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Abstract

Background: Proton-pump inhibitors (PPI) are liberally prescribed in patients with liver cirrhosis. Observational studies
link PPI therapy in cirrhotic patients with an increased risk for infectious complications, hepatic encephalopathy and an
increased risk for hospitalization and mortality. However, patients with liver cirrhosis are also considered to be at risk for
peptic ulcer bleeding. The STOPPIT trial evaluates if discontinuation of a pre-existing PPI treatment delays a composite
endpoint of re-hospitalization and/or death in patients (recently) hospitalized with liver cirrhosis compared to patients
on continued PPI medication.

Methods: The STOPPIT-trial is a prospective, multicentre, randomized, double-blinded, placebo-controlled, parallel-
group trial. In total, 476 patients with complicated liver cirrhosis who already receive long-term PPI therapy without
evidence-based indication are 1:1 randomized to receive either esomeprazole 20mg (control group) or placebo
(intervention group) for 360 days. Patients with an indication for PPI therapy (such as a recent diagnosis of peptic
ulcers, severe reflux esophagitis, severe hemorrhagic gastritis, recent endoscopic therapy for oesophageal varices) are
excluded. The primary composite endpoint is the time-to re-hospitalization and/or death. Secondary endpoints include
rates of re-hospitalization, mortality, occurrence of infections, hepatic decompensation and acute-on-chronic liver
failure. The safety endpoint is defined as manifestation of an evidence-based indication for PPI re-therapy. The impact
of PPI continuation or discontinuation on the intestinal microbiota will be studied. The recruitment will take place at 18
study sites throughout Germany. Recruitment has started in April 2021.

Discussion: The STOPPIT trial is the first clinical trial to study the effects of PPI withdrawal on relevant outcome
variables in patients with complicated liver cirrhosis. If the hypothesis that PPI withdrawal improves clinical outcomes
of cirrhosis patients is confirmed, this would argue for a strong restriction of the currently liberal prescription practice of
PPIs in this population. If, on the other hand, the trial demonstrates an increased risk of gastrointestinal bleeding events
in patients after PPI withdrawal, this could create a rationale for a more liberal, prophylactic PPI treatment in patients
with liver cirrhosis.
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Introduction
Background and rationale {6a}
Proton-pump inhibitors (PPI) are liberally and widely
prescribed in patients with liver cirrhosis without a clear
evidence-based indication [1–9]. Observational and
retrospective studies suggest that PPI use in cirrhosis pa-
tients may be a risk factor for infections [10–14], espe-
cially spontaneous bacterial peritonitis (SBP) [8–10, 15,
16]. Increased SBP rates in cirrhotic patients may be ex-
plained through PPI-associated microbiotic shifts leading
to small intestinal bacterial overgrowth and bacterial
translocation [17–20]. PPI therapy was also suggested as
a possible risk factor for pneumonia [10, 21, 22] and
Clostridium difficile infections in cirrhotic patients [23].
However, other observational studies found no evidence
for an association of PPI use and the risk of development
of pneumonia [24], SBP [25–27] or infections in general
[27]. Moreover, an association between episodes of
(overt) hepatic encephalopathy and PPI use has been re-
ported [6, 7, 9, 28, 29]. Infections and hepatic encephal-
opathy may often cause hospitalizations of cirrhotic
patients. PPI use at discharge and PPI-mediated micro-
biotic shifts have also been associated to early re-
hospitalization [20, 30, 31]. Also, PPI use has been re-
ported to be an independent predictor for mortality in
cirrhotic patients [5, 6, 10, 32, 33] and in a large North-
American veteran cohort, as well as in patients with ma-
lignant diseases [34–36]. Again, other studies found no
association between PPI use and mortality of cirrhotic
patients [4, 27].
Thus, current evidence, even if not unambiguous,

suggests an unfavourable risk profile of PPI in patients
with liver cirrhosis. However, this patient population is
considered to be at a high risk of gastrointestinal
haemorrhage from peptic ulcers [37–40]. Importantly,
peptic ulcer bleeding in patients with liver cirrhosis is
associated with an increased mortality as compared to
patients without cirrhosis [41–43], and mortality rates of
cirrhotic patients with peptic ulcer bleeding are
comparable to cirrhotic patients with bleeding from
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oesophageal varices [44]. Therefore, generous PPI use
may also have a yet unproven preventive effect against
upper gastrointestinal bleeding events. Short term use of
PPIs for up to 10 days may reduce ulcer size after
endoscopic variceal band ligation [45, 46], but there is
no evidence for protective effects of PPI therapy against
portal hypertension-related bleeding in cirrhotic patients
who did not receive endoscopic ligation therapy [47].

