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ABSTRACT

Background and aims Immune checkpoint inhibitor

(ICI) enterocolitis is a common immune-related adverse
event and can be fatal, especially when not diagnosed and
treated promptly. The current gold standard for diagnosis
is endoscopy with biopsy, but CT scan is a possible
alternative. The primary objective of this study is to identify
the diagnostic performance of CT in the evaluation of ICl
enterocolitis.

Methods With institutional review board approval, we
conducted a retrospective cohort study of patients who
received ICI therapy between 2015 and 2019 across

a healthcare system. Patients were included if they
underwent both abdominal CT and endoscopy with biopsy
within 3 days. The radiological and pathological diagnoses,
as well as clinical characteristics, were extracted from the
electronic medical record. We calculated the sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) of CT for diagnosing ICI enterocolitis
when compared with tissue diagnosis.

Results Of the 4474 patients screened, 138 met inclusion
criteria. Most common tumor types were melanoma (37%)
and lung cancer (19%). Seventy-four per cent were treated
with antiprogrammed cell death (PD-1)/PD-L1 therapy.
Thirty-nine per cent had signs of enterocolitis on CT scan
and 58% had biopsy-proven ICI enterocolitis. Sensitivity
and specificity of CT were 50% and 74%, respectively. PPV
was 73% and NPV was 52%. Of those with confirmed ICI
enterocolitis, 70% had grade 3 or higher symptoms, 91%
received steroids and 40% received infliximab.
Conclusion The performance of CT scan for diagnosis of
ICI enterocolitis is moderate to poor and does not replace
endoscopy with biopsy.

INTRODUCTION

Immune checkpoint inhibitor (ICI) thera-
pies targeting cytotoxic T lymphocyte antigen
(CTLA)-4, programmed cell death protein
(PD)-1oritsligand (PD-L1) are now approved
for the treatment of over a dozen malignan-
cies.! While these agents can result in durable
responses, they also induce substantial inflam-
matory toxicities.*™* ICI enterocolitis, inflam-
mation of the small intestine and colon, is
one of the most common toxicities and can

1,6

be fatal, especially when diagnosis and treat-
ment are delayed.” ° Endoscopy with biopsy
is the gold standard for diagnosis, allowing
for both macroscopic and microscopic
direct visualization of inflammation, but it
is invasive and resource intensive. Limited
evidence suggests that CT may be an alterna-
tive for diagnosing enterocolitis secondary to
CTLA-4 inhibition, with a sensitivity of 85.2%,
specificity of 75.0%, positive predictive value
(PPV) of 95.8% and negative predictive value
(NPV) of 42.9%.” However, data on the diag-
nostic utility of CT for enterocolitis secondary
to PD-1/PD-L1 blockade are lacking. Despite
the lack of evidence, some current guidelines
recommend imaging as part of the initial
workup for suspected PD-1/PD-L1 enteroco-
litis.*®*

Enterocolitis secondary to CTLA-4 inhibi-
tion is typically dose-dependent, with a rela-
tively predictable time to onset.’ '’ PD-1/
PD-Ll-induced enterocolitis is clinically
distinct, with a more insidious onset, wider
range of presenting symptoms and variable
severity.'! These clinical differences signal
that previous work regarding the diagnosis
of enterocolitis secondary to anti-CTLA-4
therapy may not be generalizable to that from
PD-1/PD-L1 inhibition. As anti-PD-1/PD-L1
therapies have rapidly become standard first-
line treatment for many malignancies, and
are now more commonly administered than
anti-CTLA-4 therapies such as ipilimumab,
data on the optimal diagnostic algorithm
of PD-1/PD-Ll-induced enterocolitis are
needed."”

In this study, we aim to evaluate the diagnosis
of ICI enterocolitis secondary to both CTLA-4
and PD-1/PD-L1 inhibition in a heteroge-
neous population of patients presenting with
variable symptoms and clinical severity. We
compared the diagnostic performance of
CT, as well as endoscopy alone, to the gold
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standard of endoscopy with biopsy. These data provide
a framework for the appropriate diagnostic workup of
possible ICI enterocolitis in real-world clinical practice.

