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Abstract

Introduction: The gut microbiota (GM) can influence the pathogenesis of
immune-mediated adverse events (irAEs). Proton pump inhibitors (PPIs)
can affect the integrity of GM, but their role in promoting irAEs is still poorly
understood.

Methods: In this retrospective single-center cohort study, the primary endpoint
was the evaluation of the incidence of gastrointestinal (GI) irAEs in cancer pa-
tients on PPIs (exposed) versus cancer patients who were not on PPIs (unexposed).
Results: Three hundred and sixty three patients’ records (248 M/115F, median
age 69) were reviewed. Twenty-three exposed patients (92%) developed GI irAEs
while only two unexposed patients (8%) developed GI irAEs (hazard ratio [HR]
13.22, 95% confidence interval [CI] 3.11-56.10, p < 0.000). This HR was confirmed
after weighting for the propensity score (HR15.13 95% CI 3.22-71.03, p < 0.000).
Conclusion: Chronic PPI use is associated with an increased risk of GI irAES.
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1 | INTRODUCTION 2 | MATERIALS AND METHODS
Immune checkpoint inhibitors (ICIs) play an increas- 2.1 | Study design and setting

ingly relevant role in the management of solid tumors.
Although the efficacy and durability of response with
ICIs have been well established, one of the major issues
is the high rate of immune-related adverse events (irAEs)
during the treatment.' The mechanism of toxicity varies
according to ICI, and may ultimately affect the overall
management. Gastrointestinal (GI) toxicity is among
the most frequently reported irAEs. Overt colitis occur
in 8%-27% of the patients, while the incidence of diar-
rhea alone has been reported to be as high as 54% among
the patients on ICIs.”> Hepatitis is described in 5%-10%
of the patients during ICI monotherapy and in 25%-30%
during a combination of anti-CTLA-4 and anti-PD (L) 1.>

The intestinal toxicity of ICIs has been associated with
gut microbiota (GM) alterations, particularly to a signifi-
cant increase of Bacteroides intestinalis.* More in depth,
Firmicutes have been implicated in a higher incidence of
irAEs while Bacteroidetes positively correlated with a lower
incidence.” The GM may therefore directly influence the
pathogenesis of irAEs, and indirectly through the regula-
tion of metabolites, cytokines, and immune cells.® More-
over, the imbalance of gut-liver axis caused by GM dysbiosis
and/or gut mucosal barrier damage leads to various types
of liver diseases,” while a higher GM diversity seems to be
a protective factor against irAEs.° Indeed, the concomitant
drugs given to these patients may alter GM diversity. For
example, antibiotics can modify the GM composition, in-
creasing inflammasome signaling, and thus promoting a
pro-inflammatory state, susceptible to GI irAEs.?

Proton pump inhibitors (PPIs) are among the most
commonly prescribed drugs worldwide, although without
evidence-based indication in many cases.’ PPIs may favor
the onset of immune-mediated disorders via multiple
mechanisms, including GM alterations, malabsorption of
nutrients and vitamins, and possibly via other unknown
effects.'” Indeed, PPI treatment was associated with dis-
tinct taxonomic alterations: in the upper GI tract, PPIs
users showed an overgrowth of orally derived bacteria,
mostly Streptococcaceae. In fecal samples, PPI increased
multiple taxa from the orders Bacillales and Lactobacil-
lales, the families Pasteurellaceae and Enterobacteriaceae
and the genus Veillonella."" Growing evidence shows that
PPIs affect the integrity of GM and their use is consis-
tently associated with profound changes in GM with a
reduced o diversity.'*

Despite the abovementioned premises, the role of PPIs
in promoting irAEs has been poorly addressed. Hence, we
sought to describe the incidence of GI irAEs in patients
with solid tumors undergoing immunotherapy and con-
comitant PPIs.