Objectives {7}
The primary objective of the trial is to determine the
time to first unplanned re-hospitalization or death (com-
posite endpoint) in patients with liver cirrhosis who dis-
continue long-term PPI therapy (intervention group) as
compared to patients who continue PPI therapy (control
group) over a period of 12 months (360 days). Secondary
objectives include an assessment and comparison of the
following endpoints in the two groups:

– Time to death and mortality (overall and liver-
related),

– Time to and rate of unplanned re-hospitalization,
– Overall infection rates and infections rates

differentiated by the site of infection,
– Rate of acute hepatic decompensation and acute-on-

chronic liver failure (ACLF),
– Rate and source of upper and lower gastrointestinal

bleeding events.

Furthermore, the changes in the intestinal microbiota in
both groups and their impact on the primary endpoint
will be assessed. The potential pharmacoeconomic impact
of PPI discontinuation in patients with liver cirrhosis will
be studied, too.

Trial design {8}
The STOPPIT trial is an investigator-initiated, prospect-
ive, multicentre, randomized, placebo-controlled, double-
blind, parallel-group trial. It is designed to demonstrate
superiority of PPI discontinuation over PPI continuation
in patients with liver cirrhosis. Figure 1 illustrates the trial
design. In total, 476 patients will be randomized (1:1) to
discontinue PPI therapy and receive placebo or to con-
tinue PPI therapy with esomeprazole 20mg/day over a
period of 360 days.

Methods: participants, interventions and
outcomes
Study setting {9}
The clinical trial takes place in 18 university hospitals
throughout Germany. The list of participating sites can
be obtained on ClinicalTrials.gov (NCT04448028) and in
the German Clinical Trials Registry (DRKS00021290).

Each site has a high level of experience in the treatment
of patients with liver cirrhosis and in conducting trials.

Eligibility criteria {10}
Hospitalized, or recently hospitalized, patients with liver
cirrhosis with a pre-existing long-term PPI therapy will
be screened. Patients with an evidence-based indication
for PPI therapy, for example, recent diagnosis of severe
reflux esophagitis (LA grade C or D) or peptic ulcers are
excluded (for details see Table 1).

Who will take informed consent {26a}
The principal investigator or a trained and designated
physician has to obtain written informed consent from
the patient prior to any study-related procedures. Pa-
tients will first have ample time to read the patient infor-
mation. An investigator will provide the patients with
information on the study. After the patient had ample
time for consideration and formulation of questions
(which could also mean that the patients first discuss the
decision with friends or family members), and if all
questions are answered the patient will be asked to per-
sonally sign the informed consent form. A copy or a sec-
ond original of the signed informed consent form must
be given to the patients for their records.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
Study participants have the option to consent on the
collection of additional biobanking samples. Importantly,
if the study participant does not provide informed
consent for biobanking, the patient can still participate
in the main study.

Interventions
Explanation for the choice of comparators {6b}
Patients in the intervention group discontinue a pre-
existing long-term PPI therapy and replace it with pla-
cebo, while the pre-existing PPI treatment in the control
group is replaced with esomeprazole 20 mg/day. Esome-
prazole 20 mg was chosen as the comparator, because it
is the only PPI which is assumed as “safe” for patients
with advanced cirrhosis according to the available data
on pharmacokinetics [48]. Moreover, 20 mg esomepra-
zole is equivalent to a PPI standard dose [49] and there-
fore adequately reflects the “common use” of PPI
medication in clinical routine.

