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Abstract

Introduction: Immune checkpoint inhibitors (ICIs) have become a standard of care in metastatic
renal cell carcinoma (mRCC) but are associated with immune-related adverse events (irAES)
including colitis. Growing evidence suggests proton pump inhibitors (PPIs) increase the risk of
inflammatory bowel disease (IBD). Given the pathophysiological overlap between IBD and ICI
colitis, we sought to evaluate the relationship between PPI1 use and ICI colitis in mRCC patients.

Patients and Methods: We performed a retrospective study of adult patients who received ICI
therapy for mRCC between 2015 and 2018 at University of Texas Southwestern Medical Center
affiliated hospitals. Clinical characteristics, oncological outcomes, ICI colitis details, and PPI use
details were collected by manual chart review. The diagnosis of ICI colitis was made via biopsy
when available, or by clinical criteria (symptoms and response to immunosuppressive therapy)
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when biopsy specimens were unavailable or inconclusive. Univariable and multivariable logistic
regression analyses were conducted to assess the potential contribution of PPIs to ICI colitis.

Results: A total of 176 patients received ICI therapy for mRCC, of which 16 (9.1%) were
diagnosed with ICI colitis. Patients with ICI colitis presented with elevated stool lactoferritin and
calprotectin and a wide range of endoscopic and histologic findings. There were no significant
differences between patients with and without ICI colitis in age, gender, medical comorbidities,
RCC history, and overall survival. However, exposure to ipilimumab and PPl use were more
frequently observed in patients with ICI colitis than those without. In univariable and multivariable
logistic regression analyses, exposure to ipilimumab and chronic use of PPIs >8 weeks were
significantly associated with ICI colitis.

Conclusion: In addition to ipilimumab use, chronic use of PPIs may be associated with ICI
colitis in patients with mRCC.
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Introduction

Immune checkpoint inhibitors (ICIs), used alone or in combination with tyrosine

kinase inhibitors, have improved treatment outcomes of metastatic renal cell carcinoma
(mRCC)14. The ICIs used in RCC target cytotoxic T-lymphocyte antigen-4 (CTLA-4),
programmed cell death protein-1 (PD-1), and its ligand programmed death-ligand (PD-L1)
and are associated with a wide range of immune-related adverse events (irAEs)®. Across
tumor types treated with ICls, the gastrointestinal (GI) tract is one of the most frequently
involved sites of irAEsS. With the increasing use of ICls, ICI colitis is being increasingly
acknowledged”.

To date, several potential risk factors for ICI colitis have been identified. The most robust is
exposure to anti-CTLA-4 therapy, as the incidence of ICI colitis has been shown to increase
in a dose-dependent manner in prospective studies across tumor types®-10, Additional

risk factors have been noted in observational studies. These include Caucasian racell,
pre-existing inflammatory bowel disease (IBD)12:13, use of nonsteroidal anti-inflammatory
drugs (NSAIDs)4, and tumor type with melanoma appearing to have a greater incidence of
ICI colitis relative to mRCC or non-small cell lung carcinoma (NSCLC) in multivariate
analyses®>11.15_ Interestingly, several studies have implicated the composition of gut
microbiome in the development of ICI colitis6-20,

Proton pump inhibitors (PPIs), which have been shown to have dysbiotic effects?:22, are
among the most commonly prescribed medications in the United States and frequently
overutilized?3. Additionaly, PPI use has been associated with the development of
microscopic colitis (MC)242% and IBD26-28, Of note, the endoscopic and histologic
manifestations of ICI colitis are variable, but there is considerable overlap with MC and
IBD29:30, We hypothesized that PPI use among mRCC patients may increase the risk of
developing ICI colitis following ICI therapy.
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Here, we report the incidence, associated risk factors, and clinical outcomes of ICI colitis in
mRCC at two tertiary care centers.