In this retrospective single-center cohort study, we reviewed
all the patients with solid tumor who had received immu-
notherapy with or without chemotherapy at Medical Oncol-
ogy Unit of Fondazione “IRCCS Policlinico San Matteo di
Pavia” between January 2016 and October 2022. The study
was conducted according to the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
Statement for reporting observational studies** and was
approved by the local Ethics Committee (Comitato Etico
Area Pavia) and Institutional Review Board (P-0004914/23)
according to the ethical guidelines of the 1975 Declaration
of Helsinki. All the subjects signed, before the initiation of
treatment, an informed consent provided by the Fondazi-
one IRCCS Policlinico San Matteo at hospitalization.

We defined “exposed” all the cancer patients who had re-
ceived immunotherapy and concomitant PPIs, conversely
all the cancer patients who had received immunotherapy
without concomitant PPIs were defined ‘unexposed’.

The primary endpoint was the evaluation of the inci-
dence of GI irAEs in the cancer patients who were on PPIs
(exposed) versus the cancer patients who were not on PPIs
(unexposed). The secondary objectives were: (i) evaluation
of Overall survival (OS) between exposed and unexposed;
(ii) evaluation of Progression Free Survival (PFS) between
exposed and unexposed.

2.2 | Data collection

Data were collected from the hospital's electronic patient
records, including sociodemographic (age, sex) and clini-
cal characteristics, such as type of cancer, TMN stage,
treatment, the use of PPIs and/or antibiotics, the onset of
IRAES, the comorbidities (diabetes mellitus, heart disease,
autoimmune diseases).

The inclusion criteria were: (i) patients aged 18 and
older, regardless of gender; (ii) treatment with immuno-
therapy alone or in combination with chemotherapy; (iii)
patients who received at least 3 months of ICIs; (iv) signing
of informed consent. Patients with unavailable and incom-
plete basic characteristics, laboratory data, and follow-up
information under 3 months were excluded from the study.

2.3 | Statistical analysis

All statistical analyses were performed with the Stata 17
(StataCorp.). A 2-sided p-value<0.05 was considered statis-
tically significant. Continuous data were reported as median
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and quartiles (IQR); categorical data were reported as counts
and percent. They were compared between cohorts with the
Mann Whitney U test and the Fisher exact test respectively.

The incidence of GI irAEs was computed for each cohort
as number of events per 100-person year. The cumulative
irAE-free survival (defined as the time free from irAEs from
the start of ICIs therapy) was computed and plotted using
the Kaplan Meier method and compared using the logrank
test. Hazard ratio (HR) and 95% Confidence Interval (CI)
were derived from a Cox model. The proportional hazard as-
sumption was satisfied. To adjust for the bias by indication
a propensity score for using PPIs was estimated via logistic
regression, including the following baseline patients' char-
acteristics: age, BMI. History HIV, HBV or HCV infection,
presence of comorbidities, type of tumor, metastases, tumor
stage and oncologic treatment. The Hoteling test to compare
distribution was nonsignificant (p=0.559). The Cox model
was then weighted using the inverse probability of PPI ad-
ministration derived from the PS.

OS and PFS were analyzed as described for the primary
endpoint.

The dataset generated from this study is not publicly avail-
able due to data protection compliance. The corresponding
author upon reasonable request can share the raw data.

3 | RESULTS

3.1 | Characteristics of the study
population

Three hundred sixty-three patients' records (248 males [68.3%],

115 females, [31.7%]; M:F ratio 2.2:1; median age 69years, IQR
61-76) were retrospectively reviewed. Median body mass

TABLE 1 General clinical patients' characteristics.

Number of

Sex patients %
Female/male 115/248 31.7/68.3
Comorbidities

HCV 19 5.3

HBV 20 5.5

HIV 3 0.8
No comorbidities 141 38.8
>1 comorbidity 220 60.9
Unknown comorbidities 2 0.5
Diabetes mellitus type 2 63 30.3
Cardiovascular disease 201 92.6
Autoimmune diseases 21 10.2

Abbreviations: HIV, human immunodeficiency virus; HBV, hepatitis B
virus; HCV, hepatitis C virus.

index (BMI) was 24.22 (IQR 22.31-26.12). All the clinical
characteristics that were retrieved are shown in Table 1.