METHODS

Study design and inclusion criteria

We conducted a retrospective cohort study of patients at
the Mass General Brigham healthcare system between
2015 and 2019, following the adoption of a unified elec-
tronic health record (EHR). Patients were identified using
a system-wide data warehouse, the Research Patient Data-
base Registry. Inclusion criteria required patients receive
at least one dose of ICI therapy including anti-CTLA-4
monotherapy, PD-1/PD-L1 inhibition+CTLA-4 antago-
nism and combination chemotherapy-ICI and targeted
therapy-ICI combinations. Patients receiving these agents
on clinical trials were included. Eligible patients under-
went both endoscopy with biopsy (including esophago-
gastroduodenoscopy (EGD), flexible sigmoidoscopy
and colonoscopy) and abdominal CT scan within a
3-day period of each other and within a year of last ICI
dose. Patients were excluded if they did not have both
diagnostic tests, and if no tissue samples were collected
during the upper or lower endoscopy. Repeat CT scans
within the 3-day window were excluded from analysis if
the imaging was not correlated with a clinical change to
avoid duplicate data points.

Data extraction

We used the EHR to extract data on patient character-
istics, including age, sex, tumor type and ICI treatment
course. Diarrhea and colitis grade as per Common Termi-
nology Criteria for Adverse Events (CTCAE) V.5.0 was
determined through provider documentation; where not
recorded, grade was determined by maximum frequency
of bowel movements and severity of colitis symptoms
documented and resolution was determined by improve-
ment in diarrhea and abdominal pain. Dates of symptom
onset, resolution, as well as the colitis-specific treatments
administered were extracted from the EHR. Data on the
diagnostic workup performed—specifically endoscopy
and imaging, including type of scope, date of procedure
and date of CT scan—were collected.

Pathological analysis

Patients were determined to have signs of inflamma-
tion on endoscopy if the finding was documented in the
endoscopic report in the EHR, as assessed by the eval-
uating gastroenterologist. Patients were considered to
have biopsy-proven ICI enterocolitis if there was histo-
logical evidence consistent with ICI enterocolitis on the
tissue sample obtained during endoscopy, as assessed by
the evaluating pathologist. Patients were considered to
have enterocolitis of any etiology if there was histologic
evidence of inflammation, as assessed by the evaluating
pathologist.

Image analysis

Patients were determined to have radiological evidence
of enterocolitis on CT if the diagnosis was noted in
the impression of the radiology report in the EHR, as
assessed by the evaluating radiologist. All imaging was
then reviewed by two expert radiologists using a prede-
signed template of imaging features for diagnosis of
enterocolitis, both independently and in consensus. Both
radiologists were blinded to the initial radiology report
and the final diagnosis. Imaging findings of enterocolitis
included bowel wall thickening, mucosal or mural hyper-
enhancement, pericolonic stranding, fluid-filled loops of
bowel and mesenteric hyperemia. Each scan was given a
consensus score from 1 to 5, with 1 being not enterocolitis
and 5 being definite enterocolitis. Cases with a score of 4
or 5 were considered to be enterocolitis.

Statistical analysis

Biopsy results were used to validate the CT and endos-
copy findings. We assessed the sensitivity, specificity, PPV
and NPV of CT compared with the ‘gold standard’ of
endoscopy with biopsy, as well as endoscopic identifica-
tion of inflammation compared with biopsy results. We
evaluated both the initial imaging diagnosis, documented
on the official radiology report at the time of presenta-
tion and the diagnosis after retrospective blinded expert
review. Test characteristics were assessed for diagnosis of
ICI enterocolitis and enterocolitis of any etiology. The
software package R Studio (V.3.5.2; Vienna, Austria) was
used for the statistical analyzes.

