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BACKGROUND & AIMS: Antiplatelets and anticoagulants are
associated with increased upper gastrointestinal bleeding.
We evaluated whether proton pump inhibitor therapy could
reduce this risk. METHODS: We performed a 3 x 2 partial
factorial double-blind trial of 17,598 participants with stable
cardiovascular disease and peripheral artery disease. Partici-
pants were randomly assigned to groups given pantoprazole 40
mg daily or placebo, as well as rivaroxaban 2.5 mg twice daily
with aspirin 100 mg once daily, rivaroxaban 5 mg twice daily, or
aspirin 100 mg alone. The primary outcome was time to first
upper gastrointestinal event, defined as a composite of overt
bleeding, upper gastrointestinal bleeding from a gastroduodenal
lesion or of unknown origin, occult bleeding, symptomatic
gastroduodenal ulcer or >5 erosions, upper gastrointestinal

obstruction, or perforation. RESULTS: There was no significant
difference in upper gastrointestinal events between the pan-
toprazole group (102 of 8791 events) and the placebo group
(116 of 8807 events) (hazard ratio, 0.88; 95% confidence
interval [CI], 0.67-1.15). Pantoprazole significantly reduced
bleeding of gastroduodenal lesions (hazard ratio, 0.52; 95%
confidence interval, 0.28-0.94; P = .03); this reduction was
greater when we used a post-hoc definition of bleeding
gastroduodenal lesion (hazard ratio, 0.45; 95% confidence
interval, 0.27-0.74), although the number needed to treat still
was high (n = 982; 95% confidence interval, 609-2528).
CONCLUSIONS: In a randomized placebo-controlled trial, we
found that routine use of proton pump inhibitors in patients
receiving low-dose anticoagulation and/or aspirin for stable
cardiovascular disease does not reduce upper gastrointestinal
events, but may reduce bleeding from gastroduodenal lesions.
ClinicalTrials.gov ID: NCT01776424.
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spirin is effective in preventing cardiovascular

morbidity and mortality," and a significant propor-
tion of people over the age of 45 years use it regularly.”
Anticoagulants are commonly used to prevent thromboem-
bolic events in patients with venous thromboembolism or
atrial fibrillation, with new oral anticoagulants (NOACs)
overtaking the prescription of vitamin K antagonists for
these indications in the United States and several other
countries.® Gastrointestinal (GI) bleeding is one of the most
common adverse events in patients treated with antiplatelet
or anticoagulant therapy.* Epidemiologic data suggest that
patients taking cardioprotective aspirin have a 2-fold
increased risk of upper GI complications, and patients
taking vitamin K antagonists have a similar increased risk.”
Combining vitamin K antagonists and nonsteroidal
anti-inflammatory drugs can increase the risk of upper GI
complications further, with 1 study suggesting a 12-fold in-
crease in risk.” NOACs are also associated with an increased
risk of GI bleeding,4 and some NOACs are associated with a
greater risk of GI bleeding than vitamin K antagonists.®

With increasing long-term use of antiplatelet and
antithrombotic therapy, it would be important to prevent GI
bleeding and related complications. Randomized trials sug-
gest that proton pump inhibitors (PPIs) prevent gastrodu-
odenal ulcers and reduce the risk of peptic ulcer bleeding
related to the use of nonsteroidal anti-inflammatory drugs.”
There is, however, a paucity of randomized data relating to
patients taking aspirin for cardioprotection. A randomized
trial suggested that PPIs protect against peptic ulcer diag-
nosed at endoscopy in patients taking aspirin,” but this does
not relate to complicated peptic ulcer disease. A further
randomized trial showing that PPI therapy prevented GI
events in patients taking dual antiplatelet therapy,” but this
trial was stopped early for administrative reasons when
only a modest number of events had accrued, and so the
apparent benefits may have been inflated. There are also no
randomized trial data on PPIs reducing the risk of upper GI
complications related to anticoagulant therapy.'® Guidelines
suggest that patients receiving the combination of anti-
platelet and anticoagulant therapy should receive PPIs to
reduce the risk of upper GI bleeding."’ However, as stated,
there are no randomized data to support the use of PPI
therapy in patients taking oral anticoagulants, and a paucity
of data relating to aspirin.

We have previously reported that rivaroxaban 2.5 mg
twice daily with aspirin 100 mg once daily reduced car-
diovascular outcomes in patients with stable cardiovascular
disease or peripheral artery disease, but significantly
increased major GI bleeding events.'” This finding has the
potential to widen the indications for NOACs and un-
derscores the importance of evaluating whether PPIs may
reduce the risks of GI bleeding and thereby minimize the
risk of upper GI complications related to the use of anti-
platelet anticoagulant therapy or the combination of both.
We assessed the impact of PPI in reducing upper GI
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WHAT YOU NEED TO KNOW

BACKGROUND & CONTEXT

Upper gastrointestinal bleeding mainly relates to peptic
ulcer disease and this may be prevented by proton
pump inhibitor therapy. There have been no randomised
trials evaluating the efficacy of proton pump inhibitor
therapy in patients taking new anticoagulant therapies

NEW FINDINGS

Pantoprazole 40mg daily did not reduce the overall risk of
upper gastrointestinal events in patients taking
rivaroxaban and/or aspirin for stable cardiovascular
disease but may reduce the risk of peptic ulcer disease
events including bleeding from a gastroduodenal lesion.

LIMITATIONS

Low risk gastrointestinal bleeding patients were evaluated
and a composite end-point was chosen for upper
gastrointestinal tract complications.

