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Abstract 

Purpose:  In the subgroup of patients with Simplified Acute Physiology Score (SAPS) II > 53 in the Stress Ulcer Prophy-
laxis in Intensive Care Unit (SUP-ICU) trial, there was interaction (P = 0.049) suggesting increased mortality in patients 
allocated to pantoprazole as compared with placebo. We aimed to explore this further.

Methods:  The SUP-ICU trial allocated acutely admitted adults at risk of gastrointestinal bleeding to pantoprazole vs 
placebo. In this post hoc study, we repeated all the preplanned analyses of SUP-ICU in patients with baseline SAPS 
II > 53.

Results:  A total of 1140 patients had a complete SAPS II > 53 and were included. At 90 days, 272/579 patients (47%) 
assigned to pantoprazole had died, as compared with 229/558 patients (41%) assigned to placebo [relative risk 1.13; 
95% confidence interval (CI) 1.00–1.29]. This was supported by sensitivity analyses adjusted for risk factors and those 
in the per-protocol population. When accounting for patients with incomplete SAPS II in two additional analyses, the 
relative risk was 1.08; 95% CI 0.96–1.22 and 1.10; 95% CI 0.97–1.25. This was also observed for the secondary outcome 
days alive without life support. There were no differences between the intervention groups in the other secondary 
outcomes.

Conclusions:  In this post hoc analysis of patients with high disease severity included in the SUP-ICU trial, we 
observed higher 90-day mortality and fewer days alive without life support with pantoprazole vs placebo. Some of 
this may have been explained by missing SAPS II data, but further research is needed to draw firm conclusions.
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Introduction

Critically ill patients in the intensive care unit (ICU) are 
at risk of developing clinically important gastrointestinal 
(GI) bleeding due to stress ulcers [1–3]. GI bleeding in 
critically ill patients has been suggested to be associated 
with adverse outcomes, including a 2–4-fold increased 
risk of death and increased length of ICU stay [3]. To 
prevent GI bleeding, stress ulcer prophylaxis is currently 
recommended in international guidelines [4] and acid 
suppressants are frequently used in ICU patients [2, 5].

In the international Stress Ulcer Prophylaxis in the 
Intensive Care Unit (SUP-ICU) trial, 3350 patients at risk 
of GI bleeding were randomised to receive either panto-
prazole or placebo during the ICU stay [1]. We observed 
no difference between the pantoprazole and placebo 
groups in the primary outcome measure—90-day mortal-
ity—but a predefined subgroup analysis suggested higher 
90-day mortality in the pantoprazole group among 
patients who had higher baseline disease severity, i.e., 
Simplified Acute Physiology Score (SAPS) II > 53 points 
(test of interaction, p value 0.049) [6, 7]. This warrants 
further investigation, because it may be a chance finding 
or driven by baseline imbalance or differences in with-
drawals or follow-up in the subgroup, or missing data for 
SAPS II elements in some patients.

In this post hoc study of the SUP-ICU trial, we per-
formed the full set of preplanned outcome analyses in all 
patients with baseline SAPS II > 53 allocated to pantopra-
zole or placebo on all trial outcomes to search for expla-
nations to substantiate or refute the suggested harm from 
pantoprazole in the most severely ill. We hypothesised 
that the increased 90-day mortality observed in patients 
with SAPS II > 53 allocated to pantoprazole would be 
substantiated in sensitivity analyses and in those of the 
remaining outcomes.

Methods
Study oversight
This study is a post hoc analysis of the SUP-ICU trial 
[7]. The trial protocol, statistical analysis plan and pri-
mary results have been published elsewhere [1, 7, 8]. 
The SUP-ICU trial was approved by all relevant institu-
tions prior to randomisation of the first patient. No addi-
tional approvals were required for this study. We have 
prepared this manuscript according to the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement [9], and the filled-in checklist 
is available in the Electronic Supplementary Material 
(ESM).

