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Abstract

Purpose To determine the frequency, imaging, and clinical manifestations of immune checkpoint inhibitor (ICI)-related
colitis in cancer patients on monotherapy or combination therapy.

Methods The electronic medical records of 1044 cancer patients who received ICIs were retrospectively reviewed to identify
48 patients who had a clinical diagnosis of immune-related colitis. Imaging studies were reviewed to identify patients with
imaging manifestations of colitis. Demographic data, type of ICIs, symptoms, presence of other immune-related adverse
events (irAEs), and management were recorded.

Results There was imaging evidence of immune-related colitis in 34 patients (24 men; median age: 63.5 years). The median
time to onset of colitis was 75 days (IQR 25-75, 49.5-216 days) in patients receiving monotherapy (group 1) and 78 days
(IQR 25-75, 44.3-99.5 days) in patients undergoing combination therapy (group 2) following start of ICI. Symptoms included
diarrhea (91.1% [31 of 34]), nausea/vomiting (52.9% [18 of 34]), and abdominal pain (52.9% [18 of 34]). The most common
imaging findings were bowel wall thickening (97% [33 of 34]) and fluid-filled colon (82.3% [28 of 34]). Colitis was diffuse in
21 of 34 (61.8%) patients. Imaging manifestations did not differ between the two groups (p > 0.05). Steroids and antibiotics
were used to treat colitis in 29 of 34 (85.2%) and 13 of 34 (38.2%) patients, respectively. No patients in group 1 experienced
concurrent irAEs, but 5 of 18 (27.8%) of patients in group 2 had other irAEs (p =0.046).

Conclusion Immune-related colitis occurred in 3.3% of patients receiving ICIs with bowel wall thickening, fluid-filled colon
and pancolitis being the most common imaging manifestations. Imaging manifestations did not differ between patients receiv-
ing monotherapy or combination therapy. However, concurrent irAEs were significantly observed in patients undergoing
combination therapy.
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Introduction

Immune checkpoint inhibitors (ICIs) are used to treat cancer
by effectively stimulating the immune system to attack can-
cer cells. Ipilimumab is a recombinant human monoclonal
antibody that binds to the cytotoxic T-lymphocyte associated
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antigen 4 (CTLA-4), which is a down-regulator of T-cell
activation pathways. It was approved by the United States
Federal Drug Administration (FDA) in 2011 for treatment
of late-stage metastatic melanoma [1]. In the following
years, other immunotherapy agents, such as nivolumab and
pembrolizumab, have been developed. Nivolumab is a fully
human monoclonal antibody that binds to the programmed
cell death-1 (PD-1) receptor and selectively inhibits PD-1
activity. The binding of PD-1 ligand 1 or ligand 2 (PD-L1
or PD-L2) renders the T-cell inactive. Nivolumab blocks
ligand binding to PD-1 and allows for T-cell activation and
proliferation. It is used as first line for metastatic melanoma
in combination with ipilimumab. Ipilimumab and nivolumab
in combination have a significantly higher response rate,
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progression-free survival, and overall survival than ipili-
mumab therapy alone for metastatic melanoma [2]. Pem-
brolizumab, similarly, is a selective anti-PD-1 humanized
monoclonal antibody, used in the treatment of metastatic
melanoma, metastatic non-small cell lung cancer (NSCLC),
and head and neck squamous cell carcinoma (HNSCC).

These agents are associated with a wide range of side
effects, referred to as immune-related adverse events (irAE),
which include uveitis, rash, hypophysitis, pneumonitis,
hepatitis, pancreatitis, and colitis, among others. Colitis
is one of the most common irAEs, with some cases being
fatal. Therefore, early identification and prompt treatment
of immune-related colitis is extremely important. Currently,
colonoscopy and biopsy of colonic mucosa is the gold stand-
ard for diagnosis of immune-related colitis. However, less
invasive measures, notably computed tomography (CT), can
be used to detect and monitor colitis and other irAEs.

The purpose of this study is to determine the frequency,
clinical and imaging manifestations of immune-related coli-
tis in cancer patients on monotherapy or combination ICI
therapy.

Materials and methods
Patients and clinical findings

A retrospective database search between January 2010 and
November 2018 was performed in 1044 patients treated with
IClISs to identify cases who subsequently developed immune-
related colitis. Inclusion criteria were as follows: 1-adult
patients (age > 18 years) who were treated with ICIs for vari-
ous cancers as part of the standard clinical care and devel-
oped clinical signs and symptoms of colitis, based on the
common terminology criteria for adverse events (CTCAE),
2-patients who had at least one cross-sectional imaging
study performed at the time of presentation and had radio-
logic evidence of colitis.