RESULTS

Patient population

Of the 4474 patients who underwent endoscopic eval-
uation after ICI therapy, 229 patients had CT imaging
within 3 days of endoscopy. Of those patients, three
were excluded as imaging did not correlate with a clin-
ical change and 88 were excluded as no biopsy samples
were taken. One hundred and thirty-eight had both
CT scan and endoscopy with biopsy for paired analysis,
representing 127 unique patients (figure 1). Median
age was 65 years and 57% of patients were female. The
most common tumor types were melanoma (37%) and
non-small cell lung cancer (NSCLC; 19%). Seventy-four
per cent of patients were treated with anti-PD-1/PD-L1
therapy, either as monotherapy or in combination with
another oncologic therapy, and 22% were treated with
anti-CTLA-4/anti-PD-1 combination therapy, with the
remaining patients treated with CTLA-4 monotherapy
(table 1).

Presentation and evaluation

Treating clinicians were concerned for ICI enterocolitis
prior to diagnostic workup in most patients (88%). In a
small minority (12%), there was no concern for ICI entero-
colitis documented in the medical record and patients
underwent workup for alternative possible diagnoses,
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Figure 1 Case identification. ICI, immune checkpoint inhibitor.
Table 1 Patient demographics at time of biopsy
Characteristic N %
Total cases*® 138 100
Sex

Male 60 43.48
Female 78 56.52
Age, years
Median 65
IQR 56-72
ICI therapy
Anti-PD-1/PD-L1 102 73.91
Monotherapy 80 57.97
Plus chemotherapy 10 7.25
Plus targeted therapy 12 8.70
Anti-CTLA-4/anti-PD-1 31 22.46
Anti-CTLA-4 5 3.62
Monotherapy 4 2.90
Plus chemotherapy 1 0.72
Malignancy
Melanoma 51 36.96
NSCLC 26 18.84
Genitourinary 15 10.87
Gynecologic 12 8.70
Breast 7 5.07
Hematologic 7 5.07
Othert 20 14.49

*Includes 127 unique patients.

TOther malignancies: squamous cell carcinoma of the head and
neck (6), primary neurologic (4), sarcoma (3), small-cell lung cancer
(8), endocrine (2), gastrointestinal (1), mesothelioma (1).

CTLA-4, cytotoxic T lymphocyte antigen-4; ICI, immune
checkpoint inhibitor; NSCLC, non-small cell lung cancer; PD-1/PD-
L1, programmed cell death 1/programmed cell death ligand 1.

(Enterocolitis on CT)
Biopsy with ICI
( ) enterocolitis
Repeat imaging L (N=62) )
without clinical _
change (N=3) Negative CT
> : Negative biopsy
CT scan and (N=29)
endoscopic biopsy p ,
(N=138) Enterocolitis on CT
> j Negative biopsy
No biopsy taken (N=29)
(N=88) — Negative CT_ )
- - Biopsy with ICI
enterocolitis
L (N=18) J

including esophagitis and gastrointestinal bleeding.
Median CTCAE grade of diarrhea symptoms was 2.14
(IQR 2). Most patients underwent CT imaging with intra-
venous contrast (86%); nearly half (48%) received both
intravenous and oral contrast. Seven per cent received
oral contrast only and 7% had non-contrast CT scans.
Median time from last ICI dose to endoscopy was 25 days.
Most patients underwent flexible sigmoidoscopy, either
alone (49%) or in combination with EGD (12%); others
underwent colonoscopy, either alone (19%) or with EGD
(5%). Fourteen per cent underwent EGD only. Macro-
scopic inflammation was seen on endoscopic evaluation
in 58% of cases (table 2).

Diagnosis and treatment

Fifty-five of the 138 patients (39%) meeting eligibility
criteria had a diagnosis of enterocolitis in the radiology
report. With expert review, the number of patients diag-
nosed with enterocolitis increased to 97 patients (70%).
One hundred and eleven patients (80%) had biopsy
findings consistent with enterocolitis of any etiology;
eighty patients (58% of total) had biopsy-proven ICI
enterocolitis. Of those with biopsy-proven ICI enteroco-
litis, median time to onset of symptoms was 74 days from
start of ICI therapy. Most patients (70%) had grade 3 or
higher colitis symptoms. Relative to CTCAE grade of diar-
rhea symptoms, grade of colitis symptoms was equal in 54
patients (67%), less severe in 5 patients (6%) and more
severe in 21 patients (26%). Nearly all patients (91%)
were treated with steroids; 45% were treated with addi-
tional therapies, including infliximab (40%) and vedoli-
zumab (6%). Median time to symptom resolution was 25
days from documentation of symptom onset (table 3).

