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ABSTRACT

Background Colitis is one of the common immune-
related adverse events that leads to morbidity and
treatment discontinuation of immunotherapy. The clinical
presentation, endoscopic and histopathological features
and best management of this toxicity are not well defined.
Patients and methods Patients with metastatic
melanoma who received immunotherapy (programmed cell
death protein 1 (PD1) antibodies, alone or in combination
with a cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) antibody (PD1 +CTLA-4)) and who developed clinically
significant colitis (requiring systemic corticosteroids) were
identified retrospectively from two academic centers.
Clinical data were collected for all patients; endoscopic
and histopathological data were examined in a subset.
Results From May 2013 to May 2019, 118/1507 (7.8%)
patients developed significant colitis; 80/553 (14.5%)
after PD1+CTLA-4, 35/1000 (3.5%) PD1 alone, and three
patients after Ipilimumab (IPI) alone. Combination therapy-
induced colitis was more frequent (14.5% vs 3.5% in PD1
alone, p=<0.0001), had an earlier onset (6.3 weeks vs
25.7 weeks, p=<0.001), was more severe (grade 3/4 69%
vs 31%, p=<0.001), and are more likely to require higher
doses of steroids (91% vs 74%, p=0.01) than PD1 colitis.
Among all patients treated with steroids (N=114), 54
(47%) responded and required no further therapy (steroid
sensitive), 47 patients (41%) responded to infliximab
(infliximab sensitive), and 13 (11%) were infliximab
refractory and needed further immunosuppressive drugs.
Infliximab-refractory patients all had onset within 4 weeks
of immunotherapy commencement and were more likely
to have an underlying autoimmune disease, have higher
grade colitis, and require longer immunosuppression,

yet had similar response and survival than other patients
with colitis. Of 43 (37%) patients re-resumed treatment
with PD1 monotherapy after colitis resolution, 16 (37%)
of whom developed recurrent colitis. Endoscopic and
histopathologic data were available for 64 patients.

Most had left-sided colitis, with an increase in chronic
inflammatory cells and neutrophils within the lamina
propria, an increase in neutrophils in the surface
epithelium, without increased lymphocytes or increased
eosinophils. Infliximab-refractory colitis had a trend
towards more confluent pancolitis with edema, erythema,
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ulceration, and absent vascularity with neutrophilic
infiltration and erosion.

Conclusion Clinically significant colitis varies in
presentation, response to immunosuppression, and
endoscopic/histologic features depending on the
immunotherapy type. Infliximab-refractory colitis occurs
early, is often high grade, and has adverse endoscopic and
histopathologic features

INTRODUCTION

Immunotherapy has revolutionized cancer
treatment in Trecent years. Antibodies
against the immune checkpoints cytotoxic
T-lymphocyte-associated protein 4 (CTLA-
4), programmed cell death protein 1 (PD1)
and its ligand are now important treatments
across oncology. Perhaps nowhere has immu-
notherapy had a greater impact than in mela-
noma, where the 5-year overall survival (OS)
for metastatic patients has improved from
less than 10% to over 50% with combination
immunotherapy' * and adjuvant anti-PD1
therapy has halved the risk of disease recur-
rence.”*

Immunotherapy is thought to primarily
act by augmenting adaptive T cell responses
through inhibition of checkpoints that
control T cell activation and proliferation.”
This results not only in antitumor immu-
nity but also often leads to immune-related
adverse events (irAEs) as a result of aberrant
T cell activation and inflammation in normal
host tissue. While almost any organ of the
body can be affected, colitis is a frequent
and problematic irAE that can result in
morbidity, death and may limit future treat-
ment options.” © While empiric guidelines
suggest that corticosteroids should be used
and are effective in most cases, some patients
require further management with biologics
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(infliximab, vedolizumab), non-selective immunosuppres-
sants (cyclosporin, mycophenolate, mammalian target of
rapamycin (mTOR) inhibitors) or surgery.®? To date, few
studies have described the clinical, endoscopic, and histo-
logic features of colitis, in particular, the frequency and
clinicopathological correlates of steroid-refractory and
infliximab-refractory colitis.'""

In this study, we retrospectively explored the clinical,
endoscopic and histopathological characteristics and
management outcomes of immunotherapy colitis to
identify factors that may direct optimal management
and offer insight into the pathogenesis of this important
and frequent toxicity. In particular, we examined for
features that may be associated with steroid or infliximab-
refractory colitis.

MATERIALS AND METHODS

Patients, treatment, and colitis characteristics

This study was approved by the institutional human
research ethics committee and written informed consent
was obtained from each patient. All patients with mela-
noma treated with anti-PD1 (nivolumab, pembroli-
zumab), anti-CTLA-4  (ipilimumab) monotherapy,
or the combination at Melanoma Institute Australia
(MIA) and Westmead Hospital between May 2013 and
May 2019 were identified retrospectively using the MIA
medical records database. Patients received ipilimumab,
pembrolizumab and nivolumab monotherapy as per stan-
dard approved weight-based or flat doses and schedules.
Combination therapy was given as standard dosing and
schedule ipilimumab (3mg/kg) and nivolumab (1mg/
kg) or ipilimumab (1 mg/kg) and nivolumab (3mg/kg)/
pembrolizumab (2mg/kg or flat dose 200mg) every 3
weeks, the latter ‘low-dose ipilimumab’ was administered
as part of clinical trials." " One patient received ipilim-
umab 100mg every 12 weeks with pembrolizumab 200 mg
3 weekly as per protocol under a clinical trial.*' Patients
who received either anti-PD1 monotherapy (PDI1) or
combination therapy (IPI+PDI) blinded on a clinical
trial were excluded (n=3). Patients who had sequential
treatment with ipilimumab directly followed (within 2
weeks) by anti-PD1 were incorporated into the combina-
tion therapy group for all analyses. Patients treated with
anti-PD1 and other agents (Talimogene Laherparevec
(TVEC), Toll-like receptor 9 (TLR9) agonist, Stimulator
of interfron genes (STING) agonist, etc) on clinical trials
were included in the PD1 monotherapy group.