Patients and Methods

Study Design and Data Collection

Endoscopic

Adult patients with a diagnosis of mMRCC who received ICI therapy (nivolumab or
ipilimumab or both) at the William P. Clements Jr. University Hospital (CUH) and Parkland
Health & Hospital System (PHHS) between 2015 to 2018 were identified. Clinical data,
including baseline characteristics, treatment details, irAE details, and oncologic outcomes
(including Overall Survival [OS] and Time to Next Treatment [TNT]) were collected by
independent chart review (J.Y., R.E., N.L., A.A.). Exposure to ipilimumab was defined as
use of ipilimumab at any point in the disease course, including the addition of ipilimumab
to nivolumab monotherapy for progressive disease. PPl exposure was defined as an active
prescription in the medical record, regardless of duration, at any point from 3 months prior
to ICI initiation until ICI colitis, death, or last ICI infusion, whichever occurred first. PPI
dose, duration of use, ordering provider, and indication were recorded. All available PPI
agents including pantoprazole, omeprazole, esomeprazole, rabeprazole, lansoprazole, and
dexlansoprazole were considered.

Patients with suspected ICI colitis were identified by manual chart review by at least two
physicians (J.Y., R.E., N.L). The diagnosis of ICI colitis was made by endoscopy with
pathologic confirmation, or by the following clinical criteria when pathologic examination
was unavailable or inconclusive: (i) consistent clinical presentation and course, including
diarrhea following ICI therapy; (ii) discontinuation of immunotherapy and improvement
with immunosuppressive agents (steroids with/without biologics); and (iii) exclusion of
other causes of colitis, including but not limited to IBD, infectious colitis, radiation-induced
colitis. Colitis severity was graded using the common terminology criteria for adverse events
(CTCAE) v5.0.

and histologic evaluation

All available endoscopic reports were reviewed by a board-certified gastroenterologist
(N.K.) and the gross description was noted. Accompanying colonic biopsy specimens

were reviewed by a dedicated Gl pathologist (L.P), who commented on the presence or
absence of the following features: active inflammation (cryptitis or crypt abscess), basal
lymphoplasmacytotic infiltration, crypt architecture changes, increased epithelial apoptosis,
and intraepithelial lymphocytosis39-31,

Statistical analysis

Continuous variables were summarized as means with standard deviations or medians

with interquartile ranges (IQRs), depending on their distribution pattern assessed by the
Shapiro-Wilk test. Accordingly, statistical analyses were performed using the Student’s t-test
or Mann-Whitney test. Categorical variables were shown as frequencies with percentages
and were analyzed using the Pearson chi-square test. Kaplan-Meier curves were used

to assess unadjusted OS time distribution and were compared using the Log-Rank test.

Clin Genitourin Cancer. Author manuscript; available in PMC 2022 November 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yin et al.

Results

Page 4

Median follow-up time was estimated by the reverse Kaplan-Meier method. Univariable
and multivariable exact logistic regression analyses were used to evaluate the association
between potential risk factors and ICI colitis. Imputation methods were not used as there
were no missing variables in multivariable and univariable analyses. Statistical analysis
was carried out using the SPSS software (version 19.0). A Pvalue <0.05 was considered
statistically significant.

Patient characteristics

We identified 176 adult patients with mRCC who received ICI therapy during the study
period, of which 43 (24.4%) received nivolumab/ipilimumab combination therapy and 133
(75.6%) received nivolumab as the initial ICI therapy (Figure 1). In the latter, ipilimumab
was added directly at disease progression in 41 (23.3%) patients at a median of 9.0 (IQR:
3.0-14.0) months after initiation of nivolumab. Thus, a total of 84 (47.7%) patients had
any exposure to ipilimumab. Twenty-eight (15.9%) patients were identified with diarrhea
or colitis of any cause documented in chart, of which 15 underwent colonoscopy or
sigmoidoscopy and 16 were ultimately diagnosed with ICI colitis by either biopsy (n =

10, 5.7%) or pre-defined clinical criteria (n = 6, 3.4%) (Figure 1).