The SUP‑ICU trial
The SUP-ICU trial was a randomised, multicenter, strati-
fied, parallel-group, placebo-controlled, blinded clini-
cal trial recruiting 3350 patients (3291 were available 
for data analyses) at risk for GI bleeding in 33 ICUs in 
Denmark, Finland, Norway, Switzerland, the Netherlands 
and UK from 4 January 2016 to 22 October 2017 [7]. Eli-
gible subjects were patients aged 18 years or older, who 
were acutely admitted to the ICU and had at least one 
risk factor for clinically important GI bleeding, includ-
ing any history of liver disease, any history of or ongoing 
coagulopathy, shock, or use of anticoagulant agents, renal 
replacement therapy, or mechanical ventilation expected 
to last > 24 h [1].

We excluded patients with GI bleeding during cur-
rent hospital admission, ongoing daily treatment with 
acid suppressants, patients who were withdrawn from 
active treatment or brain dead, had organ transplanta-
tion during current hospital admission, had peptic ulcer 
confirmed by endoscopy or other method during cur-
rent hospital admission, had a contraindication to panto-
prazole, were pregnant or where consent for enrolment 
could not be obtained. The full definitions of the inclu-
sion and exclusion criteria are presented in the ESM.

Patients were randomly assigned to daily intravenous 
pantoprazole 40  mg or a matching placebo during the 
ICU stay. Randomisation was stratified according to the 
presence or absence of hematological malignancy and 
trial site. The intervention period lasted until discharge 
from the ICU to a maximum of 90 days. The protocol was 
reinitiated in case of readmissions to trial ICUs within 
this period. Apart from the use of stress ulcer prophy-
laxis, all other parts of patient care were at the discretion 
of the clinicians.

At baseline we collected data on demographics and 
clinical characteristics. Daily recordings during the 
entire admission to the ICU included GI bleeding events, 
infectious adverse events (pneumonia and Clostridium 
difficile infection) and data on the usage of life support 

Take‑home message 

In this post-hoc analysis of a predefined subgroup population in 
the Stress Ulcer Prophylaxis in the Intensive Care Unit (SUP-ICU) trial, 
we observed higher 90-day mortality and fewer days alive without 
the use of life support in patients with a complete Simplified Acute 
Physiology Score (SAPS) II > 53 points allocated to pantoprazole. 
We found no explanations for these observations in baseline data, 
process variables or the other trial outcome measures–however, 
missing SAPS II data for some patients seem to explain a part of the 
observed difference.
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modalities. Time of death was registered for all patients 
at a maximum follow-up of 90  days. Observations for 
GI bleeding and infectious adverse events stopped at the 
time of discharge from the ICU.

Informed consent was obtained prior to randomisation 
from all participants or their legal substitutes according 
to national legislation.

Outcomes
The primary outcome was 90-day mortality. Secondary 
outcomes were the proportion of patients with clinically 
important events (a composite outcome of clinically sig-
nificant GI bleeding, pneumonia, Clostridium difficile 
infection and myocardial ischemia), clinically important 
GI bleeding, infectious adverse events (pneumonia or 
Clostridium difficile infection) and serious adverse reac-
tions (SARs) and the percentage of days alive without the 
use of life support (mechanical ventilation, renal replace-
ment therapy or inotropes/vasopressor) [1].

Definitions
Clinically important GI bleeding was defined as overt 
GI bleeding and at least one of the following four fea-
tures within 24 h of the bleeding episode, in the absence 
of other causes, in the ICU: (1) a spontaneous drop of 
systolic blood pressure, mean arterial pressure or dias-
tolic blood pressure of 20 mmHg or more, (2) start of a 
vasopressor or a 20% increase in vasopressor dose, (3) 
decrease in hemoglobin of at least 2 g/dl (1.24 mmol/l), 
or (4) transfusion of two or more units of packed red 
blood cells [1]. The full definitions of the other outcomes 
are presented in the ESM.

Statistical analyses
We repeated all predefined analyses on all outcomes and 
in all predefined subgroups according to the published 
SUP-ICU trial statistical analysis plan [8] in this subgroup 
of patients with baseline SAPS II > 53. The SAPS II score 
is calculated from 17 variables with a total range from 0 
to 163 points; higher scores indicating greater severity 
of disease (Table S7 in the ESM). Fifty-three points was 
chosen a priori as the cut-off for the subgroup analysis, as 
it was found to predict a 50% mortality rate in the origi-
nal model [6] and similar cut-offs have been used previ-
ously [10].