Evaluation of endoscopy

The test performance of endoscopy alone was evaluated
in comparison to endoscopy with biopsy. Endoscopic
findings of erythema and ulceration were correlated with
a histologic diagnosis of ICI enterocolitis. The sensitivity
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Table 2 Clinical presentation, radiographic workup and
endoscopic workup

Characteristic N %

CTCAE grade of diarrhea
Grade 0 17 12.32
Grade 1 22 15.94
Grade 2 32 23.19
Grade 3 58 42.03
Grade 4 9 6.52
Grade 5 0 0.00

Clinical suspicion of ICI enterocolitis 122 88.41

Contrast Administered

Intravenous and oral 66 47.82
Intravenous only 53 38.41
Oral only 9 6.52
No contrast 10 7.25
Time from last ICI dose to endoscopy
(days)
Median 25.50
IQR 16-55
Endoscopy type
EGD 20 14.49
Flexible sigmoidoscopy 68 49.28
Flexible sigmoidoscopy/EGD 17 12.32
Colonoscopy 26 18.84
Colonoscopy/EGD 7 5.07
Inflammation on endoscopy 80 57.97

CTCAE, Common Terminology Criteria for Adverse Events; EGD,
Esophagogastroduodenoscopy; ICI, immune checkpoint inhibitor.;

and specificity for endoscopic evaluation alone, without
biopsy, were 71% and 60%, respectively. The PPV was
71% and the NPV was 60%.

Evaluation of CT scan

The test performance of CT scan was evaluated in
comparison to endoscopy with biopsy. Radiographic
findings consistent with enterocolitis, including bowel
wall thickening, mucosal or mural hyperenhancement,
pericolonic stranding, fluid-filled loops of bowel and
mesenteric hyperemia were correlated with a histological
diagnosis of ICI enterocolitis. Based on radiology reports
generated during standard care, the sensitivity and spec-
ificity for CT scan were 50% and 74%, respectively. The
PPV was 73% and the NPV was 52%. Test characteristics
were similar in the subgroups of patients treated with ICI
targeting the PD-1/PD-LI axis, as well as those treated
with anti-CTLA-4 therapy. Expert radiology review iden-
tified 42 additional patients with imaging signs of entero-
colitis, which increased the sensitivity of CT scan to 81%.
The specificity decreased to 45% (table 4). When strat-
ifying based on severity of diarrhea symptoms, CT scan

Table 3 Characteristics of confirmed ICI enterocolitis cases
Characteristic N %

57.97

Confirmed ICI enterocolitis 80

Time from first ICI dose to symptom
onset (days)

Median 74
IQR 40-160

Time from symptom onset to
resolution (days)

Median 25
IQR 13-50
CTCAE grade of enterocolitis
Grade 0 0 0.00
Grade 1 6 7.50
Grade 2 18 22.50
Grade 3 42 52.50
Grade 4 12 15.00
Grade 5 2 2.50
Treatment
PO steroids 12 15.00
Intravenous steroids 61 76.25
Infliximab 32 40.00
Vedolizumab 5 6.25
Antibiotics 4 5.00
Other* 8 10.00

*Other treatments: budesonide (4), cholestyramine (3), abatacept
(2), omeprazole (1).

CTCAE, Common Terminology Criteria for Adverse Events; ICI,
immune checkpoint inhibitor; PO, per os.

had an improved PPV in those with high-grade symptoms
(grades 3 and 4) compared with low-grade (grades 0-2)
symptoms, both in real-world use and after expert review.
However, sensitivity and specificity for both subgroups
were similar to the overall sample (table 5).