Patients who developed clinically significant diarrhea/
colitis requiring systemic immunosuppressive therapy
following initiation of immunotherapy (herein termed
colitis) underwent detailed assessment. Baseline charac-
teristics included age, sex, and history of prior autoim-
mune disease. Melanoma history included BRAF/NRAS
(rapidly acclerated fibrosacroma kinase, Neuroblas-
toma RAS viral oncologene homolog) mutation status,
eighth edition American Joint Committee of Cancer
(AJCC) 2 Eastern Cooperative Oncology Group (ECOG)

performance status, lactate dehydrogenase level, prior
systemic therapy, and immunotherapy treatment type
(PD1, CTLA-4, or combination IPI+PD1). Colitis char-
acteristics included time to onset, CTCAE V.5.0 grade,
the timing of diagnostic tests, management (timing of
steroid, dose, and duration of steroid, infliximab, and
other immunosuppressive drugs) and colitis outcome
(resolution and recurrence in those who received further
immunotherapy treatment). Endoscopy reports were
examined and information was collected on bowel prepa-
ration, colitis distribution, and the presence and severity
of inflammation. Tissue sections from colonic biopsies
were examined by a pathologist (RVR) blinded to the
clinical data.

Statistical analysis

The distribution of continuous variables was summarized
as mean/median and range and categorical variables as
frequencies and percentages. The associations between
categorical variables and treatment type were tested using
either the Fisher exact test or the %” test as appropriate.
Clinical outcomes analyzed were objective response
determined as per RECIST V.1.1, OS calculated from
the time treatment initiation to death or censored at last
follow-up, progression-free survival (PFS) calculated from
the time of initiation of treatment to clinical/radiological
progression (unresectable stage IIIC and stage IV mela-
noma), and recurrence-free survival (RFS) defined as the
time of treatment initiation to recurrence (resected stage
III melanoma). All survival outcomes were stratified by
treatment and described using the Kaplan-Meier method.
Survival differences between treatments were tested using
the log-rank test. A p value of <0.05 was considered statis-
tically significant. The analysis was performed on SAS V.9
and GraphPad Prism V.8.

RESULTS

Incidence of colitis

Between May 2013 and May 2019, 1507 patients received
immunotherapy for melanoma; among them, 1000
received PDI monotherapy, 553 IPI+PD1 combina-
tion immunotherapy, either as an initial treatment or
sequentially (92 patients received both treatments) and
46 patients received ipilimumab monotherapy. A total
of 118/1507 (7.8%) patients developed colitis; 80/553
(14.5%) with combination therapy, which was higher
than those with anti-PD1 (35/1000, 3.5%) or ipilimumab
monotherapy (3/46, 6.5%; p=<0.0001, (online supple-
mental table 1). The median follow-up of colitis patients
from the commencement of immunotherapy was 19.41
months (range 0.66-85.66). The patients who developed
colitis were younger than those without colitis (median
age 62 vs 66, p=0.02). Sex did not influence colitis risk
(p=0.62).

Characteristics of patients with colitis
Patients who developed colitis from either PD1 mono-
therapy or combination IPI+PD1 had a median age of
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Figure 1 Time from the commencement of immunotherapy to the onset of symptoms of colitis in weeks with median and
confidence intervals. Time to colitis by immunotherapy regimen (IPI +PD1 in blue vs PD1 in red; p=<0.001). PD1,programmed

cell death protein 1; IPI, ipilimumab.

62, most were men (66%), with good performance status
(ECOG 0 80%), and with no prior history of autoimmune
disease (89%) (online supplemental table 2). The most
frequent additional irAEs in those who developed colitis
included rash (44%), vitiligo (20%), thyroid irAEs (20%),
and hepatitis (20%).

Patients with colitis from combination therapy were
younger than those with colitis from PD1 monotherapy
(median 62 vs 66 years, p=0.02) and were more likely
to have stage IV disease (89% vs 69%, p=0.01), likely
reflecting treatment selection bias, and were more likely
develop thyroid irAEs (27% vs 3%, p<0.01). There were
no differences in sex, performance status, prior history
of autoimmune disease, or the development of other
irAEs between the combination and monotherapy colitis
cohorts.