IMPACT

Routine use of proton pump inhibitor therapy is not
warranted in patients starting low dose anticoagulants
and/or aspirin. These drugs may be appropriate for
patients at high risk of peptic ulcer disease.

complications for aspirin alone, anticoagulants alone, or the
combination, as both aspirin and anticoagulant therapy are
associated with a similar risk of upper GI complications”
and the combination has an even higher risk. We there-
fore evaluated whether the PPI pantoprazole is effective in
preventing upper GI events in individuals receiving aspirin,
rivaroxaban, or the combination as part of the COMPASS
(Cardiovascular Outcomes for People Using Anticoagulant
Strategies) trial.

Methods

Trial Design

The design of the COMPASS trial has been published
previously."" This is a 3 x 2 partial factorial, multicenter,
double-blind, randomized placebo-controlled trial, evaluating
patients with stable atherosclerotic vascular disease.!’ Par-
ticipants were randomized to rivaroxaban 2.5 mg twice daily
with aspirin 100 mg once daily, rivaroxaban 5 mg twice daily
alone, or aspirin 100 mg once daily alone to compare the
primary outcomes of cardiovascular death, stroke, or
myocardial infarction in these 3 arms. In addition, all partic-
ipants with no clinical need for a PPI (64%) were randomized
to receive either pantoprazole 40 mg or matching placebo
once daily. The rivaroxaban part of the trial was stopped in
response to recommendations by the data monitoring com-
mittee at a planned interim analysis for overwhelming

Abbreviations used in this paper: Cl, confidence interval; Gl, gastroin-
testinal; HR, hazard ratio; NOAC, new oral anticoagulant; NNT, number
needed to treat; PPI, proton pump inhibitor.
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efficacy of the rivaroxaban 2.5 mg and aspirin combination
arm compared to aspirin alone in reducing major cardiovas-
cular events.'® Participants had been followed up for a mean
of 23 months at this point and all patients continued on at
least taking aspirin for the remainder of the trial. The pan-
toprazole part of the trial was continued as planned for a
mean follow-up of 3 years."® Participants in the PPI arms
were recruited from 580 centers in 33 countries and all
relevant authorities and research ethics boards approved the
trial. Written informed consent was obtained from all of the
participants. Bayer AG sponsored the trial, but all data were
analyzed independently at the Population Health Research
Institute and the first author acts as a guarantor for the ve-
racity of the data and analyses. All authors had access to
study data and reviewer and approved the final manuscript.
The protocol is available in the Supplementary Material.

Randomization, Concealment of Allocation, and
Blinding

All participants were randomly assigned to receive low-
dose rivaroxaban 2.5 mg twice a day with aspirin 100 mg
once daily, rivaroxaban 5 mg twice a day alone, or aspirin 100
mg once daily alone stratified by center and use of PPI. Eligible
participants were further randomized 1:1 to receive pan-
toprazole (40 mg once daily) or matched placebo stratified by
center and antithrombotic treatment arm. The randomization
schedules were computer-generated and delivered through an
interactive web response system. All active interventions and
placebo were identical in appearance and taste. Participants,
health care staff, and researchers were blinded to pantoprazole
allocation until database closure.

Trial Population, Intervention, and Follow-Up

Participants were eligible if they had stable coronary or
peripheral arterial disease. Patients with coronary artery dis-
ease under the age of 65 years were additionally required to
have arterial disease involving 2 vascular beds or 2 additional
risk factors.'’ Patients were randomized to receive pan-
toprazole 40 mg once daily or placebo, except if they had a
clinical need for long-term PPI therapy. Participants were
excluded if they had a high risk of bleeding from any site, had
severe heart failure, significant renal impairment, need for dual
antiplatelet or anticoagulant therapy, or known hypersensitiv-
ity to any of the study drugs.'® Previous peptic ulcer disease or
nonsteroidal anti-inflammatory use were not exclusion criteria.
After randomization, participants were seen at 1 month, 6
months, and then at 6-month intervals until the end of the
study.

Outcomes

The primary efficacy outcome for the randomized compar-
ison of pantoprazole vs placebo was time to first upper GI
clinical event. This was defined from a previous study’ as a
composite of overt bleeding (hematemesis and/or melena) with
a gastroduodenal lesion (peptic ulcer or neoplasia confirmed by
endoscopy or radiology) that is bleeding at the time of the
procedure, overt upper Gl bleeding of unknown origin (patient
presents with hematemesis with or without melena that was
thought by the attending clinician to relate to the upper GI
tract), occult bleeding (drop in the hemoglobin of >2 g/dL),
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symptomatic gastroduodenal ulcer with at least 3 days of GI
pain, or at least 5 gastroduodenal erosions (confirmed by
endoscopy) with at least 3 days of GI pain, upper GI obstruc-
tion, or perforation. This definition is similar to the end point
definition in the COGENT (Clopidogrel and the Optimization of
Gastrointestinal Events Trial) study, which previously reported
that PPI significantly reduced the composite of these upper GI
events. We also evaluated a less stringent definition of peptic
ulcer events to explore the impact that changing the definition
of events might have on conclusions (but this was post-hoc
after the results of the above analyses were known to the
first and last authors).

