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Abstract

Background: Immune checkpoint inhibitors (ICPIs) are gaining increasing popularity as an efficacious treatment for
advanced malignancies. ICPI treatment can be complicated by diarrhea and colitis. Systemic steroids are the first line
treatment. Infliximab is reserved for severe refractory cases. We aimed to assess the impact of ICPl-induced diarrhea
and colitis and their immunosuppressive treatment on patients’ outcomes.

Methods: This retrospective analysis was conducted in 327 cancer patients who received ICPIs between 2011 and 2017.
Patients with ICP-induced toxicities in other organs were excluded. We collected data about patient demographics,
clinical variables, and overall survival. We used descriptive analysis to compare different groups based on the occurrence
and the treatment of diarrhea and colitis. Kaplan-Meier and log-rank test were used to estimate and compare overall
survival durations between groups.

Results: Diarrhea was recorded in 117 (36%) patients; 79 (24%) of them required immunosuppressive treatment of either
systemic corticosteroid without infliximab (n = 44) or with infliximab (n = 35). Caucasian ethnicity, melanoma, stage 3
cancer, and ipilimumab were predictors of colitis that requires immunosuppression. Patients who required
immunosuppressants had better overall survival than those who did not require treatment for colitis or diarrhea (P < 0.001).
Immunosuppression for diarrhea or colitis did not affect the overall survival significantly (P = 0.232), nor did the choice of
treatment (corticosteroids with vs. without infliximab; P = 0.768). Diarrhea was an independent predictor of a favorable
overall survival (P < 0.001), irrespective of treatment need (P =0.003). We confirmed the same results in a subgroup analysis
for patients with stage IV malignancies only. Patients who received long duration of steroid treatment (> 30 days) had
numerically higher infection rate than those who received steroid for shorter duration (404 vs. 25.8%, P = 0.160). Likewise,
long duration of steroid without infliximalo was associated with increased risk of infection compared to short duration of
steroid with infliximab (42.9% vs. 14.3%, P = 0.089).

Conclusions: Patients with ICPl-induced diarrhea or colitis have improved survival outcomes. Diarrhea is an independent
predictor of an improved survival regardless of treatment requirement. Immunosuppressive treatment for diarrhea did not
significantly affect overall survival, however, infection rates were numerically higher among patients who received steroids
for a long duration. Therefore, early non-steroid immunosuppressive therapy may ensure a more favorable overall outcome.
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Background

Oncogenesis is a multifactorial phenomenon in which
suppression of host immune response against the tumor is
of prime importance [1]. Cancer therapy has monumentally
changed in recent years with the advent of immune check-
point inhibitors (ICPIs), agents that are primed to enhance
immunity against tumor cells by blocking ligands or pro-
teins that would otherwise lead to inactivation or death of
cytotoxic antitumor T-cells. Programmed death-1/ligand 1
(PD1/L1) inhibitors, and cytotoxic T-lymphocyte-associated
protein-4 (CTLA-4) inhibitors have shown significant
potential in improving overall survival (OS) in patients
with malignant melanoma, non-small cell lung carcinoma,
and renal cell carcinoma [2—-6]. Multiple ICPI clinical trials
have shown favorable response rates in various forms of
malignancies, and the indications for the use of ICPIs are
anticipated to grow substantially in the future [4, 7-9]. With
this foresight, it is important to have a thorough understand-
ing of the toxicity profile of these agents, which, although
favorable compared with traditional chemotherapy, can be
dose-limiting and fatal in severe cases.

Because ICPIs lead to generalized activation of T-cells,
the non-specific infiltration of these immune cells can
affect virtually any organ system of the body. Commonly
observed toxicities, often referred to as immune-related
adverse events (irAEs), affect the endocrine system,
gastrointestinal (GI) tract, liver, and lungs. GI tract irAEs
typically present with diarrhea, which could be either the
only presenting symptom that is self-limiting or part of
ICPI-induced colitis that requires hospitalization and
treatment. Most clinical trials have reported GI tract
toxicities as the most commonly recorded serious irAEs
[10, 11]. Additionally, ICPI induced GI toxicities are
the most common reason for immunotherapy treatment
discontinuation [11]. Regimens containing CTLA-4 agents
are more likely to cause GI toxicities [12]. On the other
hand, PD-1 or PD-L-1 monotherapies are associated with
lower risk of GI toxicities [13, 14].

Because irAEs are autoimmune entities, they should
be reversed by immunosuppression, with corticosteroids
as the first-line agent in the current practice. Infliximab
is usually reserved for the treatment of GI-irAEs that
are refractory to steroids or of high severity. However,
adverse events are proposed to be indicators of good tumor
response [15, 16]. Hence, steroid-induced immunosuppres-
sion may potentially hamper the antitumor effect of ICPIs.
The impact of steroids on tumor response to ICPI treat-
ment is not very well understood and the medical literature
is sparse on this particular issue.