Clinical features of colitis

The median time to colitis was 6.7 weeks (range 0.5-201.5)
(figure 1). Sixty-four (64/115, 56%) of patients had
grade 3—4 colitis, the remaining 51 patients (44%) had
grade 1-2 (table 1). Approximately half (n=64, 56%) of
the patients underwent endoscopy with 35 (55%) under-
going flexible sigmoidoscopy and 29 (45%) having full
colonoscopies. The median time to endoscopy from the
onset of symptoms was 10 days (range 0-91 days), by
which time 38 (59%) patients had received oral steroids,
20 (31%) had also received intravenous steroids, 2 (3%)
had infliximab, while 4 (6%) had not received any treat-
ment. On endoscopic examination, 33/64 (52%) had
left-sided colon involvement, rightsided involvement
alone was uncommon (3/64, 5%). Fifteen (24%) patients
had pancolitis while 13 (21%) had no visual evidence of
colitis on endoscopy. There was a spectrum in the degree
and pattern of inflammation, vascularity, congestion,
erythema, ulceration, and mucopurulent exudate (table 1
and online supplemental table 3). Histopathologically,

most patients had an increased chronic inflammatory infil-
trate within the lamina propria (85%), which was diffuse
(59%), and with increased neutrophils in lamina propria
(74%) and surface epithelium (70%), without increased
intraepithelial lymphocytes or an increase in eosinophils
in the lamina propria or surface epithelium. There were
no chronic architectural changes in the majority of cases
(61%) and most cases showed no apoptotic cells within
the surface epithelium (69%).

Patients with combination therapy colitis had a shorter
time to colitis (median 6.3 vs 25.7 weeks, p<0.0001) and a
higher grade of colitis (grade 3/4 66% vs 31%, p<0.001)
than those with PD1 monotherapy colitis (figure 1,
table 1). Combination therapy colitis occurred early, the
median onset was 6.3 weeks after the commencement
of therapy, whereas PD1 monotherapy colitis occurred
as late as 202 weeks. The number of immunotherapy
doses to the development of colitis was significantly less
in IPI+PD1 group (median one cycle, range 1-6 cycles)
compared with PD1 colitis group (median eight cycles,
range 1-46 cycles, p<0.0001). Similar proportions of
patients underwent endoscopy in both cohorts. The type
of endoscopic procedure, area of colon affected, degree,
and pattern of inflammation or other endoscopic features
did not differ between combination and monotherapy
colitis. Histopathologically, combination therapy colitis
had a greater degree of neutrophilic crypt infiltrate, but a
lower degree of intraepithelial lymphocytosis than mono-
therapy colitis, and a higher likelihood of erosion (all
p<0.05) (figure 2A-D). Other pathologic features were
similar across both groups.

Management of colitis

All patients with colitis except one (n=114) received
initial treatment with corticosteroids; 78 (69%) patients
commenced with an oral corticosteroid (median
starting dose 75mg/day) and 36 (31%) with intravenous
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Table 1 Features of colitis

Overall (n=115)* PD1 (n=35) IPl+ PD1 (n=80) P value
Time to colitis (weeks) <0.001
Median (range) 6.2 (0.5, 201.5) 25.7 (1.5, 201.5) 6.3 (0.5, 57.6)
Cycles of immunotherapy to colitis, n (%) <0.0001
Median (range) 2 (1,46) 8 (1,46) 1(1,6)
Colitis grade, n (%) <0.001
G1 and G2 51 (44.3) 24 (68.6) 27 (33.8)
G3 and G4 64 (55.7) 11 (31.4) 53 (66.3)
Endoscopic and histopathological features, 64 (56%) 20 (57%) 44 (55%)
n (%)t
Type of endoscopy, n (%) 0.97
Colonoscopy 29 (45.3) 9 (45.0) 20 (45.0)
Sigmoidoscopy 35 (54.7) 11 (55.0) 24 (54.5)
Time to endoscopy (days) 0.11
Median(range) 10 (0-91) 10 (0-37) 13.5 (1-91)
Treatment before endoscopy 0.04
Oral steroid only 38 (59.4) 17 (85.0) 21 (47.7)
Oral + intravenous steroid 20 (31.3) 2(10.0) 18 (40.9)
Steroid + infliximab 2 (3.1) 0 (0.0) 2 (4.5)
None 4 (6.3) 1(5.0) 3 (6.8)
Area of colon affected, n (%) 0.42
Rectum only 4 (6.3) 1(5.3%) 3(6.8)
Sigmoid colon only 14 (22.2) 7 (36.8) 7 (15.9)
Left colon (sigmoid + rectum) 15 (23.4) 4 (20.0) 11 (25.0)
Right colon (includes ileum) 3(4.8) 2 (10.5) 1(2.3)
Pancolon 15 (23.8) 2 (10.5) 13 (29.5)
None 13 (20.6) 4(21.1) 9 (20.5)
Intraepithelial neutrophilic infiltrate, n (%) 0.03
Absent 19 (29.7) 10 (50.0) 9 (20.5)
<5% crypts involved 22 (34.4) 7 (35.0) 15 (34.1)
<50% crypts involved 13 (20.3) 3(15.0) 10 (22.7)
>50% crypts involved 10 (15.6) 0 (0.0) 10 (22.7)
Intraepithelial lymphocytosis, grade 0.01
Absent 43 (67.2) 9 (45.0) 34 (77.3)
Borderline (1-20/100 HPF) 13 (20.3) 5(25.0) 8(18.2)
Severe (>20/100 HPF) 8 (12.5) 6 (30.0) 2 (4.5)
Location of intraepithelial lymphocytosis, n (%) <0.01
Absent 43 (67.2) 9 (45.0) 34 (77.3)
Crypt predominant 12 (18.8) 4 (20.0) 8(18.2)
Crypt and superficial 9(14.1) 7 (35.0) 2 (4.50)
Erosion, n (%) 0.04
Absent 51 (79.7) 19 (95.0) 32 (72.7)
Present 13 (20.3) 1(5.0) 12 (27.3)