Sample Size Calculations and Statistical Analyses

A sample size of 16,440 participants randomized in a 1:1
ratio to pantoprazole or placebo would have 99% power at 5%
type I error level to detect a relative risk reduction of 50%,
assuming an annual incidence risk of 1.6%-2% in the control
arm with a 20% discontinuation rate. This magnitude of effect
had been observed in a previous moderate-sized trial.®

All events occurring in the randomized participants are
included in the intention-to-treat analysis utilizing the time to
the first occurrence of primary outcome for pantoprazole vs
placebo from the time of randomization until the date of formal
trial termination. The superiority statistical hypothesis for
pantoprazole 40 mg once daily vs pantoprazole placebo com-
parison was tested using a log-rank test stratified by antith-
rombotic study treatment (3 strata levels: rivaroxaban 2.5 mg
twice a day + aspirin 100 mg once daily; rivaroxaban 5 mg
twice a day + aspirin placebo; rivaroxaban placebo + aspirin
100 mg once daily) and conducted at a 2-sided 5% type I error
level. Kaplan-Meier estimates of cumulative risk were used to
evaluate the timing of event occurrence in the 2 PPI study
groups (pantoprazole/pantoprazole placebo). Hazard ratios
(HRs) and 95% confidence intervals (Cls) were obtained from
stratified Cox proportional hazards models and all reported P
values are 2-sided.

Analyses were conducted using SAS software, version 9.4 of
the SAS System for SunOS (SAS Institute, Cary, NC).

Results

There were 17,598 participants recruited between
March 2013 and May 2016 and randomized to pantoprazole
40 mg or placebo. The flow of participants through the trial
is described in Supplementary Figure 1. The main reason for
exclusion from the PPl arm of the trial was that patients
were considered to have a clinical need for PPI based on
their physicians’ judgment at the time of enrollment
(Supplementary Figure 1). Mean age of participants was
67.6 years, 13,792 (78%) were male, 4074 (23%) were
current smokers, 872 (5%) were taking nonsteroidal anti-
inflammatory drugs, 515 (3%) were taking selective sero-
tonin reuptake inhibitors, and 228 (2.6%) had a history of
peptic ulcer disease. Baseline characteristics were similar
between both randomized groups and are summarized in
Table 1. Those not randomized to pantoprazole or placebo
had baseline characteristics similar to those that were ran-
domized (Supplementary Table 2). There were 8791 par-
ticipants randomized to pantoprazole 40 mg once daily and
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Table 1.Baseline Characteristics of Participants

Pantoprazole Placebo
Characteristic (n = 8791) (n = 8807)
Age, y, mean + SD 67.6 + 8.1 67.7 + 8.1
Median (Q1, Q3) 68 (64, 73) 68 (64, 73)
Female sex, n (%) 1937 (22) 1869 (21)
Race, n (%)
White European 5265 (60) 5267 (60)
Asian 1363 (15.5) 1384 (16)
Black/African-American 97 (1) 108 (1)
Latin American 2066 (23.5) 2048 (23)
Geographic region, n (%)
North America 1241 (14) 1243 (14)
South America 2209 (25) 2194 (25)
Western Europe 2187 (25) 2207 (25)
Eastern Europe 1890 (21.5) 1895 (21.5)
Asia Pacific and other 1264 (14) 1268 (14)
Body mass index, kg/m?, 283 + 4.7 28.4 + 4.7
mean + SD
Smoking status, n (%)
Current 2064 (23.5) 2010 (23)
Former 3764 (43) 3808 (43)
Never 2693 (34) 2989 (34)
Previous MI, n (%) 5403 (61.5) 5404 (61)
Previous stroke, n (%) 350 (4) 366 (4)
Previous cancer, n (%) 450 (5) 491 (6)
Previous peptic ulcer, n (%) 228 (3) 222 (2.5)
Inflammatory bowel 37 (0.4) 56 (0.6)
disease, n (%)
Diverticulitis, n (%) 131 (1.5) 120 (1.4)
Liver disease, n (%) 85 (1) 83 (1)
Diabetes, n (%) 3363 (38) 3369 (38)
Heart failure, n (%) 2181 (25) 2138 (24)
Estimated GFR, n (%)
<30 mL/min 75 (0.9) 77 (0.9)
30 to <60 mL/min 1878 (21) 1917 (22)
> 60 mL/min 6838 (78) 6810 (77)
Medication, n (%)
NSAIDs 425 (5) 447 (5)
SSRls 257 (3) 258 (3)
Hypoglycemic agents 2785 (32) 2784 (32)
ACE inhibitor/ARBs 6269 (71) 6286 (71)
B-blockers 6137 (70) 6122 (70)
Calcium channel blockers 2237 (25) 2265 (26)
Lipid-lowering agents 7775 (88) 7823 (89)
Diuretics 2572 (29) 2522 (29)

ACE, angiotensin converting enzyme; ARB, angiotensin re-
ceptor blocker; GFR, glomerular filtration rate; MI, myocardial
infarction; NSAID, nonsteroidal anti-inflammatory drug; Q,
quartile; SSRI, selective serotonin reuptake inhibitor.

8807 allocated to placebo. The mean follow-up was 3.02
years (SD, 0.80 year; range, 2 days to 5 years and 1 month),
thus accruing 53,152 patient-years of follow-up. Eighteen
hundred and eighty-four (21%) participants in the pan-
toprazole group and 1975 (22%) in the placebo group
permanently discontinued the medication and the reasons
are described in Supplementary Table 1. For those who
permanently discontinued pantoprazole/placebo, the me-
dian time to permanent discontinuation was 338 days
(interquartile range, 109-679 days).