In brief, we conducted the primary analyses in the 
intention-to-treat population. In the primary analyses, 
we compared data in the two treatment groups by binary 
logistic regression analysis adjusted for the stratifica-
tion variables (trial site and active hematological malig-
nancy); relative risks with 95% confidence intervals were 

computed from odds ratios [8]. In a sensitivity analysis, 
we compared the primary outcome in the per-protocol 
population (excluding patients having one or more major 
protocol violations—definition in ESM), and in the origi-
nally pre-specified subgroups, defined by the presence 
or absence of any history of liver disease, the presence 
or absence of any history of or ongoing coagulopathy, 
the type of ICU admission (medical versus surgical), 
the presence or absence of shock and the use or not of 
mechanical ventilation [8].

In the secondary analyses, we compared all dichoto-
mous outcomes using binary logistic regression analyses 
adjusted for stratification variables and predefined risk 
factors at baseline (age, type of admission (medical, elec-
tive surgery or emergency surgery) and the Sepsis-related 
Organ Failure Assessment (SOFA) score (Table S8 in the 
ESM) assessed in the 24  h before randomisation). We 
analysed percentages of days alive without life support in 
the 90-day period by use of the van Elteren test (adjusted 
for site only), as the assumptions for Poisson or negative 
binomial distributions were not met [11]. We performed 
no adjustment for multiple comparisons and reported 
results as point estimates with 95% confidence intervals.

To account for the between-group imbalance in coagu-
lopathy, we conducted a post hoc sensitivity analysis in 
which we included coagulopathy in the adjusted (second-
ary) binary logistic regression model.

As the proportion of patients with incomplete SAPS 
II could be of importance, we conducted the follow-
ing two post hoc sensitivity analyses (of all outcomes): 
(1) patients with missing SAPS II who could potentially 
have had SAPS II > 53 were included (assigning the worst 
possible SAPS II sub-score, when missing, and then re-
calculating the total SAPS II). An additional 169/249 
patients with missing SAPS II were included in this sensi-
tivity analysis; and (2) patients with missing SAPS II who 
after computer-generated single-imputation of missing 
SAPS II sub-scores had a SAPS II > 53 were included. The 
single-imputation approach was repeated three times 
to assess random variation and showed consistency. An 
additional 106/249 patients with missing SAPS II were 
included in this sensitivity analysis.

In the complete-case population, nine patients were 
lost to 90-day follow-up in the full trial population, of 
which three had a SAPS II > 53. Accordingly, complete-
case analysis was the main primary outcome analysis. 
Additional details on handling of missing data, including 
sensitivity analyses with imputation of SAPS II values are 
provided in the ESM.

All analyses were performed using SAS software, ver-
sion 9.4, and R software, version 3.4.3.
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Results
A total of 1140 patients had complete SAPS II > 53 at 
baseline; 580 assigned to pantoprazole and 560 assigned 
to placebo. Besides excluding patients with SAPS II ≤ 53, 
we excluded 249/3291 patients (7.6%) with incomplete 
SAPS II (Fig. 1). Ninety-day vital status was obtained for 
1137 of 1140 patients (99.5%), including 579 in the pan-
toprazole group and 558 in the placebo group (Fig.  1). 
Patient characteristics at baseline appeared similar in the 
two groups, except for coagulopathy (Table 1).

Outcomes
At 90  days after randomisation, 272 of 579 patients 
(47.0%) in the pantoprazole group and 229 of 558 (41.0%) 
in the placebo group had died (relative risk, 1.13; 95% 
confidence interval 1.00–1.29) (Table  2 and Fig.  2). The 
results were consistent in the sensitivity analysis adjusted 
for baseline risk factors (relative risk, 1.14; 95% confi-
dence interval 0.99–1.30), in the per-protocol population 
(relative risk, 1.17; 95% confidence interval 1.01–1.37) 
(Table  2), and in the post hoc sensitivity analysis with 
adjustment for coagulopathy at baseline estimates (rela-
tive risk, 1.14; 95% confidence interval 0.99–1.30). In the 
predefined subgroup analyses, we observed no heteroge-
neity in the effect of pantoprazole versus placebo on mor-
tality at 90 days (Fig. 2).