*Excluding three patients with ipilimumab only.
TEndoscopic and histolopathological data available on 64/115 patients (56%); 20 (20/35 57%) in PD1 and 44 (44/80, 55%) in IPI+PD1 cohort.
HPF, High power field; IPI, ipilimumab; PD1, programmed cell death protein 1.
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Figure 2 Representative H&E stained sections
demonstrating increased different cellular infiltrates in
colitis patients treated with monotherapy and combined
immunotherapy (IPI+PD1). Representative H&E sections
demonstrating increased different cellular infiltrates in
colitis patients treated with monotherapy and combined
immunotherapy. (A and B) Histopathology image of
colonic biopsy of patient treated with anti-PD1 showing

a diffuse chronic inflammatory infiltrate within the lamina
propria (blue arrow) and an increase in lymphocytes with
the surface epithelium (black arrow). A. H&E x10; B. H&E
x20. (C and D) Histopathology image of colonic biopsy of
patient treated with anti-PD1 and anti-CTLA-4 showing a
diffuse infiltration of neutrophils within the lamina propria
with numerous neutrophilic crypt abscesses (black arrow)
and foci of cryptitis (blue arrow). C. H&E x10; D. H&E x20.
CTLA-4, cytotoxicT-lymphocyte-associated protein 4; PD1,
programmed cell death protein 1, IPl,ipilimumab

corticosteroids  (methylprednisolone, median dose
1000mg/day x3). Fifteen of 79 (19%) patients who
started with oral steroids subsequently received intrave-
nous steroids (table 2). Fifty-five patients (48%) had a
sustained response to corticosteroids and were deemed
steroid-sensitive. The median duration of steroids was
10.9 weeks (range 1.7-66.1 weeks). Infliximab was used
in 60 (52%) patients after a median of 13 days from colitis
onset (range 2-62 days). Most patients (n=46, 77%)
required one dose at 5mg/kg, 14 (23%) had two or more
doses (5-10mg/kg), and most (n=47, 78%) had reso-
lution of colitis and were deemed infliximab-sensitive.
Thirteen (22%) patients failed to respond to infliximab,
were deemed infliximab-refractory, and were managed
with further immunosuppressive drugs. In the infliximab-
refractory group, six patients (6/13,c46%) were treated
with mycophenolate mofetil (median duration 21.3
weeks, range 7.1-34.1 weeks), two patients (2/13, 15%)
received mesalazine (median duration 3.4 weeks, range
2.8-4.0 weeks) and one patient (1/13, 8%) received
azathioprine (duration 5.0 weeks), all of whom had
colitis resolution without later recurrence. Four patients
(4/13, 31%) received cyclosporin (median duration 11.5

weeks, range 6.3—-12.1 weeks), three of them (75%) had
resolution of colitis. One patient (25%) had recurrence
of colitis shortly after cessation of cyclosoprin so was rein-
stituted with resolution of symptoms. One hundred and
ten patients (96%) with colitis ultimately resolved with
medical therapy but 5 (4%) required colectomy, and no
patient died from colitis. A total of 43 patients (37%)
resumed PD1 monotherapy after colitis resolution either
as maintenance therapy while in response or as rechal-
lenge due to disease progression. With further immuno-
therapy, 16 patients (16/43, 37%) had a recurrence of
colitis. Most of these responded to steroids (11/16, 69%)
while 5/16 (31%) required infliximab.

Patients with combination therapy colitis were more
likely to require higher doses of oral steroid (>75mg
prednisolone, 91% vs 74%, p=0.01) and more intra-
venous steroids (54% vs 23%, p<0.01) than those with
monotherapy colitis and be steroid refractory and receive
infliximab (59% vs 37%, p=0.03). When used, inflix-
imab was equally effective in both cohorts and usually
only required a single dose. The duration of steroids
was similar between the two cohorts (10.5 vs 11.3 weeks,
p=0.99). Similar proportions of patients resumed immu-
notherapy following colitis resolution, with similar rates
of colitis recurrence.

Features of steroid-sensitive, infliximab-sensitive, and
infliximab-refractory colitis

In the total cohort of 115 patients with PD1 monotherapy
or combination therapy colitis, 54 (47.4%) were steroid
sensitive, 47 (41.2%) infliximab sensitive, and 13 (11.4%)
infliximab refractory (one patient did not receive steroid
treatment and was excluded from further analysis). The
baseline characteristics and endoscopic and histologic
features are shown in table 3 and online supplemental
table 4. Neither age nor the type of immunotherapy
used was associated with steroid or infliximab respon-
siveness. Thirteen (11%) patients had a history of auto-
immune disease (psoriasis n=7, thyroiditis n=2, Grave’s
disease n=1, inflammatory arthritis n=2, Eaton-Lambert
syndrome n=1). Interestingly, infliximab-refractory
patients were more likely to have an autoimmune disease
(31%) than infliximab-sensitive (6%) or steroid-sensitive
(11%) patients (p=0.05).

