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ABSTRACT

Colitis is a frequent, clinically-significant immune-related adverse event caused by anti-programmed death-1
(PD-1). The clinical features, timing, and management of colitis with anti-PD-1-based regimens are not well-
characterized. Patients with advanced melanoma that received either anti-PD-1 monotherapy (“monotherapy”)
or combined with ipilimumab (“combination therapy”) were screened from 8 academic medical centers, to
identify those with clinically-relevant colitis (colitis requiring systemic steroids). Of 1261 patients who received
anti-PD-1-based therapy, 109 experienced colitis. The incidence was 3.2% (30/937) and 24.4% (79/324) in the
monotherapy and combination therapy cohorts, respectively. Patients with colitis from combination therapy had
significantly earlier symptom onset (7.2 weeks vs 25.4 weeks, p < 0.0001), received higher steroid doses (median
prednisone equivalent 1.5 mg/kg vs 1.0 mg/kg, p = 0.0015) and experienced longer steroid tapers (median 6.0
vs 4.0 weeks, p = 0.0065) compared to monotherapy. Infliximab use and steroid-dose escalation occurred more
frequently in the combination therapy cohort compared to monotherapy. Nearly all patients had resolution of
their symptoms although one patient died from complications. Anti-PD-1 associated colitis has a variable clinical
presentation, and is more frequent and severe when associated with combination therapy. This variability in
checkpoint-inhibitor associated colitis suggests that further optimization of treatment algorithms is needed.
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Introduction one of the most frequent and morbid irAE. Ipilimumab-related
colitis has been well characterized in melanoma, with a reported
incidence up to 22% and median time to onset of 8 weeks.*” By
contrast, the clinical features of colitis caused by anti-PD-1 based
therapies are not well described. Detailed characterization of anti-
PD-1 associated toxicities is particularly critical since these regi-
mens are approved or being developed for numerous cancers and
in earlier, adjuvant settings.'®™"?

To address this, we retrospectively analyzed patients with
colitis from eight large academic centers. We aimed to char-
acterize the incidence, timing, and clinical features of
immune-related colitis with single agent anti-PD-1 and in
combination with anti-CTLA-4 therapies in advanced mela-
noma. Further, we assessed the efficacy of immunosuppressive
treatment and post-colitis outcomes.

Recent advances in immunotherapy have produced unprece-
dented clinical improvements for patients with melanoma.
Specifically, immune checkpoint inhibitors (ICIs) targeting cyto-
toxic T lymphocyte associated antigen 4 (CTLA-4; ipilimumab)
and programmed death receptor 1 (PD-1; nivolumab, pembroli-
zumab) trigger anti-tumor immunity by releasing potent tumor-
infiltrating T cell responses. Five-year overall survival (OS) has
more than tripled (34% vs historical 10%) for patients with meta-
static melanoma in the past 10 years with single-agent anti-PD-1
therapy.l‘2 However, the enthusiasm for these treatments has been
somewhat tempered by uncommon life-threatening and the
potential for highly-morbid immune-related adverse events
(irAEs). These toxicities are caused by aberrant T-cell activation
targeting normal host tissue resulting in inflammation of the
colon, upper gastrointesintal tract, lung, endocrine glands, skin,

liver and other organs.3’4 In most cases, irAEs are reversible with
prompt corticosteroid treatment or therapy cessation, but fulmi-
nant cases leading to death may occur in up to 1% of patients.””
In particular, colitis, a syndrome primarily characterized by diar-
rhea and less often abdominal pain and hematochezia, remains

Results
Incidence of colitis

From a total of 1261 patients screened from 8 academic centers,
937 patients received anti-PD-1 monotherapy and 324 received
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combination therapy with ipilimumab and nivolumab/pembro-
lizumab. In the entire cohort, 109 (8.6%) patients developed
immune-related colitis. There was an incidence of 3.2% (30/
937) in patients treated with monotherapy compared with
24.4% (79/324) in patients treated with combination ipilimumab
and nivolumab/pembrolizumab (p < 1x107). Rates of colitis are
listed by center (Supplementary Table S1).