As seen in Table 1, no statistically significant differences in age, gender, smoking history,
medical comorbidities, RCC history, and IMDC score were noted in patients with and
without ICI colitis. All of the patients who developed ICI colitis in this cohort were of
Caucasian race, consistent with previous findings that Caucasian race is a risk factor for

ICI colitis!™. The proportion of patients with any exposure to ipilimumab was higher among
patients who developed ICI colitis than those who did not, 14/16 (87.5%) versus 70/160
(43.8%) (P=0.001), respectively. In addition, patients with ICI colitis were noted to have

a higher incidence of non-colitis irAEs (n = 10, 62.5%) than those without ICI colitis (n =
63, 39.4%), although this did not reach statistical significance (£ = 0.07). Of note, there were
no events of ICI colitis at the PHHS study site (n = 31, 17.6%) despite similar follow up

at both sites (Supplementary Table 1). It is worth noting that patients treated at PHHS were
more likely to be of non-Caucasian ethnicity (n = 28, 90%) than those treated at CUH (n =
26, 17.6%) (P < 0.001), and less likely to have received ipilimumab during their treatment
course, 7 (22.6%) versus 77 (53.1%) (P = 0.002), respectively (Supplementary Table 1).

Exposure to PPIs

One hundred and four (59.1%) patients had any exposure to PPIs within the study period.
PPI1 use was more frequently observed among patients with ICI colitis than those without,
with 14 (87.5%) patients who developed ICI colitis having had PPI exposure versus 90
(56.3%) patients without ICI colitis (P= 0.015) (Table 1). There was no difference in

the frequency of PPI exposure between Caucasians and non-Caucasians, 76/122 (62.3%)
versus 28/54 (51.9%) (P=0.19). Among all patients who received PPIs, the most frequent
indication was gastroesophageal reflux disease (GERD) (n = 53, 60.0%), followed by Gl
prophylaxis while on steroids for indications excluding ICI colitis (n = 18, 17.3%) (Figure
2A). Of note, the indication for PPI use was either unspecified or for non-specific symptoms
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(nausea, diarrhea, etc.) in 24 (23.1%) patients. The most common ordering provider among
this cohort was at an outside institution or unspecified for 50 (48.1%) patients (Figure 2B).
Oncologists were the ordering provider for 28 (26.9%) patients. Of patients with exposure to
PPIs, 87 (83.7%) used PPIs for a duration of greater than 8 weeks, which is the duration of
empiric therapy suggested for most common indications (Figure 2C)32:33,

Clinical manifestations and outcomes of IClI colitis

Sixteen (9.1%) patients developed ICI colitis (Table 2). The median time of onset of ICI
colitis from start of ICI therapy was 3.0 (IQR:1.0-9.0) months. Stool lactoferrin and stool
calprotectin were positive in all cases for which they were available, 15 (94%) and 14
(87.5%) patients respectively. Seven (43.8%) patients presented with grade 3 ICI colitis
requiring hospitalization, however no deaths related to ICI colitis were observed. ICls were
suspended in all patients who developed ICI colitis. All patients received steroids and 3
(18.8%) patients required infliximab. All patients had resolution of diarrheal symptoms at
a median duration of 8.5 (IQR: 5.0 — 14.0) days following onset of symptoms. ICI was
restarted in 6 (37.5%) patients at a median of 10.0 (IQR: 7.5-14.5) weeks after the onset of
symptoms, of these patients 5 (83.3%) had recurrence of ICI colitis. There was no difference
in TNT or OS between patients with and without ICI colitis in this cohort (Figure 3).

In the 14 patients who developed ICI colitis and had PPI exposure, the most common PPI
indication was GERD (n = 12, 85.7%) followed by stress ulcer prophylaxis (n = 2, 14.3%).
The duration of PPI exposure varied, but 13 (92.9%) received PPIs for 8 weeks or more, for
a median duration of 19.5 (IQR 5.3-31.8) months (Table 2). Two of the 16 (12.5%) patients
who developed ICI colitis had no prior PPI exposure. These patients developed grade 111
colitis and had a similar clinical course to the overall cohort.