Intervention description {11a}
All patients discontinue their previous PPI therapy during
the baseline visit to start study medication on day 1 of the
trial: Patients randomized to the intervention group
receive placebo (P-Tablette weiß 7mm Lichtenstein,
Winthrop Arzneimittel GmbH, Frankfurt am Main,
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Germany) and patients randomized to the control group
receive esomeprazole 20mg/day (Nexium mups,
Grünenthal GmbH, Aachen, Germany) over a period of
360 days. To prevent patients from gastric acid rebound
symptoms caused by sudden PPI withdrawal, study
participants will undergo a dose tapering phase over a
period of 14 days in which they take the study medication
from drug dispensers (“trial starter drug dispenser”;
intervention group: placebo on days 1, 3, 5, 7, 9, 10, 12,
and 13 and esomeprazole on days 2, 4, 6, 8, 11, and 14;
control group: esomeprazole 20mg days 1 to 14). After
that, the patient will take the trial medication from “study
medication packages” each containing 100 capsules
placebo or esomeprazole 20mg, respectively. Patients are
provided with the “trial starter drug dispenser” and one

“study medication package” during the baseline visit (visit
1). Furthermore, they receive a “study medication
package” at visit 3 (day 90), 4 (day 180) and 5 (day 270).

Criteria for discontinuation or modifying allocated
interventions {11b}
Patients who reach the safety endpoint (“evidence-based
indication for re-therapy with PPI”; Table 2) will discon-
tinue study medication. However, in case of clinically
suspected peptic ulcer disease or signs of upper gastro-
intestinal haemorrhage rescue PPI treatment is permit-
ted for up to 72 h or until an oesophago-gastro-
duodenoscopy (EGD) is performed. If the EGD does not
reveal a safety endpoint, rescue PPI therapy will be
stopped and the patient continues study medication.

Fig. 1 Flow chart of the STOPPIT trial. Please note, only key inclusion and exclusion criteria are depicted into this flow chart. Full in- and exclusion
criteria are to be found in Table 1
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Strategies to improve adherence to interventions {11c}
Drug accountability measures and patient diaries are
implemented to improve protocol adherence. To avoid
protocol violations due to dyspeptic and/or reflux
symptoms after sudden discontinuation of PPI in the
intervention group, patients undergo PPI dose tapering.
Dyspepsia or symptomatic gastroesophageal reflux
disease may be treated with sucralfat. Study participants
are reminded to take study medication from the “study
medication package” from day 15 on during a telephone
interview on day 14.

Relevant concomitant care permitted or prohibited
during the trial {11d}
Open-label PPIs, h2-receptor antagonists and nelfinavir
are prohibited during this trial (exception: rescue PPI
therapy for up to 72 h in patients with suspected upper
gastrointestinal bleeding events or peptic ulcers). Non-
steroidal anti-inflammatory drugs (other than acetylsali-
cylic acid up to 100 mg/day) for more than 7 days during

a period of 28 days are not permitted. Treatment with
sucralfat for dyspepsia or symptomatic reflux disease is
permitted.

Provisions for post-trial care {30}
After completion of the trial, participants will be treated
according to the current guidelines in the respective trial
centres. All study participants are provided with an
insurance to cover trial-related medical issues.

Outcomes {12}
The primary composite endpoint is the time to
unplanned re-hospitalizations or death during the trial
period. However, expected re-hospitalization for mere
paracentesis (without other complication of cirrhosis)
during a period of 30 days after discharge is not regarded
as an “unplanned re-hospitalization”. If the local investi-
gator and the clinical trial management come to a con-
flicting assessment whether a re-hospitalization was
“planned” or “unplanned”, a blinded endpoint committee

Table 1 In- and exclusion criteria. Patients can be included in the trial, if they fulfil all the inclusion and none of the exclusion
criteria

Inclusion criteria Exclusion criteria

Male and female patients, at least 18 years old. Diagnosis of reflux esophagitis LA grade C or D by EGD < 2months prior
to the screening visit without PPI therapy for at least 8 weeks prior to the
screening visit.

Patients with liver cirrhosis. The diagnosis of liver cirrhosis may be based
on (i) histology or (ii) a combination of clinical, laboratory and
radiological criteria.

Peptic ulcers diagnosed by EGD < 28 days prior to the screening visit.

Hospitalization or recent hospitalization (0 to 42 days prior to the baseline
visit) with complications of liver cirrhosis.

History of endoscopic therapy for oesophageal varices < 14 days prior to
the screening visit.

Treatment with PPI for at least 28 days prior to screening. Life-expectancy < 1 year (at the discretion of the investigator) due to
extrahepatic malignancies, metastasized HCC, or other severe extrahepatic
diseases (HCC without extrahepatic metastases or reduced life-expectancy
< 1 year due to cirrhosis are not regarded as exclusion criteria).

Treatment with a PPI single standard dose/day or less for at least 7 days
prior to screening.