Baseline demographics

Of the patients with anti-PD-1 monotherapy-associated colitis,
53.3% were male with a median age of 61.5 (range 33 - 88)
(Table 1). Most patients (73.3%) received prior therapies; 53.3%
were treated with prior ipilimumab and 11.1% with BRAF/MEK
inhibitors. In comparison, for patients with combination therapy
associated colitis, 62.0% were male with a median age of 59
(range 25 - 78). Moreover, most patients (59.5%) did not receive
prior therapy with only 6.3% receiving prior ipilimumab and
15.4% receiving BRAF and/or MEK inhibitors. Both cohorts had
excellent anti-tumor responses with objective response rates of
76.9% and 56.1% for patients treated with monotherapy and

Table 1. Baseline demographics*.

Characteristic Monotherapy (n = 30) Combination therapy (n = 79)

Median age, range 61.5 (33 - 88) 59 (25 - 78)
Male Gender (%) 16 (53.3%) 49 (62.0%)
Median BMI, range 27 (21 - 34) 28 (17 - 47)
Primary types (%)
Cutaneous 19 (82.6%) 54 (72.0%)
Acral 1 (4.3%) 1 (1.3%)
Mucosal 0 (0%) 5 (6.7%)
Uveal 0 (0%) 4 (5.3%)
Unknown primary 3 (13.0%) 7 (9.3%)
BRAF WT, (%) 20 (71.4%) 49 (64.5%)
Prior ipilimumab (%) 16 (53.3%) 5 (6.3%)
Prior BRAF/MEK 3 (11.1%) 12 (15.4%)
inhibitor (%)
Objective response 76.9% 56.1%
rate (%)

* % based off evaluable patients

combination therapy, respectively. Median follow-up after colitis
in this study was 9.7 months.

Onset and diagnosis of colitis

Patients receiving monotherapy developed colitis at a median of
25.4 weeks (range 0.6 — 119.9 weeks), while patients on combi-
nation therapy experienced colitis significantly earlier in their
treatment course, at a median of 7.2 weeks (range 0.7 - 51 weeks;
p < 0.0001) (Figure 1). In the combination cohort, patients
treated with sequential therapy (n = 8) had a later median
onset (18 weeks) than in the concurrent combination cohort
(6.1 weeks). The diagnosis of colitis was confirmed by colono-
scopy and/or radiographic imaging in the majority of cases
(71.9%). In both the monotherapy and combination therapy
cohorts, patients were more likely to have an endoscopic evalua-
tion (monotherapy: 52.2%, combination: 60.3%) than radio-
graphic imaging (monotherapy: 34.8%, combination: 31.5%; all
with abdominal CT or MRI scans). In patients that received
colonoscopy, visual findings of inflammation were seen in
66.7% and 70.5% of patients treated with monotherapy and
combination therapy, respectively. Ulcerations have been pre-
viously linked to steroid-refractory disease, and were seen in
16.7% of monotherapy and 18% combination therapy treated
patient.'> Monotherapy patients that had ulcerations on colon-
scopy had a lower rate of infliximab use (0% vs 50%, p = 0.5),
while combination therapy patients with ulcerations on colon-
scopy had similar rate of infliximab use (62.5% vs 52.7%,
p = 0.7). Biopsies from those colonoscopies revealed pathologic
findings of inflammation (active colitis, cryptitis, inflammatory
cell infiltrates) in 90.9% and 90.7% of monotherapy and combi-
nation therapy patients, respectively (Figure 2). Among 17
patients that had negative visual findings on colonoscopy (i.e.
normal appearing mucosa), biopsy revealed inflammatory
changes in 100% (4/4) and 84.6% (11/13) of patients treated
with monotherapy and combination therapy, respectively.
There was no notable difference in colitis treatment outcomes

Timing of colitis for monotherapy and combination therapy
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Figure 1. Timing of colitis: Represents time from first dose of therapy to date of colitis with interquartile range and median.
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Figure 2. Histologic findings in checkpoint inhibitor colitis may include: a) Minimal epithelial changes with lamina propria edema; b) increased epithelial apoptotic
figures; c) epithelial neutrophilic infiltrate; d) histiocytic aggregates within the lamina propria; e) neutrophilic crypt abscesses; f) ulceration with neutrophilic debris

(H&E, 200x magnification).

for those patients that had normal biopsies or negative visual
findings compared with those with confirmatory results (data
not shown). In cases where radiographic imaging was per-
formed, there were more frequent findings of colitis (wall thick-
ening, enhancement, adenopathy) in patients treated with
combination therapy than those who received monotherapy
(69.6% vs 37.5%) (Figure 3).