Endoscopic and histologic findings

Ten (62.5%) patients with ICI colitis underwent colonoscopy or sigmoidoscopy, with 8
(80%) undergoing endoscopic evaluation within 15 days of symptom onset. Consistent with
previous reports3134, a wide range of endoscopic findings were noted (Table 2, Figure
4A-D). A normal gross appearance was the most common endoscopic finding (n=5, 50%)
(Figure 4A). Other endoscopic findings included focal inflammation (n=2, 20%) (Figure
4B-C) and diffuse inflammation (n=3, 30%) (Figure 4D). Of 10 patients with colonic
biopsies, the most common patterns of injury were active colitis with increased epithelial
apoptosis (n=4, 40%), non-specific colitis (n=4, 40%), and a lymphocytic colitis pattern

(n =1, 10%) (Table 2). One patient had normal histologic findings, but it is worth noting
that this patient underwent endoscopy ~60 days post colitis onset and after having received
therapy. Neutrophilic cryptitis (n = 7, 70%) (Figure 4E) with concomitant crypt abscess (n
=4, 40%), and mild intraepithelial lymphocytosis (n = 7, 70%) were commonly observed.
Basal lymphoplasmacytosis was observed in two cases, with expansion of the lamina propria
seen in one case (Figure 4F). Increased apoptosis in crypts was seen in 6 cases (Figure 4G).

Logistic regression analysis

We performed univariable analyses in order to identify potential predictors of ICI colitis
in this treatment population. This identified Caucasian race (OR: 11.3, 95% ClI [2.37-00],
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P=0.004), combination of ipilimumab and nivolumab as the initial regimen (OR: 4.71,
95% CI [1.44-16.08], A= 0.009), exposure to ipilimumab at any time (OR: 8.91, 95%

Cl [1.95-83.31], A= 0.002), any PPI exposure (OR: 5.4, 95% CI [1.18-50.55], P=

0.024) and chronic PPl exposure >8 weeks (OR: 8.06, 95% CI [1.76-75.33], A= 0.003)

as significantly associated with an increased risk of developing ICI colitis (Table 3).
Variables with a £< 0.2 in univariable analyses were included in multivariable analyses,
inasmuch as collinearity was limited (Table 3). Variables removed due to collinearity in
our final model included any PPI exposure (versus chronic >8 weeks) and ipilimumab

and nivolumab combination therapy (versus any ipilimumab exposure). In our multivariate
model, Caucasian race (OR 8.68, 95% CI [1.71-00], £=0.020), exposure to ipilimumab
(OR: 7.21, 95% CI [1.46-70.63], A= 0.009), and chronic PPI exposure >8 weeks (OR: 6.9,
95% CI [1.36-68.86], 2= 0.013) retained statistical significance (Table 3).

Discussion

In this study we report the incidence, clinical outcomes, and risk factors associated with
ICI colitis in mRCC. With the approval of combination immunotherapy with PD-1 and
CTLA-4 inhibitors as the first-line therapy in mRCC, the incidence of ICI colitis has
predictably increased10. The rate of ICI colitis in our cohort was 9% (16/176), similar to
rates previously observed given the degree of ipilimumab exposure in our cohort (48%)°.
ICI therapy was interrupted in all patients who developed ICI colitis and all received
immunosuppressive therapy. Fortunately, there were no deaths attributed to ICI colitis and
all patients ultimately had resolution of their symptoms.

Consistent with prior reports, we identified a statistically significant correlation between
Caucasian race and ipilimumab use with the development of ICI colitis®8.11, Furthermore,
our results suggest chronic PPI use may be associated with the development of ICI colitis.

In the present study, 104 (59%) patients had exposure to PPIs in the study window, of

which 87 (83.7%) had chronic exposure to PPIs > 8 weeks. Of note, the indication for

PPI1 use was unknown or inconsistent with professional guidelines in roughly 20% of
patients. In multivariate analysis including ipilimumab exposure, race, sex, and development
of non-colitis irAEs, chronic PPI exposure retained statistical significance. Our findings
extend those from a recent study by Zou et al., which showed PPI use is a risk factor for
chronic immune-mediated diarrhea and colitis (defined as persistent or recurrent symptoms,
or persistent histologic inflammation >3 months)3°. To date, several GI inflammatory
diseases have been reported to be associated with PPI use. Early life exposure to PPIs is
associated with an increased risk of subsequent IBD26, and PPI use is associated with an
increased risk of hospitalization for IBD flare2’-28, Furthermore, several large observational
studies have noted a correlation between PP use and the development of MC24:25:36,
Pathophysiologically, MC and IBD share some features with ICI colitis as they are all the
manifestation of immune deregulation. Moreover, ICI colitis has overlapping endoscopic
and histologic features with IBD and MC29:30:37_ Of the patients with colonic biopsies in our
cohort, two developed a pattern similar to IBD, and a single patient developed a lymphocytic
pattern which is a common pattern of injury seen in the lymphocytic colitis subtype of MC.
Non-specific inflammatory patterns were seen in most patients. Our findings are consistent
with previous reports suggesting histologic overlap of IBD, MC, and ICI colitis.