Regular intake of NSAID on a daily basis (except for ASA 100mg/day
orally)

Females/males who agree to comply with the applicable contraceptive
requirements.

One or more of the following measurements at the time of screening or
documented up to 48 h before:
● Temperature > 38.5 °C
● Systolic blood pressure < 90mmHg and heart rate > 100 bpm
● Catecholamine treatment > 0.1 μg/kg/min (terlipressin is allowed)
● Respiratory rate ≥ 22/min

Non-pregnant, non-lactating females. Hypersensitivity or intolerance to esomeprazole, substituted
benzimidazoles or other excipients of the IMP.

Ability to understand the patient information and to personally sign and
date the informed consent to participate in the study, before completing
any study-related procedures.

Ongoing therapy with nelfinavir.

The patient is co-operative and available for the entire study. Participation in a clinical trial or use of an IMP within 30 days or five times
the half-live of the IMP—whichever is longer—prior to receiving the first
dose within this study.

Provided written informed consent. Positive urine pregnancy test at screening or positive serum pregnancy
test before the first treatment or is breast feeding.

Patient is not willing to use adequate contraceptive precautions during
the study and up for 5 days after the last scheduled dose of IMP.

EGD oesophago-gastro-duodenoscopy, PPI proton-pump inhibitors, HCC hepatocellular carcinoma, NSAID non-steroidal anti-inflammatory drugs, ASA acetylsalicylic
acid, IMP investigational medicinal product
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(consisting of three independent hepatologists) will re-
solve this disagreement.
Secondary endpoints are described in Table 2.

Importantly, patients who reach the primary endpoint
“re-hospitalization” will continue all study procedures
and will further receive the study medication. Therefore,
secondary endpoints will be studied after a study
participant has reached the primary endpoint. Patients
who reach the safety endpoint (evidence-based re-
therapy with PPI; see Table 2) are censored at the re-
spective time-point.

Participant timeline {13}
Recruitment is planned to be completed within three
years. With a trial duration 360 days per patient, time of
first-patient-in to last-patient-out is four years. Figure 1
provides an overview of the trial design. After comple-
tion of the informed consent process, the screening visit
will take place. Randomization will take place 0 to 14
days after screening during the baseline visit (visit 1, day
0). The study is split into two parts: “dose tapering
phase” (days 1–14; tapering of the PPI dose in a blinded
fashion, see above) and “main study phase” (days 15–
360). Study visits and telephone interviews take place at
the time-points indicated in Table 3. Study procedures
during the respective visits and telephone interviews are
summarized in Table 4.

Sample size {14}
The sample size is based on the composite primary
endpoint time to death from any cause or time to
unplanned re-hospitalization from any cause. Based on
previous studies on mortality in cirrhosis patients who
receive PPI [5, 6, 10, 32, 33] and an assumed 50% risk
for re-hospitalization 3 months after discharge in decom-
pensated cirrhotic patients [20, 30, 50], it is expected
that the control group will have a probability of 65% to
reach the primary endpoint after 6 months. The risk to
reach the primary endpoint in the PPI withdrawal group
is assumed to be 50% after 6 months, due to a reduction
of mortality [4–6, 8, 10, 11] and a decreased risk for in-
fectious complications [8–10, 12–16], which results in a
lower risk for re-hospitalization [20]. This corresponds
to a HR of 0.66 of the intervention group compared to
the control group. The sample size calculation is per-
formed on the assumed event rates of 50% in the inter-
vention group (PPI withdrawal) and 65% for the control
group after 6 months with a two-sided significance level
α of 5% and a power of 80%, which requires a total num-
ber of 184 events to be observed. With a follow-up
period of exactly 360 days per patient and an estimated
20% random loss to follow-up or non-compliance it can
safely be assumed that a sufficient number of events will
have been observed by the end of the trial if a total of
475 patients are available for analysis (based on the log-
rank test; PASS 16.0.3). Therefore, 476 patients will be
randomized.

Recruitment {15}
Patients will be recruited at the trial centres during or
after hospitalization. Global and local recruitment rates
will be monitored by the clinical project management and
the data safety and monitoring board (DSMB). Trial sites
are obliged to recruit a number of patients according to
their respective pre-study prognosis. In case trial sites do
not fulfil these obligations in a specified time, countermea-
sures can be taken (e.g., direct communication with the
investigator, addendum to the protocol).