Gastroenterology Vol. 157, No. 2

Primary Efficacy Outcome

The primary efficacy outcome, clinically significant
upper GI events, occurred in 102 of 8791 (1.2%) partici-
pants in the pantoprazole arm and 116 of 8807 (1.3%)
participants in the placebo arm (HR, 0.88; 95% CI, 0.67-
1.15) (Table 2 and Figure 1). Event rates in those not
randomized were similar to those randomized, with 128 of
9797 (event rate = 0.6% per year) having a GI event in
those not randomized to PPI or placebo. Evaluating the
components of the upper GI bleeding events, there was a
reduction in the gastroduodenal bleeding events in the
pantoprazole arm compared to the placebo arm (HR, 0.52;
95% CI, 0.28-0.94; nominal P value = .03) (Table 2 and
Figure 1) with no difference in overt or occult upper GI
bleeding events between the 2 groups (Table 2). The
number needed to treat (NNT) was 1770 (95% CI, 933.5-
17,111) for pantoprazole to prevent 1 overt bleeding
gastroduodenal lesion compared to placebo each year.
There was no statistically significant difference in painful
upper GI ulcer/erosions, upper GI obstruction, or perfo-
ration events between the 2 groups (Table 2). There was
no statistically significant interaction among pantoprazole,
aspirin, and/or rivaroxaban for clinically upper GI events
(Supplementary Table 3). The primary outcome and indi-
vidual components of that outcome for the aspirin alone,
rivaroxaban alone, and rivaroxaban combined with aspirin
groups are described in Supplementary Tables 4-6. The
effects were similar in various subgroups, with no evi-
dence of statistical interactions (Figure 2).

Post-Hoc Efficacy Outcome

Upper GI events as defined in the study protocol were
uncommon in this trial and, therefore, we explored
whether this related to the narrow definition of an event.
In a post-hoc analysis, we broadened the definition of
upper GI events related to gastroduodenal ulcers. The
post-hoc outcomes were defined before analyses were
conducted and, therefore, specified without knowledge of
what the results would be. Bleeding of gastroduodenal
lesions was redefined as an ulcer seen at endoscopy in a
patient with upper GI bleeding of gastroduodenal origin
with no requirement for the lesion to be actively bleeding
at the time of endoscopy. In addition, we changed the
requirement for documented pain when ulcer/erosions
were diagnosed at endoscopy or other imaging. Also, in
this analysis, an upper GI event remained uncommon
(Table 3). However, pantoprazole was associated with a
lower risk of redefined bleeding of gastroduodenal lesions
as in the primary analysis (HR, 0.45; 95% CI, 0.27-0.74)
(Table 3 and Figure 3) with an NNT of 982 (95% CI, 609-
2528). Furthermore, in this post-hoc analysis, pan-
toprazole was also associated with a lower risk of peptic
ulcer (HR, 0.46; 95% CI, 0.25-0.83) (NNT = 1397; 95% CI,
804-5312) and erosions (HR, 0.33; 95% CI, 0.13-0.84)
(NNT = 2214; 95% CI, 1230-11,099) when the require-
ment of 5 days of pain before peptic ulcer and/or erosions
at endoscopy was removed (Table 3). When all post-hoc
gastroduodenal ulcer complications were combined,
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Table 2.Primary Efficacy Outcome of Clinically Significant Upper Gastrointestinal Event
Pantoprazole, 40 mg od Pantoprazole placebo Pantoprazole vs
(n = 8791) (n = 8807) placebo
First events, Annual rate, First events, Annual rate, HR P
Outcome n (%) %ly n (%) %ly (95% Cl) value
Upper Gl event® 102 (1.2) 0.39 116 (1.3) 0.44 0.88 (0.67-1.15) .35
Overt bleeding of 16° (0.2) 0.060 31 (0.4) 0.12 0.52 (0.28-0.94) .03
gastroduodenal origin
confirmed by
endoscopy or
radiography
Overt upper Gl bleeding of 50 (0.6) 0.19 46 (0.5) 0.17 1.09 (0.73-1.63) .68
unknown origin
Bleeding of presumed 10 (0.1) 0.038 10 (0.1) 0.034 1.00 (0.42-2.40) .99
occult upper Gl tract
origin with documented
decrease in Hb >2 g/dL
Symptomatic 8 (<0.1) 0.030 17 (0.2) 0.064 0.47 (0.20-1.09) .07
gastroduodenal ulcer
Gl pain with underlying 4 (<0.1) 0.015 7 (<0.1) 0.026 0.57 (0.17-1.95) .37
multiple
gastroduodenal
erosions
Upper Gl obstruction or 21 (0.2 0.079 16 (0.2) 0.064 1.32 (0.69-2.52) A1
perforation

Hb, hemaglobin; od, once daily.

@Composite of overt bleeding of gastroduodenal origin confirmed by endoscopy or radiography, overt upper Gl bleeding of

unknown origin, bleeding of presumed occult upper Gl tract origin with documented decrease in Hb of 2 g/dL, symptomatic

gastroduodenal ulcer, Gl pain with underlying multiple gastroduodenal erosions, and upper Gl obstruction/perforation.
Includes 1 gastric cancer in the pantoprazole group, no upper Gl cancers in the placebo group.

pantoprazole reduced events by >50% (HR, 0.44; 95% CI,
0.31-0.63) with an NNT of 498 (95% CI, 348-876).