Both cohorts frequently experienced grade 3 or higher
colitis (monotherapy: 73.3%, combination therapy: 73.4%)
(Supplementary Table S2). There was one grade 5 event in a
76 year old patient treated with combination therapy. The
patient developed colitis after 2 doses of ipilimumab and
nivolumab. Despite intravenous corticosteroids and inflixi-
mab, he developed ischemic colitis and died after subsequent
complications.

Many patients experienced additional irAEs during their
treatment course with no statistically significant difference in
incidence between the combination therapy and monotherapy
cohorts (60.6% vs. 45.5%, p = 0.21, respectively). The most
common additional irAEs in monotherapy patients were
related to the skin (5), endocrine organs (3), liver (2) and
joints (2), whereas liver (15), endocrine (14), skin (11), lungs
(4) and joints (4) were observed in combination therapy.
Patients treated with combination therapy often experienced
these irAEs before (46.5%) or concurrently (30.2%) with coli-
tis rather than after (27.9%) experiencing colitis, whereas
monotherapy patients experienced irAEs more frequently
before (50.0%) and after (40.0%) than concurrently (20.0%)
experiencing colitis (including several patients who had > 1
additional irAE). By contrast, other severe (grade 3-4) irAEs
occurred more frequently with combination patients than
monotherapy patients (25.6% vs. 10.0%, respectively).

Treatment course of colitis

The course of immunosuppressive treatment for anti-PD-1
associated colitis differed based on the immunotherapy regi-
men. Patients treated with monotherapy received a lower

initial dose of steroids (median 1.0 mg/kg vs. 1.5 mg/kg
prednisone equivalent, rounded to nearest 0.5 mg/kg,
p = 0.0015), and a shorter duration of steroid taper (median
4.0 vs 6.0 weeks, p = 0.0065) compared to patients treated
with combination therapy (Table 2). Furthermore, monother-
apy patients were less likely to require steroid dose re-escala-
tion (23.3% vs 39.2%, p = 0.12) with their initial steroid taper,
or addition of infliximab (30% vs. 44.3%, p = 0.17) although
these results were not statistically significant. Most patients
(74.7%) required hospitalization for the treatment of their
colitis with a similar incidence in both monotherapy (78.3%)
and combination therapy (73.6%).

Immunosuppression was generally well tolerated although
17.4% and 16.9% of patients reported complications related to
steroid use or immunosuppression with monotherapy and
combination therapy-related colitis, respectively. These com-
plications included adrenal insufficiency (n = 5), hyperglyce-
mia (n = 4), musculoskeletal issues (n = 3), volume overload
(n = 2), hypertension, psychosis, insomnia, and clostridium
difficile colitis.

Outcomes of colitis treatment

Nearly all patients (94.4%) had eventual resolution of colitis
symptoms. While most patients experienced symptom resolu-
tion, relapses occurred in a minority of patients from both
groups (monotherapy: 23.3%, combination therapy: 19.0%,
p = 0.56). These relapses occurred more frequently in combi-
nation therapy treated patients when steroid tapers were
shorter than the median duration (33.3% with combination
vs. 14.3% with monotherapy, p = 0.64). However, monother-
apy treated patients appeared more likely to relapse if treated
with less than 1 mg/kg initial steroid dose when compared to
those who received combination therapy (33.3% vs 14.3%,
p = 0.56) although these numbers are small (Figure 4). Only
28.6% monotherapy patients required intravenous treatment
(steroids and/or infliximab), while 53.3% of combination
patients required intravenous treatment. The presence (vs.
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thickening

A: Colonic wall thickening at splenic flexure

B: Wall thickening of descending and sigmoid
colon with engorgement of the vasa recta

C: Wall thickening of several loops of ileum

D: Mucosal hyper-enhancement and bowel wall

Figure 3. Radiographic features of colitis associated with anti-PD-1 therapy: a) colonic wall thickening at splenic flexure; b) wall thickening of descending and
sigmoid colon with engorgement of the vasa recta; ¢) wall thickening of several loops of ileum; d) mucosal hyper-enhancement and bowel wall thickening.