The aim of our study, in which we describe our experi-
ence as a major cancer center, was to investigate the impact
of ICPI-induced diarrhea and colitis and their treatment
with corticosteroids and infliximab on patients’ overall
survival.
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Methods

Study design and population

We conducted a retrospective, descriptive, single-center
study after obtaining approval from the Institutional Review
Board at The University of Texas MD Anderson Cancer
Center. We investigated adult cancer patients who received
ICPIs at MD Anderson between March 2011 and March
2017. Adult cancer patients who received PD-L1 inhibitors,
PD-1 inhibitors, or CTLA-4 inhibitors, as single agents or
as multiple-agent therapy for a malignancy under a clinical
trial or otherwise, were included. Patient selection was
not governed by whether the ICPIs were administered
after failure of multiple other cancer treatment regimens
or as a first-line treatment. Patients who developed and/or
were treated for ICPI-induced adverse events other than
diarrhea or colitis (e.g., endocrine, dermatologic, or pul-
monary irAEs) were excluded. Patients who had diarrhea
or colitis and other concomitant irAEs were excluded in
our analysis. We extracted patient data from institutional
electronic medical charts and pharmacy databases. Patients
who had positive GI infectious disease at the onset of
symptoms were excluded from our analysis.

Once our study cohort was identified, we collected data
regarding patient demographics, comorbidities, medical
and oncologic history, cancer treatment regimen(s), ICPI
regimen(s), irAEs and related variables, management of
irAEs and their treatment complications, and OS. Pertinent
variables collected from medical history included 1) general
demographic information; 2) comorbidities documented in
patients’ charts, including coronary artery disease, con-
gestive heart failure, chronic obstructive pulmonary
disease, human immunodeficiency virus, atrial fibrillation,
graft-versus-host disease, asthma, hypertension, diabetes
mellitus, dyslipidemia, and hypocorticolism; 3) underlying
autoimmune diseases, including celiac disease, rheumatoid
arthritis, psoriasis, systemic lupus erythematosus, connect-
ive tissue disease, Hashimoto thyroiditis, sarcoidosis, and
Sjogren’s syndrome; 4) smoking history; 5) current or prior
(within 3 months of ICPI initiation) use of nonsteroidal
anti-inflammatory agents; and 6) performance status scores
documented in patients’ charts at the time of ICPI initiation
according to the Eastern Cooperative Oncology Group
(ECOG) scoring system [17].

Oncologic history was screened for variables relating to
the following: 1) cancer type, 2) cancer stage based on the
American Joint Committee on Cancer staging system, and
3) ICPI agents. We categorized malignancies as hematologic,
melanoma, or solid tumor malignancies. Non-melanoma
skin malignancies were included in our cohort. We did not
include cancer staging for hematological malignancies. CPI
agents were mostly listed individually; combinations were
defined as CTLA-4 and PD-1 dual regimens. Regarding
irAEs, the incidence, irAE type, medications employed for
treatment of irAEs, and duration of irAE treatment were
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recorded. Duration of steroid use was defined as the initi-
ation of high doses of steroids at the time of irAE diagnosis
to the time of cessation or back to previous baseline
maintenance dose as part of the cancer therapy regimen.
We arbitrarily used 30 days as the cutoff to indicate short
duration (<30 days) and long duration (>30 days) of
steroid use. Additional data related to GI-irAEs recorded
included 1) diarrhea or colitis grade at the time of diagnosis
of the irAE based on the National Cancer Institute’s
Common Terminology Criteria for Adverse Events, version
4.03., 2) infection following steroid initiation up to 1 month
after steroid treatment completion, and 3) overall survival
duration.

Outcomes after Gl-irAEs

Infection as a complication from immunosuppressive
treatment was recorded. Infections were diagnosed on the
basis of evaluation of diagnostic laboratory tests (including
blood, stool, urine, and sputum culture), imaging, fluid
aspiration, or other diagnostic test. Infections diagnosed
following initiation of immunosuppressive agents up to
1 month after the end of the immunosuppressive treatment
were considered a complication of the irAE treatment. OS
was defined as the time from initial exposure to ICPIs until
the time of death or last follow-up, whichever occurred
first.

Statistical analysis

Statistical analysis was carried out using SAS version 9.4
(SAS Institute, Cary, NC) and TIBCO Spotfire S+ version
8.2 (TIBCO Software Inc., Palo Alto, CA). The distribution
of each continuous variable was summarized using means,
standard deviations, and ranges. The distribution of each
categorical variable was summarized using frequencies and
percentages. Continuous variables were compared among
groups using the Kruskal-Wallis test for more than two
groups. The Fisher exact test or chi-square test was used
to evaluate associations between two categorical variables.
Kaplan-Meier curves were used to estimate unadjusted
OS. Log-rank test was used to compare OS between
groups. All statistical evaluations were two-sided. P values
of less than 0.05 were considered statistically significant.

Results

Clinical features

Following the exclusion of patients who had ICPI-induced
adverse events involving other organs, a total of 327 patients
were included in our analysis. Diarrhea was observed in 117
(36%) patients. Seventy-nine (24%) patients needed im-
munosuppressive treatment with either systemic corticoste-
roids without infliximab (n = 44) or with infliximab (# = 35).
Thirty-eight (12%) patients had diarrhea but did not receive
treatment with steroids or infliximab. Patient demographics
are shown in Table 1. Age, sex, comorbidities, underlying
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autoimmune disorders, smoking status, and history of
nonsteroidal anti-inflammatory agent use were similar
among different groups.