Clin Genitourin Cancer. Author manuscript; available in PMC 2022 November 28.
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The precise mechanism of PPI exposure and increased risk of ICI colitis remains unknown,
but one possibility is that the dysbiotic effects of PPIs play a role21:22:38_ The relationship
between the colonic microbiome, response rates to ICl, and development of ICI colitis
have begun to be described!6:18.20.39 patients with and without ICI colitis have distinct
gut microbiome signatures at baseline?°. In animal studies, Bifidobacterium alleviates Gl
toxicity caused by anti-CTLA4 therapyl’, and a recent case study demonstrated that fecal
microbiota transplantation may be effective in treating patients with refractory ICI colitis
with expansion of Bifidobacterium observed after transplantation8. PPIs are known to
alter the composition of gut microbiome, albeit the precise impact on intestinal flora is
variable?1:22:38 |t is possible that PPl-induced decrease in Bifidobacterium species may
contribute to ICI colitis3840, Another plausible mechanism is that PPI use results in a
deficiency of micronutrients which could have a protective role. For example, a recent
retrospective study of melanoma patients treated with ICI therapy identified vitamin D
intake as protective against development of ICI colitis, highlighting the role specific
nutrients may play in reducing risk of ICI colitis*1. Inasmuch as the present study

is retrospective in nature, the underlying diseases for which PPIs were administrated

are confounders. While this is a possibility, it is less likely, however, since an inverse
relationship between GERD and both MC or IBD has been observed#2, and in our cohort,
GERD was the most common indication for PPl use among patients who developed ICI
colitis.

In addition to the possibility of variables, this study has other important limitations. This

is a retrospective study with a relatively limited sample size that evaluates a single tumor
type. Thus, it is unclear if our findings can be extrapolated to other tumor types. This

can also be a strength, however, as underlying tumor type has been shown to correlate

with risk of ICI colitis in several studies®-11:15, By evaluating ICI colitis in RCC only, the
potential confounding role of underlying tumor type is reduced. We were also limited by
sample size for some of the patient characteristics evaluated, preventing a detailed analysis
of these variables and their relationship with ICI colitis. Specifically, there were no events
of ICI colitis in non-Caucasian patients in this study or at one of our study sites, PHHS,

a local safety-net hospital. This may be the result of treatment pattern differences between
the two sites, as the number of patients who received ipilimumab, a known risk factor for
ICI colitis, was significantly higher at CUH relative to PHHS (Supplementary Table 1).
Additionally, the majority of non-Caucasian patients in our cohort were treated at PHHS,
and thus were less likely to have received ipilimumab. Patients at PHHS were noted to have
non-ICIl-mediated colitis, and both groups had a similar median follow-up duration of over
2 years, so differences in symptom reporting are less likely. Finally, we did not analyze the
diet and microbiome of patients at baseline and at the time of ICI colitis, though these would
be important analyses to consider in the future.

Despite these limitations, our findings suggest that chronic PPl exposure is associated with
an increased risk of ICI colitis. Beyond potential risk of ICI colitis, there are other emerging
safety concerns with chronic PPI use, including Gl disorders as well as malabsorption of
minerals and micronutrients25-2743:44 Fyrthermore, increasing evidence suggests that PPI
use may have a negative impact on the efficacy of immunotherapy*>~47. It is not clear if
these adverse effects are dependent on the dose or type of PPI agent, though increasing
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duration of PPI use (> 8 weeks vs < 8 weeks) appears to carry increased risk of ICI colitis.
This study reinforces the notion that clinicians should frequently reassess the risks/benefits
of PPI use, avoid unnecessary use, and utilize alternative therapies if possible®8.
Conclusion