One hundred seventy-nine (49.4%) had non-small cell
lung cancer (NSCLC), 101 (27.9%) had melanoma, 32
(8.8%) had head & neck cancer, 29 (8%) had kidney can-
cer. The remaining 21 patients had bladder cancer (eight
patients, 2.2%), squamous cell skin cancer (eight patients,
2.2%), small cell lung cancer (SCLC, three patients, breast
cancer (one patient, 0.3%) and esophageal cancer (one pa-
tient, 0.3%). The most common treatment was ICI alone
(321 patients, 88.7%) and the most common class of ICI
was anti PD-1 (324 patients, 89.5%; Table 2).

TABLE 2 Oncological patients' characteristics.

Number of

Type of tumor patients %
NSCLC 179 49.4
Melanoma 101 27.9
Head & neck cancer 32 8.8
Kidney cancer 29 8.0
Bladder cancer 8 2.2
Squamous cell skin cancer 8 2.2
SCLC 3 0.8
Esophageal cancer 1 0.3
Breast cancer 1 0.3
Stage TNM

Stage I 3 0.8

Stage II 0 0

Stage III 30 8.3

Stage IV 329 90.9
Type of oncological treatment

ICIs 321 88.7

ICIs+Chemotherapy 36 9.9

ICIs + Targeted therapy 5 1.4
Type of ICIs

Anti CTLA4 7 1.9

Anti PD-1 324 89.5

Anti PD-L1 23 3.6

Anti CTLA4 + anti-PD-1 18 5
Type of Anti-PD-1

Nivolumab 163 50.3

Pembrolizumab 150 46.3

Cemiplimab 11 3.4
Type of Anti-PD-L1

Atezolizumab 2 15.4

Avelumab 3 23.1

Durvalumab 8 61.5

Abbreviations: ICI, immune checkpoint inhibitors; NSCLC, non-small cell
lung cancer; SCLC, small cell lung cancer.
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TABLE 3 Patients' characteristics PPI
exposed versus PPI unexposed.

Variable

Age

BMI

Male

Female

HIV

HBV

HCV
Comorbidities

Presence of
metastases

Oncological therapy
ICIs alone
ICIs+ CTH

ICIs + targeted
therapy

ABT

. 19533
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PPI unexposed

(interquartile PPI exposed

medians) (interquartile medians) p Value

70 (60-78) 69 (61-67) 0.38

24.3 (22.4-25.76) 24.1 (21.9-26.5) 0.67

123 (72.4%) 125 (66.1%) 0.12

47 (27.6%) 64 (33.9%) 0.13

2(1.2%) 1(0.5%) 0.46

5(2.9%) 15 (7.9%) 0.03

9 (5.2%) 10 (5.3%) 0.6

93 (54.1%) 127 (67.2%) 0.007

153 (90.5%) 181 (95.8%) 0.04
0.3

158 (91.3%) 163 (86.2%)

13 (7.5%) 23 (12.2%)

2 (1.2%) 3(1.6%)

2(1.2%) 6 (3.2%) 0.2

Abbreviations: ABT, antibiotic therapy; BMI, body mass index; CTH, chemotherapy; HIV, human
immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; ICI, immune checkpoint

inhibitors.

3.2 | Exposure to PPIs and
antibiotics therapy

One hundred and eighty-nine (52.2%) patients were ex-
posed to PPIs during the study period. The most com-
mon type of PPIs was pantoprazole (124 patients, 65.6%).
A medical indication for the use of PPIs was not clearly
reported in most of cases (130 patients, 68.8%), while the
most common clinical indications were the age over 75 (29
patients, 58.5%), gastroesophageal reflux disease (GERD)
(10 patients, 17%) and functional dyspepsia (10 patients,
17%). No patients at the time of the start of ICI were tak-
ing aspirin. The patients’ characteristics according to PPI
exposition are described in Table 3 and in Figure 1.

Eight patients (0.6%) received antibiotic therapy within
30days prior to ICI initiation. Six of these patients (75%)
received both PPI and antibiotics.