Assignment of interventions: allocation
Sequence generation {16a}
Randomization will be carried out locally. A block
randomization procedure with variable block length will
be applied stratified for the study centres and severity of
liver cirrhosis (MELD score ≤13 or > 13). Blinding of
therapy for the patients and the investigators will be
ensured by identical encapsulation of placebo and
esomeprazole 20 mg that makes both indistinguishable,
and by the use of identical medication packages. Unique
randomization codes labelled on the medication
packages ensure the specific allocation of the study
medication to the study participant.

Table 2 Primary, secondary and safety endpoints of the trial

Primary composite
endpoint

Secondary endpoint

1.) Unplanned re-
hospitalization

1.) Death

2.) Death 2.) Unplanned re-hospitalization

3.) Any infection and differentiated by site of
infection (SBP, pneumonia, urinary tract infection,
blood stream infection, Clostridium difficile-
associated enterocolitis, Norovirus infection,
SARS-CoV-2 infection, others)

4.) Acute hepatic decompensation and ACLF

5.) Upper or lower gastrointestinal bleeding
event

Safety endpoint: Evidence based re-therapy
with PPI due to the occurrence of any the fol-
lowing conditions:

1.) Peptic ulcer diagnosed by EGD

2.) Reflux esophagitis LA grade C or D diagnosed
by EGD

3.) Severe hemorrhagic gastritis diagnosed by
EGD and histology

4.) Mallory-Weiss syndrome diagnosed by EGD

SBP spontaneous bacterial peritonitis, SARS-CoV-2 severe acute respiratory
syndrome coronavirus 2, ACLF acute-on-chronic liver failure, PPI proton-pump
inhibitors, EGD oesophago-gastro-duodenoscopy
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Concealment mechanism {16b}
Each centre has two randomization lists (MELD ≤13 and
> 13). The lists include only the randomization numbers
and do not reveal the study medication.

Implementation {16c}
Only the Pharmacy of the University Medical Center
Hamburg-Eppendorf performing the randomization pro-
cedure, and neither the investigators nor the study par-
ticipants, will be aware of the allocation sequence or the
block size used. Randomization numbers are allocated to
patients sequentially by local study staff.

Assignment of interventions: blinding
Who will be blinded {17a}
Investigators, study participants, (clinical) trial management,
data management, pharmacovigilance officers and data
analysts are blinded. Only the central pharmacy and the data
safety monitoring board (DSMB) members are unblinded.

Procedure for unblinding if needed {17b}
Access to emergency envelopes is regulated at all trial
sites. Details on the unblinding procedures are found in
the investigator site files.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Clinical outcome, baseline and other trial data will be
collected during the visits and telephone interviews
(Table 4) at the time points detailed in Table 3. Site staff
will transfer trial data from the source documents into
the electronic case report form (eCRF) and check eCRF
entries for completeness. Corrections to source data or
eCRF data will be dated and signed. Reasons for changes
must be provided. Source data verification will take
place during on-site monitoring. To initiate discrepancy
resolution the monitor will send queries to the site staff.

Plans to promote participant retention and complete
follow-up {18b}
If possible, complete follow-up data should be obtained
from all patients. Investigators motivate trial participants
to attend all study visits. Patients who discontinue the
investigational product will attend all subsequent study
visits, in which endpoint data will be collected. The pri-
mary efficacy analysis will follow intention-to-treat
principles.

Data management {19}
Data management will check predefined eCRF entries as
defined in the data validation plan. Quality control and

Table 3 Visits and time points

Screening visit Up to 14 days before baseline

Visit 1 (baseline) Day 0

Visit 2 Day 28 (± 2 days)

Visit 3, 4, 5, 6 Day 90, 180, 270, 360 (± 7 days, respectively)

Telephone interview 1 Day 14 (± 2 days)

Telephone interview 2, 3 Day 135, 225 (± 7 days, respectively)

Table 4 Study procedures

Procedure Screening Baseline visit Visits 2–6 Telephone interviews

Informed consent X

In-/exclusion criteria X

Randomization X

Medical history/demographics X X

Adverse events/concomitant medication/endpoint assessment X X X

Physical examination/height and weight X X

Vital sign assessment X X X

Laboratory (haematology, biochemistry) X X

Pregnancy test X

Stool samples & biobanking X X (visit 3)

Ultrasound X X (visit 4, 6)

Distribution and/or return of study medication and patients diaries X X
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data validation procedures such as programmed
automatic edit and consistency checks ensure data
validity and accuracy immediately at the point of entry
into the clinical database. The database application is an
access restricted, demands electronic signatures,
maintains an electronic audit trail and provides
appropriate backup functionalities.