Infliximab-refractory patients had higher grade colitis
(G3/4 in 92%) compared with infliximab-sensitive
(72%) or steroid-sensitive (33%) patients (p=<0.001).
Five patients (4.2%) suffered grade 4 colitis and had a
colectomy; three were infliximab refractory, one had
surgery due to colonic perforation and one due to severe
colitis (without steroid). The time to colitis onset was not
different based on the management subgroup, however,
all patients who had infliximab-refractory colitis had
onset within 3.2 weeks. Patients with infliximab-refractory
colitis had a similar maximum daily dose of oral steroids
(275mg, 100%) compared with infliximab-sensitive
colitis (275mg, 96%) and higher than those with steroid-
sensitive colitis (£50mg, 72%, p=<.001), while there was
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Table 2 Management of colitis

Overall (n=115)* PD1 (n=35) IPl+ PD1 (n=80) P value

Initial corticosteroid therapy 0.04
Oral steroid 78 (68.4) 29 (82.9) 51 (63.8)
Intravenous steroid 36 (31.6 1 29 (36.3)

Dose of steroid (max) n (%)t 0.01
<50 mg 16 (14.0) 9 (26.5) 7 (8.8)
>75 mg 98 (86.0) 25 (73.5) 73 (91.3)

Intravenous steroid (methylprednisolone) 0.01
No 64 (55.7) 27 (77.1) 37 (46.3)
Yes 51 (44.3) 8 (22.9) 43 (53.7)

Duration of steroid (weeks), n (%) 0.99
Median (range) 10.9 (1.7, 66.1) 11.3 (1.7, 66.1) 10.5 (2.1, 57.8)

Infliximab 0.03
No 55 (47.8) 22 (62.9) 33 (41.3)
Yes 60 (52.2) 13 (37.1 47 (58.8)

Infliximab doses 0.44
Single 46 (76.7) 11 (84.6) 35 (74.5)
Multiple 14 (23.3 2(15.4 12 (25.5

Further immunosuppression 0.54
No 102 (88.7) 32 (91.4) 70 (87.5)
Yes 13 (11.3) 3 (8.6) 10 (12.5

Reinitiation of PD1 monotherapy, n (%) 0.41
No 72 (62.6) 24 (68.6) 48 (60.0)
Yes 43 (37.4) 11 (31.4) 32 (40.0

Recurrence of colitis, n (%) 0.99
No 99 (86.0) 30 (85.7 69 (86.3)
Yes 16 (14.0) 5(14.3) 11 (13.8)

*Excludes three patients with ipilimumab.
TOne patient did not receive any steroid treatment.
IPI, ipilimumab; PD1, programmed cell death protein 1.

a trend towards a longer median duration of steroid use
in those with infliximab-refractory colitis of 15.4 weeks
versus 11.6 weeks versus 9.2 weeks, respectively (p=0.71).
The PDI monotherapy resumption rate was lower in
the infliximab-refractory cohort (2/13, 15%) than the
infliximab-sensitive (22/47, 47%) and steroid-sensitive
cohorts (19/54, 35%, p=0.08). Most of those who resumed
PD1 monotherapy and had recurrent colitis were in
the infliximab-sensitive cohort (12/16, 75%), while few
steroid-sensitive (3/16, 19%) and infliximab-refractory
(1/16, 6%) patients had recurrent colitis (p=0.01).

The type (colonoscopy vs sigmoidoscopy) and time to
endoscopy from the onset of clinical symptoms were not
different between the colitis management groups (data
not shown). At the time of endoscopy, more patients
with infliximab-refractory colitis had received inflix-
imab (2/9, 22%) and intravenous steroids (4/9, 44%)
than those with infliximab-sensitive and steroid-sensitive
patients (p=0.006). There were neither significant differ-
ences in endoscopic examination between the groups,

including the degree, pattern and area of inflamma-
tion, nor vascularity, congestion (edema), erythema or
ulceration. Infliximab-refractory patients, however, had
a trend to a higher degree of confluent pancolitis with
edema, erythema, ulcers, and absent vascularity. Histolog-
ically, patients with infliximab-refractory colitis had more
marked neutrophilic infiltrate in the lamina propria
(p=0.03) and neutrophilic crypt abscesses (p=0.02) with
erosion (p=0.001), whereas steroid-sensitive colitis tended
to have little to no increase in neutrophils. In general,
there was a trend to a more diffuse chronic inflammatory
infiltrate from steroid-sensitive to infliximab-sensitive and
infliximab-refractory colitis.

Melanoma response and survival

The overall objective response rate (ORR) in those with
advanced melanoma (unresectable IIIC/IV melanoma)
with colitis was 54%; similar between PD1 monotherapy
and combination therapy cohorts (online supple-
mental table 2). The ORR among the steroid-sensitive,
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Table 3 Features of steroid-sensitive, infliximab-sensitive and infliximab-refractory groups