Some 146 of 580 patients (25.2%) in the pantoprazole 
group, as compared with 147 of 560 patients (26.3%) in 
the placebo group, had one or more clinically important 
events in the ICU (relative risk, 0.93; 95% confidence 
interval 0.75–1.16) (Table 2). Fewer patients in the panto-
prazole group had clinically important GI bleeding; 19 of 
580 (3.3%) and 34 of 560 (6.1%) in the pantoprazole and 
placebo groups, respectively, (relative risk, 0.49; 95% con-
fidence interval 0.29–0.86). The percentage of days alive 
without the use of life support was 81% (interquartile 
range 9–95) and 85% (interquartile range 36–96), in the 
pantoprazole and placebo groups (P = 0.02), respectively. 
The remaining secondary outcomes and the remaining 
single components of the composite outcome were simi-
lar between the two groups (Table 2 and Table S1 in the 
ESM).

In the two post hoc sensitivity analysis accounting for 
missing SAPS II values  (using a logically imputed and a 
single-imputed  SAPS II > 53 population), 299 of 667 
patients (44.8%) in the pantoprazole group and 264 of 
639 (41.3%) in the placebo group had died (relative risk, 
1.08; 95% confidence interval 0.96–1.22), and 292 of 636 
patients (45.9%) in the pantoprazole group and 253 of 
607 (41.7%) in the placebo group had died (relative risk, 
1.10; 95% confidence interval 0.97–1.24), respectively 
(Table S2 and S3 in the ESM). This was consistent in the 
secondary analyses of these two populations (Table S2–
S6 in the ESM).

Discussion
In this post hoc exploratory analysis of the SUP-ICU 
trial, we found higher 90-day mortality and  a lower per-
centage of days alive without use of life support in ICU 
patients at risk of GI bleeding with baseline SAPS II > 53 
who were assigned to pantoprazole compared with those 
assigned to placebo in the primary complete-case popu-
lation. These findings did not appear to be explained 
by baseline imbalance or differences in withdrawals or 
follow-up in this subgroup, but missing SAPS II values 
in the original trial cohort may have explained some of 
these findings.

We conducted this study because one of the predefined 
subgroup analyses in the SUP-ICU trial main analysis 
suggested higher 90-day mortality in the pantoprazole 
group among patients who had SAPS II > 53 points (test 
of interaction, p-value 0.049) [7]. We may have explained 
some of this sub-group effect as per the sensitivity analy-
ses estimating the effect of missing data, but 8–10% rela-
tive risk increase in mortality with pantoprazol remains 
unexplained. This is likely to be important to patients, 
relatives and health care professionals.

Most findings were consistent with the findings of the 
analyses of the full trial population, as neither GI bleed-
ing, infections nor myocardial ischemia explained the 
potential subgroup effect.

To our knowledge it is rare to observe a potentially 
heterogenous intervention effect depending on baseline 

Fig. 1  Randomisation and follow-up. The list of reasons for exclusions in the SUP-ICU trial was presented in the main publication of the SUP-ICU 
trial. In brief, 52 patients were originally excluded immediately after randomisation prior to the first dose of trial medication because they did 
not meet the inclusion criteria or fulfilled one or more exclusion criteria. A total of seven patients were excluded after randomisation because 
the patient or their surrogate did not allow the use of the data. The applied dotted-line square marks the population for this post hoc analysis of 
patients with high baseline disease severity (SAPS II > 53). A total of 249 patients, 134 in the pantoprazole and 115 in the placebo group, had miss-
ing data for one or more of the SAPS II elements and therefore an incomplete SAPS II. These were excluded from the main analysis, but they were 
included in sensitivity analyses with the missing data imputed. Of the 1140 patients with a baseline SAPS II > 53, one patient was lost for 90-day 
follow-up in the pantoprazole group and two patients in the placebo group

(See figure on next page.)
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3350 Were randomised in the SUP-ICU trial