We also evaluated the utility of CT scan in diagnosing
enterocolitis of any etiology in this population. Findings
of enterocolitis on imaging were correlated with a histo-
logical diagnosis of enterocolitis. Diagnoses included
ICI enterocolitis, infectious enterocolitis, graft versus
host disease and ischemic colitis. After expert review of
imaging, the sensitivity and specificity for CT scan were
76% and 51%, respectively. The PPV was 86% and the
NPV 37%.

Overall, of the 138 cases evaluated, 18 had a positive
CT and signs of inflammation on biopsy without findings
consistent with ICI enterocolitis. The most common diag-
noses were viral enterocolitis (n=4) and ischemic colitis
(n=3). Twelve cases had a positive CT and no signs of
inflammation on biopsy; most commonly, symptoms and
findings were non-specific, and the final diagnosis was
not determined (n=7). Twelve patients were treated with
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Table 4 Test performance of CT

Sensitivity, % Specificity, % PPV, % NPV, %
Radiology report
All ICI target combinations 50.00 74.14 72.73 51.81
PD-1/PD-LA1 49.02 76.47 67.57 60.00
CTLA-4; CTLA-4/PD-1 51.72 57.14 83.33 22.22
Expert review
All ICI target combinations 81.25 44.83 67.01 63.41
PD-1/PD-L1 80.39 45.10 59.42 69.70
CTLA-4; CTLA-4/PD-1 82.76 42.86 85.71 37.50

CTLA-4, cytotoxic T lymphocyte antigen-4; ICI, immune checkpoint inhibitor; NPV, negative predictive value; PD-1/PD-L1, programmed cell
death protein 1/programmed cell death protein ligand 1; PPV, positive predictive value.

at least one dose of steroids despite biopsies inconsistent
with ICI enterocolitis.

DISCUSSION

In this study, the utility of CT for diagnosis of ICI entero-
colitis was found to be lower than had previously been
reported.” We evaluated the role of CT scan in a hetero-
geneous patient population representing multiple tumor
types and patients treated with both CTLA-4 inhibitors
and PD-1/PD-L1 inhibitors, which is more representa-
tive of real-world ICI use. Notably, median time from ICI
start to symptom onset in this population was 10.5 weeks,
with an IQR of 5-22 weeks. This wide-ranging time to
symptom onset is in keeping with previous work, which
has placed colitis onset from combination PD-1/CTLA-4
therapy at 6-8 weeks and from PD-1 monotherapy at 25.4
weeks, with a range from 0.6 to 119 weeks. This suggests
that we are capturing a representative real-world popu-
lation presenting with similar symptoms in a similar
time course to what has been previously described.''
Patients generally had moderate to severe diarrhea on

Table 5 Test performance of CT stratified by severity of
diarrhea

Sensitivity, Specificity,

% % PPV, % NPV, %
Radiology report
Low-grade 36.67 78.05 55.00 62.75
diarrhea*
High-grade 58.00 64.71 82.86 34.38
diarrhea*
Expert review
Low-grade 83.33 46.34 53.19 79.17
diarrhea
High-grade 80.00 41.18 80.00 41.18
diarrhea

*Low grade includes patients with CTCAE grade 0-2 symptoms. High
grade includes patients with grade 3 and grade 4 symptoms.

CTCAE, Common Terminology Criteria for Adverse Events; NPV,
negative predictive value; PPV, positive predictive value.

presentation. The majority of those diagnosed with ICI
enterocolitis also had severe symptoms based on colitis
grade and treatment response, including the need for
intravenous steroids and second-line therapies including
infliximab and vedolizumab. Importantly, only two-
thirds of patients had concordant grade of diarrhea and
grade of colitis, indicating that severe diarrhea does not
always correspond with severe colitis that might be visible
on imaging. Even after subgroup analysis of those with
severe diarrhea, sensitivity and specificity of CT scan,
both in everyday clinical practice and after expert review,
remained moderate to poor.