In conclusion, we identified chronic PPI exposure >8 weeks and anti-CTLA4 therapy as
potential risk factors for ICI colitis in mRCC. Additional studies are needed to confirm these
findings, however, given the mounting evidence of adverse effects from chronic PPI use,
clinicians should frequently reassess the need for PPI use in mRCC patients undergoing ICI
therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Adult patients who received ICI therapy
for mMRCC between 2015-2018 n=176

First ICI exposure

Nivolumab+Ipilimumab Nivolumab
n=43 (24.4%) n=133 (75.6%)

Ipilimumab added at No Ipilimumab added
progression n=41 (23.3%) n=92 (52.3%)

Diarrhea or colitis of any
etiology n=28 (15.9%)

IBD n=2

Infectious colitis n=4
Radiation-induced colitis n=1
Other etiologies n=5

Diagnosis of ICI colitis
n=16 (9.1%)

Biopsy-confirmed Clinical diagnosis
n=10 (5.7%) n=6 (3.4%)
Figure 1.

Flowchart showing identification of patients with ICI colitis. Clinical diagnositic criteria

for ICI colitis included diarrheal symptoms, consistent stool studies, discontinuation of ICI
therapy, treatment with steroids or other immunosuppressive therapy, and exclusion of other
colitis etiologies. Nivolumab was used as a single agent in 133 patients, either as a second or
later line therapy (n=127) or in the context of a clinical trial (n=6). ICI: immune checkpoint
inhibitor, mRCC: metastatic renal cell carcinoma, IBD: inflammatory bowel disease.
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A Not specified B Primary care
(n=8, 7.7%) (n=5, 4.8%)
Others
(n=16, 15.4%)’ Oncology /
(n=28, 26.8%) [
GERD Stress ulcer prophylaxis
(=53, 60.0%) in ICU (n=5, 4.8%)

Stress ulcer prophylaxis
for steroids used for :
indications excluding ICI colitis s e

(n=18, 17.3%) Medicine/ICU
(n=13,12.5%) Others

(n=8, 7.7%)

PUD GIB
(n=2, 1.9%)(n=2, 1.9%)

Figure2.
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c <1 week
(n=9, 8.7%)
1-8 weeks
(n=8, 7.7%)

Qutside provider
or unspecified
(n=50, 48.1%)

> 8 weeks
(n=87, 83.7%)

Proton pump inhibitor (PPI) use by indication (A), ordering provider (B), and duration (C) in
104 (59.1%) patients who had PPI exposure from 3 months prior to ICI initiation until ICI
colitis, death, or last ICI infusion, whichever occurred first. GERD: gastroesophageal reflux
disease, PUD: peptic ulcer disease, GIB: gastrointestinal bleeding, ICI: immune checkpoint
inhibitor, ICU: intensive care unit. *Other indications include diarrhea, nausea, abdominal

pain, and GI prophylaxis on medical/surgical wards.
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@

Probability (%)

1004

50+
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Overall Survival

= Colitis
—— No Colitis

P=0.52

20 40 60
Months elapsed

Time to next treatment (A) and overall survival (B) in patients with (n=16) and without

(n=160) ICI colitis.
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Figure 4.
Endoscopic and histologic findings of ICI colitis. A-D: Representative endoscopic images.

(A) normal gross appearance; (B) focal erythema (red arrow); (C) focal ulceration; (D)
diffuse inflammation. E-G: Representative histologic findings. (E) Active inflammation
characterized by cryptitis and crypt abscess, magnification 100x; (F) Expansion of chronic
inflammation in lamina propria, magnification 100x; (G) Intraepithelial lymphocytosis and
increased crypt epithelial apoptosis (red arrows), magnification 200x.
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Table 1.

