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Abstract
Colitis can be a life-threatening toxicity for patients treated with
immune checkpoint blockade antibodies. With the anticipated
widespread use of these reagents, the timely and accurate diagnosis of immune-related colitis becomes increasingly important.
To better understand the clinical presentation of colitis from
ipilimumab and to assess the use of CT scans of the abdomen/
pelvis as a diagnostic tool, we retrospectively analyzed patients
with advanced melanoma who received ipilimumab at our institution. Ninety nine (33%) of 303 patients developed diarrhea
during therapy, and 46 patients (15%) received corticosteroids for
colitis. Of the patients with diarrhea, 48 (48%) underwent colo-

noscopy and 46 (46%) underwent both CT and colonoscopy. In
the 34 patients (34%) with a CT and biopsy, CT was highly
predictive of colitis on biopsy (positive predictive value 96%),
and the absence of CT ﬁndings was predictive of a negative biopsy
(negative likelihood ratio 0.2). In patients who had symptoms
and CT evaluation, CT was highly predictive of the need for
steroids to reach resolution of symptoms (positive predictive
value 92%, positive likelihood ratio 7.3). We conclude that CT
is a fast, reliable, and noninvasive mode of diagnosing colitis,
whereas colonoscopy and biopsy may not be needed to establish
that diagnosis. Cancer Immunol Res; 5(4); 286–91. 2017 AACR.

Introduction

(and numerically to nivolumab), leading to FDA approval and
increased use of combination therapy with ipilimumab and
nivolumab (5, 6). With increased use of these therapies in a wide
spectrum of cancers, timely and accurate diagnosis of serious and
life-threatening immune-related adverse events (irAE) becomes
critical.
Gastrointestinal irAEs and immune-related colitis can occur at
any time during or after treatment, with 30% to 35% of patients
experiencing mild symptoms and 5% to 8% experiencing moderate to severe symptoms (3, 7). Differentiating between patients
with mild symptoms and those who will progress to severe and
life-threatening colitis is difﬁcult, especially because presentation
can be subtle and easily confused with an infectious etiology.
Given the life-threatening nature of ipilimumab-induced colitis
and the favorable response to steroids if started early, urgent and
accurate diagnosis is essential (8, 9).
Colonoscopy, including biopsy of colonic mucosa, is currently
the only validated diagnostic tool to conﬁrm immune-related
colitis, but physicians are using less invasive methods, such as CT
scans, as a proxy for colonoscopy (10, 11). Intestinal perforation is
a rare, but serious, complication of colonoscopy; patients with
inﬂamed colonic tissues, as occurs in immune-related colitis, are
at increased risk (3, 12, 13). Therefore, accurately diagnosing
immune-related colitis through noninvasive measures, such as
CT scans, would decrease exposure to the potential complications
of colonoscopy. Radiologic assessment has not been previously
correlated with assessment by colonoscopy and biopsy of colonic
mucosa to establish a diagnosis of colitis induced by immune
checkpoint inhibition; however, combined PET/CT studies in
patients with inﬂammatory bowel disease support CT correlation

Immune checkpoint blockade, using mAbs to cytotoxic lymphocyte antigen 4 (CTLA-4) and programmed death 1 (PD-1)
receptors have emerged as effective treatment strategies in solid
and hematologic malignancies (1). CTLA-4 and PD-1/PD-L1 are
negative regulators of T cell–mediated immune responses, and
their blockade leads to an increase in T-cell activation and inﬁltration of tumors. In metastatic melanoma, an mAb to CTLA-4
(ipilimumab) was the ﬁrst drug that demonstrated improved
overall survival in a randomized study, and it has also shown
durable objective responses (2–4). The mAbs to PD-1, pembrolizumab and nivolumab, have also shown survival beneﬁt in
phase III studies in metastatic melanoma (1). The combination
of nivolumab and ipilimumab results in longer progression-free
survival and higher rates of response compared with ipilimumab
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of colitis with endoscopic ﬁndings (14, 15). Validating the effectiveness of CT scans for diagnosing ipilimumab-induced colitis
may decrease time to diagnosis and reduce the risk of bowel
perforation associated with colonoscopy. It would also allow
clinicians to more easily separate patients with mild gastrointestinal symptoms that will resolve on their own from those that may
require steroids for resolution of immune-related colitis.

