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Gabriele Finco x, Felice Eugenio Agrò y, Tiziana Bove q,z, Francesco Corradi p, 
Federico Longhini g, Giovanni Landoni a,b,*, Rinaldo Bellomo aa,ab, Alberto Zangrillo a,b, 
Collaborators 
a IRCCS San Raffaele Scientific Institute, Milan, Italy 
b Vita-Salute San Raffaele University, Milan, Italy 
c Astana Medical University, National Scientific Center of Traumatology and Orthopedia, Astana, Kazakhstan 
d IRCCS Ospedale Policlinico San Martino, Genova, Italy 
e University Hospital Dubrava, Zagreb, Croatia 
f University North, Varazdin, Croatia 
g Anesthesia and Intensive Care, Department of Medical and Surgical Sciences, Magna Graecia University, Catanzaro, Italy 
h Kameda Medical Center, Kamogawa, Japan 
i Azienda Ospedaliero Universitaria Pisana, Pisa, Italy 
j Federal Research and Clinical Center of Reanimatology and Rehabilitology, Moscow, Russia 
k Sapienza University of Rome, Latina, Italy 
l Mediterranea Cardiocentro, Napoli, Italy 
m University of G. d’Annunzio Chieti and Pescara, Chieti, Italy 
n University of Turin, Turin, Italy 
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t Università della Campania "L. Vanvitelli" Napoli, Napoli, Italy 
u Ospedale Cardinal Massaia Asti, Asti, Italy 
v Ospedale "degli Infermi" Di Faenza, Faenza (RA), Italy 
w University of Messina, Messina, Italy 
x University of Cagliari, Cagliari, Italy 
y Fondazione Policlinico Universitario Campus Bio-Medico, Rome, Italy 
z University of Udine, Udine, Italy 
aa The University of Melbourne, Melbourne, Australia 
ab Australian and New Zealand Intensive Care Research Centre, Monash University, Melbourne, Australia   

* Corresponding author at: Department of Anaesthesia and Intensive Care, IRCCS San Raffaele Scientific Institute, Via Olgettina 60, 20132 Milan, Italy. 
E-mail address: landoni.giovanni@hsr.it (G. Landoni).  

Contents lists available at ScienceDirect 

Contemporary Clinical Trials 

journal homepage: www.elsevier.com/locate/conclintrial 

https://doi.org/10.1016/j.cct.2023.107319 
Received 31 March 2023; Received in revised form 12 August 2023; Accepted 22 August 2023   

mailto:landoni.giovanni@hsr.it
www.sciencedirect.com/science/journal/15517144
https://www.elsevier.com/locate/conclintrial
https://doi.org/10.1016/j.cct.2023.107319
https://doi.org/10.1016/j.cct.2023.107319
https://doi.org/10.1016/j.cct.2023.107319
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cct.2023.107319&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Contemporary Clinical Trials 133 (2023) 107319

2

A R T I C L E  I N F O   

Keywords: 
Sepsis 
Septic shock 
SOFA score 
Proton pump inhibitors 
Esomeprazole 
Critical care 
Intensive care unit 
Mortality 

A B S T R A C T   

Background: Sepsis is caused by dysregulated immune responses due to infection and still presents high mortality 
rate and limited efficacious therapies, apart from antibiotics. Recent evidence suggests that very high dose proton 
pump inhibitors might regulate major sepsis mediators’ secretion by monocytes, which might attenuate excessive 
host reactions and improve clinical outcomes. This effect is obtained with doses which are approximately 50 
times higher than prophylactic esomeprazole single daily administration and 17 times higher than the cumu-
lative dose of a three day prophylaxis. We aim to perform a randomized trial to investigate if high dose eso-
meprazole reduces organ dysfunction in patients with sepsis or septic shock. 
Methods: This study, called PPI-SEPSIS, is a multicenter, randomized, double blind, placebo-controlled clinical 
trial on critically ill septic patients admitted to the emergency department or intensive care unit. A total of 300 
patients will be randomized to receive high dose esomeprazole (80 mg bolus followed by 12 mg/h for 72 h and a 
second 80 mg bolus 12 h after the first one) or equivolume placebo (sodium chloride 0.9%), with 1:1 allocation. 
The primary endpoint of the study will be mean daily Sequential Organ Failure Assessment (SOFA) score over 10 
days. Secondary outcomes will include antibiotic-free days, single organ failure severity, intensive care unit-free 
days at day 28, and mortality. 
Discussion: This trial aims to test the efficacy of high dose esomeprazole to reduce acute organ dysfunction in 
patients with septic shock. 
Trial registration: This trial was registered on ClinicalTrials.gov with the trial identification NCT03452865 in 
March 2018.   