Steroid sensitive Infliximab sensitive Infliximab refractory
Overall (n=115)* (n=54) (n=47) (n=13) P value
Age (years) 0.12
Median (range) 62 (30,92) 64 (37,84) 61 (30,92) 68 (38,76)
Gender, n.(%) 0.28
Male 75 (65.2) 39 (72.2) 27 (57.4) 9 (69.2)
Female 40 (34.8) 15 (27.8) 20 (42.6) 4 (30.8)
History of autoimmune, n (%) disease 0.05
No 101 (88.6) 48 (88.9) 44 (93.6) 9 (69.2)
Yes 13 (11.4) 6 (11.1) 3(6.4) 4 (30.8)
Type of immunotherapy, n (%) 0.09
IP1+PD1 80 (69.6) 32 (59.3) 37 (78.7) 10 (76.9)
PD1 35 (30.4) 22 (40.7) 10 (21.3) 3(23.1)
Colitis grade, n (%) <0.001
G1 and G2 51 (44.3) 36 (66.7) 13 (27.7) 1(7.7)
G3 and G4 64 (55.7) 18 (33.3) 34 (72.3) 12 (92.3)
Time to colitis (weeks) 0.47
Median (range) 6.5 (0.5,145.7) 8.4 (1.5,145.7) 5.5 (0.5, 140.4) 7.8 (3.2,55.3)
Dose of steroid (max), n (%) <0.001
<50 mg 17 (14.9) 15 (27.8) 2 (4.3 0(0)
>75 mg 97 (85.1) 39 (72.2) 45 (95.7) 13 (100)
Intravenous pulse steroid <0.001
No 63 (55.3) 40 (74.1) 17 (36.2) 6 (46.2)
Yes 51 (44.7) 14 (25.9) 30 (63.8) 7 (53.8)
Reinitiation of PD1 monotherapy, n (%) 0.08
No 71 (62.3) 38 (66.7) 25 (53.2) 11 (84.6)
Yes 43 (37.7) 19 (33.9) 22 (46.8) 2 (15.4)
Recurrence of colitis, n (%) 0.01
No 98 (86.0) 51 (94.4) 35 (74.5) 12 (92.3)
Yes 16 (14.0) 3 (5.5 12 (25.5) 1(7.7)
Endoscopic features n=64 n=24 n=31 n=9
Type of treatment to endoscopy 0.006
Oral steroid only 39 (60.9) 18 (75.0) 18 (68.1) 3(33.93)
Oral +intravenous steroid 20 (31.3) 4 (16.7) 12 (38.7) 4 (44.4)
Steroid +infliximab 2(3.1) 0(0.0) 0(0.0) 2 (22.2)
None 3(4.7) 2(8.3) 1(3.2) 0 (0.0
Degree of inflammation, n (%) 0.56
Absent 17 (26.6) 8 (33.3) 7 (22.6) 2 (22.2)
Mild 22 (34.4) 10 (41.7) 10 (32.3) 2 (22.2)
Moderate 23 (35.9) 5 (20.8) 13 (41.9) 5 (55.6)
Severe 2 (3.1) 14.2) 13.2) 0 (0.0)
Pattern of inflammation, n (%) 0.13
Diffuse 19 (29.7) 4(16.7) 13 (41.9) 2 (22.2)
Patchy 17 (26.6) 7 (29.2) 9 (29.0) 1(11.1)
Confluent 11 (17.2) 4(16.7) 3(9.7) 4 (44.4)
Absent 17 (26.6) 9 (37.5) 6 (19.4) 2(22.2)
Continued
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Table 3 Continued

Steroid sensitive

Infliximab sensitive Infliximab refractory

Overall (n=115)* (n=54) (n=47) (n=13) P value
Area of colon affected 0.09
Rectum 4 (6.3) 14.2) 3(9.7) 0 (0.0
Sigmoid 15 (23.4) 7 (29.2) 7 (22.6) 1(11.1)
Left colon 14 (21.9) 4(16.7) 10 (32.3) 0 (0.0
Right colon 3(4.7) 2 (8.3) 1(3.2) 0 (0.0
Pancolitis 15 (23.4) 4(16.7) 5(16.1) 6 (66.7)
None 13 (20.3) 6 (25.0) 5(16.1) 2 (22.2)
Ulcer 0.07
Absent 48 (75.0) 19 (79.2 25 (80.6) 4 (44.4)
Few 7 (10.9) 3(12.5 1(3.2) 3(33.9)
Multiple 9(14.1) 2 (8.3 5(16.1) 5 (55.6)
Histopathology, n (%) n=64 n=24 n=31 n=9
Chronic inflammatory infiltrate, n (%) 0.85
No increase 9(14.1) 5(20.8) 3(9.7) 1(11.1)
Mild/equivocal increase 27 (42.2) 11 (45.8) 12 (38.7) 4 (44.4)
Moderate increase 25 (39.1) 7 (29.2) 14 (45.2) 4 (44.4)
Marked increase 34.7) 14.2) 2 (6.5) 0 (0.0)
Lamina proprianeutrophils, n (%) 0.03
No increase 7 (26.6) 10 (41.7 5(16.1) 2 (22.2)
Mild/equivocal increase 24 (37.5) 10 (41.7 10 (32.3) 4 (44.4)
Moderate increase 9(29.7) 4(16.7 14 (45.2) 1(11.1)
Marked increase 4 (6.3) 0 (0.0) 2 (6.5) 2 (22.2)
Intraepithelial neutrophilic infiltrate, n (%) 0.14
Absent 9(29.7) 11 (45.8 6 (19.4) 2(22.2)
<5% crypts involved 22 (34.4) 9(37.5 9 (29.0) 4 (44.4)
<50% crypts involved 3(20.9) 3(12.5 9(29.0) 1(11.1)
>50% crypts involved 0 (15.6) 14.2) 7 (22.6) 2(22.2)
Neutrophilic crypt abscesses, n (%) 0.02
Absent 40 (62.5) 21 (87.5 15 (48.4) 4 (44.4)
<5% crypts involved 13 (20.3) 3(12.5 7 (22.6) 3(33.3)
<50% crypts involved 8 (12.5) 0 (0.0 7 (22.6) 1(11.1)
>50% crypts involved 34.7) 1(3.8) 2 (6.5) 1(11.1)
Erosion 0.001
Absent 51 (79.7) (100) 22 (71.0) 5 (55.6)
Present 13 (20.3) 0 (0.0 9(29.0) 4 (44.4)