3.3 | Primary endpoint: irAES and
exposure to PPIs

During the follow up period, 25 GI irAES were reported,
in particular: diarrhea (n=7, 28.0%), colitis (n=12,
48.0%), gastritis (n=1, 4.0%), hepatitis (n=6, 24.0%).
irAEs arised after a median of seven cycles of ICIs (IQR
4-12). A full list of toxicities and frequencies can be

180
160
2 140
3
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3
“« 100
°©
S 80
o
£ 60
3
= 40
0
NSCLC = Melano H&N Kidney SCC Bladder | Others
ma cancer Cancer
mPPlyes 106 42 16 17 0 4
PPl no 73 59 16 12 8 1

FIGURE 1 PPIexposed versus PPI unexposed according to the

type of cancer.

found in Table 4. For this work, we decided to focus only
on GI irAEs, so the statistical analyses considered only
such events.

The incidence of irAEs was 5.4 events per 100 per-
son year (95% CI 3.7-8.0). Twenty-three exposed patients
(92%) developed GI irAEs while only two unexposed
patients (8%) developed GI irAEs ([HR] 13.22, 95% [CI]
3.11-56.10, p <0.001). In particular, one patient developed
G1 diarrhea and one patient G1 colitis. This HR was con-
firmed after weighting for the propensity score (HR 15.13
95% CI 3.22-71.03, p <0.001; Figure 2).
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Toxicity events, by Any Grade Grade Grade
type Grade 1 2 3
Diarrhea 7 2 5 0
Colitis 12 2 8 1
Gastritis 1 0 1 0
Hepatitis 6 2 3 1
Skin rash 20 16 4 0
Pneumonitis 8 1 6 1
Thyroid dysfunction 18 4 14 0
Arthritis 3 2 1 0
Hypophysitis 1 1 0
Others 4 4 0 0
Total 80 34 42 3
3.4 | Secondary endpoint: OS and

exposure to PPIs

Two-hundred and sixty-two patients died over a median
follow-up of 38 months (IQR 23-54). OS was 61.8% (95%
CI 54.3%-68.4%) at 6 months and 45.6% (95% CI 38.2%—
52.8%) at 12months in PPI exposed patients. OS was
76.1% (95% CI 68.9%-81.7%) at 6 months and 55.3% (95%
CI47.4%—-62.5%) at 12 months in PPI unexposed patients.
Patients not treated with PPI had better OS than patients
treated with PPI (HR 1.37, 95% CI 1.07-1.75, p=0.011,
Figure 3). After weighting, the propensity score showed
that the use of PPI was a borderline nonsignificant risk
factors for death [HR 1.25, 95% CI 0.99-1.59, p=0.063].

3.5 | Secondary endpoint: PFS and
exposure to PPIs

Disease progression were observed in 305 patients, cor-
responding to a rate of 87 per 100 person year. PFS were
48.9%, (95% CI 41.5%-55.9%) and 30.8% (95% CI 24.3%—
37.7%) at 6 and 12 months, respectively, in PPI exposed pa-
tients. PFS were 57.4%, (95% CI 49.7%-64.4%) and 36.8%
(95% CI 29.5%-44.1%) at 6 and 12months, respectively,
in PPI unexposed patients. There was no significant dif-
ference according to PPI use about PFS (HR 1.24, 95% CI
0.99-1.55, p=0.064 (Figure 4). After weighting, the pro-
pensity score showed that the use of PPI was not a signifi-
cant risk factor for disease progression (HR 1.03, 95% CI
0.83-1.28, p=0.78).

4 | DISCUSSION

This is one of the first studies assessing the impact of PPIs
on the onset of GI irAES in patients with solid tumors

TABLE 4 Toxicity events, by type and

Grade grade.

Grade

H O O © ©O © © © O +~H o »
SO O O ©O ©O O O O O o o wn

Kaplan Meier IRAES-free survival estimate, by ppi_therapy

N \L'\L‘_\ |
0.75
0.50
0.25
noPPI Logrank test p=0.000
0004 PPI
0 12 24 36 48 60 72 84
Months
Number at risk
NoPPI 172 82 42 24 12 6 2 1
PPl 186 14l 32 17 10 3 0 0

FIGURE 2 Kaplan Meier IRAES free survival estimate, by PPI
therapy.