1. Background 

Sepsis is a life-threatening organ dysfunction caused by a dysregu-
lated host response to infection [1]. This condition can progress to septic 
shock, characterized by profound circulatory, cellular, and metabolic 
abnormalities, being associated with a greater risk of mortality than 
with sepsis alone [1]. Nowadays, sepsis still represents an elusive syn-
drome with high mortality rate and lack of efficacious therapies [2]. 

Evidence-based guidelines define a bundle of interventions that 
contributes to outcome improvement [3]. Despite these advances, sepsis 
represents a major healthcare issue and there is a huge need for drugs 
that can reduce morbidity and mortality in patients with sepsis and 
septic shock. Mortality of sepsis treated in intensive care unit (ICU) is 
estimated to be 42% [4]. Although the exact underlying mechanisms is 
not fully understood, the development and exacerbation of sepsis can be 
attributed to hyperinflammatory responses [2]. In addition, acidosis, 
which is a common finding in non-survivors septic patients, increase the 
release of inflammatory mediators [5]. 

Proton pump inhibitors (PPIs) are a widely used family of prodrugs 
that decrease gastric acid secretion through the inhibition of the H+/K+
adenosine triphosphatase (ATPase) enzyme system, upon activation by 
low pH [6,7]. Since their market release, PPIs have therefore been 
largely used in the treatment of peptic ulcers and reflux esophagitis, 
progressively eclipsing histamine H2-receptor antagonists [7,8]. The 
administration of PPIs was also studied in different medical fields 
because of their safety profile. For example, preclinical evidence sup-
ports the use of esomeprazole as novel therapeutic strategy for meta-
static melanoma by modifying the acidotic environment of cancer cells 
[9,10]. Balza et al. hypothesized PPIs’ applicability in the treatment of 
sepsis, since they demonstrated a selective inhibition of tumor necrosis 
factor-α (TNF-α) and interleukin-1β (IL-1β) at different levels in vitro 
[11]. PPIs also increased survival in a murine model of endotoxic shock 
and esomeprazole-treated mice experienced lower mortality and in-
flammatory response compared to controls, when rechallenged with a 
sepsis-inducing agent [11]. 

These findings suggest that high-dose esomeprazole has immuno-
modulatory effects and might improve clinically relevant outcomes in 
patients with sepsis. Accordingly, this trial aims to evaluate esomepra-
zole efficacy in reducing the severity of organ failure in patients with 
sepsis or septic shock. 

2. Methods 

2.1. Study design 

This is a multicenter, randomized, double blind, placebo-controlled 
trial investigating the effect of high dose esomeprazole administration 
in septic patients in terms of organ dysfunction severity. The study is 
registered on clinicaltrials.gov as NCT03452865 and Ethical Approval 
was obtained before the beginning of the project in each participating 
center (Fig. 1). 

2.2. Trial population, inclusion and exclusion criteria 

We plan to enroll 300 adult Emergency Department (ED) or Intensive 
Care Unit (ICU) patients with sepsis or septic shock, defined according to 
SEPSIS-3 definitions [1,12]. Sepsis is defined as a life-threatening organ 
dysfunction caused by a dysregulated host response to infection. [1] Its 
diagnosis is established by an acute change in total Sequential Organ 
Failure Assessment (SOFA) score ≥ 2 points (Supplementary Fig. 1) from 
baseline, or from zero in the absence of a known baseline, consequent to 
infection. Septic shock is defined as sepsis plus persisting hypotension 
requiring vasopressors to maintain mean arterial pressure (MAP) ≥65 
mmHg and having a serum lactate level > 2 mmol/L (18 mg/dl) despite 
adequate volume resuscitation [1,12]. Patients with little chance of 
survival, defined by a Simplified Acute Physiology Score (SAPS) II score 
> 65 points (Supplementary Fig. 2) and those with sepsis for >36 h are 
excluded from the study. Table 1 shows all inclusion and exclusion 
criteria. Due to strong interactions with esomeprazole, patients treated 
with the drugs listed in Table 2 cannot be enrolled. 