We demonstrated the NPV of CT scan in everyday
clinical practice is poor, improving to only 63% from
52% following expert review. Even with careful review
of possible signs of inflammation by expert abdominal
radiologists, CT scan does not capture all cases of ICI
enterocolitis. Poor NPV, especially as defined in a popula-
tion at a large academic cancer center with a high preva-
lence of ICI enterocolitis cases, makes CT scan especially
limited in the workup of diarrhea and suspected colitis,
as negative imaging will not rule out the diagnosis. Taken
together, this work demonstrates that, both in real-
world settings and after review by expert radiologists, CT
currently has limited utility in the diagnosis of ICI entero-
colitis and cannot substitute for endoscopy with biopsy.
As ICI enterocolitis can progress rapidly, with worsening
inflammation and increasing symptom severity if not diag-
nosed and treated promptly, endoscopic assessment with
biopsy should be performed in all patients with suspicion
of this immune-related adverse event.'' '*

Consensus guidelines state that moderate to severe diar-
rhea (CTCAE grades 2—4) coupled with a negative infec-
tious workup is sufficient to begin treatment with steroids,
and even to escalate treatment to infliximab if ulceration
is visible on endoscopy.2 89 Although endoscopic evalua-
tion with biopsy is strongly recommended, it is not neces-
sary prior to steroid initiation. Systemic steroids for the
treatment of ICI enterocolitis are not benign, potentially
abrogating the antitumor response of ICI and leading to
reduced survival.'” As such, the consideration of multiple
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diagnoses and a comprehensive workup should be under-
taken prior to starting immunosuppressive therapy. Here,
we demonstrate that CT alone is an insufficient work up.
A negative CT scan should not rule out the need for GI
consultation and endoscopy with biopsy.

This study has several limitations. It is retrospective
and limited to three hospitals within a single healthcare
system. Although the inclusion of multiple hospitals
allows for more generalizable conclusions, all sites have a
high volume of patients treated with ICI, and therefore,
increased incidence in ICI enterocolitis. They have highly
specialized physicians with ICI expertize, so these results
may not be generalizable to settings with different patient
populations and without access to prompt endoscopic
evaluation. We chose to focus on a heterogeneous patient
population representing many malignancies, therapies
and clinical presentations. Although we believe that this
varied sample provides valuable real-world evidence, the
heterogeneity may obscure important positive relation-
ships between CT scan and diagnosis of ICI enterocolitis,
as was seen previously in a more focused study examining
melanoma patients presenting with diarrhea.” A larger
sample size would allow for more detailed subgroup anal-
ysis and the possible identification of patient populations
for whom CT scan may play a more important role in
diagnosis.

Patients were also evaluated with a range of endoscopic
methods. Patients who only underwent endoscopy of the
upper gastrointestinal tract may have had colonic inflam-
mation and vice versa. Prior work has demonstrated that
alterations in gastric mucosa are associated with ICI injury,
and can be seen more frequently than inflammation in
the colon, suggesting that EGD may be sufficient for diag-
nosis of ICI enterocolitis in many patients.'® In our subset
of patients that underwent EGD only, one patient had
isolated colitis on CT scan without radiographic evidence
of concurrent gastroenteritis. This patient was ultimately
found to have pathological evidence of ICI enterocolitis
in the gastric mucosa. Nevertheless, the lack of consis-
tency of endoscopic methods in this data set may have
resulted in the missed diagnosis of ICI enterocolitis in
some patients.

In patients with suspected enterocolitis, CT remains
important for the exclusion of extraluminal compli-
cations such as perforation and abscess formation in
patients considered clinically at risk but cannot presently
substitute for endoscopy with biopsy. Endoscopy has
the added advantage of the ability to assess the severity
of mucosal inflammation, potentially helping to guide
enterocolitis therapy, although we show that endos-
copy alone cannot substitute for biopsy evaluation.'”
However, endoscopy with biopsy is time-intensive and
resource-intensive and may not be a readily available
diagnostic tool in all settings. Continued exploration of
possible noninvasive biomarkers and previously uniden-
tified radiological signatures will be necessary to advance
the care of patients presenting with concern for ICI
enterocolitis.
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