectable colitis
events and were not included in this meta-analysis. Third,
colitis patients could present symptoms of diarrhea, but
some studies reported diarrhea events without mentioning
the potential occurrence of colitis, which brings out another
limitation of our study. Namely, the diagnostic standard
of colitis in patients receiving ICIs is not yet universally
defined. We focused on the risk of colitis as a complication
from ICIs treatment and compared it with that from
placebo/chemotherapy, yet some chemotherapy drugs
are known to cause colitis, like irinotecan. As mentioned
above in our meta-analysis, when compared with ICIs
monotherapy simultaneously, chemotherapy presented
higher risk of grade 1-5 and grade 3-5 colitis than placebo,
suggesting that a substantial part of colitis events in the ICIs
plus chemotherapy treatment arms were not caused by ICIs
but by chemotherapy. Most RCTs included in our study
failed to explicitly state how colitis events were recognized
and how they were judged to be related to ICIs drugs or
not. A phase 2 trial applying sequential administration
of nivolumab and ipilimumab with a planned switch in
advanced melanoma patients documented colitis events
with a potential immunological cause, yet without further
description of evaluation standards (44). In clinical practice,
it could be rather difficult to perform differential diagnosis
for a potential colitis patient, because mild cased of ICIs
induced colitis could be strictly hard to tell from simple
diarrhea. A phase 3 RCT comparing tremelimumab with
chemotherapy in advanced melanoma patients reported
51% diarrhea/colitis in the tremelimumab arm and 18%
in the chemotherapy arm, without the exact numbers of
diarrhea and colitis events (45).

As IClISs begin to benefit more and more patients around the
globe, a series of guidelines for ICIs induced adverse events
have been established by the American Society of Clinical
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Oncology, the National Comprehensive Cancer Network, and
the European Society for Medical Oncology (46). Mild cases
can be managed via dose suspension, rehydration support and
antidiarrheal agents, while severe cases would require systemic
corticosteroid pulse treatment, sometimes even with the help
of Infliximab, a TNFa blockade. It was reported that ICIs
induced colitis patients, after first line steroid treatment, could
tolerate further ICIs therapy without recurrence of symptoms
if given concurrent therapy with ICIs and Infliximab (47).
Opverall, immune related colitis during the course of immune
therapy is not hard to identify and generally controllable with
timely treatment.

With reference to the currently available published RCTS,
we believe that the results in this meta-analysis were reliable to
some degree, and we look forward to supporting our conclusions
with more multicenter, randomized controlled trials.

Conclusions

Compared with chemotherapy/placebo, ICIs combined
with or without chemotherapy increase the risk of colitis
in solid tumor patients. CTLA-4 antibodies produce the
highest risk of colitis and PD-1 antibodies the lowest.
NSCLC patients are least likely to develop colitis during
ICIs treatment. Further refinements on the diagnosis and
treatment protocols for ICIs induced colitis are needed.
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Figure S1 L’abbe plots. (A) Grade 1-5 colitis, (B) grade 3-5 colitis. Figure S2 Galbraith radial plots. (A) Grade 1-5 colitis, (B) grade

3-5 colitis.
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Figure S3 Egger’s publication bias plots. (A) Grade 1-5 colitis, (B) s.e. of: logor
grade 3-5 colitis. Figure S4 Begg’s funnel plots. (A) Grade 1-5 colitis, (B) grade 3-5

colitis.
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Figure S5 Influence analysis. (A) Grade 1-5 colitis, (B) grade 3-5 colitis.