2.3. Recruitment and randomization 

All patients who are clinically judged to be eligible for the study will 
be screened against inclusion and exclusion criteria, and informed 
consent will be obtained following the approved modality determined 
by the ethical committee prior to enrollment, which included deferred 
consent. Randomization will be performed by a computer with the use of 
a permuted block design. Patients will be randomized to esomeprazole 
versus placebo groups with a 1:1 allocation. The randomization lists are 
generated with a block size of 20 or 40 stratified by center. Stratifying 
randomization by center helps to account for potential variations or 
confounding factors that may be specific to each participating center. 

G. Monti et al.                                                                                                                                                                                                                                   

http://ClinicalTrials.gov
http://clinicaltrials.gov


Contemporary Clinical Trials 133 (2023) 107319

3

2.4. Intervention 

The experimental group will receive intravenous esomeprazole 80 
mg bolus followed by continuous infusion of 12 mg/h for 72 h. After 12 
h from the first bolus, patients will receive another 80 mg bolus of 
esomeprazole. Drug administration will be stopped after 72 h (3 days) of 
continuous infusion. Esomeprazole boluses will be prepared dissolving 
the drug into 100 ml of sodium chloride 0.9% and will be administered 
over 60 min. For continuous infusion, reconstituted esomeprazole at a 
concentration of 8 mg/ml will be injected at a rate of 1.5 ml/h (12 mg/ 
h). Study drug infusion will be interrupted if considered necessary for 
patient’s safety, if a clinical condition requiring the administration of 
any drug listed in Table 2 occurs, or if the patient or their legal repre-
sentative withdraw consent for trial participation. 

The control group will receive equivolume intravenous sodium 
chloride 0.9% in the same modalities of the intervention group (i.e., 
boluses and continuous infusion), without the experimental drug. 

Patients can receive unblinded prescription of PPI for stress ulcer 
prophylaxis, if clinically indicated. All patients will receive the best 
available standard of care for sepsis according to latest guidelines, 
independently of the randomization group [13] (Fig. 2). 

A web-based centralized randomization performed at the last avail-
able moment will be used to allocate subjects, in order to reduce biases. 
The randomization will be performed by the physician in charge of the 
patient. As soon as the patient is randomized, pharmacists automatically 
receive an e-mail containing the group allocation and instructions on 
how to prepare the study drug. [14] Patients, physicians, study in-
vestigators, data collectors, outcome assessors and statisticians will be 
unaware of group assignment for the whole duration of the trial, until 
database locking. Blinding is reinforced by the identical, colorless 
appearance of placebo and esomeprazole after syringe is prepared for 
administration by personnel not involved in patient’s care. Considering 
that the study product needs multiple preparations at short time in-
tervals, the syringe is prepared in ED and ICUs, and that patients can be 
enrolled (and the study product needs to be administered) 24 h a day 

and every day of the week, we accepted the use of vital local resources 
(e.g., ICU nurses not involved in the care of the patient) for preparation 
of the study product. [15] Data collection will be performed by blinded 
trained personnel who do not participate in patient care. This approach, 
employed within high-quality double-blind randomized trials [14,16], 
aligns seamlessly with the established definition of double-blind 

Fig. 1. PPI-SEPSIS visual abstract.  

Table 1 
PPI-SEPSIS inclusion and exclusion criteria.  