The demographics and clinical manifestations of the
patients were obtained by review of medical records. Pri-
mary cancer types of the patients, administration of single
or multiple ICIs, the start and end dates of immunothera-
pies were recorded. Imaging studies were retrospectively
evaluated.

Cases with radiographically evident colitis were subse-
quently correlated with clinical, laboratory, histopathologic
data, colonoscopy reports and stool analysis to exclude con-
ditions that might mimic immune-related colitis including
infectious and neutropenic colitis.

This study was approved by the institutional review board
with waiver for informed consent and was in compliance
with the Health Insurance Portability and Accountability
Act.

Cross-sectional imaging analysis and imaging
features

Due to the retrospective nature of the study, the imaging
parameters and protocols varied among patients. CT scans
of the abdomen and pelvis were obtained on multidetector
scanners with 120 kVp and a tube current maximum of
500 mA with intravenous contrast agent unless patients
had a renal impairment or iodine allergy. No oral contrast
agent was given to the patients. Multiplanar reformatted
images were reviewed on Picture Archiving Communica-
tion System (PACS; Sectra, Sweden).

Imaging features that were evaluated for immune-
related colitis included bowel wall thickening (bowel wall
thickening was categorized as mild [3—5 mm], moderate
[5—7 mm], severe [>7 mm]); enhancement pattern (homo-
geneous, mucosal, layered); lumen contents (fluid, feces,
blood, and fat); mesenteric change (stranding, edema,
fluid); mesenteric vessel engorgement; free air, and pneu-
matosis coli [3-5]. Involvement of length was assessed
according to the involved colonic segments. Colon was
divided into four segments and based on that called focal
(<1 segment), segmental (1-3 segments), and diffuse
(entire colon). Segmental colitis associated with diver-
ticulosis (SCAD) restricted to a segment of colon with
diverticulosis was also searched [3, 5, 6].

The images were reviewed by two board-certified radi-
ologists in consensus (S.H.T and N.H.R, with 12 and
21 years of experience). The radiologists were aware that
the patients were treated with ICIs for various cancers but
did not have access to other clinical details. For each imag-
ing study, a score of 1-5 was assigned based on radio-
graphic features corresponding to colitis: 1, definitely not
colitis; 2, probably not colitis; 3, equivocal; 4, probable
colitis; and 5, definite colitis. Patients who had imaging
that scored > 3 were considered positive. For each positive
case, specific imaging criteria were described. The date
of the scan was recorded to represent the onset of radio-
graphically evident immune-related colitis.

The response of the underlying malignancy to the ICI
therapy at the time of the detection of immune-related
colitis was recorded as per the immune Response Evalua-
tion Criteria in Solid Tumors iRECIST).

Statistical analysis

Descriptive statistics were obtained for the demographic
and clinical characteristics of cases. Differences in demo-
graphics, imaging findings, and clinical characteristics
were compared between patients with radiographically
evident immune-related colitis who received single agent
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and multiple agent, using the Fisher’s exact test for cat-
egorical variables. All p values were based on a two-sided
hypothesis. A p value of <0.05 was considered to be statis-
tically significant. All statistical analyses were conducted
using JMP® Software (JMP®, Version 13.0.0 SAS Institute
Inc., Cary, NC, 1989-2007).

Results

Among the 1044 patients who were treated with ICIs, 48
(4.6%) were identified to have clinical symptoms of colitis.
4 patients who did not have available cross-sectional imag-
ing at the episode of colitis were excluded. Of the remain-
ing 44 patients, 34 (3.3%) (24 men, 10 women; mean age:
63.5 years) who had imaging scores of >3 and confirma-
tion of clinical findings were considered to have radiologic
immune-related colitis.

Clinical findings

The breakdown of the specific agents used in single agent
and combination therapy as well as the types of cancer
treated is provided in Table 1. There were 16 (47%) patients
who received single agent therapy (group 1) and 18 (52.9%)
who received combination therapy (group 2).