Discussion

This is the largest PPI trial and the first to evaluate
whether PPI therapy can prevent clinically significant upper
GI events in patients receiving anticoagulation with or
without aspirin therapy. The data suggest that routine use of
PPI therapy is not warranted for patients receiving low-dose
rivaroxaban with or without aspirin for the prevention of
atherothrombotic events in patients with stable coronary
artery disease or symptomatic peripheral artery disease, as
there was no overall impact on clinical upper GI events or
upper GI bleeding. This is in contrast to previous systematic
reviews of randomized trials reporting that PPIs were
associated with a 50%-70% reduction in bleeding and
symptomatic peptic ulcers related to nonsteroidal anti-
inflammatory drugs,”** including in the critical care
setting."> However, the patient populations differed, and
systematic reviews can overestimate treatments effects due
to small study bias and selective publication of results that
fit in with “group thinking” and expectations.’

Our primary GI outcome (an expanded composite) was
based on what was used in the COGENT trial,” which
demonstrated a large effect of PPI in reducing upper GI

complications. There was no significant impact of PPI on
this predefined primary composite GI outcome. However,
PPI therapy did reduce bleeding gastroduodenal lesions by
approximately 50% (HR, 0.52; 95% CI, 0.28-0.94), which
is consistent with previous data regarding PPI reducing
peptic ulcer complications related to nonsteroidal anti-
inflammatory drugs.’* This raises the possibility that PPI
therapy may reduce overt gastroduodenal bleeding,
although as this is only 1 component of the primary
outcome and P = .03, this needs to be considered as
hypothesis-generating. Furthermore, our definition of
gastroduodenal bleeding was very stringent, and events
were only included if the lesion was bleeding at the time of
endoscopy. If a broader definition was used, more events
were recorded, with a similar pattern toward benefit and
with narrower CIs (HR, 0.45; 95% CI, 0.27-0.74). PPI
therapy has been shown to reduce ulcer relapse in other
settings,'® so it is perhaps surprising that they did not
significantly reduce symptomatic peptic ulcer disease in
this trial, although the overall rate of this event was low
(0.4% per year). This may relate to the definition requiring
pain to be present for 3 days before diagnosis. The pan-
toprazole group did have a lower incidence of overall
peptic ulcer disease and erosions compared to placebo in
an exploratory post-hoc analysis, which is consistent with
prior studies.
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It is therefore possible that PPIs might be beneficial for
patients at particularly high risk for peptic ulcer disease who
are also taking aspirin and/or anticoagulants. We evaluated
factors that could be associated with increased risk of peptic
ulcer disease in subgroup analyses. There was no significant
difference seen in any subgroup, although in many subgroups
there was insufficient power, despite this being the largest

trial to evaluate PPI therapy to reduce clinically significant
upper GI events. For example, patients with previous peptic
ulcer disease had greater benefit from pantoprazole therapy,
but with only 10 events (3 in the pantoprazole group vs 7 in
the placebo group) in the peptic ulcer group it is difficult to
draw any conclusions from this, but it indicates that the rate
of GI complications is very low in the population studied.
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Pantoprazole Placebo ) o value for

Subgroups events/Total (%) events/Total (%) Hazard Ratio (95% CI) Interactlon
Randomized 102 /8791 (1.2) 116 /8807 (1.3) —— 0.881(0.675-1.149)
Antithrombotic Treatment Group
Riva 2.5mg + ASA 100mg 43 /2945 (1.5 37 /2933 (1.3 S 1.161(0.748-1.802 124
Riva 5m 35/2918 (1.2 3872941 (1.3 — 0.930(0.587-1.472
ASA 100mg 24 /2928 (0.8 41/2933 (1.4 — | 0.582(0.352-0.963
CAD
Yes 87 /7835 (1.1) 107 /7868 (1.4) — 0.81 55061 4-1‘082; 115
No 15/ 956 (1.6) 9/ 939 (1.0) 1.641(0.718-3.750
PAD
Yes 33 /2501 21 3; 35/2522 21.4; s 0.952(0.591-1.531 .6932
No 69 /6290 (1.1 81/6285 (1.3 —aT— 0.850(0.616-1.171
Region
North America 24 /1241 (1.9 20/1243 (1.6 1.206(0.666-2.182 .8317
South America 16 /2209 (0.7 18/2194 (0.8 ] 0.878(0.448-1.723
Western Europe 3372187 (1.5 4072207 (1.8 A 0.833(0.525-1.320
Eastern Europe 16 /1890 (0.8 21/1895 (1.1 G 0.763(0.398-1.461
Asia Pacific and other 13/1264 (1.0 17 /1268 (1.3 1 0.764(0.371-1.572
Sex
Male 85 /6854 21 .2; 95 /6938 }1.4; —— 0905506?6-1‘213; .6826
Female 17 /1937 (0.9 21/1869 (1.1 e E— 0.780(0.411-1.478
A(%e
< 11/2388 (0.5 21172374 (0.9 I~ 0.520(0.251-1.078 3125
65-<75 60 /4728 f1 .3§ 63 /4760 %1 3% —a— 095750.672»1.363%
>=75 31/1675 (1.9 32/1673 (1.9 e E— 0.961(0.586-1.574
Body weight at Baseline