Inclusion criteria 
(All the following must be present) 

Exclusion criteria 
(Patient is excluded if ≥1 of the following is 
present) 

1. Age ≥ 18 years old 
2. Admitted to ICU or ED 
3. Sepsis* or septic shock** 
4. Able to express informed 
consent or as requested by Ethical 
Committee 

1. Able to express informed consent and deny 
it 
2. Known allergy or intolerance to study drug 
3. Little chance of survival, with SAPS II >65 
points 
4. Concomitant AIDS 
5. On immunosuppressant or long-term 
corticosteroid therapy (>0.5 mg/kg/day of 
prednisone or equivalent for over 30 days) 
6. Receiving lifesaving drugs known to have a 
strong interference with esomeprazole as 
stated in Table 2: Prohibited concomitant 
treatments 
7. Sepsis or septic shock since over 36 h 
8. Severe hepatic dysfunction 
9. Ongoing pregnancy 

Abbreviations: ICU, intensive care unit; ED, emergency department; SAPS, 
Simplified Acute Physiology Score; AIDS, acquired immunodeficiency 
syndrome. 

* Defined as acute change in total Sequential Organ Failure Assessment 
(SOFA) score ≥ 2 points consequent to the infection. The baseline SOFA score 
can be assumed to be zero in patients not known to have preexisting organ 
dysfunction. 

** Defined as sepsis plus persisting hypotension requiring vasopressors to 
maintain mean arterial pressure ≥ 65 mmHg and having a serum lactate level >
2 mmol/l (18 mg/dl) despite adequate volume resuscitation. 
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methodology [17,18]. 
The high dose used in our study is double the one used in previous 

randomized controlled trials performed in different settings [19,20]. 
Additionally, our choice was guided by extensive preclinical and phar-
macological studies [21], taking into account pharmacodynamic and 
pharmacokinetic considerations, as well as the potential anti- 
inflammatory effects associated with this specific dosage [22,23]. Eso-
meprazole, administered as a continuous high-dose intravenous infu-
sion, is a commonly used treatment in the field of gastroenterology. It is 

routinely prescribed for conditions such as peptic ulcer disease [24], as 
well as after endoscopic treatment [19]. This widespread clinical use 
and extensive experience with esomeprazole provided a solid founda-
tion for its safety profile. 

2.5. The SOFA score 

The SOFA score was developed by the European Society of Intensive 
Care Medicine (ESICM) Working Group on Sepsis-related Problems in 
the attempt to find an immediate and objective method to universally 
describe individual organ dysfunction in a continuous form [25]. The 
score was meant to be used over time to measure the evolution of in-
dividual and aggregated organ dysfunction both in clinical trials on 
sepsis and by the clinician at patients’ bedside [26]. The European 
Medicines Agency (EMA) published the “Guideline on clinical investi-
gation of medicinal products for the treatment of sepsis” (CHMP/EWP/ 
4713/03) in 2006, recommending SOFA for the assessment of disease 
severity in patients with sepsis [27]. When using SOFA score as a study 
outcome, the mean daily SOFA is calculated for each subject over a 
predefined study period [28]. The mean daily SOFA remains useful 
regardless of the duration of survival in case of a patient’s death prior to 
the end of the study period, granting the advantage that no patient will 
be excluded from the endpoint analysis [29]. The mean daily SOFA score 
is also a surrogate for mortality risk assessment [30]. In their validation 
study published on JAMA in 2001, Ferreira et al. [31] analyzed data 
from 352 consecutive patients admitted to a general ICU in Belgium. 
They found that a 1-point increase in SOFA score was associated with a 
progressive mortality increase (SOFA 2.1–3.0 = 20%, 3.1–4.0 = 36.1% 

Table 2 
Prohibited concomitant treatments.  

Pharmacologic class Active principle 

Antiretroviral agents Atazanavir 
Atazanavir / cobicistat 
Dolutegravir / rilpivirine 
Emtricitabine / nelfinavir / tenofovir 
Nelfinavir 
Rilpivirine 
Sofosbuvir / velpatasvir 
Sofosbuvir / velpatasvir / voxilaprevir 

Tyrosine kinase inhibitors Acalabrutinib 
Dasatinib 
Erlotinib 
Neratinib 
Pazopanib 