Materials and Methods
Study design and patient population
This retrospective cohort study was conducted at the DanaFarber Cancer Institute (Boston, MA). To be included in the study,
patients needed a diagnosis of metastatic melanoma, had received
at least one dose of ipilimumab between 2008 and 2015, and had
at least one episode of diarrhea during ipilimumab treatment
(Fig. 1). Patients were considered to have immune-related colitis if
they had biopsy-proven colitis that was not of an infectious

etiology or required steroids for the resolution of their gastrointestinal symptoms. The study was approved by the Dana-Farber/
Harvard Cancer Center Institutional Review Board. We performed
a chart review of the electronic medical records to identify patient
information, including diagnostic and demographic data.
Statistical analysis
The primary goal of the study was to identify characteristics [age,
sex, body mass index (BMI), lactase dehydrogenase (LDH), dosage,
or timing and resolution of symptoms] that were different between
the group of patients who only had gastrointestinal symptoms
compared with the group of patients who developed immunerelated colitis. To test statistical differences between the two groups,
a two-sided Welch t test with a 95% conﬁdence interval was used
for the continuous variables, and a c2 test was used for the
categorical variables. To test for gender differences, a c2 test with
Yates correction was used because of the small sample size of

Assessed for eligibility:
303

Excluded
Patients without GI symptoms: 204 (67%)

Included
Patients with GI symptoms:
99 (33%)

Developed ipilimumab-induced colitis
(Patients with GI symptoms and colitis):
46 (46.5%)

Bowel perforation:
5 (11%)

C. Diff or other infection:
0 (0%)

Did not develop ipilimumab-induced colitis
(Patients with GI symptoms without colitis):
53 (53.5%)

Bowel perforation:
0 (%)

C. Diff or other infection:
1 (1.9%)

Patients received diagnostic testing:
Total: 62 (63%), CT: 46 (46%), colonoscopy/biopsy: 48 (48%)

Colonoscopy/biopsy:
44 (95%)

CT Scan:
30 (65%)

CT Scan and colonoscopy/biopsy:
30 (65%)

CT Scan:
16 (30%)

Colonoscopy/biopsy:
4 (7.5%)

CT Scan and colonoscopy/biopsy:
4 (7.5%)

Figure 1.
Representation of the prevalence of gastrointestinal symptoms, steroid treatment, and bowel perforation in both the conﬁrmed colitis and gastrointestinal symptoms
groups as well as in the total cohort. Prevalence of CT and colonoscopy diagnostic exams is also shown in both groups and in the total cohort. GI, gastrointestinal, C.
Diff, Clostridium difﬁcile.
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females. The mean and SD for each variable and the number and
the percent for each categorical variable were calculated and
reported. The secondary goal was to assess the sensitivity, speciﬁcity, positive and negative predictive value, and positive and
negative likelihood ratios of the CT scans compared with the "gold
standard" of colonoscopy with biopsy. Two methods were used to
identify the validity of the CT scan results. First, for patients who
received both a CT and colonoscopy/biopsy, the biopsy results
were used to validate the CT ﬁndings. For patients who received a
CT and no colonoscopy/biopsy, the CT ﬁndings were validated by
their need to receive steroid treatment for resolution of symptoms.
Patients were conﬁrmed as having immune-related colitis if they
had a biopsy documenting immune-related pathogenesis or needed steroid treatment to manage their symptoms. The analysis was
performed in R, statistical program.