Confidentiality {27}
Data obtained during the trial will be treated pursuant
to the Federal Data Protection Law. Subjects will be
identified solely by their individual randomization
number. Trial data stored on a computer will be stored
in accordance with local data protection law and will be
handled in the strictest confidence. The appropriate
regulations of local data legislation will be fulfilled in its
entirety.

Plans for collection, laboratory evaluation and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Blood and urine samples will be collected for biobanking
and further analysis in the future. Patients may choose
not to provide these optional biobanking samples.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
The primary efficacy endpoint analysis will be performed
according to the intention-to-treat (ITT) principle based
on the full analysis set (FAS). The effects of continuation
or discontinuation of PPI therapy with respect to the
primary endpoint will be estimated and tested by Cox
regression. The regression model will include treatment
arm and categorized the severity of cirrhosis (MELD ≤
13 vs. > 13) as fixed effects and the study centre as a ran-
dom effect. As an estimated effect size, the hazard ratio
(HR) between the two treatment arms will be given with
the corresponding 95% confidence interval. The one-
sided test of the superiority of discontinuation of PPI
over the continuation of PPI at significance level 2.5%
will be based on the corresponding asymptotic two-
sided 95% confidence interval from the Cox regression
model. The null hypothesis is rejected if the upper limit
of the confidence interval is below 1.0. The analysis of
the treatment effect with respect to the individual com-
ponents of the composite endpoint and to secondary
endpoints will be performed analogously with the
(cause-specific) Cox model. Time to event outcomes will
be visualized by Kaplan-Meier curves stratified by treat-
ment group. Adverse event data will be summarized by
the treatment group.

Interim analyses {21b}
After half of the required events, an interim analysis is
planned with the opportunity to stop for futility if the p-
value of the treatment group is > 0.5. Since this interim
analysis does not inflate the type-one error α correction
for multiplicity is not necessary.

Methods for additional analysis (e.g. subgroup analyses)
{20b}
The composite primary endpoint will additionally be
analysed descriptively by applying a multi-state model
with states of unplanned re-hospitalization and death.
Both analyses of the composite primary endpoint will be
repeated in the per-protocol (PP) set. Analyses of the
primary and secondary endpoint in the following sub-
groups are planned: According to the Child-Pugh stage;
according to the aetiology of cirrhosis; untreated or
treated aetiology of cirrhosis (e.g. treated vs. untreated
viral hepatitis); patients with a history of TIPS implant-
ation. Further subgroups may be defined in ad-hoc
analyses.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
In the primary analysis, dropout will be dealt with as
independent right censoring. In case of substantial
dropout, this assumption will be investigated in sensitivity
analyses, e.g. shared random effects models. Missing data
in baseline variables will be handled by multiple
imputation.

Plans to give access to the full protocol, participant level-
data and statistical code {31c}
Access to the full protocol and statistical code is
possible on reasonable request after approval by the
executive committee. Anonymized participant-level data
are available after the publication of the primary results
on reasonable request after approval by the executive
committee.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
Professor Dr. Ansgar W. Lohse is the coordinating
investigator. PD Dr. Johannes Kluwe is the deputy
coordinating investigator. Dr. Malte H. Wehmeyer and
Dr. Thomas Horvatits are responsible for clinical trial
management and medical monitoring. Professor Dr.
Antonia Zapf is the responsible trial statistician. All five
are members of the trial executive committee (Chair:
Prof. Dr. Lohse).
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Composition of the data monitoring committee, its role
and reporting structure {21a}
A Data Safety Monitoring Board (DSMB) is constituted
to protect the safety of study participants. It consists of
three members (two hepatologists and one statistician)
and will be scheduled at least every 6 months. It assesses
the progress, safety data, and critical efficacy endpoints
of the trial, as well as external factors (e.g. scientific
results) which might affect participant safety or ethical
status. The DSMB will receive blinded data and
unblinded data (to be reviewed in a closed session).
Based on the observed benefits or adverse effects, the
DSMB will make recommendations to the sponsor
concerning continuation, termination or modification of
the trial. The sponsor has established a charter
document explaining the working procedures for the
DSMB.