Others Citalopram 
Clopidogrel 
Methotrexate 
Tacrolimus  

Fig. 2. PPI-SESIS flow chart. 
Abbreviations: SAPS, Simplified Acute Physiology Score; AIDS, acquired immunodeficiency syndrome; GCS, Glasgow Coma Scale. 
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and 4.1–5.0 = 73.1% mortality; odds ratio 3.06, 95% confidence in-
terval [2.36–3.97]) and had a very good discriminative power (area 
under the receiver operating characteristic curve = 0.88). The mean 
daily SOFA score holds significant prognostic value and offers valuable 
insights into the overall organ dysfunction and clinical trajectory of 
critically ill patients. It exhibits a stronger association with adverse 
outcomes (including mortality and length of stay) compared to other 
methods like delta SOFA [31]. Calculating the mean daily SOFA score 
over a specific period allows to avoid the potential bias introduced by 
mortality and obtain a comprehensive assessment of organ dysfunction 
during that time. The mean daily SOFA score overcomes the bias 
introduced by truncation due to death, ensuring a more accurate eval-
uation of organ dysfunction throughout the specified period [29]. 
Missing data for patients who died or were discharged before the 
completion of the study period are not imputed or replaced. The mean 
SOFA score, being an average measure of organ dysfunction, is calcu-
lated based on the available data within the specified timeframe, 
effectively capturing the inclusion of such patients in the analysis. 
Additionally, the mean SOFA score is more sensitive than measures like 
the maximum SOFA score or fixed-day SOFA in detecting changes in a 
patient’s condition over time. By capturing the average severity of organ 
dysfunction over a specific timeframe, it allows for the evaluation of 
trends and fluctuations in the patient’s clinical status [29,32]. According 
to a previous work [30], SOFA score represents not only a reliable 
measure of organ dysfunction, but it is also an independent predictor of 
mortality at ICU admission. 

2.6. Sample size 

The primary endpoint of our study is organ dysfunction measured by 
the mean daily SOFA score over 10 days [33]. If patients will die or will 
be discharged within the first post-randomization 10 days, no data 
imputation will be performed after the event of death or discharge. The 
mean daily SOFA score calculation will be interrupted before 10 days as 
previously described [33]. A difference of 0.5 points in mean SOFA score 
is considered significant [33]. 

Based on these data, our planned sample size is 286 patients. This 
will provide >80% power to detect a 0.5-point difference in mean daily 
SOFA score assuming a standard deviation of 1.5. We will recruit an 

additional 4% (14 patients) to account for potential loss to follow-up and 
withdrawal of consent, reaching a total planned sample size of 300 
patients. 

Secondary outcomes are: antibiotic-free days at day 28; single organ 
failure severity as per categories of SOFA score; ICU-free days at day 28 
(deaths within the initial 28 days will be assigned zero ICU-free days at 
day 28); death from any cause at day 28, 60 and 90 after randomization. 

2.7. Data collection and patient follow up 

Demographic data and biometric measurements (measured or esti-
mated), medical history, as well as vital signs, laboratory values, 
ventilatory status and ventilator settings, and vasopressor drug dosage 
of patients included in the study will be collected before the first 
administration of the study drug on day 0, at randomization. Patients 
will be evaluated daily until 28 days post-recruitment or at hospital 
discharge (Table 3). 

Patients will be interviewed on day 28, 60, and 90 to assess survival 
status. If they are still in the hospital, clinicians will visit them according 
to the schedule, otherwise a telephone follow-up will be performed. 

2.8. Statistical plan 

Demographic and baseline disease characteristics will be summa-
rized with the use of descriptive statistics. Categorical variables will be 
reported as absolute numbers and percentages. Post-randomization 
dichotomous data will be compared through unadjusted univariate an-
alyses, based on two tailed Chi-square (when the number of the variable 
is more than five) or Fisher exact test (when the number of the variable 
was equal to or less than five). We will calculate relative risks and 95% 
confidence intervals (CIs) by means of the two-by-two table method with 
the use of log-linear regression with a normal approximation for the 
standard errors. For continuous variables with non-parametric distri-
bution, we will use the Mann–Whitney U test and present data with 
medians and interquartile ranges (IQRs). For variables with normal 
distribution, we will use Students’ t-test and presented data with means 
and standard deviations. We will report the differences between the two 
groups with mean differences with 95% CIs. We will apply two-sided 
significance tests throughout the manuscript. Logistic regression 

Table 3 
Study procedures.   