Table 2. Colitis treatment details*.

Monotherapy ~ Combination therapy
Characteristic (n = 30) (n =79)
Grade 3 or higher (%) 22 (73.3%) 58 (73.4%)
Median onset in weeks, range 25.4 (0.6 - 7.2 (0.7 - 51.0)
119.9)
Median mg/kg (prednisone 1.0 (0.5 - 3.5) 1.5 (0.5 - 4.5)
equivalent), range
Median duration of taper (weeks), 4.0 (0.5 - 16.0) 6.0 (1.0 - 30.0)
range
No. requiring dose escalation (%) 7 (23.3%) 31 (39.2%)
No. treated with infliximab (%) 9 30.0%) 35 (44.3%)
No. relapse of colitis (%) 7 (23.3%) 15 (19.0%)
No. rechallenged with PD-1 5 (17.2%) 38 (50.0%)
inhibitor (%)
No. relapsed after rechallenge (%) 1 (20%) 5 (13.2%)
Hospitalizations (%) 18 (78.3%) 53 (73.6%)
Complications related to steroids 4 (18.2%) 12 (16.9%)

(%)
* % based off evaluable patients. Abbreviation: No. = number

absence) of inflammation determined by visual analysis on
colonoscopy, histopathologic evaluation, or radiographic ima-
ging did not predict likelihood of objective response to anti-

PD-1 based therapy, relapse of colitis, or use of infliximab
(Supplementary Table S3).

After resolution, a minority of monotherapy patients
(16.7%) were rechallenged with anti-PD-1 therapy. Of those
5 patients rechallenged, 1 (20%) of patients developed recur-
rent colitis. Interestingly, half (50.0%) of the total combina-
tion therapy group were rechallenged with anti-PD-1
monotherapy, and had a low incidence of recurrent colitis
after rechallenge (13.2%). One patient treated with monother-
apy was rechallenged with combination therapy and had sub-
sequent relapse of his colitis.

Discussion

Immune-related colitis is one of the most common and severe
irAEs associated with anti-PD-1 based therapy. In our study,
we provide a comprehensive clinical description of the inci-
dence, clinical features, real-world diagnostic approaches, and
treatment outcomes from eight large centers. Understanding
the features of this irAE is increasingly important as countless
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Figure 4. Incidence of relapse of colitis based on steroid (a) dose and (b) taper by therapy.

patients across tumor types will receive anti-PD-1 based
therapies in the coming years.

We found that patients treated with combination therapy
had a higher incidence of colitis as compared to those treated
with monotherapy (24.4% vs. 3.2%), similar to previous
reports showing a higher incidence of colitis with combined
PD-1/CTLA-4 blockade.'* While this incidence is higher than
the rate of grade 3-4 colitis reported in clinical trials, it likely
reflects the real-world incidence of clinically-relevant colitis
seen in practice. Despite their similarities, the adverse events
“colitis” and “diarrhea” are often distinguished in published
clinical trials, making the true incidence of this entity more
challenging to determine. Further, in clinical trials, grade 3
colitis/diarrhea (defined as severe abdominal pain and/or > 6
stools above normal) is clearly demarcated from the clinically
significant grade 2 colitis (4-6 stools above baseline). Thus,
we posit that “clinically-relevant colitis” defined as colitis (or
diarrhea) severe enough to warrant systemic steroids, adds
value to a strictly grade-based classification.