Results
Diagnostic workup of patients who developed diarrhea after
ipilimumab
Of the 303 patients who received ipilimumab, 99 patients
(33%) developed diarrhea. In 46 of these 99 patients, the diarrhea
was attributed to immune-related colitis. Forty three of these 46
patients (93.5%) required corticosteroids for resolution of symptoms (Fig. 1). Sixty two of the 99 patients who reported gastrointestinal symptoms (63%) had further workup with 34 patients
(34%) receiving both a colonoscopy with biopsy and a CT scan.
The CT scan alone was used in 46 patients (46%), and colonoscopy with biopsy was used in 48 patients (48%; Fig. 1). Common
abdomen/pelvis CT ﬁndings included bowel wall thickening
(57%) and air/ﬂuid levels secondary to diarrhea (23%). Only
3% of the patients who were diagnosed with colitis did not have
deﬁned ﬁndings on their CT scans.
Characteristics of patients with gastrointestinal symptoms with
and without immune-related colitis
We compared patients with gastrointestinal symptoms who
were diagnosed with immune-related colitis with those who did
not have colitis (Table 1). Patients with immune-related colitis
were older compared with patients with gastrointestinal symptoms without colitis. They also had received more ipilimumab
doses, and had a shorter interval between doses, than patients
with gastrointestinal symptoms alone. BMI, LDH, and time of
onset of symptoms were similar between the two groups. However, patients with immune-related colitis had signiﬁcantly longer
time to resolution of symptoms than patients with gastrointestinal symptoms only. Fourteen patients required inﬂiximab for
resolution of symptoms. Colitis recurred in 5 patients after
inﬂiximab, with one patient requiring three doses. No patient
with colitis had a concurrent infection with Clostridium difﬁcile or
other pathogenic microbes.
Bowel perforation occurred in 5 of 303 patients (1.7%) treated
with ipilimumab in our cohort. Patients with bowel perforation
were signiﬁcantly older (72.8,  5.45, n ¼ 5) compared with
patients with colitis not resulting in bowel perforation (64.2 
13.61, n ¼ 46; P ¼ 0.012).
Conﬁrmation of CT scans as diagnostic tool for ipilimumabinduced colitis
The diagnostic utility of the CT scan was conﬁrmed using two
methods. First, radiologic ﬁndings on CT scan suggestive of colitis
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Table 1. Characteristics of patients with colitis versus self-limited diarrhea
IpilimumabGastrointestinal
induced
colitis
symptoms
Mean (SD)
Mean (SD)
Subgroup
Total
N
46
53
99
Gender, n (%)
P
Male
31 (67.4%)
34 (63%)
Female
15 (32.6%)
20 (37%)
0.64
Age
65.3 (13.8)
58.13 (13.4)
0.01
BMI
28.4 (4.9)
29.1 (5.9)
0.51
LDH
236.8 (203)
290 (255)
0.25
Number of doses before
3 (1.3)
2.5 (1.2)
0.052
onset of symptoms
Days to onset of
53.6 (35)
72.8 (79)
0.13
symptoms
Days to resolution of
38.3 (29)
6.3 (7.9)
1.23  108
symptoms
Days per dose of
17.9 ( 9.0)
24.7 (21.2)
0.04
ipilimumab (dose
density)
NOTE: Of the 99 patients who developed gastrointestinal symptoms after
receiving ipilimumab, 46 patients were diagnosed with immune-related colitis.
The demographic and clinical characteristics between the two patient groups
(colitis vs. diarrhea not attributed to colitis) are outlined. Bold: signiﬁcant P
values (< 0.05)

(e.g., bowel wall thickening, air/ﬂuid levels, mesenteric stranding)
were correlated with histologic results of colonic mucosal biopsies
(the most deﬁnitive test for the diagnosis of colitis) in the group of
34 patients who had both colonoscopy/biopsy and a CT scan for
evaluation (Table 2: combination CT/biopsy group). Second,
radiologic ﬁndings on CT scan were correlated with effective use
of corticosteroids for the resolution of gastrointestinal symptoms
(strongly suggesting immune-related colitis) in the group of 43
patients who needed steroids for resolution of their diarrhea [all
of whom underwent CT, but only a subset had colonoscopy/
biopsy (CT/corticosteroid group)]. In the CT/biopsy group, the
sensitivity and speciﬁcity of CT to detect colitis was 85% and 75%,
respectively. The positive and negative predictive value of the CT
was 95.8% and 42.9%, respectively. In the CT/corticosteroid
group, the sensitivity and speciﬁcity of CT was of 76.7% and
88.2%, respectively. The positive and negative predictive value of
the CT was 92% and 68.2%, respectively.
Radiographic, endoscopic, and histologic characteristics of
ipilimumab-induced colitis
Diffuse pan-colitis with circumferential wall thickening was a
frequent radiographic ﬁnding, although segmental colitis with
Table 2. Sensitivity and speciﬁcity analysis of CT scans
Subgroup
n
Sensitivity
Speciﬁcity
PPV
NPV
Positive likelihood ratio (LRþ)
Negative likelihood ratio (LR)