Day 
0 

Day 
1 

Day 
2 

Day 
3 

Day 
4 

Day 
5 

Day 
6 

Day 
7 

Day 
8 

Day 
9 

Day 
10 

Day 
28 

Day 
60 

Day 
90 

Demographics ✓              
Anthropometry ✓              
Medical history ✓              
COVID-19 status ✓              
Type of hospital admission ✓              
Type of ICU admission ✓              
Antibiotics administration in the previous 

3 months 
✓              

Diagnosis at ICU admission ✓              
Laboratory data at baseline* ✓              
Laboratory data collected on a daily 

basis** ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    

Vital signs ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    
Source of infection ✓              
SAPS II score ✓              
SOFA score ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    
Murray Score for ARDS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓    
ICU-free days ✓           ✓   
Antibiotics-free days ✓           ✓   
Mortality ✓           ✓ ✓ ✓ 

Abbreviations: ICU, intensive care unit; SAPS II, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; ARDS, acute respiratory distress 
syndrome. 

* Sodium; potassium; calcium; chloride; total protein, prothrombin time, activated partial thromboplastin time; asparatate aminotransferase; alanine transaminase; 
lactate; pregnancy test. 

** Arterial blood gas sample; creatinine; total bilirubin; C-Reactive Protein; procalcitonin; complete blood count. 
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models, adjusted for baseline values, will be used to estimate the 
treatment effect (and its 95% confidence intervals) on survival will also 
be compared with time to event analyses with the log-rank test and we 
will display such comparison with Kaplan-Meier survival curves. A time 
to event analysis with a Cox regression will be performed to adjust for 
key baseline characteristics. Primary data analysis will be based on 
intention to treat analysis. We will also perform “per-protocol” analyses, 
analyses excluding early deaths (patients dying within 48 h from 
randomization). 

Data will be stored electronically via a web-based case report form 
and analyzed by use of STATA (Stata Statistical Software: version 16, 
College Station, TX, USA). 

Analyses will also be conducted in predefined subgroups: ED versus 
ICU admission; sepsis versus septic shock at randomization; and 
observed SOFA score quartiles at randomization. Additional subgroup 
analyses will be conducted according to primary infection of surgical 
origin; gender; presence of active cancer. A post-hoc secondary analysis 
will be conducted on COVID-19 patients. 

An independent safety committee conducted one ad-interim analysis 
which was carried out on the alpha spending models, according to Lan 
and De Mets, and will employ O’Brien-Fleming Z-test boundaries, which 
are very conservative early in the trial. [34–37] The efficacy stopping 
rules require an extremely low P value (P < 0.0014). The research team 
is blind to the interim analysis results. 

2.9. Handling of missing data 

The calculation of the mean daily SOFA score requires a SOFA score 
for each of the ten days. To handle missing data, we will follow the 
approach suggested in high-quality reviews and used in randomized 
controlled trials with mean daily SOFA score as the primary outcome 
[33,38]. By drawing from this well-established framework, we aim to 
ensure the integrity and validity of our results despite the potential for 
missing data. Given that the mean daily SOFA score is a daily value 
calculated over a period of ten days, the possibility of missing data needs 
to be considered. If necessary, missing data will be managed as follows: 
when only one or two consecutive days are missing, or if the missing 
data occurs in the last days, we will use the last available SOFA value. In 
case three or more days are missing, the average value of the last 
available and next available observation will be used. We will also 
conduct a sensitivity analysis including only collected data to further 
assess the robustness of our findings. 

2.10. Safety profile 

We will administer 448 mg of esomeprazole on the first day and 288 
mg each day for the next two days, for a total of 1024 mg, irrespectively 
of patients’ weight. This has to be compared with the standard pro-
phylactic (20 mg a day, for a total of 60 mg in 3 days, about 17 times less 
than the dosage administered in our trial) or therapeutic dose (80 mg 
loading dose followed by 8 mg/h continuous infusion for three days, for 
a total dose of 656 mg, which is about 1.5 less than what we are 
studying) which is routinely administered in clinical practice [39,40]. 

Even if poisoning from PPI has never been described despite >20 
years of everyday utilization, we introduced an exclusion criterion 
(receiving drugs known to have a strong interference with esomepra-
zole) to protect patients at theoretical risk of toxicity. Patients will be 
strictly monitored for efficacy and safety of the treatment. According to 
the FDA, in toxicity studies involving intravenous continuous adminis-
tration, of esomeprazole the highest tolerable doses were reported as 48 
mg/kg/day in male rats, 26 mg/kg/day in female rats, and 35 mg/kg/ 
day in dogs. In terms of safety profile, our administered dose is 
approximately five times lower than the highest tolerable doses reported 
by the FDA in toxicity studies [41]. 