11/ 804 (1.4 2.0 —— 0.694(0.322-1.496 4917
>60kg 91/7979 ((1.1)) 98/7987((1 2)) —— 0.92950.698-1.235;
Bg’?"gllne Renal Function
e
<60 36 /1953 (1.8 3371994 (1.7 P B 1.129(0.704-1.811 .2344
>=60 66 /6838 %1 .0; 82/6810 %1.23 —— 0,79950,578-1.104;
History of tobacco use |
Yes (Current/Former) 7115828 51.23 83 /5818 §1 4; — 0.85750.624—1.176; 7387
No (Never) 31/2963 (1.0 3372989 (1.1 —_— 0.947(0.580-1.547
Baseline diabetes
Yes 44 /3363 }1 3; 37 /3369 §1 1; — 1.187(0.767-1.838 .0865
No 58 /5428 (1.1 7915438 (1.5 —a— 0.734(0.523-1.031
History of peptic ulcer
Yes 3/ 228(1,3% 71 222 (3.2) 0.42150‘109-1630 2717
No 99 /8563 (1.2) 109 /8585 (1.3) 0.910(0.693-1.195
History of Helicobacter pylori
Yes 1/ 59é1.7) 2/ 72(2.8) = 0.629(0.057-6.947 .8384
No 88 /698 {1,3; 96 / 6953 %1 4; O 910 0.681-1.215
Unknown 13 /1747 (0.7 18/1782 (1.0 — 9(0.362-1.508
Baseline NSAID use
Yes 8/ 425 (1.9) 4/ 447 (0.9) 2.09550,631-6‘957; 1411
No 94 /8366 (1.1) 112 /8360 (1.3) — 0.838(0.637-1.103
Baseline SSRI Use
Yes 5/ 257 (1.9) 6/ 258 (2.3) 0. 762%0 231-2. 513; .9106
No 97 /8534 (1.1) 110 / 8549 (1.3) ; —— | ; | 0.883(0.672-1.161

0 0.5 1 1.5 2 2.5

HR (95% Cl)
Figure 2. Subgroup analyses of pantoprazole vs placebo for the primary outcome of clinically significant upper Gl event.

Table 3.Post-Hoc Outcomes Related to Gastroduodenal Ulcer and Erosions

Pantoprazole, 40 mg od Pantoprazole placebo Pantoprazole vs
(n = 8791) (n = 8807) placebo
First events, Annual rate, First events, Annual rate, HR P

Outcome n (%) %ly n (%) %ly (95% CI) value
Overt bleeding of gastroduodenal origin 227 (0.3) 0.083 497 (0.6) 0.18 0.45 (0.27-0.74) .001

confirmed by endoscopy or radiography

with no need for active bleeding at time of

investigation
Gastroduodenal ulcer without the need for 16 (0.2) 0.060 35 (0.4) 0.13 0.46 (0.25-0.83) .01

symptoms prior to diagnosis
Multiple gastroduodenal erosions without the 6 (<0.1) 0.023 18 (0.2) 0.068 0.33 (0.13-0.84) .01

need for symptoms prior to diagnosis
Combination of all post-hoc gastroduodenal 42 (0.5) 0.16 95 (1.1) 0.36 0.44 (0.31-0.63) <.0001

ulcer/erosion outcomes

od, once daily.
Includes 2 gastric cancers in the pantoprazole group and 1 gastric cancer in the placebo group.
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Figure 3. Cumulative incidence of events using the post-hoc definitions of gastroduodenal lesions in the pantoprazole vs

placebo arm.

It is noteworthy that patients in our study had stable
cardiovascular disease and so had been receiving aspirin long-
term before enrollment into this study. Patients were
excluded if they were already taking PPI therapy and those at
high risk of peptic ulcer disease may already have been pre-
scribed these drugs. This may also explain why our finds
differed from the OBERON trial, which evaluated the impact of
PPI therapy vs placebo in participants commencing aspirin
therapy.” This trial mandated that participants had endos-
copies during follow-up and is therefore not analogous to our
study. Nevertheless, this trial reported that 7.4% developed
peptic ulcer within 6 months, but all participants enrolled
were aspirin-naive and had previous uncomplicated peptic
ulcer disease.® This further emphasizes that our trial enrolled
a population at low risk for upper GI complications.

There are some potential limitations of this trial. Despite
the fact that our study is by far the largest placebo-
controlled trial evaluating a PPI, the number of bleeding
upper GI events was small. Therefore, the Cls for the effect
of PPI therapy are wide and so a modest effect of a 20%
relative risk reduction on peptic ulcer bleeding may have
gone undetected in our trial. However, the number of events

in this trial (n = 218) is several times the number of GI
events in most previous trials (an average of 6 events).” In
this trial, the NNT for PPIs to prevent peptic ulcer
disease or erosions was approximately 500, even with a
relaxed post-hoc definition. The NNT will be lower in
higher-risk populations, which includes increasing age over
65 years,'” Helicobacter pylori infection,'® nonsteroidal
anti-inflammatory use,’® smoking,*® and past peptic ulcer
disease,*" particularly complicated peptic ulcer disease.”” As
yet, however, there is no validated risk calculator that gives
the absolute risk of developing peptic ulcer disease analo-
gous to risk calculators used to determine risk of cardio-
vascular disease.”® These are urgently needed so we can
identify which patients may benefit from PPI therapy to
prevent peptic ulcer disease complications.”*

In conclusion, there is no benefit in routinely giving PPI
therapy to patients with stable cardiovascular disease
deemed to be at low risk of GI events and needing anticoag-
ulant therapy or aspirin. PPI therapy reduces the risk of
peptic ulcer complications and PPI therapy may be warranted
in patients at high risk for this event. This is hypothesis-
generating and needs to be evaluated in future studies.
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29,874 screened