The group of patients who needed immunosuppres-
sive treatment included more Caucasian patients than
did other groups (95% vs. 73 and 84%; P <0.001).
The immunosuppressant group had a significantly
higher proportion of patients with melanoma than
other groups (70% vs. 24 and 27%; P < 0.001). Likewise,
patients with stage III malignancies were found in the im-
munosuppressant group more than other groups (21% vs.
4 and 9%; P <0.001). A significantly higher proportion of
patients in the immunosuppressant group received ipili-
mumab either alone or in combination with nivolumab
compared to the other groups (76% vs. 35 and 64%;
P <0.001). Table 2 summarizes data related to different
ICPI agents stratified by malignancy type. The ICPI
treatment regimen in the melanoma group consisted of
ipilimumab as a single agent or combination therapy
more often than other malignancy groups (76% vs. 22
and 37%; P < 0.001).

Stage IV malignancies were associated with a lower
incidence of diarrhea and colitis when compared to patients
with stage III malignancies (35.3% vs. 72.0%; P = 0.001), and
less infliximab treatment (9.9% vs. 48%; P <0.001). The
percentage of patients received steroid treatment without
infliximab and the duration of steroid treatment were
similar between the two groups (Table 3).

Patients with higher odds of developing diarrhea or
colitis were Caucasian patients (OR, 5.76; 95% CI, 2.03—
16.36; P =0.001), diagnosed with melanoma (OR, 1.96;
95% ClI, 1.04-3.67; P = 0.037), and/or received ICPI regi-
mens containing ipilimumab (OR, 2.23; 95% CI 1.03—4.
81; P =0.041). In contrast, patients with stage IV cancer
were found to have lower odds of developing diarrhea or
colitis (OR, 0.09; 95% CI, 0.03-0.3; P <0.001; Table 4).
Additionally, shorter duration of ICPI treatment was
associated with more irAEs (OR, 0.99; 95% CI, 0.99-1.00;
P =0.049).

Steroids alone compared to steroids with infliximab

Table 5 shows clinical characteristics of the subgroup of
patients who developed diarrhea requiring immunosup-
pressive treatment. Diarrhea of grade 2 and higher was
associated with an increased need for the addition of
infliximab to corticosteroids treatment (97% vs. 73%;
P =0.005). The immunosuppressive treatment was not
different according to the grade of colitis (P =0.163).
The mean time to diarrhea onset was similar between
the groups (P =0.976).

Endoscopic and histological evaluation
In our study, 53 (67.1%) of the patients who had diarrhea
and received immunosuppressive treatment had endoscopic
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Table 1 Patient characteristics

No. (%)
Characteristic Diarrhea treated with Diarrhea without No diarrhea, P
immunosuppressants, treatment, n =38 n=210
n=79
Mean age (years, SD) 59.8 (15) 622 (12) 59.2 (14) 0480
Male sex 53 (67) 25 (66) 133 (63) 0.825
Race <0.001
White 75 (95) 32 (84) 154 (73)
Other 4 (5) 6 (16) 56 (27)
Comorbidities present 24 (30) 9 (24) 62 (30) 0.733
Underlying autoimmune disorder 4 (5) 103 13 (6) 0.663
History of smoking 36 (46) 20 (53) 107 (51) 0671
History of use of nonsteroidal anti-inflammatory agents 38 (48) 15 (39) 80 (38) 0.300
ECOG performance status 0.070
0-2 78 (99) 38 (100) 197 (94)
3-4 1(1) 0(0) 13 (6)
Malignancy type <0.001
Melanoma 55 (70) 9 (24) 56 (27)
Solid tumor 23 (29) 14 (37) 111 (53)
Hematologic 1(1) 15 (39) 43 (20)
Cancer Stage® <0.001
Stage Il 16 (21) 29 7 (4)
Stage IV 61 (79) 21 (91) 149 (96)
Colitis grade 2-3 49 (62) - - -
Checkpoint inhibitor type <0.001
Ipilimumab 48 (61) 23 (61) 67 (32)
Nivolumab 5(6) 8 (21) 87 (41)
Pembrolizumab 13 (16) 6 (16) 50 (24)
Combination® 12 (15) 10) 603)
Atezolizumab 1(1) 0 (0) 0 (0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; SD, standard deviation

*The American Joint Committee on Cancer staging system was used. Stage was known in 77 patients in the immunosuppressant group, 23 in the untreated
diarrhea group, and 156 in the no diarrhea group

PCombination therapy consisted of ipilimumab + nivolumab

Table 3 Association of cancer stage and irAE in patients with
melanoma or solid tumor

Table 2 Immune checkpoint inhibitor agent administered by Cancer stage Il Cancer stage IV P
malignancy type n=25 n =232

No. (%) Diarrhea/colitis® 18 (72.0) 82 (35.3) 0.001
Checkpoint Melanoma Solid tumor Hematologic cancer P IrAE immunosuppressant
inhibitor n=120 n=148 n=>59 treatment®
Ipilimumab 81 (68) 44 (30) 13(22) <0001 Steroid alone 4(16.0) 38 (164) 1.000
Nivolumab 7(6) 62 (42) 31 (53) Steroid/Infliximab 12 (48.0) 23 (99) <0001
Pembrolizumab 23 (19) 3121 15 (25) Mean length of steroid 59 (33) 59 (85) 0.962
Combination® 9 (8) 10 (7) 0(0) treatment (days, SD)
Atezolizumab 000 11 0(0) Abbreviations: irAE, ICPI related adverse event; SD, standard deviation

“Total 17 patients with diarrhea/colitis had missing staging information
“Combination therapy consisted of ipilimumab + nivolumab Plmmunosuppressant treatment was administrated in total 77 patients
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Table 4 Multivariate logistic regression for colitis risk