Clinical manifestations of patients treated with mono-
therapy and combination therapy are described in Table 2.
The median number of days from start of the ICI to pres-
entation of colitis symptoms were 75 days (IQR 25-75,
49.5-216 days) in group 1 and 78 days (IQR 25-75,
44.3-99.5 days) in group 2. Clinical symptoms included
diarrhea (91.1% [31 of 34]), nausea/vomiting (52.9% [18
of 34]) and abdominal pain (52.9% [18 of 34]). None of the
patients had fever but white blood cell count (WBC) was
elevated in 7 of 34 (20.6%) patients. The median WBC count
of patients with elevated levels was 15.3 x 10°/L (range

Table 1 Distribution of monotherapy and combination ICI therapy according to primary cancer type

Median age (IQR 25-75) Gender (%) ICI Number Cancer type
of patients
(%)

Group 1 68.0 years (58.5 — 75.4 years) 10 (62.5%) men  Ipilimumab 7(43.8%) 6 melanoma, 1 leukemia
(mono- 6 (37.5%) women  Niyolumab 5@31.3%) 4 1lung, 1 head and neck
ae_ra%) Pembrolizumab 2(12.5%  1lung, 1 bladder

Atezolizumab 1(6.3%) Urinary bladder
Durvalumab 1(6.3%) Thymoma and urinary bladder
cancer

Group 2 60.9 years 14 (77.8%) men  Nivolumab and ipilimumab 14 (77.8%) 13 melanoma, 1 kidney
(combi- (56.2 - 66.7 years) 4 (22.2%) women  Njyolumab and pembroli- 2(11.1%) 1 melanoma, 1 urinary bladder
nation zumab
E}:ffalpgy)) Ipilimumab and pembroli- 2(11.1%) 2 melanoma

zumab

ICI immune checkpoint inhibitor, QR interquartile range

Table 2 Clinical manifestations,
laboratory findings, and
management of patients

Group 1 (monotherapy) (n=16) Group 2 (combination

therapy) (n=18)

treated with monotherapy and
combination ICI therapy (median; IQR 25-75)
Diarrhea
Nausea/vomiting
Abdominal pain

Fever

Elevated WBC count
Positive stool analysis

Positive colonoscopy

Patients that received steroid treatment

Patients that received antibiotic treatment

Days from start of ICI to colitis symptoms

75;49.5-216 78; 44.3-99.5

14 (87.5%) 17 (94.4%)

6 (37.5%) 12 (66.7%)

6 (37.5%) 12 (66.7%)

0 (0%) 0 (0%)

3 (18.8%) 4(22.2%)

0 (out of 13 performed) 0 (out of 14 performed)
1 (out of 1 performed) 4 (out of 4 performed)
13 (81.2%) 16 (88.9%)

6 (37.5%) 7 (38.9%)

ICI immune checkpoint inhibitor, /QR interquartile range, WBC white blood cell, irAE immune-related

adverse event
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11.4x10°/L-38.3x 10°/L). Stool analysis was performed in
27 of 34 (79.4%) patients with negative result in all patients.
14.7% [5 of 34] of patients had a corresponding colonoscopy
that confirmed colitis.

Within the group 1, 13 of 16 (81%) patients received ster-
oid treatment for their colitis, and 6 of 16 (37%) received
antibiotics. In the group 2, 16 of 18 (89%) patients received
steroids and 7 of 18 (39%) received antibiotics. All patients
except for one had reported improvement in their colitis
symptoms after receiving either or both forms of treatment.

Imaging findings

Table 3 details imaging features of patients. With regards to
imaging features, bowel wall thickening (97% [33 of 34]),
and fluid-filled colon (82.3% [28 of 34]) were the most com-
mon findings in both sets of patients (Figs. 1, 2). 10 of 16
(62.5%) patients who received single agent and 11 of 18
(61.1%) patients who had a combination therapy showed dif-
fuse colitis. 2 of 18 (11%) patients on combination therapy
had SCAD. 7 of 16 patients (43.7%) and 9 of 18 patients
(50%) demonstrated mucosal enhancement pattern. Aver-
age colitis scores based on the imaging were 4.4 and 4.8 for
group 1 and group 2, respectively. Imaging findings did not
differ between group 1 and group 2 (p > 0.05). Only 37.5%
and 50% of radiology reports in the monotherapy and com-
bination therapy groups, respectively, specifically called out
“colitis” in the read.

There was a statistically significant difference between
the two groups in terms of development of additional irAEs
(p=0.046). No patients in the single agent group expe-
rienced concurrent irAEs, but 5 of 18 (27.8%) patients
undergoing combination therapy had documented irAEs.
These irAEs included perineal abscess (nivolumab and
ipilimumab), hepatitis (ipilimumab and pembrolizumab),
pancreatitis and hepatitis (same patient both developed
pancreatitis and hepatitis while treated with ipilimumab and
pembrolizumab), thyroiditis (nivolumab and ipilumumab),
and dermatitis (nivolumab and ipilumumab).