52 Were excluded before receiving the first 
dose of trial medication because they 
were randomised in error

1645 Were assigned to pantoprazole

134 Excluded due to 
missing SAPS II

579 Were included in the analyses of 
mortality

580 Were included in the secondary 
outcome analyses

1653 Were assigned to placebo

558  Were included in the analyses of   
mortality

560  Were included in the secondary 
outcome analyses

1 Was lost to 90-day 
follow-up

580 With a SAPS II > 53 in the pantoprazole group 560 With a SAPS II > 53 in the placebo group

2 Were lost to 90-day 
follow-up

1 Withdrew consent for 
the use of data

6 Withdrew consent for 
the use of data

115 Excluded due to 
missing SAPS II

930 Excluded due to 
SAPS II ≤ 53

972 Excluded due to 
SAPS II ≤ 53
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severity of disease in ICU trials [12], and this has not pre-
viously been suggested (or investigated) for pantoprazole 
[13–16]. A priori, it could be speculated that patients 
with the highest severity of disease are at the greatest 
risk of adverse events and/or tolerate side effects poorly, 
e.g., due to more frailty, or organ failure, or perhaps these 
patients constitute a different phenotype to patients with 
less severity of disease. An association between use of 
proton pump inhibitors and cardiovascular events, e.g., 
myocardial ischemia and stroke has previously been sug-
gested [17–19], however, a causal relation, and adverse 
cardiovascular effects of short-term use in high disease 
severity ICU patients remains unconfirmed.

More patients had coagulopathy at baseline in the 
pantoprazole group, however this did not affect the risk 
estimate of mortality in the included post hoc sensitiv-
ity analysis or the risk of clinically important GI bleeding 
(Table 2).

In general, subgroup analyses of randomised clinical 
trials are prone to type 1 and 2 errors and are therefore 
often misleading [20, 21], and criteria to evaluate the 
credibility of subgroup analyses have been suggested [22, 
23]. According to these criteria, the following aspects 
weaken the case for the suggested subgroup finding: 
the randomisation was not stratified for SAPS II being 
greater than 53 respectively lesser than or equal to 53, 
inconsistency between our hypothesised subgroup 
effect direction (as pre-specified in the trial protocol [1]) 
and the actually observed effect direction [7], and the 
observed lower limit of the 95% confidence interval close 
to 1.00 (imprecision) [23].

The limitations of this study include the post hoc 
design resulting in increased risk of attrition and detec-
tion bias [24]. However, the analyses were conducted in 
accordance with the predefined analyses of the main trial 
population [8]. As in the analyses of the full trial popu-
lation, we excluded patients with missing SAPS II in the 
primary analysis of this study. Patients with SAPS II > 53 
constituted only around a third of the full SUP-ICU 
trial population with resulting lower statistical power 

Table 1  Baseline characteristics of trial patients with base‑
line SAPS II > 53 in the complete-case population

Values with ranges are medians (interquartile ranges). A full list of risk factors 
for GI bleeding is provided in the ESM. There were no statistically significant 
differences between the groups in any baseline characteristic except for 
coagulopathy
a  Chronic lung disease was defined as any history of chronic obstructive 
pulmonary disease, asthma or other chronic lung disease or treatment with any 
relevant drug indicating this at admission to hospital
b  Chronic heart failure was defined as New York Heart Association Functional 
Class (NYHA) III–IV. NYHA III: the patient has marked limitations in physical 
activity due to symptoms (fatigue, palpitation or dyspnea) even during less 
than ordinary activity (walking short distances 20–100 m or walking up stairs 
to 1st floor). The patient is only comfortable at rest. NYHA IV: the patient is not 
able to carry out any physical activity without discomfort (fatigue, palpitation 
or dyspnea). Symptoms are present even at rest and the patient is mostly 
bedbound
c  Use of corticosteroids was defined as patients treated with at least 0.3 mg/kg/
day of prednisolone equivalent for at least 1 month in the 6 months prior to ICU 
admission
d  Hematological malignancy includes any of the following: acute lymphoblastic 
leukemia, acute myelogenous leukemia, chronic myelogenous leukemia, chronic 
lymphocytic leukemia, Hodgkin’s disease, Non-Hodgkin lymphoma (e.g., small 
lymphocytic lymphoma, diffuse large B cell lymphoma, follicular lymphoma, 
mantle cell lymphoma, hairy cell leukemia, marginal zone lymphoma, Burkitt’s 
lymphoma, post-transplant lymphoproliferative disorder, T cell prolymphocytic 
leukemia, B cell prolymphocytic leukemia, Waldenström’s macroglobulinemia, 
other NK- or T cell lymphomas) and multiple myeloma/plasma cell myeloma
e  Metastatic cancer: proven metastasis by surgery, computed tomography (CT) 
scan or any other method
f  Acquired immune deficiency syndrome (AIDS) was defined as HIV positive 
patients with one or more AIDS defining diseases such as Pneumocystis jirovecci 