Reports of overdosage with esomeprazole in humans [11], with a 
single dose up to 2400 mg (120 times the usual recommended 

prophylactic dose) only produced minor clinical manifestations, 
including confusion, drowsiness, blurred vision, tachycardia, nausea, 
diaphoresis, flushing, headache, dry mouth, and other adverse reactions 
similar to those seen in normal clinical experience for standard dose. The 
symptoms described in connection with deliberate esomeprazole over-
dose (limited experience of doses in excess of 240 mg/day) are transient. 
[41] Single doses of 80 mg of esomeprazole, which equals our boluses 
administration, were uneventful [42]. 

In animals, a single oral dose of esomeprazole at 510 mg/kg (about 
100 times the dose we will be administering in our trial), was lethal to 
rats. The major signs of acute toxicity were reduced motor activity, 
changes in respiratory frequency, tremor, ataxia, and intermittent clonic 
convulsions [41]. 

Proton pump inhibitors are also safe in polytherapy, and present few 
pharmacological interactions. So far, the major exception is represented 
by clopidogrel, which is converted into active metabolites by the same 
cytochrome involved in PPI metabolism. The competition between the 
two molecules might interfere with clopidogrel’s efficacy, decreasing 
the inhibition of platelet aggregation and increasing cardiovascular 
events [43]. 

All adverse events will be assessed for likely relationship to the study 
drug. All serious adverse event (SAE) or a suspected unexpected serious 
adverse reaction (SUSAR) will be reported to the trial coordination 
centre within 24 h and to the relevant authorities in accordance with 
current regulations. 

2.11. Ethical considerations 

This study was approved by the Central Medical Ethics Committee at 
IRCCS San Raffaele Scientific Institute, Milan, Italy on March 7, 2019, in 
compliance to the principles of the Declaration of Helsinki and current 
International Conference on Harmonisation (ICH)-GCP guidelines. 

A written informed consent is obtained from the patient, if compe-
tent to make a voluntary decision about whether to accept the protocol, 
prior to the initiation of study procedures by trained study staff mem-
bers. This will include discussion about all the aspects of the study, 
including drug intervention, assessments, follow-up, and acquisition and 
storage of the data. If the patient is unconscious, a substitute decision 
maker (e.g., their next of kin or legal representative) will be informed 
and will decide. If a substitute decision maker is temporarily or 
permanently unavailable, the decision to enroll the patient is up to a 
consensus of three physicians, as per the request of Ethics Committee, in 
the patient’s best interest. Enrollment of individuals without the ability 
to provide informed consent and without a surrogate is permitted to 
ensure that this vulnerable population is not excluded from potentially 
life-saving treatments. Their participation allows for a comprehensive 
evaluation of the intervention effectiveness and safety in real-world 
situations. Stringent ethical protocols are followed to protect their 
rights and welfare. The consent to continue the study will be asked when 
the clinical conditions permit it, or when a substitute decision maker 
will be available. 

3. Discussion 

Sepsis is a worldwide emergency with a high mortality rate and still 
represents a major healthcare problem [4]. Guidelines provide detailed 
definitions and a bundle of interventions which aim at reducing 
morbidity and mortality of sepsis and septic shock [3]. Still, a limited 
number of drugs proved effective in the management of these patients. 
They often present with severe and rapidly evolving major organ 
dysfunction, which can be assessed by validated prediction models such 
as the SOFA score [31]. An increased number of system dysfunctions – 
hence, an increased SOFA score – has been shown to be closely corre-
lated with increased mortality [30,31]. Among the secondary outcomes, 
the assessment of antibiotic-free days is of particular significance as 
esomeprazole, by reducing inflammation and potentially hastening 
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recovery, may contribute to a shorter duration of antibiotic therapy and 
subsequently lower the risk of secondary infections. 