IrAE®

Characteristic OR (95% Cl) P
Race (Caucasian) 5.76 (2.03-16.36) 0.001
Cancer stage IV 0.09 (0.03-0.30) <0.001
Cancer type (Melanoma) 1.96 (1.04-3.67) 0.037
ICPI agent

Ipilimumab + combination 223 (1.03-4.871) 0.041

Nivolumab 0.39 (0.14-1.11) 0.079
Duration of ICPI treatment 0.99 (0.99-1.00) 0.049

“Race, cancer stage, cancer type, ICPI agent, and duration of ICPI treatment
were included in the multivariate logistic regression for colitis risk

evaluation. Endoscopically, 43 patients had active inflamma-
tion and 10 had normal endoscopic appearance. Histologi-
cally, 48 patients had features suggestive of ICPI-induced
colitis and 5 had normal histology. Endoscopic and histo-
logical characterization of our cohort had been described in
details in our separate study that was accepted by IBD
journal “Endoscopic and Histologic Features of Immune
Checkpoint Inhibitor-Related Colitis” [18].

Impact of ICPl-induced diarrhea and immunosuppressive
treatment on outcomes

Analysis of OS showed that patients with ICPI-induced
diarrhea or colitis that required treatment had significantly
better OS duration than those without diarrhea that re-
quired treatment owing to either lack of or mild symptoms
(Fig. 1a; P <0.001). Significant differences were observed
between patients with diarrhea or colitis requiring
treatment and those who did not have diarrhea (Fig. 1b;
P <0.001). Among patients who developed diarrhea or
colitis, the use of immunosuppressive treatment did not
appear to impact OS significantly (Fig. 1c; P = 0.232). OS
also did not differ between patients treated with steroids
alone and those requiring infliximab for steroid-refractory

Table 5 Associations between diarrhea or colitis treatment and

severity
No. (%)
Clinical characteristics Steroids only Steroids/infliximab P
n =44 n=35
Colitis grade 0.163
1 20 (45) 10 (29)
2-3 24 (55) 25 (71)
Diarrhea grade 0.005
1 12.(27) 103
2-3 32 (73) 34 (97)
Mean time in days to 80 (130) 81 (96) 0976

diarrhea onset (SD)
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diarrhea or colitis (Fig. 1d; P =0.768). Overall, patients
who developed diarrhea had better OS duration than
those who did not develop diarrhea (Fig. 1e; P <0.001).
The difference in OS duration persisted and remained
statistically significant between patients with mild diarrhea
who did not need any immunosuppressive treatment and
patients without diarrhea (Fig. 1f; P = 0.003).

Impact of malignancy stage on outcome

OS duration did not differ by the stage of malignancy in
patients with melanoma or solid tumor (stage III, 25
patients vs. stage IV, 232 patients; Fig. 2a; P =0.214).
Even in the subgroup of patients with GI tract irAE, the
OS duration remained comparable between the two
groups (Fig. 2b; P = 0.521).

Among patients with stage IV cancer, we observed a simi-
lar pattern as in the entire cohort (OS curves demonstrated
in Fig. 1); patients who needed treatment for diarrhea or
colitis had better OS duration than those who did not need
immunosuppressive treatment (Fig. 3a; P < 0.001). Signifi-
cant differences were observed between patients with
diarrhea or colitis requiring treatment and those without
diarrhea (Fig. 3b; P < 0.001). Among patients who developed
diarrhea or colitis, the use of immunosuppressive treatment
did not impact OS significantly (Fig. 3c; P =0.169). OS did
not differ between patients treated with steroids alone and
those who needed infliximab for steroid-refractory diarrhea
or colitis (Fig. 3d; P = 0.263). Also among only patients with
stage IV cancer, those who developed diarrhea had better
OS duration than did those without diarrhea (Fig. 3e;
P <0.001), and this difference persisted even in patients
with diarrhea that did not require treatment (Fig. 3f;
P =0.030).

Duration of steroid use and outcomes

The duration of steroid treatment was categorized as
short duration in 30 (38%) patients and long duration in
49 (72%) patients. In patients who received a short duration
of steroid use, death was the cause of short treatment dur-
ation in only 2 patients with the rest all achieved clinical
response. We found infections in 29 (37%) patients among
the 79 patients who had diarrhea or colitis and received
immunosuppressive treatment (Table 6). The mean dur-
ation of steroid use in patients who developed an infection
was longer than in those who did not develop an infection
(80.4 days vs. 46.7 days; P =0.063). The median length of
steroid treatment in patients with an infection was 60 days
(interquartile range [IQR], 7-650 days), and in patients
without an infection was 34 days (IQR, 8-161 days). Other-
wise, no significant differences were observed between
patients who developed an infection and those who did not
in terms of cancer stage, malignancy type, ICPI agent, diar-
rhea grade, or colitis grade. The different types of infections
recorded in our study are listed in Table 7.
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Overall, patients who received steroids for a long duration
had numerically higher rates of infection than did those
who received steroids for a short duration, although the

difference was not statistically significant (40.4% vs. 25.8%;
Fig. 4a; P =0.160). Patients who received steroids without
infliximab for a long duration had a numerically higher
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infection rate than did those who received steroids with
infliximab for a short duration, although the difference
was not statistically significant (42.9% vs. 14.3%; Fig. 4b;
P =0.089).