The diagnosis of immune-related colitis is often made with
symptomatic criteria although 72% of patients in our study
received radiographic imaging and/or colonoscopy. These stu-
dies were usually performed to rule out infectious causes and
rarely changed the course of therapy, even when negative.
Interestingly, the various findings by radiographic imaging and
histology underscore the heterogeneous nature of this phenom-
enon, which have been similarly described in immune-related
pneumonitis and ipilimumab-related colitis.">™"” In particular,
we noted patients that had no pathologic and radiographic
findings of colitis experienced similar courses as biopsy or radio-
graphic-proven disease. These findings reinforce the notion that
immune-related colitis remains a largely symptomatic diagnosis,
where adjunctive studies are helpful when ruling out competing
diagnoses.

Clinical characterization of immune-related colitis revealed
an impressive difference in the timing of colitis between
immune-checkpoint regimens. Specifically, most patients that
received combination therapy developed colitis before 8 weeks,
while on average colitis occurred much later and in a wide
distribution for monotherapy patients. The rapid and more
predictable onset of colitis with combination treated patients
may be a reflection of ipilimumab-related kinetics, which has
been well described previously.® Interestingly, the patients that
received sequential treatment had a much later onset of colitis
(median 18 weeks), which suggests colitis associated with

concurrent combination therapy may occur even earlier.
Further, colitis due to combination therapy rarely recurred
when anti-PD-1 was re-introduced, suggesting that ipilimumab
was the primary “driver” of these events.'® The aggressive nature
of combination-induced colitis mirror the clinical patterns of
other combination-induced immune-related adverse events
such as myocarditis, pneumonitis, and endocrinopathies.'>"*

Understanding the timing of colitis in anti-PD-1 based
therapy may help to further elucidate the association of clinical
benefit with immune-related adverse events. An abundance of
conflicting data alternatively supports and refutes the claim
that immune-related adverse events portend an objective
response or clinical benefit.>**** Our study illustrates the
importance of timing in this interpretation. While patients in
our study treated with combination therapy had a comparable
response rate (56.1%) to that observed in clinical trials (~ 60%),
the monotherapy cohort had a much higher response rate
(76.9%) than would typically be expected (~ 45%).>
Superficially, these data suggest that immune-related colitis
has prognostic value for patients treated with anti-PD-1 mono-
therapy. However, most monotherapy-related colitis cases
arose long after their initial evaluation of response, suggesting
a selection bias where patients who benefit from therapy
receive much more treatment and live long enough to develop
immune-related colitis. These findings need to be studied in a
prospective setting and further studies are needed to elucidate
any mechanisms linking toxicities with benefit.

The treatment of anti-PD-1-related colitis is largely based
on the guidelines for the treatment of ipilimumab-related
colitis, which recommends weight-based doses of steroids
based on the severity (grade) of colitis. While this algorithm
leads to the resolution of most cases of immune-related colitis,
we noted that there were differences in the rate of relapse
based on the initial steroid dose and length of taper based on
treatment. In general, combination therapy patients appeared
to relapse more frequently, although this may be mitigated by
longer steroid tapers (> 6 weeks). Although these findings
were based on small numbers, it warrants further prospective
investigation of optimized treatment algorithms to minimize
relapses and molecular characterization to understand the
mechanism for steroid-resistant colitis. The importance of
clearly-defined treatment algorithms is highlighted by the
high incidence of hospitalization and complications from
prolonged steroid tapers, which contribute to the financial
toxicity of checkpoint inhibitor therapy.*®
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Given its retrospective nature, the study has several limita-
tions. First, while general guidelines are available to treat
immune-related colitis, there are likely differences in practice
patterns at each institution which may have affected treatment
outcomes (e.g. vigilance assessing symptoms, duration of
tapers, timing of infliximab). However, the bias is likely mini-
mized given the large number of patients from various insti-
tutions included. Second, only patients that received systemic
steroids were included; thus, patients with sub-clinical disease
that were successfully managed with other modalities (inter-
rupting therapy, anti-motility agents) were not captured.
Third, as this study was focused on the development and
treatment of colitis, detailed demographic information were
not collected to identify risk factors. Despite these limitations,
the characterization of the patients with clinically-relevant
colitis addresses pertinent gaps in our understanding of the
most common morbid immune toxicity.