*Excluded one patient who received no steroid treatment.
IPI, ipilimumab; PD1, programmed cell death protein 1.

infliximab-sensitive, and infliximab-refractory groups was
similar at 60% (31/52), 47% (18/38), and 50% (5/10),
respectively (p=0.49, data not shown). After a median
19.24 months, follow-up for the cohort, the l-year and
2-year landmark PFS in those with advanced melanoma
were 60% and 54%, respectively, and PFS was similar
in those with combination and monotherapy colitis
(figure 3A). The median OS for the advanced melanoma
cohort was not reached; 1-year and 2-year OS were 82%

and 70%, respectively, again similar in those with combi-
nation and monotherapy colitis (figure 3C). The RFS for
patients who received adjuvant treatment (resected stage
III) at 1 and 2 years was 71% and 59%, respectively, with
similar results in combination and monotherapy cohorts
(figure 3E). Similarly, PFS, OS (for advanced mela-
noma patients), and RFS (for resected stage III patients)
were similar in the three colitis management groups
(figure 3B,D,F).
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Figure 3 Kaplan-Meier survival curve stratified by immunotherapy treatment type (IPI+PD1vs monotherapy with PD1/
ipilimumab) and colitis management type (steroid sensitive vs infliximab sensitive vs infliximab refractory) for PFS (A and B)
and OS (C and D) (patients with advanced melanoma) and RFS (E and F) (patients receiving adjuvant treatment). (A) PFS by
immunotherapy treatment in patients with advanced melanoma (unresectable IIIC/IV). (B) PFS by colitis management type

in advanced melanoma patients (unresectable IIIC/1V). (C) OS by immunotherapy treatment type in patients with advanced
melanoma (unresectable IIIC/IV). (D) OS by colitis management type in patients with advanced melanoma (unresectable IlIC/
IV). (E) RFS by immunotherapy treatment type in patients receiving adjuvant treatment. (F) RFS by colitis management type in

patients receiving adjuvant treatment. OS,overall survival; PD1, programmed cell death protein 1; PFS, progression-freesurvival;
RFS, recurrence-free survival.

DISCUSSION

This is an important study of patients with clinically
significant colitis (defined at that requiring steroids)

from both PD1 monotherapy and combination PD1 and
CTLA antibodies, with detailed clinical, endoscopic, and
histologic data linked to colitis management outcomes,
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in particular, for infliximab-refractory colitis. We show
that only half of the patients with colitis respond to
steroid therapy and only 80% of steroid-refractory
patients respond to subsequent infliximab. Patients with
infliximab-refractory colitis, approximately 10% of all
colitis patients, develop colitis within 4 weeks of immu-
notherapy commencement and are more likely to have
an underlying autoimmune disease and have higher
grade colitis. They require higher and longer immuno-
suppression, yet have similar cancer survival as those with
steroid-sensitive and infliximab-sensitive colitis. While
most patients with colitis have left-sided colitis with an
increased chronic inflammatory cell infiltrate within the
lamina propria with increased neutrophils in the surface
epithelium and lamina propria, infliximab-refractory
colitis also tends to have more confluent pancolitis with
edema, erythema, ulceration, and absent vascular pattern
with similar neutrophilic infiltration and erosion than
steroid-sensitive or infliximab-sensitive colitis. Interest-
ingly, colitis does not tend to demonstrate predominantly
lymphocyte or eosinophilic infiltrates, rather neutrophilic
infiltrate, suggesting dysregulation of innate immunity.
The incidence of colitis in our cohort was 3.5% on PD1
monotherapy and 14.5% on combination therapy, which
is in keeping with published literature.”” ** Although
‘colitis’ and ‘diarrhea’ are often coded and reported
separately in clinical trials despite likely representing
the same underlying phenomenon. In this study, we
regarded any colitis or diarrhea that warranted systemic
steroid treatment as ‘clinically significant colitis’ to reflect
a more realistic clinical scenario. A previous study of 53
patients has also shown no clear association between
grades of diarrhea and colitis,'® while a recent case series
showed higher use of infliximab in patients with severe
endoscopic findings (by Mayo Endoscopic Score) but
dissociation between clinical symptoms and endoscopic
severity scores, highlighting the importance of endoscopy
when deciding further immunosuppression in steroid-
refractory cases.** Similar to these studies, we observed
that infliximab-treated patients (steroid refractory) tend
to have higher grade colitis (46/60, 77%) and ulceration
on endoscopy (30%) though this did not reach statis-
tical significance (p=0.07). Compared with previous case
series that reported endoscopic and histologic outcomes
on immune-mediated colitis, our cohort had greater
numbers of combination immunotherapy patients
reflecting substantial clinical trial recruitment and a
change in clinical practice over time."? '*10%*
Approximately half of the patients with PD1 mono-
therapy or combination therapy colitis in our cohort
received infliximab for steroid-refractory disease, which
is in line with published case series."’ ' '® Infliximab is
recommended in current guidelines for the steroid-
refractory disease,” and in our series, patients received
this therapy due to ongoing symptoms despite adequate
initial steroid therapy or relapse while tapering. The
choice of immunosuppressive agents in steroid-refractory
cases was decided by the gastroenterologist and medical