Adverse events reporting and harms {22}
An adverse event (AE) is defined as any untoward
medical occurrence in a study participant, which does
not necessarily have a causal relationship with the study
treatment. AEs will be ascertained by the investigators
during visits and telephone interviews using non-leading
questions, noted as spontaneously reported by the pa-
tients to the medical staff or observed during any mea-
surements during the trial. All AEs will be reviewed,
confirmed, and classified by an investigator. All subjects
who present AEs will be monitored by the responsible
investigator to determine their outcome (also in patients
who were withdrawn from the trial). AEs are classified
as “serious” or “non-serious”, all AEs are graded (mild,
moderate, severe) and the relationship between the study
drug and outcome is documented. The action taken with
the study drug and countermeasures have to be recorded
for each AE.
Serious adverse events (SAE) are defined as AEs resulting

in death, are life-threatening, require hospitalization or pro-
longation of existing hospitalization, result in persistent or
significant disability/incapacity, are a congenital anomaly/
birth defect or are otherwise medically relevant. All SAEs
must be reported by the investigator to the pharmacovigi-
lance department within 24 h after the SAE becomes known.
All SAEs will be subject to a second assessment by a desig-
nated person independent from the reporting investigator.
SAEs that are potentially attributed to the study drug are
classified as serious adverse reactions (SAR). For each SAR,
“expectedness” has to be assessed. All suspected unexpected
SAR (SUSAR) are subject to expedited reporting to the re-
sponsible ethics committees, the competent authorities and
to all participating investigators. Pregnancies of participants
during the trial have to be reported the same way as SAEs
(but are not regarded as a SAE).

Frequency and plans for auditing trial conduct {23}
The project management group (including clinical trial
management, non-clinical trial management, pharma-
covigilance officers, database officers and clinical re-
search associates) meets monthly to assess recruitment,
protocol deviations and SAEs. Furthermore, the clinical
trial management team meets on a weekly basis to dis-
cuss patient recruitment and SAEs. Furthermore, risk-
based quality management meetings (RBQM) are sched-
uled twice a year to possibly adjust monitoring strat-
egies. All sites are regularly monitored by a clinical
research associate. Details with regard to the meetings of
the Data Safety Monitoring Board (DMSB) are provided
above {item 21a}.
Standard phases of the study may be subject to audits

by an independent party authorised by the Sponsor.
Results of these audits as well as any objections will be
reported directly to the Sponsor. Audits will be planned
on demand.

Plans for communicating important protocol
amendments to relevant parties (e.g. trial participants,
ethical committees) {25}
Modifications of the protocol must be authorised by the
sponsor and the coordinating investigator. Deviations
and changes to the study protocol will be classified as:

� Note-to-File: Clarifications which are not considered
changes of the protocol.

� Study protocol amendment: Substantial changes of
the protocol, which need approval from the ethics
committees and competent authority. These changes
may also induce revision of the informed consent
form. Patients undergoing trial assessment
procedures at the time of implementation of the
change have to be given the amended version and
have to be asked for consent to continue on the
trial.

Dissemination plans {31a}
Study results will be presented at international meetings
and submitted to a high impact, peer-reviewed scientific
journal (open access) 3 months after the end of data
analysis. The reporting will follow the recommendations
of the CONSORT group for the reporting of randomized
clinical trials. Authorship eligibility guidelines for publi-
cations are defined in the full protocol. Furthermore,
final results will be provided to clinicaltrials.gov and the
EudraCT database.

Discussion
Prophylactic long-term PPI treatment without evidence-
based indication is frequently regarded as “common use”
in daily clinical routine in patients with liver cirrhosis
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[1–9]. Increasing evidence from observational studies
suggests possible harmful effects of chronic PPI treat-
ment in cirrhotic patients. However, the negative impact
of chronic PPI treatment on infection rates [8–16, 21–
23], rates of hepatic decompensation [6, 7, 9, 28, 29],
hospitalization rates [20, 30, 31] and mortality of cir-
rhotic patients [5, 6, 10, 32, 33] remains controversial
due to conflicting data [4, 24–27]. Therefore, it remains
unclear if PPI use is causative for patient mortality or
merely associated with comorbidities which themselves
lead to a higher mortality in patients [51, 52]. On the
other hand, patients with liver cirrhosis are at an in-
creased risk of variceal and nonvariceal gastrointestinal
bleedings [37–44] and PPI could have preventive effects.
The primary aim of this study is to prove superiority