73 excluded
- 54 not met incl criteria
- 19 other

29,801 run in riva/ASA

2406 excluded at run in*

- 1675 adherence concerns

- 744 withdrew consent

- 521 met exclusion criteria
- 99 major event (3 bleeds)
- 96 adverse events

- 28deaths

- 7 duplicate randomization
- 395 other

27,395 randomised
to riva/ASA

9797 excluded from PPI randomization
- 9681 need for continuous PPl
- 116 other

17,598 randomised
to PPI or placebo

/\

8791 assigned to ;antoprazole 40mg od 8807 assigned to placebo

8740 vital status known 8743 vital status known
41 withdrew consent 48 withdrew consent
10 lost to follow-up 16 lost to follow-up

8791 induded in the analysis 8807 induded in the analysis
0 excluded 0 excluded

Supplementary Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram.
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Supplementary Table 1.Reasons for Discontinuing

Pantoprazole or Placebo

Pantoprazole, Placebo,
n (%) n (%)
Characteristic (n = 8791) (n = 8807)
Permanent discontinuation 1884 (21.4) 1975 (22.4)
of drug
Reason
Serious adverse event 78 (0.9) 66 (0.75)
Participant decision not 913 (10.4) 911 (10.3)
due to side effect
Bleeding 80 (0.9) 80 (0.9)
Upper GI 20 (0.2 27 (0.3)
Other 60 (0.7) 52 (0.6)
Physician decision not 302 (3.4) 297 (3.4)
due to other event
Use of open-label 296 (3.4) 346 (3.9)
study drug
Non-serious adverse event 213 (2.4) 0 (2.8)
Missing 2 (0.02) 1(0.01)

Supplementary Table 2.Baseline Characteristics of Those Not Randomized to Pantoprazole or Placebo

Gastroenterology Vol. 157, No. 2

Pantoprazole,

Not randomized

All patients 40 mg od Placebo to pantoprazole or
Characteristic (n = 27,395) (n = 8791) (n = 8807) placebo (n = 9797)

Age, y, mean + SD 68.2 +7.9 67.6 + 8.1 67.7 + 8.1 69.3+75
Sex, male, n (%) 21,377 (78.0) 6854 (78.0) 6938 (78.8) 7585 (77.4)
BMI, kg/m?, mean + SD 283 +4.7 28.3 + 4.7 28.4 + 4.7 28.3 + 4.7
Total cholesterol, mmol/L, mean + SD 42 +141 43 +141 42 +1.1 41 +1.0
Race, n (%)

Caucasian 17,027 (62.2) 5265 (59.9) 5267 (59.8) 6495 (66.3)

Afro-Caribbean 262 (1.0) 7 (1.1) 108 (1.2) 7 (0.6)

Asian 4269 (15.6) 1363 (15.5) 1384 (15.7) 1522 (15.5)

Other 5837 (21.3) 2066 (23.5) 2048 (23.3) 1723 (17.6)
Current smoker, n (%) 5867 (21.4) 2064 (23.5) 2010 (22.8) 1793 (18.3)
Hypertension, n (%) 20,647 (75.4) 6671 (75.9) 670.3 (76.1) 7273 (74.2)
Peptic ulcer disease history, n (9 1238 (4.5) 228 (2.6) 222 (2.5) 788 (8)
Inflammatory bowel disease, n (%) 216 (0.8) 7 (0.4) 6 (0.6%) 123 (1.3)
ACE inhibitor, n (%) 19,523 (71.3) 6269 (71.3) 6286 (71.4) 6968 (71.1)
Diuretic, n (%) 8141 (29.7) 2572 (29.3) 2522 (28.6) 3047 (31.1)
Lipid-lowering agent, n (%) 24,607 (89.8) 7775 (88.4) 7823 (88.8) 9009 (92)
Calcium channel blocker, n (%) 7272 (26.5) 2237 (25.4) 2265 (25.7) 2270 (28.3)
B-blocker, n (%) 19,192 (70.1) 6137 (69.8) 6122 (69.5) 6933 (70.8)
NSAID, n (%) 1468 (5.4) 425 (4.8) 447 (5.1) 596 (6.1)
Hypoglycemic agent, n (%) 8561 (31.3) 2785 (31.7) 2784 (31.6) 2992 (30.5)

ACE, angiotensin converting enzyme; BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug; od, once daily.
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Supplementary Table 3.Subgroup Analysis of Impact of Pantoprazole or Placebo According to Aspirin/Rivaroxaban
Randomization for Clinically Significant Upper Gastrointestinal Adverse Event

Pantoprazole, Pantoprazole vs
40 mg od Placebo placebo
Antithrombotic HR P value for
treatment group Total Events n/100 py Total Events n/100 py (95% Cl) interaction
Rivaroxaban 2.5 mg + 2954 43 0.49 2933 37 0.42 1.16 (0.75-1.80) 124
aspirin 100 mg
Rivaroxaban 5 mg 2918 35 0.40 2941 38 0.43 0.93 (0.60-1.47) —
Aspirin 100 mg 2928 24 0.27 2933 41 0.47 0.58 (0.35-0.96) —

od, once daily; py, patient-years.