Clinical manifestations of sepsis derive from a dysregulated host 
immune response to an infection [2], therefore drugs able to reduce 
inflammation have been investigated in these patients [4]. Recent 
literature shows that esomeprazole could reduce the secretion of in-
flammatory mediators such as TNF-α and IL-1β in vitro and in vivo. As a 
result, the administration of esomeprazole was effective in the treatment 
of sepsis in mice. All these effects seemed to be dose-dependent and 
became more evident at a dose of esomeprazole of 10 mg/kg [11]. In 
addition to the immediate inhibition of the early cytokine storm driven 
by esomeprazole administration, Balza et al. demonstrated in vivo the 
sustained anti-inflammatory effect of the drug. Mice that survived the 
endotoxic shock developed a long-lasting resistance when rechallenged 
with sepsis-inducing agents up to two months after the first recovery. 
These mice were also more resistant when challenged with a different 
agent, and did not show significant signs of illness after the second insult 
[11]. No adverse events were reported, confirming the safety of eso-
meprazole also for high dose, especially for short-term use [6,7,11]. 

The strength of this study is to repurpose a safe and effective medi-
cation (i.e., esomeprazole) as an adjuvant in the treatment of septic 
patients, given its immunomodulatory effects. Esomeprazole has been 
used as a prophylactic agent for peptic ulcer disease and reflux esoph-
agitis for decades, while recent evidence suggests the induction of a 
nonspecific hyporesponsiveness to sepsis-inducing agents. Its adminis-
tration in the early phases of sepsis could prevent the early cytokine 
storm [11]. For this reason, we decided to include patients with a state of 
sepsis or septic shock since ≤36 h, further strengthening our methodo-
logical strategy. In addition, the ability of esomeprazole to blunt acidic 
environments as suggested by preclinical evidence in metastatic mela-
noma [9,10] could imply further generalizability of this study results. 

We acknowledge that we used a very high dose of esomeprazole. This 
represents both a limitation and a strength. We have no previous study 
to support the use of these doses in septic patients, but we also have the 
possibility to identify a new strategy in the management of sepsis and 
we’re using a drug which has no documented dose-related adverse ef-
fects. Even if mean daily SOFA score is a validated outcome which has 
already been used as primary endpoint in high quality trials [33,38] we 
acknowledge that it is not as important as survival. If we’ll identify an 
effect on mean daily SOFA score in these patients with early sepsis, it is 
reasonable to think that esomeprazole will become part of the standard 
of care in this setting due to its reduced cost and safety. Nonetheless, the 
anti-inflammatory effects of this drug in other settings (e.g., metastatic 
melanoma) will have to be properly studied. While efforts are made to 
minimize missing data, it is inevitable that some data points may be 
incomplete or unavailable. Furthermore, the sample size might be un-
derpowered to detect a difference in secondary outcomes in case of loss 
to follow up. However, we plan to follow a rigorous method for follow 
up to reduce the chances of biases in the results: in case of loss to tele-
phone follow up, provided attempts with secondary telephone numbers, 
we will check hospital electronic records (e.g., laboratory), patients’ 
general practitioner, and local authorities. In case any of these strategies 
work, we will send a letter to the patient’s home address. In acknowl-
edgment of the inherent challenge posed by the participation of un-
blinded ICU nurses, it is important to note that despite our diligent 
efforts to maintain blinding across other key aspects of the study, the 
presence of unblinded nurses introduces a limitation to the strict inter-
pretation of totally blinding. 

This randomized clinical trial with high dose esomeprazole will 
hopefully provide clinical evidence about a novel effective drug against 
sepsis and septic shock. To the best of our knowledge, this is the first 
randomized controlled trial evaluating the effectiveness of esomepra-
zole in septic human patients. As shown in other studies, the SOFA score 
represents not only the severity of organ dysfunction, but it is per se a 
reliable marker of mortality [30]. In addition, PPI could become a useful 
anti-sepsis drug due to low-cost and the availability in most countries 

[10]. 

Trial status 

The first patient was enrolled on 28th January 2020. On 30th 
January 2023, 213 participants were randomized in 11 centers. An a 
priori limit to the number of participating centers was not set. The 
interim analysis did not reveal any significant concerns or safety issues 
that would warrant a change in the trial course. 
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