of PPI discontinuation over continuation in (recently)
hospitalized liver cirrhosis patients without evidence-
based indication for PPI use with regard to the compos-
ite primary endpoint “death and/or unplanned re-
hospitalization”. As the above-mentioned complications
regularly lead to a hospitalization of cirrhotic patients
and a hospitalization itself is considered a risk factor for
mortality in patients with liver cirrhosis [50], re-
hospitalization is an adequate surrogate for patient-
relevant complications of liver cirrhosis. By aggregation
of unplanned re-hospitalization and mortality to a com-
posite endpoint, we avoid underestimation of clinically
significant events resulting in pre-clinical mortality.
However, this implies a risk that mortality will be under-
represented in the primary results, as most fatal out-
comes are expected to occur after re-hospitalization.
Thus, incidence of secondary endpoints including mor-
tality will be studied after re-hospitalization. We will not
regard expected re-hospitalization due to ascites (with-
out SBP or other complications) during a period of 30
days after discharge as a primary end-point criterion, as
patients with refractory ascites are often expected to be
re-hospitalized for paracentesis.
Importantly, sudden PPI withdrawal in the intervention

group may lead to clinically relevant overproduction of
gastric acid with a recurrence of dyspeptic symptoms [53–
55], which could lead to an increased risk for protocol
violations (like the intake of PPIs or other acid-
suppressive drugs). Therefore, PPI discontinuation will be
achieved after dose tapering as previous data suggest a
clinical benefit of dose tapering instead of abrupt with-
drawal of PPI therapy [55].
In- and exclusion criteria are designed to ensure that

the study population represents all patients with
complicated liver cirrhosis in whom PPI discontinuation
is feasible and may have positive effects on patients’
outcome: Especially hospitalized patients with
complications of liver cirrhosis are at risk for re-
hospitalization [20, 30, 56] and hospitalization itself is

associated with increased mortality in this population
[50]. Furthermore, the incidence of an infection (which
is regarded a complication of cirrhosis in our protocol)
is often a deteriorating event in the course of cirrhotic
disease leading to ACLF [57]. As the study aims to
evaluate the discontinuation of widely practiced
“prophylactic” long-term PPI prescription without strong
indication, a PPI therapy has to be documented for ≥ 28
days prior to screening. However, only patients taking a
single PPI standard dose per day or less for at least 7
days are included in the trial, as patients receiving higher
doses of PPI might be at an increased risk to suffer from
gastric acid rebound symptoms [53–55] despite our PPI
dose tapering protocol.
The exclusion criteria represent evidence-based indica-

tions for PPI therapy also in cirrhosis patients according
to the German guidelines [58–60]. In these patients, dis-
continuation of PPI therapy might be harmful. Patients
who underwent endoscopic therapy for oesophageal
varices < 14 days prior to screening are also excluded, as
PPI therapy may reduce the size of banding-ulcers after
variceal band ligation [45, 46]. Patients with a life-
expectancy below 1 year due to extrahepatic diseases or
malignancies are excluded to avoid confounding of the
primary efficacy endpoint, as these patients have a high
risk to reach the primary endpoint independently from
cirrhosis or the trial intervention. Also, patients who are
regarded clinically unstable are excluded from the trial.
In conclusion, the STOPPIT trial represents the first

prospective, randomized, placebo-controlled trial which
aims to confirm the expected benefit of a discontinu-
ation of long-term PPI therapy in cirrhotic patients. If
the primary hypothesis (superiority of PPI discontinu-
ation over continuation of PPI therapy) is confirmed, the
trial will have significant impact on the recommended
drug management of patients with liver cirrhosis. Re-
duced PPI prescription rates could lead to lower rates of
cirrhosis-related complications and may have a positive
impact on (re-)hospitalization rates and mortality. Fur-
thermore, PPI discontinuation would possibly lower the
“pill burden”, lower the risk of drug-drug interactions in
cirrhotic patients, and may therefore have a positive so-
cioeconomic impact.

Trial status
The information presented in this article are based on
the STOPPIT-Study protocol version 2.0 (September 30,
2020). Recruitment has started in April 2021 (first pa-
tient in) and is expected to be completed by March 2024
(last patient in).
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