We also compared the OS based on the grade of diarrhea
and colitis, and a significant difference between higher
grades and lower grades of toxicity was not observed
(colitis grade 1 vs. grade 2/3; P =0.340; diarrhea grade
1 vs. grade 2—4; P = 0.508, data not shown).

Discussion
In this large-scale study, we analyzed the outcomes of 327
patients who received treatment with ICPIs, a subgroup of

which developed ICPI-induced diarrhea or colitis. We
found that patients with ICPI-induced diarrhea or colitis
had better OS rates than those who did not develop GI
symptoms (Fig. 1). Diarrhea, the most common GI-irAE,
was an independent predictor of improved survival regard-
less of its related treatment (Fig. 1).

Prior studies have suggested a link between the develop-
ment of irAEs and improved outcome [15, 19-21]. Earlier
studies of ipilimumab in patients with melanoma have
found an association between the development of irAEs
and improved response rate and disease control [19, 20].
A study of 198 patients with melanoma or renal cell
carcinoma treated with ipilimumab revealed that the 39
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Table 6 Clinical characteristics of patients who developed an
infection during immunosuppressive treatment

No. (%)
Clinical characteristics Infection  No infection P
n=29 n =50

Cancer stage® 0.386
Stage Il 4(14) 12 (24)
Stage IV 24 (86) 37 (76)

Malignancy type 0.752
Melanoma 19 (66) 36 (72)
Solid tumor 10 (34) 13 (26)
Hematologic 0(0) 1)

Immune checkpoint inhibitor type 0.758
Anti-CTLA-4 25 (86) 41 (82)
Anti-PD-1/L1 4(14) 9(18)

Treatment for diarrhea or colitis 0483
Steroids alone 18 (62) 26 (52)
Steroids + infliximab 11 (38) 24 (48)

Mean length of steroid use (days, SD) 804 (116) 46.7 (34.5) 0.063

Length of steroid use 0.160
Short duration (< 30 days) 8 (28) 22 (44)
Long duration (> 30 days) 21 (72) 28 (56)

Diarrhea grade 0.353
Grade 1 3 (10 10 (20)
Grade 2-4 26 (90) 40 (80)

Colitis grade 1.000
Grade 1 11 (38) 19 (38)
Grade 2-3 18 (62) 31 (62)

Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated protein-4; PD-1/L1,
Programmed death-1/ligand 1; SD, standard deviation

Stage of cancer was documented in 28 patients with infection and 49
patients with no infection

Table 7 Infections® recorded in patients who received
immunosuppressive treatment

Type of infection No. (%)
Urinary tract infection 12 (38)
Clostridium difficile gastroenteritis 9 (28)
Pneumonia® 5(16)
Disseminated Candida infection 2 (6)
Staphylococcal skin infection 2 (6)
Enteropathic Escherichia coli gastroenteritis 1(3)
Bacteremia 13

“Total of 32 infections were recorded in 29 patients
PThese 5 cases include two pseudomonas, one streptococcus, one fungal, and
one viral infection
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patients who developed enterocolitis had significantly
higher tumor response rates than those who did not experi-
ence this adverse event [21]. However, another study of 298
melanoma patients treated with ipilimumab found no im-
proved OS in those with irAEs of various types compared
with no adverse events [22]. Similar conflicting results were
also reported in studies of patients receiving nivolumab
[15, 16]. Some of the discrepancies in results may stem
from the inclusion of patients with multiple adverse
events in these analyses. Also, the lack of association
between pooled irAEs and survival does not rule out
the possibility that individual irAEs can be associated
with differences in survival [16, 22]. In our study, we
included only patients with GI-irAEs, and we saw a
clear difference in OS. The GI tract may be especially
relevant to the study of the relationship between irAEs
and response to cancer therapy. Recent studies have
shown a potential association between differences in
gut microbiota and differences in both survival rate and
incidence of ICPI-induced colitis [23].

The median survival time for the non-diarrhea group is
about 10 months, which is longer than the estimated time
to GI toxicity onset (5-10 weeks) from ICPI initiation
[24]. Therefore, the follow up duration in this group is
adequate and will not affect our analysis result by assuming
that the toxicity could have occurred if the follow-up dur-
ation was longer. Shoushtari et al [25] in their prospective
study of 64 patients with melanoma treated with combin-
ation ipilimumab and nivolumab reported that 14 (56%)
patients out of 25 who developed any grade diarrhea or
colitis required infliximab treatment. In our study, Inflixi-
mab use was required in 35 (30%) patients who developed
refractory diarrhea or colitis among the 117 patients who
had diarrhea. This could be explained by the fact that our
study included patients with monotherapy PD/PD-L-1
treatment not just combination therapy. Diarrhea or colitis
of grade 1 may be treated conservatively without immuno-
suppression. However, we observed a small subset of
patients who received immunosuppressant treatment
for grade 1 colitis or diarrhea in our cohort. The reason
behind this observation was that some patients had
concurrent grade 1 diarrhea with grade 2 or above colitis
and vice versa.