At the time of the diagnosis of immune-related colitis, 15
of 34 (44%) patients had stable disease and 8 of 34 (23%)
patients had partial response, while 8 of 34 (23%) patients
had progressive disease according to the iRECIST (Fig. 3).
Complete response was observed in 1 of 34 (3%) patients.
Response of the underlying disease to ICI therapy was not
evaluable in 2 of 34 (6%) patients.

Discussion

Immune-related colitis is an established complication in
patients treated with ICIs, with potentially life-threatening
outcomes [7, 8]. It has been described as the most common

Table 3 Imaging findings of patients treated with monotherapy and
combination ICI therapy

Group 1 (mono-  Group 2
therapy) (n=16) (combina-
tion therapy)
(n=18)
Bowel wall thickening
None 1(6.2%) 0
Mild (3-5 mm) 7 (43.7%) 7 (38.9%)
Moderate 5-7 mm) 3 (18.7%) 5(27.8%)
Severe (>7 mm) 5(31.2%) 6 (33.3%)
Involvement of length
Focal (<1 segment) 1(6.2%) 4 (22.2%)
Segmental (1-3 segments) 5031.2%) 3(16.7%)
Diffuse 10 (62.5%) 11 (61.1%)
Enhancement pattern
Homogeneous 3(18.7%) 2 (11.1%)
Mucosal 7 (43.7%) 9 (50%)
Layered 1(6.2%) 4 (22.2%)
None 1(6.2%) 1(5.5%)
Not applicable 4 (25%) 2 (11.1%)
Lumen contents
Fluid 12 (75%) 16 (88.9%)
Feces 4 (25%) 2(11.1%)
Blood 0 0
Fat 0 0
Mesenteric change
None 4 (25%) 5(27.8%)
Stranding 6 (37.5%) 8 (44.4%)
Edema 1(6.2%) 0
Fluid 1(6.2%) 0
Stranding and edema 1(6.2%) 2(11.1%)
Stranding and fluid 1(6.2%) 1(5.5%)
Edema and fluid 1(6.2%) 0
Stranding, edema, fluid 1 (6.2%) 2(11.1%)
Mesenteric vessel engorgement 9 (56.3%) 9 (50%)
Free air 2(12.5%) 2(11.1%)
Pneumatosis 2 (12.5%) 0 (0%)
Colitis called on radiology 6 (37.5%) 9 (50%)
report
Other irAEs 0 (0%) 5(27.8%)

ICI immune checkpoint inhibitor, irAE immune-related adverse event

ICI-related gastrointestinal toxicity [4, 9, 10]. In patients
treated with anti-CTLA-4 and PD-1 pathway inhibitors for
various cancers such as melanoma, efficient and accurate
diagnosis of colitis is necessary in order for patients to
receive treatment [11]. Although colonoscopy and biopsy is
often regarded as the gold standard for diagnosis, use of non-
invasive measures can maximize patient safety and benefit.
Beyond identification of clinical features, radiological fea-
tures must also be taken into consideration when assessing
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Fig.1 47-year-old man with melanoma presenting with diarrhea.
Axial contrast-enhanced CT images performed 35 days after initia-
tion of ipilimumab shows bowel wall thickening in transverse colon
(a) and ascending colon (b) with layered enhancement pattern and fat
stranding. Coronal-reformatted contrast-enhanced CT image (c¢) dem-

for the presence and severity of colitis [12]. Garcia-Neuer
et al. investigated CT and demonstrated it to be a reliable
and noninvasive mode of diagnosing colitis in ipilimumab-
treated advanced melanoma patients. They also found that
CT is highly predictive of colitis on colonoscopy and biopsy,
and therefore colonoscopy and biopsy may not be necessary
to establish colitis [13].

Radiographically evident immune-related colitis was
observed in 3.3% of patients treated with ICIs in our study.
A meta-analysis that evaluated the incidence of ICI-related
colitis in solid tumor patients reported the overall incidence
during ipilimumab monotherapy was 9.1% for all-grade coli-
tis whereas it was 1.3% during PD-1/PD-L1 inhibitor mono-
therapy [14]. The relatively lower incidence in our study
might be due to the evaluation of immune-related colitis in

@ Springer

onstrates bowel wall thickening and layered enhancement of cecum
and descending colon with mesenteric vessel engorgement. Coronal-
reformatted contrast-enhanced CT image (d) shows fluid-filled rec-
tum with bowel wall thickening. Findings are consistent with diffuse
colitis

the whole group of patients undergoing ICIs. Additionally,
the inclusion criterion of patients having both clinical and
radiologic findings of immune-related colitis might have led
to the lower incidence.