Kaplan Meier survival estimate, by ppi_therapy
1.001

Logrank test p=0.011

0.75+

0.50

0.25+

°°0~ T T T T T T T T
0 12 24 36 48 60 72 84
Months
Number at risk
NoPPI 172 83 42 24 12 6 2 1
PPl 185 77 38 21 12 3 0 0
FIGURE 3 Kaplan Meier survival estimate, by PPI therapy.

undergoing ICIs. PPIs have a well-known dysbiotic effect,
as demonstrated in previous reports.”*'* Due to these al-
terations in the composition of the GM, PPIs might be able
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1.00
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0.75 &
0.50
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Days
Number at risk
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PPl 184 54 26 14 6 1 0 0

FIGURE 4 Kaplan Meier PFS estimate, by PPI therapy.

to modify the response to ICIs." In contrast, other authors
have not demonstrated an impact of PPIs on the response
to ICIs.'

Since PPIs can modulate GM and GI irAEs depend-
ing on altered bio-diversity of GM we hypothesized
that patients exposed to PPIs had a higher risk of devel-
oping GI irAEs. During the period of the collection of
data 25 GIirAES were reported. The majority of our pa-
tients (92%) were PPI exposed (HR 13.22, 95% CI 3.11-
56.10, p<0.0001). Importantly, this HR is confirmed
after weighting for the propensity score (HR 15.13 95%
CI 3.22-71.03, p<0.0001). Our results are in line with
those from a recent study that demonstrated the PPI use
as a risk factor for chronic immune-mediated diarrhea
and colitis.!” PPIs can modify the composition of GM
by, altering pH and modulating the immune response
through their effect to on neutrophils, cytokines and
natural killer cells (NK cells)."® The compositional and
functional alterations in GM lead to intestinal barrier
breakage with an increased translocation of toxins and
inflammatory factors that may be able to alter dynami-
cally the immunological profile in a pro-inflammatory
direction. These cytokines, including TNFa and IL-10,
may shift the threshold of immune subsets activation
within the tumor micro-environment, thereby result-
ing in augmented adaptive immune responses.'’ The
exact mechanism of PPI exposure and increased risk
of GI irAEs remains unknown, but if these data will be
confirmed by larger prospective cohorts with GM anal-
ysis, the clinicians should use PPIs more carefully and
only if strictly indicated. In fact, there is a high per-
centage of inappropriate PPI prescription. More than
half of PPIs prescribed among our patients were not
clearly motivated. This evidence is in line with other
papers.?*?!

.. 19535
Cancer Medicine _ “WI LEYJ—

In our cohort, concomitant PPI use seems to have a
detrimental impact on PFS and OS, even if statistical sig-
nificance is not reached. Two recent meta-analyses sug-
gested that PPIs are significantly associated with poorer
OS and PFS for cancer patients treated with ICIs.***
The dysbiosis caused by PPIs may modulate the antitu-
mor immunity and inflammation, as reported by other
authors.?* Indeed, other comorbidities and polyphar-
macy, increasing the risk of drug-drug interactions, may
constitute additional detrimental factors in PPI-exposed
individuals.

Some limitations of the study must be mentioned.
First, this is a retrospective single-center study that might
have been affected by reporting bias and some missing
data regarding baseline and previous co-medications. Sec-
ond, we did not perform a GM analyses, as this will be part
of a larger, prospective study that will soon start. Lastly,
our results should be carefully interpreted in the light of
the enrolling center characteristics (i.e., tertiary referral
center), the relatively small sample size, and the tumor
heterogeneity. We recognize that the number of patients
in the final analysis is really too small to draw significant
conclusions, nonetheless, despite these limitations, our
data seem to suggest that chronic PPI use may be associ-
ated with an increased risk of GI irAES.

5 | CONCLUSIONS

In conclusion, in this study we have shown that PPI use is
associated with an increased risk of GI irAEs. Prospective
studies are needed to confirm these findings.In all cases,
we recommend a careful use of PPIs in this setting, only in
case a clear indication is evident.
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