Looking at the baseline characteristics of patients in our
cohort, we found that patients in the group with diarrhea
that required immunosuppressive treatment were mostly
Caucasian, and had a diagnosis of melanoma (Table 1).
These findings were confirmed on the multivariate logistic
regression analysis to be independent risk factors for irAE.
This is in concordance with other studies showing that
melanoma was much more prevalent in Caucasians, [26]
and melanoma patients were found to have higher
frequencies of certain irAEs, including gastrointestinal
irAEs, because ipilimumab is FDA approved and most
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commonly used for melanoma [27]. As shown in Table 4,
as well as reported in previously published studies, [6, 28]
among all ICPIs, CTLA-4 agents (e.g., ipilimumab-based
regimens) were associated with higher Odds Ratio for
developing irAEs compared with PD-1 and PD-L1 agents
(OR, 2.23; 95% CI, 1.03-4.81; P =0.041). The finding
of decreased risk of GI tract irAEs associated with stage
IV cancer is anticipated (OR, 0.09; 95% CI, 0.03—0.30;
P <0.001). One of the reasons behind this observation is
that patients with stage III cancer received higher dose of
CTLA-4 (10 mg/kg), as approved for clinical use, compared
to patients with stage IV cancer (3 mg/kg). Another reason
is that PD-1 as monotherapy is approved for the treatment
of patients with stage IV cancer but not stage III cancer.
Furthermore, we speculate this might be also attributed to
heavier tumor burdens in more advanced stage IV malig-
nancies which may compromise the response to ICPL It

was not surprising to see that patients with irAEs stopped
ICPI treatment, because of the development of toxicities,
earlier than did patients without irAEs, which led to the
observation of decreased risk of irAEs in patients who
received longer duration of ICPI treatment.

Long-term OS is one of the most important tools that is
used to evaluate the response of cancer therapy in cancer
patients. The impact of irAEs due to cancer therapy on
long-term OS has recently become a focus of interest for
oncologists. The effects of immunosuppressive agents
(corticosteroids, infliximab) that are commonly used to
treat irAEs in cancer patients remain uncertain, despite
the recommendation for the use of these agents in mul-
tiple practice guides [24, 29, 30]. In theory, these immuno-
suppressive agents may counteract the effect of ICPI,
which could subsequently compromise cancer response
and lead to an impaired clinical outcome. In addition,
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there has been a lack of consensus and good quality data
on the appropriate duration of steroid use and its safety
concern. Our data from a relatively large patient population
demonstrated that among patients who developed ICPI-
induced diarrhea or colitis, the use of immunosuppressive
treatment did not affect OS (Fig. 1c), and no differences
were found between patients who received steroids without
infliximab and those who received steroids with infliximab
(Fig. 1d). This shows that immunosuppressive treatment
overall does not impact the long-term survival negatively,
which is consistent with prior studies [22]. What stands
out in our analysis is that diarrhea alone appeared to be a
specific predictor of favorable OS (Fig. 1), regardless of
the requirement for treatment. We specifically included
a group of patients who had reported mild diarrhea symp-
toms not requiring immunosuppressive treatments in our
analysis, a group that was not a focus of interest in other
previously published studies. Remarkably, this additional
information provided by our study improved our under-
standing of the role and impact of diarrhea independently
on OS.

Because more patients who had diarrhea or colitis that
required steroids or infliximab had stage III cancer than
those who had no or mild diarrhea that did not require
treatment (21% vs. 4 and 9%; Table 1), the lower cancer
stage in the immunosuppressive treatment group could
represent a confounding factor for improved outcomes.
Therefore, we performed additional survival analysis in
subgroups with different stages of cancer to further clarify
this question. Interestingly, in patients with melanoma
and solid tumors, no dramatic difference was observed
between patients with stage IV cancer and those with
stage III cancer, regardless of whether they had developed
GI-irAE or not (Fig. 2). However, the small sample size of
patients with stage III cancer might have underpowered
our survival analysis in this subgroup.

To confirm our observation of consistently improved
OS duration in patients with irAEs, after the elimination
of cancer stage as a confounding factor, we performed a
subgroup survival analysis of only patients with stage IV
melanoma and solid tumors. A similar favorable survival
pattern was found in patients with stage IV cancer who
developed diarrhea or colitis, regardless of treatment
requirement. Moreover, among patients who had diarrhea,
no differences in OS were observed between patients who
needed immunosuppressive treatment and those who did
not, or between patients who received steroids without
infliximab and those who received steroids with infliximab
(Fig. 3), which was consistent with our results for the total
cohort (Fig. 1). Therefore, our results indicate that irAEs
related to ICPI, particularly GI-tract irAEs, are sensitive
surrogate markers to correlate with favorable OS.

Besides long-term OS, the other outcome of interest from
immunosuppressive treatment is its potential complications,
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such as infection. The opportunistic infections related to
steroid use in our study included disseminated candida in
two patients and pseudomonas pneumonia in two. We
found that patients who experienced an infection received
steroids for a mean duration of 80.4 days, compared
with 46.7 days for those who did not have an infection
(Table 6). When we arbitrarily used 30 days as the
cutoff for long duration, patients who received steroids for
a long duration had numerically higher rate of infection
than did those who received steroids for a short duration
((40.4% vs. 25.8%;) (Fig. 4a)), but it did not reach statistical
significance. In the comparison of immunosuppressive
regimens, patients who received steroids for a short
duration followed by infliximab had much lower infection
incidence than those who received steroids alone for a
long duration (Fig. 4b). This finding suggests that the early
treatment with infliximab and limited steroid exposure
may be beneficial.