Characteristic Pantoprazole
(N = 580)

Placebo
(N = 560)

Age, years 71 (62–77) 71 (61–77)

Male, no. (%) 357 (62) 371 (66)

Co-morbidities, no. (%)

 Chronic lung diseasea 124 (21) 113 (20)

 Previous myocardial infarction 58 (10) 61 (11)

 Chronic heart failure (NYHA III-IV)b 38 (7) 37 (7)

 Use of glucocorticoidsc 15 (3) 10 (2)

 Hematological malignancyd 39 (7) 32 (6)

 Metastatic cancere 27 (5) 29 (5)

 AIDSf 4 (1) 1 (0.2)

 Coagulopathyg 160 (28) 111 (20)

Admitted to university hospital, no. (%) 415 (72) 405 (72)

Hours from ICU admission to randomisa-
tion

13 (5–23) 13 (5–21)

Days from hospital admission to randomi-
sation

1 (1–3) 1(1–3)

ICU admission type, no. (%)

 Medical 386 (67) 357 (64)

 Emergency surgery 160 (28) 175 (31)

 Elective surgery 34 (6) 28 (5)

Use of invasive mechanical ventilation 485 (84) 467 (83)

Use of vasopressors or inotropes 436 (75) 417 (74)

Use of acute renal replacement therapy 80 (14) 65 (12)

SAPS IIh 63 (58–72) 63 (58–71)

SOFA scorei 11 (9–13) 11 (9–12)

pneumonia, Kaposi’s sarcoma, lymphoma, tuberculosis or toxoplasma infection
g  Coagulopathy included both acute coagulopathy defined as 
platelets < 50 × 109/l or international normalised ratio > 1.5 or prothrombin 
time > 20 s at ICU admission and history of coagulopathy defined as 
coagulopathy within 6 months prior to hospital admission
h  In the 24 h prior to randomisation. The Simplified Acute Physiology Score 
(SAPS) II [6] is calculated from 17 variables and ranges from 0 to 163 with higher 
scores indicating higher severity of disease (SAPS II table available in the ESM)
i  In the 24 h prior to randomisation. The sepsis-related organ failure assessment 
(SOFA) [27] score grades organ failure with sub-scoring ranging from 0 to 4 
for each of six organ systems (cerebral, circulation, lungs, liver, kidney and 
coagulation). The aggregated score ranges from 0 to 24 with higher scores 
indicating more severe organ failure (SOFA score table available in the ESM)

Table 1  (continued)
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and increased risk of type 1 and 2 errors. The cut-off of 
SAPS II at 53 points can be debated. This cut-off rep-
resents a predicted mortality rate of 50% in the origi-
nal model from 1993 [6], however, this is no longer the 
case due to improved ICU survival rates. Presumably it 
would now represent a predicted mortality of around 
25% [25]. Whether other cut-offs would have yielded dif-
ferent results is unknown. Also, baseline imbalance may 
have affected results, even though additionally adjusting 
for coagulopathy did not change the estimates. Finally, we 
refrained from using multiple imputation to impute the 
missing SAPS II elements for sensitivity analysis as the 
large number of resulting populations with variations in 

sizes for subsequent analyses would be nearly impossible 
to account for and communicate clearly.

The strengths of this study include the fact that it is 
based on a large randomised trial with low risk of bias 
and that analyses were conducted according to the origi-
nal statistical analysis plan, both reducing the risk of 
selection bias.