Supplementary Table 4.Subgroup Analysis of Impact of Pantoprazole or Placebo in the Aspirin Alone Arm for Clinically
Significant Upper Gastrointestinal Adverse Event

Pantoprazole, Pantoprazole
40 mg od placebo Pantoprazole vs
(n = 2982) (n = 2933) placebo
First events, Annual rate, First events, Annual rate, HR P
Outcome n (%) %y n (%) %ly (95% Cl) value
Upper Gl event® 24 (0.8) 0.27 41 (1.4) 0.47 0.58 (0.35-0.96) 0.03
Overt bleeding of 5(0.2) 0.057 8 (0.3) 0.091 0.62 (0.20-1.90) 0.40
gastroduodenal origin
confirmed by
endoscopy or
radiography
Overt upper Gl bleeding of 10 (0.3) 0.11 18 (0.6) 0.21 0.55 (0.26-1.20) 0.13
unknown origin
Bleeding of presumed 5(0.2) 0.057 2 (<0.1) 0.023 2.48 (0.48-12.8) 0.26
occult upper Gl tract
origin with documented
decrease in Hb >2 g/dL
Symptomatic 0 0 5(0.2) 0.057 NA NA
gastroduodenal ulcer
Gl pain with underlying 1(<0.1) 0.011 3(0.1) 0.034 0.33 (0.03-3.20) 0.32
multiple
gastroduodenal
erosions
Upper Gl obstruction or 5(0.2) 0.057 7 (0.2) 0.080 0.71 (0.23-2.54) 0.56
perforation

Hb, hemoglobin; NA, not applicable; od, once daily.

2Composite of overt bleeding of gastroduodenal origin confirmed by endoscopy or radiography, overt upper Gl bleeding of
unknown origin, bleeding of presumed occult upper Gl tract origin with documented decrease in Hb of 2 g/dL, symptomatic
gastroduodenal ulcer, Gl pain with underlying multiple gastroduodenal erosions, upper Gl obstruction/perforation.
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Supplementary Table 5.Subgroup Analysis of Impact of Pantoprazole or Placebo in the Rivaroxaban Alone Arm for Clinically
Significant Upper Gastrointestinal Adverse Event

Pantoprazole, Pantoprazole
40 mg od placebo Pantoprazole vs
(n =2918) (n =2941) placebo
First events, Annual rate, First events, Annual rate, HR P
Outcome n (%) %ly n (%) %ly (95% CI) value
Upper Gl event® 35(1.2) 0.40 38 (1.3) 0.43 0.93 (0.60 to 1.47) .76
Overt bleeding of 3(0.1) 0.034 12 (0.4) 0.14 0.25 (0.07 to 0.89) .02
gastroduodenal origin
confirmed by endoscopy or
radiography
Overt upper Gl bleeding of 18 (0.6) 0.21 12 (0.4) 0.14 1.52 (0.73 to 3.15) .26
unknown origin
Bleeding of presumed occult 3 (0.1) 0.034 5(0.2) 0.056 0.61 (0.14 to 2.53) .49
upper Gl tract origin with
documented decrease in
Hb >2 g/dL
Symptomatic gastroduodenal 4 (0.1) 0.045 5(0.2) 0.056 0.81 (0.22 to 3.01) .75
ulcer
Gl pain with underlying 0 0 3(0.1) 0.034 NA NA
multiple gastroduodenal
erosions
Upper Gl obstruction or 7 (0.2) 0.080 2 (<0.1) 0.023 3.53 (0.73 to 17.0) .09
perforation

NA, not applicable.

2Composite of overt bleeding of gastroduodenal origin confirmed by endoscopy or radiography, overt upper Gl bleeding of
unknown origin, bleeding of presumed occult upper Gl tract origin with documented decrease in Hb of 2 g/dL, symptomatic
gastroduodenal ulcer, Gl pain with underlying multiple gastroduodenal erosions, upper Gl obstruction/perforation
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Supplementary Table 6.Subgroup Analysis of Impact of Pantoprazole or Placebo in the Rivaroxaban Combined With Aspirin
Arm for Clinically Significant Upper Gastrointestinal Adverse Event

Pantoprazole, Pantoprazole
40 mg od placebo Pantoprazole vs
(n = 2945) (n = 2933) placebo
First events, Annual rate, First events, Annual rate, HR P
Outcome n (%) %ly n (%) %ly (95% Cl) value
Upper Gl event® 43 (1.5) 0.49 37 (1.3) 0.42 1.16 (0.75-1.80) .50
Overt bleeding of 8 (0.3 0.090 11 (0.4) 0.12 0.73 (0.29-1.80) 49
gastroduodenal origin
confirmed by endoscopy or
radiography
Overt upper Gl bleeding of 22 (0.7) 0.25 16 (0.5) 0.18 1.37 (0.72-2.61) .33
unknown origin
Bleeding of presumed occult 2 (<0.1) 0.022 2 (<0.1) 0.022 1.00 (0.14-7.07) .99
upper Gl tract origin with
documented decrease in
Hb >2 g/dL
Symptomatic gastroduodenal 4 (0.1) 0.045 7(0.2) 0.079 0.57 (0.17-1.94) .36
ulcer
Gl pain with underlying 3(0.1) 0.034 1 (<0.1) 0.011 2.98 (0.31-28.7) .32
multiple gastroduodenal
erosions
Upper Gl obstruction or 9 (0.3) 0.10 8 (0.3) 0.090 1.13 (0.44-2.93) .80
perforation

Hb, hemoglobin.

2Composite of overt bleeding of gastroduodenal origin confirmed by endoscopy or radiography, overt upper Gl bleeding of
unknown origin, bleeding of presumed occult upper Gl tract origin with documented decrease in Hb of 2 g/dL, symptomatic
gastroduodenal ulcer, Gl pain with underlying multiple gastroduodenal erosions, upper Gl obstruction/perforation.
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