CT/biopsy

CT/corticosteroid

34
85.2%
75.0%
95.8%
42.9%
3.3
0.19

47
76.7%
88.2%
92.0%
68.2%
6.5
0.26

NOTE: Analysis of CT scan data in two groups. Biopsy group validated CT
ﬁndings with colonoscopy and biopsy results from patients. Steroid treatment
group validated CT ﬁndings with the need for patients to receive steroid
treatment for resolution of ipilimumab-induced colitis symptoms.
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-New onset ≥ grade 2 diarrhea
-Absence of likely infectious other etiology (stool studies, C. diff, sick contacts)

CT

+ Evidence of colitis on CT

Immune-related-colitis likely. Treat with corticosteroids

Resolution of diarrhea

Start taper of corticosteroids

Persistent diarrhea

No evidence of colitis on CT
Start empiric trial of corticosteroids

Resolution of diarrhea

Persistent diarrhea

Start taper of corticosteroids

Colonoscopy with biopsy

Colonoscopy with biopsy

Figure 2.
The proposed workup of patients presenting with gastrointestinal symptoms who are being treated with checkpoint inhibitors. Ir-colitis, immune-related colitis; C.
Diff, Clostridium difﬁcile.

speciﬁc involvement of ascending, descending, or sigmoid was
also seen. Atypical radiographic presentations of colitis included
diffuse colonic dilation rather than bowel wall thickening. Endoscopic ﬁndings were also variable: They ranged from severe
inﬂammation characterized by deeply ulcerated, congested, and
erythematous mucosa in a continuous and circumferential pattern
to mild, segmental involvement. Histologically, similar variability
was noted, including ulcerated mucosa with crypt apoptosis and
nonnecrotizing granulomas, to mild, active focal colitis.
In the majority of cases, the radiographic, endoscopic, and
histologic diagnoses were consistent. However, in a few cases,
radiologic ﬁndings were not consistent with endoscopic and
pathologic diagnoses: A 44-year-old male with immune-related
colitis had a CT with no evidence for colitis; however, endoscopy
revealed a diffuse area of moderately erythematous mucosa in the
rectosigmoid colon whose pathology showed a moderate active
colitis, focal crypt apoptosis, and nonnecrotizing granulomas. In a
95-year-old female, CT ﬁndings were suggestive of only a mild
colitis; however, colonoscopy revealed a severe colitis with sigmoid ulcerations, with pathology showing moderate colitis.
Endoscopic diagnosis also did not necessarily coincide with
pathologic diagnosis; in a 69-year-old male with immune-related
colitis, a ﬂexible sigmoidoscopy revealed a normal appearing
colonic mucosa, whereas the pathology supported focal active
colitis with a CT suggestive of wall thickening and mild inﬂammatory changes in the sigmoid colon.

Discussion
Immune-related-colitis can be a life-threatening irAE for
patients treated with immune checkpoint inhibitors. With the