Patient characteristics

ICI Colitis Present (n=16) n (%) ICI ColitisAbsent (n=160) n (%) P value
Age (vean) * 66 (52-72) 63 (56-68) 0.23
Male 9 (56.3) 121 (75.6) 0.09
Race
Caucasian 16 (100) 106 (66.3) 0.005
Non-Caucasian 0 (0) 54 (33.8)
Study site
PHHS 0 (0) 31 (19.4) 0.052
CUH 16 (100) 129 (80.6)
Ever smoker 9 (56.3) 71 (44.4) 0.36
Comorbidities
Hypertension 13(81.3) 117 (73.1) 0.48
Type 2 diabetes mellitus 6 (37.5) 47 (29.4) 0.5
Inflammatory bowel disease 0 (0) 2(1.2) 0.65
Diverticulosis 6 (37.5) 87 (54.4) 0.2
Histological subtype
ccRCC 15 (93.8) 134 (83.8) 0.29
Non-ccRCC 1(6.3) 26 (16.3)
Nephrectomy 13 (81.3) 135 (84.4) 0.75
Previous radiation therapy 11 (68.8) 93(58.1) 0.41
Prior Systemic Therapies
None 5(31.3) 29 (18.1) 0.45
One 6 (37.5) 70 (43.8)
Two or more 5(31.3) 61 (38.1)
IMDC score
Favorable 1(6.3) 31(19.4) 0.28
Intermediate 12 (75.0) 84 (52.5)
Poor 3(18.8) 34 (21.3)
Missing 0(0) 11 (6.9)
Initial immunotherapy regimen
Nivolumab 7 (43.8) 126 (78.8) 0.002
Nivolumab+Ipilimumab 9 (56.3) 34 (21.3)
Any exposure to Ipilimumab 14 (87.5) 70 (43.8) 0.001
Non-colitis irAEs 10 (62.5) 63 (39.4) 0.07
Exposure to PPIs 14 (87.5) 90 (56.3) 0.015

Data are shown as frequencies (percentages) unless otherwise indicated.

Page 16

ccRCC: clear cell renal cell carcinoma, CUH: Clements University Hospital, ICI: immune checkpoint inhibitor, IMDC: international metastatic
renal cell carcinoma database consortium, irAE: immune-related adverse event, PHHS: Parkland Health & Hospital System, PPI: proton pump

inhibitor.

P values were calculated by comparing patients with and without ICI colitis.
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*
Data are shown as medians (interquartile ranges).
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Table 2.

Clinical characteristics and outcomes of ICI colitis (n=16)

Characteristics

Frequency (%) or Median (IQRS)

Time from first ICI infusion to colitis (month)

PP1 Exposure

PPI Exposure Duration (month)

Colitis grade
1
11

Number of bowel movements per day

Symptoms duration (day)

Stool lactoferritin positive (n=15)

Stool calprotectin elevated (n=14)

Endoscopy

Time from symptom onset to endoscopy (day)

Endoscopic findings (n=10)
Normal
Focal inflammation

Diffuse inflammation

Histologic findings (n=10)a
Normal
Acute inflammation
Chronic inflammation
Lymphocytic pattern
Treatment
ICI suspended
Steroids
Infliximab
Outcomes
Hospitalization
ICI resumed
Time to resumption (week)

Recurrence

Concurrent irAEsb
Any
Polyarthralgia
Pneumonitis
Dermatitis
Hepatitis

Pancreatitis

Other®

3.0 (1.0-9.0)
14 (87.5%)
19.5 (5.3-31.8)

9 (56.3)

7 (43.8)
5(3-8)

85 (5.0 - 14.0)
15 (100)

14 (100)

10 (62.5)

8 (4-24)

5 (50)
2 (20)
3(30)

1(10)
9 (90)
3 (30)
6 (60)

16 (100)
16 (100)
3(18.8)

7(43.8)
6 (37.5)
10 (7.5-14.5)
5(83.3)

10 (62.5)
3(18.8)
2 (12.5)
2 (12.5)
2 (12.5)
2 (12.5)
3(18.8)
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Data are shown as frequencies (percentages) or medians (interquartile ranges).
aSome patients had multiple histological findings.
b . L

Some patients had multiple irAEs.

cOther includes development of Type 1 diabetes and adrenal insufficiency in a single patient, hypophysitis (n = 1), and iritis (n = 1).

ICI: immune-checkpoint inhibitor, irAE: immune-related adverse event, PPI: proton pump inhibitor.
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