oncology multidisciplinary teams. The addition of further
immunosuppressive agents in infliximab-refractory cases
was guided by persistence or recurrence of symptoms
after initial response to infliximab and/or ongoing endo-
scopic evidence of inflammation. The most commonly
used immunosuppressive drug was mycophenolate
(46%) followed by ciclosporin, mesalazine, and azathio-
prine. All patients had clinical resolution of colitis with
these non-selective immunosuppressives, however, alter-
native agents may be more appropriate. A recent multi-
centre case series (28 patients) described the utility of
vedolizumab in immune-mediated colitis.”> The clinical
remission rate in infliximab-refractory cases was 67%
(6/9) with a median of three infusions, compared with
95% (18/19) in cases who were infliximab-naive. Another
single-center case series showed that early introduction
of vedolizumab or infliximab resulted in less hospitaliza-
tion, shorter steroid duration, and fewer steroid taper
failure attempts.'’ Also, a recent case report examined
the utility of janus kinase inhibitor (JAK) tofacitinib for
severe infliximab/vedolizumab refractory autoimmune
colitis with sustained clinical remission.® Regardless of
the use of non-selective immunosuppressives in our study,
OS was similar irrespective of colitis management strategy
(steroids, infliximab, or other drugs) and similar to phase
3 clinical trial data, suggesting that immunosuppression
in patients with significant immune activation (in the
form of colitis) may not impact melanoma outcome.?*#” %

Thirteen patients (13/64, 21%) in our cohort had an
endoscopically ‘normal’ colon despite clinical symptoms
of colitis. Of note, in the infliximab-refractory group,
22% had no visible area of involvement of colon despite
higher grade colitis (grade 3—4, 92%) similar to other
case series.'® ® Further invasive investigations may be
considered in this subgroup of patients to rule out other
pathology such as enteritis. Therefore, caution should be
taken when interpreting ‘normal’ endoscopic findings
that reinforce the importance of clinical severity of symp-
toms at presentation for evaluation and optimization of
therapy. Histopathological characterization of immune-
mediated colitis still largely based on features described
in the inflammatory bowel disease (IBD) spectrum. Inter-
estingly the majority of immune-mediated colitis cases
showed no chronic architectural changes in the crypts,
a key diagnostic feature of IBD. A few case series have
described a pattern of acute and chronic inflamma-
tory changes on histopathology with significant overlap
induced by Immune checkpoint inhibitors (ICIs) similar
to microscopic colitis."*** The pattern of acute, chronic
lymphocytic, or chronic inflammation has a significant
overlap between patients and does not seem to correlate
with the type of ICI used. The most common finding is an
increased chronic inflammatory infiltrate (86% of cases).
We noted significantly increased neutrophilic infiltra-
tion in lamina propria and neutrophilic crypt abscess
in steroid-refractory cases that may be used as a marker
of severity in conjunction with endoscopic and clinical
findings for an earlier switch to infliximab treatment. An
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influx of acute inflammatory cells such as neutrophils is
regarded as a key marker of disease activity in IBD.” An
ongoing area of major research is to investigate whether
immune colitis represents/shares similar pathogenesis to
IBD, wherein active inflammation is postulated to be due
to loss of tolerance to gut microbiota due to the reduc-
tion of regulatory T cell activity.”’ Translational research
delineating the detailed make-up of inflammatory infil-
trates in this setting is required.

About one-third (43/115, 37%) of our cohort resumed
PD1 monotherapy after the initial resolution of colitis. A
total of 16 (16/43, 37%) patients experienced a recur-
rence of colitis of any grade and this was managed as
per current standard management guidelines. A similar
result was observed in a recent multicenter case series that
reported an overall recurrence rate of 34% in a mixed
cohort of patients with cancer following the resumption
of immunotherapy.” Another case series reported a 6%
recurrence rate of all grade colitis in patients with mela-
noma treated with combination immunotherapy after
rechallenge with PD1 monotherapy, while the initial
incidence of all grade colitis was 44%.% Although the
recurrence rate was higher among infliximab treated
patients (9/16, 75%), most responded to the steroid,
with only 30% requiring repeat infliximab. Our study also
reports that patients who experienced immune toxicity
can be rechallenged especially with PD1 monotherapy
if required although infliximab-treated cases should be
cautiously considered.

The results of this study, examining the characteris-
tics and management of immunotherapy colitis, provide
important clinical information as to the success of
steroids, infliximab, and other agents for the manage-
ment of colitis, the likelihood of recurrence in those who
resume PD1 monotherapy. The data suggest that all forms
of colitis share similar histopathological features and are
characterized by a predominance of chronic inflamma-
tory cells and neutrophils. Further research is required to
understand the pathogenesis of immune-mediated colitis,
to predict who is at risk of this toxicity and to enable effec-
tive acute management and prophylaxis.
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