A recent editorial in the New England Journal of Medi-
cine suggested that proton pump inhibitor prophylaxis 
may benefit the sickest ICU patients [26]. We do believe 
that our findings warrant further assessment and replica-
tion in randomised trials and meta-analyses with low risk 
of bias. We may also learn more from the pre-planned 

Table 2  Primary and secondary outcome measures in the complete-case population

CI confidence interval, ICU intensive care unit
a  Confidence intervals are not adjusted for the comparisons of multiple outcomes. P values are not reported for the same reason (except for days alive without the 
use of life support, see footnotei)
b  Logistic regression analyses adjusted for the stratification variables (site and hematologic malignancy)
c  The primary analyses were adjusted for the stratification variables (hematological malignancy and site)
d  The secondary analyses were adjusted for stratification and design variables (age, type of admission (medical, elective surgery or emergency surgery), sepsis-related 
organ failure assessment (SOFA) score). Contrary to the full population, less than 5% had missing SOFA score in this population (likely due to overlap in patients with 
missing SAPS II (=>excluded) and SOFA score). We therefore do not report the multiple imputation analysis
e  The definition of the per-protocol population is presented in the ESM
f  Additionally adjusted (secondary) analyses of the secondary outcomes show similar results as the primary analyses and are therefore not presented
g  Defined as anaphylactic reactions, agranulocytosis, pancytopenia, acute hepatic failure, Steven–Johnson syndrome, toxic epidermal necrolysis, interstitial nephritis 
or angioedema (Quincke’s edema) related to the intervention as judged by the treating clinicians and investigators
h  Calculated as the number of days without use of invasive or non-invasive mechanical ventilation, infusion of vasopressor or inotropic agents or any form of renal 
replacement therapy divided by the number of days alive within the 90-day follow-up period
i  Days alive without life support were analysed by the van Elteren test adjusted for site. P value = 0.02

Outcomes Pantoprazole Placebo Relative risk (95% CI)a,b

Primary outcome no./total no. (%)

 Primary analysis of death by day 90

  Primary analysisc 272/579 (47.0) 229/558 (41.0) 1.13 (1.00–1.29)

 Secondary analyses of death by day 90

  Additionally adjusted analysisd 270/576 (46.9) 228/557 (40.9) 1.14 (0.99–1.30)

  Per-protocol analysise 227/488 (46.5) 189/475 (39.8) 1.17 (1.01–1.37)

Secondary outcomes (primary analysesc)f no./total no. (%)

 One or more clinically important events (clinically important gastrointestinal bleed-
ing, pneumonia, Clostridium difficile infection or myocardial ischemia)

146/580 (25.2) 147/560 (26.3) 0.93 (0.75–1.16)

 One or more episodes of clinically important gastrointestinal bleeding 19/580 (3.3) 34/560 (6.1) 0.49 (0.29–0.86)

 One or more infectious adverse events (pneumonia or Clostridium difficile infection) 109/580 (18.8) 109/560 (19.5) 0.94 (0.73–1.21)

 Severe adverse reactionsg 0/580 (0.0) 0/560 (0.0) –

Median percentage of days (interquartile range)h

 Alive without the use of life supporti 81 (9–95) 85 (36–96) –

(See figure on next page.)
Fig. 2  Time to death and relative risk of death at day 90 in the complete-case population. Part A shows the survival curves censored at day 90 for 
the two groups in the intention-to-treat population. Part B shows relative risks (RRs) with 95% confidence intervals (CI) for the primary outcome 
measure of death at day 90 in the pantoprazole group compared with the placebo group in all patients with complete SAPS II > 53 and in the five 
additional pre-defined subgroups assessed by logistic regression analysis adjusted for stratification variables. For the definition of shock, coagu-
lopathy, and history of liver disease, at baseline, please see the ESM (inclusion criteria). Note that the coagulopathy subgroup included both acute 
coagulopathy and history of coagulopathy. Medical admission was when no surgery was performed for at least 1 week prior to ICU admission
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analyses of 1-year mortality after randomisation in all 
SUP-ICU trial patients and in the subgroups [1].

In conclusion, we found higher 90-day mortal-
ity and a lower percentage of days alive without the 
use of life support in the primary analysis in this post 
hoc investigation of ICU patients at risk of GI bleeding 
with complete baseline SAPS II > 53 assigned to pan-
toprazole versus placebo. Some of this may have been 
explained by missing SAPS II data in the full SUP-ICU 
trial cohort, but further research is needed to draw firm 
conclusions.
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