In conclusion, we identified an incidence of approximately
3% and 24% of clinically relevant colitis in anti-PD-1 mono-
therapy and combination therapy patients. Diagnostic find-
ings were diverse regardless of treatment, which emphasize
that colitis remains a largely clinical diagnosis. Furthermore,
the course of colitis associated with anti-PD-1 monotherapy
was generally milder with a later onset, and of shorter dura-
tion requiring a lower initial dose of steroids, less common
dose-escalations, and escalation to infliximab as compared to
colitis due to combination therapy. Ultimately, the study
highlights the need for further optimization of management
for this common immune-related adverse event and under-
standing of the molecular mechanisms that underlie its varied
presentation.

Methods
Patients

We screened all patients with melanoma who received anti-
PD-1 (nivolumab or pembrolizumab) as a single-agent
(“monotherapy”) or in combination with anti-CTLA-4 (ipili-
mumab) (“combination therapy”) at eight participating cen-
ters (n = 1261). Each site had approval from their institutional
review board (IRB) in conformity with the Declaration of
Helsinki prior to screening. From the screened patients, we
identified 109 patients who developed clinically-relevant coli-
tis, due to treatment with anti-PD-1 (n = 30) or combination
PD-1/CTLA-4 blockade (n = 79) and requiring systemic ster-
oids without an alternate etiology. Colitis was determined by
the treating investigator and diagnosed clinically based on the
symptoms defined by the Common Toxicity Criteria for
Adverse Events (CTCAE) criteria of diarrhea (based on num-
ber of stools) and/or colitis (based on symptoms including
abdominal pain, blood in the stool, perforation), with or
without histopathologic confirmationWe defined clinically
relevant colitis as CTCAE grade 3-4 events or persistent
grade 2 events that were treated with corticosteroids.
Combination therapy included concurrent treatment
(n = 71) or sequential treatment with ipilimumab and nivo-
lumab with planned crossover (n = 8). For sequential treat-
ment, patients received at least one dose of ipilimumab and

nivolumab. Patients treated with sequential therapy were
included in the combination therapy cohort since the fre-
quency of irAEs appears similar between sequential and con-
current nivolumab and ipilimumab.>>*’ Patient data was
collected from Georgetown University (n = 13),
Massachusetts General Hospital (n = 29), Moffitt Cancer
Center (n = 19), Northwestern University (n = 10), Roswell
Park Cancer Institute (n = 4), Rutgers University (n = 4),
University of Alabama at Birmingham (n = 9), and Vanderbilt
University Medical Center (n = 21).

Study design

We obtained baseline demographic data including age, sex, weight,
body mass index (BMI), lactate dehydrogenase (LDH), BRAF
mutation status, American Joint Committee on Cancer (AJCC,
7™ ed. 2010) pathologic stage, and prior treatments. Further infor-
mation regarding anti-PD-1 based therapy including type of ther-
apy, timing, and objective response based on RECIST v1.1 criteria
were collected.?® For clinical characterization of colitis, we col-
lected data on time of onset, diagnostic studies (colonoscopy,
biopsy, imaging), management (dose/taper of steroids and use of
infliximab or other agents), and post-colitis outcomes (resolution,
relapses). Prednisone tapers were left to the clinician’s judgement
based on institutional practice. Steroid dose escalation was defined
as any increase in steroids (IV or PO) back to initial dosing or at
least 1 mg/kg. Inflixmab dosing was standard 5 mg/kg, but the
frequency of dosing was left to the discretion of the clinican.
Relapse was defined as substantial clinical worsening based on
symptoms per clinician’s evaluation. Resolution of symptoms was
defined as improvement of diarrhea or colitis to grade 1 or less.
Each case of colitis was graded by the treating investigator based
on the Common Toxicity Criteria for Adverse Events V4.0 for
diarrhea and/or colitis.

Statistical analysis

We compared clinical features of patients with anti-PD-1
monotherapy associated colitis vs. those with combination
associated colitis using Mann Whitney U testing (continuous
variables), chi-square or Fisher’s exact testing (categorical
variables), and log-rank testing (time-dependent variables).
Continuous and categorical variables were described using
means and percentages, respectively. Analyses were per-
formed using GraphPad Prism version 7.
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