www.aacrjournals.org

increased use of these agents, particularly the combination of antiCTLA-4 and PD-1 pathway inhibition in melanoma and other
cancers, timely and accurate diagnosis of colitis will become
increasingly important for oncologists. With this analysis, we
hope to help clinicians distinguish ipilimumab-induced colitis
from self-limited gastrointestinal symptoms in a timely and
noninvasive manner. To this end, we identiﬁed several characteristics that were associated with a greater likelihood of immunerelated colitis compared with self-limited gastrointestinal symptoms and created an algorithm for workup of patients presenting
with gastrointestinal symptoms (Fig. 2). Advanced age, higher
number of doses of ipilimumab, and shorter intervals per dose
(greater dose density) were found to be associated with immunerelated colitis in the 99 patients who had diarrhea and other
gastrointestinal symptoms after treatment with ipilimumab. The
frequencies of diarrhea and colitis in our cohort were similar to
those reported in the literature and between the patients treated
on expanded access protocol and as standard of care in our cohort
(3, 7, 8, 11). Bowel perforation was higher in patients with
advanced age. The increased risk of immune-related colitis and
bowel perforation in older patients may be mediated by immune
deregulation and an increased inﬂammatory response in the aging
gut (16–18). Of note, in a randomized phase II study, severe
gastrointestinal toxicities, including colitis, were found to be
signiﬁcantly less frequent when patients with advanced melanoma were treated with ipilimumab in combination with granulocyte macrophage colony-stimulating factor (GM-CSF) compared
with ipilimumab alone (18). In preclinical models, the promotion of T regulatory cells in the gut mucosa was found to be
dependent on CD103þ mesenteric lymph node dendritic cells
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(DC); generation of these DCs requires GM-CSF (19). Furthermore GM-CSF/ mice develop severe colitis that is prevented
with the administration of GM-CSF, highlighting its role in
mucosal repair (20, 21).
Patients in our cohort with diarrhea and associated symptoms not attributed to immune related colitis had a signiﬁcantly shorter course of diarrhea compared with those who
developed colitis. In addition, a higher number of ipilimumab
doses was associated with a greater likelihood of gastrointestinal symptoms requiring corticosteroid treatment for resolution. The clinical course of gastrointestinal symptoms may help
identifying patients who are at greater risk of developing colitis
requiring steroids for resolution. Concurrently, new insights
into the microbiome could be used to stratify patients. The
aging gut has both physiologic and microbial differences,
which may contribute to increased inﬂammation and immune
deregulation (16, 17). Some evidence suggests that the microbiome inﬂuences both allograft rejection and the efﬁcacy of
immunotherapy and therefore mediates a modulatory effect on
immunotherapy toxicity (22–24). A prospective cohort study
analyzing inﬂammatory markers, such as calprotectin, lactoferrin, M2-PK, and S100A12, as well as a microbiome panel
analysis of patients who have gastrointestinal symptoms and
those who develop immune-related colitis, would be useful in
understanding the biological mechanisms of inﬂammation and
the microbiome in immune-related colitis (17, 25).
We conﬁrm CT as an accurate and noninvasive diagnostic
tool to distinguish immune-related colitis from self-limited
diarrhea. In patients who received ipilimumab and developed
gastrointestinal symptoms, a CT with evidence of colitis had a
96% positive predictive value (PPV) of correctly diagnosing
immune-related colitis using colonoscopy with biopsy as the
benchmark for the diagnosis of colitis. The absence of CT
ﬁndings suggestive of colitis in these patients had a negative
predictive value (NPV) of 43%. Therefore, a CT scan is a
suitable diagnostic tool to make a diagnosis of immune-related
colitis, but cannot reliably rule out the diagnosis. It is notable
though that PPV and NPV were 92% and 68%, respectively,
when the presence or absence of CT ﬁndings suggesting colitis
was measured against the need for treatment to resolve symptoms as a benchmark for the presence of colitis (rather than the
histologic diagnosis), suggesting a higher NPV when using this
clinically arguably more relevant measure of colitis. Although a
spectrum of clinical ﬁndings was noted in immune-related
colitis, the radiographic, endoscopic, and histologic ﬁndings
were generally consistent. However, if the clinical suspicion for
colitis is high and CT ﬁndings do not indicate colitis, the
patient should be empirically treated with corticosteroid
and/or a colonoscopy with biopsy be pursued.
A subset of patients did not receive either of the diagnostic
tests (CT or colonoscopy with biopsy) based on clinician
discretion in our retrospective study. It is conceivable that
patients who did receive both tests may represent a population
with more severe symptoms and thus skew the data toward
favoring the accuracy of a CT scan. However, because we

assessed all patients who developed gastrointestinal symptoms,
we likely also captured all the less severe cases in our analysis. In
addition, patients with most severe symptoms/highest grade
colitis are the patients who would beneﬁt the most from a rapid
and accurate diagnosis without the need for colonoscopy to
start appropriate treatment expeditiously and avoid the risks of
a colonoscopy if possible.
Given the increased use of PD-1 pathway–directed therapy and
the anticipated use of combined PD-1/PD-L1 and CTLA-4 inhibition in melanoma and other cancers, prospective studies validating our retrospective analysis of CT diagnosis of immunerelated colitis are warranted in patients treated with these agents.
However, as immune-related colitis induced by PD-1/PD-L1
inhibitors and combined CTLA-4/PD-1 inhibition presents clinically in much the same way as ipilimumab-induced colitis
(suggesting similar etiology and pathogenesis), it appears reasonable to extrapolate the ﬁndings from our study to other checkpoint inhibitors and checkpoint inhibitor combinations while
prospective data are lacking.
In conclusion, this retrospective analysis indicates that CT of
the abdomen/pelvis may be a fast, accurate, and noninvasive
mode of diagnosing ipilimumab-induced immune-related colitis
and colonoscopy with biopsy may not be needed to ﬁrmly
establish that diagnosis.
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