Limitations of our study should be noted. Because there
was no standard practice guideline for the management of
diarrhea or colitis from oncology societies over the past
5 years, our cancer patients were mostly cared for on the
basis of individual provider and institution experience and
availability of resources. Even in a tertiary cancer center
such as MD Anderson, our treatment of irAEs was mainly
composed of long-term steroids. The use of infliximab
was limited to cases that were refractory to steroids. This
practice pattern certainly limited our sample size unfavor-
ably. Because there was no clear guidance on the safe dur-
ation of steroid use for irAEs, we used an arbitrary cutoff
of 30 days for our analysis, which may not be the most
appropriate standard and might have affected our analysis
results. Because our study population was a mixture of
patients with melanoma, solid tumor, and hematologic
malignancies, it would be very difficult and complicated to
analyze progression-free survival given the different evalu-
ation criteria. Instead, OS was the main outcome we mea-
sured. This may not accurately reflect cancer outcomes.
Although we were able to collect the largest sample size
to date from MD Anderson despite these limitations, our
cohort remained underpowered for subgroup analysis.

Conclusion

Up to this date, this study is by far the largest-scale
single-center study focusing on GI tract toxicities related
to ICPI use in cancer patients with long-term follow-up.
Our study showed that the development of diarrhea was
an independent marker and predictor of improved OS,
irrespective of whether the irAE required immunosup-
pressive treatment or not. Treatment of diarrhea with
immunosuppression did not affect OS negatively, although
patients who received steroids for a long duration had a
numerically higher rate of infection. These results taken
together suggest that the early introduction of non-steroid
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immunosuppressive therapy, such as infliximab, which
shorten the course of steroid treatment, may ensure an
overall favorable outcome. Future prospective studies are
required to further elucidate the relationship between
ICPI-induced GI tract adverse events and tumor response
and patient survival.

Abbreviations

CTLA-4: Cytotoxic T-lymphocyte-associated protein-4; ECOG: Eastern Cooperative
Oncology group; GI: Gastrointestinal; ICPI: Immune checkpoint inhibitor;

irAE: Immune-related adverse event; OS: Overall survival; PD-1: Programmed cell
death protein-1; PD-L1: Programmed death-ligand 1.

Acknowledgments

Medical writing support for the development of this paper was provided by
the Department of Scientific Publications at The University of Texas MD
Anderson Cancer Center.

Availability of data and material

The datasets generated and/or analyzed during the current study are not publicly
available because of institutional policy and the data contain HIPAA information,
but are available from the corresponding author on reasonable request.

Funding
This study was not supported by any funding.

Authors’ contributions

YW and AD were the senior authors of this study, developed the concept,
designed the study, interpreted the results, ensured the accuracy and
integrity of the data was preserved at all stages, agreed to be accountable
for all aspects of this study, were in charge of the overall direction and
planning of the study, and wrote the manuscript with input from all authors.
HA supervised the data collection of the study, assessed to conduct and
interpret the analysis, and contributed to the writing and editing of the
manuscript. EM contributed to the writing of the manuscript.

NA and FA collected the data of the study.WQ, PL and GS processed the
data, performed the statistical analysis, and designed the figs.

JS and GR revised critically the final version of the manuscript. *All authors
read and approved the final manuscript.

Ethics approval and consent to participate

This retrospective study was approved by the Institutional Review Board at The
University of Texas MD Anderson Cancer Center. Waiver of informed consent
was granted because there was minimal risk to subjects as A) this study
retrospectively reviewed data collected from patients as part of established or
routine standard of care, B) no diagnostic or therapeutic interventions were
performed, C) no patient contact was involved, D) consent was impractical to
obtain from some patient because they were lost to follow-up or deceased.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Gastroenterology, Hepatology and Nutrition, The University of
Texas MD Anderson Cancer Center, 1515 Holcombe BIvd, Houston, TX 77030,
USA. 2Department of Internal Medicine, Baylor College of Medicine, Houston, TX,
USA. *Department of Biostatistics, The University of Texas MD Anderson Cancer
Center, Houston, TX, USA. 4Departmem of Melanoma Medical Oncology, The
University of Texas MD Anderson Cancer Center, Houston, TX, USA.

Page 12 of 13

Received: 16 March 2018 Accepted: 26 April 2018
Published online: 11 May 2018

References

1. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011;144.646-74.

2. Motzer RJ, Escudier B, McDermott DF, et al. Nivolumab versus Everolimus in
advanced renal-cell carcinoma. N Engl J Med. 2015;373:1803-13.

3. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel in
advanced nonsquamous non-small-cell lung Cancer. N Engl J Med. 2015;
373:1627-39.

4. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune
correlates of anti-PD-1 antibody in cancer. N Engl J Med. 2012;366:2443-54.

5. Ribas A, Hamid O, Daud A, et al. Association of Pembrolizumab with Tumor
Response and Survival among Patients with Advanced Melanoma. JAMA.
2016;315:1600-9.

6. Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall survival with
combined Nivolumab and Ipilimumab in advanced melanoma. N Engl J
Med. 2017,377:1345-56.

7. Herbst RS, Soria JC, Kowanetz M, et al. Predictive correlates of response to the
anti-PD-L1 antibody MPDL3280A in cancer patients. Nature. 2014;515:563-7.
Ansell SM, Lesokhin AM, Borrello |, et al. PD-1 blockade with nivolumab in
relapsed or refractory Hodgkin's lymphoma. N Engl J Med. 2015,372:311-9.

9. Powles T, Eder JP, Fine GD, et al. MPDL3280A (anti-PD-L1) treatment leads
to clinical activity in metastatic bladder cancer. Nature. 2014;515:558-62.