All patients included in our study had evidence of coli-
tis based on imaging. However, when the reports were ret-
rospectively reviewed, less than half of the CT scan reads
reported colitis, even though characteristic imaging features
existed. This reveals a need for increased awareness among
radiologists of abdominal irAEs. Association of common
features such as a fluid-filled colon, bowel wall thickening,
mesenteric vessel engorgement, fat stranding, free fluid, and
less commonly free air and pneumatosis with colitis with a
diagnosis of colitis must be recognized. Importantly, knowl-
edge that the patient is undergoing cancer treatment with
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Fig.2 40-year-old woman with melanoma presenting with diarrhea
and high WBC count (18.8x 10°/L). Coronal-reformatted contrast-
enhanced CT image performed 45 days after initiation of ipilimumab
and nivolumab shows fluid-filled bowel segments with thickened
walls and mucosal hyperenhancement. The findings are consist-
ent with diffuse colitis. The patient received steroid therapy and the
symptoms resolved

ICIs and experiencing symptoms such as fever and diarrhea
is significant in providing valuable clinical context in guid-
ing radiologists to include the differential of colitis in their
reports. Understanding the temporal presentation of colitis
in relation to ICI therapy can be useful.

Patients in our study experienced colitis and were diag-
nosed within a median of 2 to 3 months of the initiation of
treatment, consistent with reports from other published data
[3, 15, 16]. No difference in this timeframe was appreci-
ated between monotherapy and combination therapy groups
(p=1). Almost all patients in both groups received treatment
for colitis in the form of steroids and/or antibiotics, with 4
also receiving infliximab, with symptomatic improvement
in their colitis, demonstrating that prompt identification and

proper treatment of colitis can help avoid adverse outcomes,
as colitis can be fatal.

Studies have demonstrated that patients receiving combi-
nation ICI therapy are more likely to have a gastrointestinal
event compared with monotherapy patients [17—19]. In our
study, there were 16 patients with immune-related colitis
on single agent ICI and 18 patients on combination therapy.
There have been a few studies in the literature describing
radiologic findings of ICI-related colitis, but to our knowl-
edge, none that compare the prevalence of imaging findings
of colitis in patients that are undergoing single agent with
those receiving combination therapy. Our study showed that
there are no significant difference in terms of imaging fea-
tures of colitis between the 2 groups.

Prior research has also found that the risk of all irAEs,
not just colitis, is increased with ipilimumab and nivolumab
combination therapy [20]. Likewise, in our study, a greater
proportion of patients in the combination therapy group
experienced other irAEs in addition to colitis, encompass-
ing perineal abscess, hepatitis, thyroiditis, hypophysitis, and
dermatitis. No patients in the single agent group had findings
of other irAEs. Clinicians should take care to exclude other
irAEs in patients presenting with immune-related-colitis,
especially those on combination therapy.

Our study has several limitations including its retrospec-
tive design and heterogeneous study population of patients
treated with various ICIs in a single institution. Although
in our study, the diagnosis of immune-related colitis was
based on clinical and radiologic findings, it is difficult to
define the absolute gold standard for the diagnosis of irAEs.
The diagnosis often requires multidisciplinary interactions
among oncologists, radiologists, and pathologists. There-
fore, sensitivity and specificity of radiological diagnosis of
immune-related colitis were not performed.

In conclusion, immune-related colitis occurred in 3.3%
of patients receiving ICIs with bowel wall thickening, fluid-
filled colon and pancolitis being the most common imag-
ing manifestations. Imaging manifestations did not differ
between patients receiving monotherapy or combination
therapy. However, concurrent irAEs were significantly
observed in patients undergoing combination therapy.
Immune-related colitis is often radiographically evident
based on established imaging features, but is not always
called in the report probably due to lack of awareness among
radiologists.
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Fig.3 60-year-old man with melanoma presenting with diarrhea.
Axial contrast-enhanced CT image a shows a metastasis adjacent to
the splenic flexure (arrow). Coronal-reformatted contrast-enhanced
CT image b obtained at the same time demonstrates no signs of coli-
tis. Axial contrast-enhanced CT performed 32 days after initiation
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