10.  Michot JM, Bigenwald C, Champiat S, et al. Immune-related adverse events
with immune checkpoint blockade: a comprehensive review. Euro j cancer
(Oxford, England : 1990). 2016;54:139-48.

11. Haanen J, Carbonnel F, Robert C, et al. Management of toxicities from
immunotherapy: ESMO clinical practice guidelines for diagnosis, treatment
and follow-up. Annals oncol off j Euro Soc Med Oncol. 2017,28:iv119-iv42.

12. Kumar V, Chaudhary N, Garg M, Floudas CS, Soni P, Chandra AB. Current
diagnosis and Management of Immune Related Adverse Events (irAEs)
induced by immune checkpoint inhibitor therapy. Front Pharmacol. 2017,8:49.

13. Valsecchi ME. Combined Nivolumab and Ipilimumab or monotherapy in
untreated melanoma. N Engl J Med. 2015;373:1270.

14. Puzanov |, Diab A, Abdallah K, et al. Managing toxicities associated with
immune checkpoint inhibitors: consensus recommendations from the
Society for Immunotherapy of Cancer (SITC) toxicity management working
group. J immun cancer. 2017;5:95.

15. Freeman-Keller M, Kim Y, Cronin H, Richards A, Gibney G, Weber JS.
Nivolumab in resected and Unresectable metastatic melanoma:
characteristics of immune-related adverse events and association with
outcomes. Clin cancer res an off j Am Assoc Cancer Res. 2016;22:886-94.

16. Weber JS, Hodi FS, Wolchok JD, et al. Safety profile of Nivolumab
monotherapy: a pooled analysis of patients with advanced melanoma. J clin
oncol off j Am Soc Clin Oncol. 2017;35:785-92.

17. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
eastern cooperative oncology group. Am J Clin Oncol. 1982,5:649-55.

18. Wang Y, Abu-Sbeih H, Mao E, et al. Endoscopic and histologic features of
immune checkpoint inhibitor-related colitis. IBD Journal. 2018; (in press)

19. Downey SG, Klapper JA, Smith FO, et al. Prognostic factors related to clinical
response in patients with metastatic melanoma treated by CTL-associated
antigen-4 blockade. Clin cancer res an off j Am Assoc Cancer Res. 2007;13:
6681-8.

20. Sarnaik AA, Yu B, Yu D, et al. Extended dose ipilimumab with a peptide
vaccine: immune correlates associated with clinical benefit in patients with
resected high-risk stage llic/IV melanoma. Clin can res an off j Am Assoc
Cancer Res. 2011;17:896-906.

21, Beck KE, Blansfield JA, Tran KQ, et al. Enterocolitis in patients with cancer
after antibody blockade of cytotoxic T-lymphocyte-associated antigen 4.
Jclin oncol off j Am Soc Clin Oncol. 2006;24:2283-9.

22. Horvat TZ, Adel NG, Dang TO, et al. Immune-related adverse events, need
for systemic immunosuppression, and effects on survival and time to
treatment failure in patients with melanoma treated with Ipilimumab at
memorial Sloan Kettering Cancer center. J clin oncol off j Am Soc Clinical
Oncol. 2015;33:3193-8.

23. Chaput N, Lepage P, Coutzac C, et al. Baseline gut microbiota predicts
clinical response and colitis in metastatic melanoma patients treated with
ipilimumab. Annals oncol off j Euro Soc Med Oncol. 2017;28:1368-79.



Wang et al. Journal for InmunoTherapy of Cancer (2018) 6:37

24.

25.

26.

27.

28.

29.

30.

Weber JS, Kahler KC, Hauschild A. Management of immune-related adverse
events and kinetics of response with ipilimumab. J clin oncol off j Am Soc
Clin Oncol. 2012;30:2691-7.

Shoushtari AN, Friedman CF, Navid-Azarbaijani P, et al. Measuring toxic
effects and time to treatment failure for Nivolumab plus Ipilimumab in
melanoma. JAMA oncol. 2018;4:98-101.

Cormier JN, Xing Y, Ding M, et al. Ethnic differences among patients with
cutaneous melanoma. Arch Intern Med. 2006;166:1907-14.

Khoja L, Day D, Wei-Wu Chen T, Siu LL, Hansen AR. Tumour- and class-
specific patterns of immune-related adverse events of immune checkpoint
inhibitors: a systematic review. Annals oncol off j Euro Soc Med Oncol. 2017;
28:2377-85.

Larkin J, Hodi FS, Wolchok JD. Combined Nivolumab and Ipilimumab or
monotherapy in untreated melanoma. N Engl J Med. 2015;373:1270-1.
Dadu R, Zobniw C, Diab A. Managing adverse events with immune
checkpoint agents. Cancer j (Sudbury, Mass). 2016;22:121-9.

Spain L, Diem S, Larkin J. Management of toxicities of immune checkpoint
inhibitors. Cancer Treat Rev. 2016;44:51-60.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and population
	Outcomes after GI-irAEs
	Statistical analysis

	Results
	Clinical features
	Steroids alone compared to steroids with infliximab
	Endoscopic and histological evaluation
	Impact of ICPI-induced diarrhea and immunosuppressive treatment on outcomes
	Impact of malignancy stage on outcome
	Duration of steroid use and outcomes

	Discussion
	Conclusion
	Abbreviations
	Availability of data and material
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

