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Summary,

Background: Weevaluated Gl safety of celecoxib compared with two nonselective (ns) NSAIDs,
as a secondary objective of a large trial examining multiorgan safety.

Methods: Thisrandomised, doublbknd controlled trial analyzed 24,081 patients. Osteoarthritis
or rheumatoid arthritis patients, needing ongoing NSAID treatment, were rardbinireceive
celecoxib 0RO mg b.d., ibuprofen 600-800 mg t.d.s. or naproxens8Ibmgb.d. plus
esomeprazeolezand low-dose aspirin or corticosteroids if already prescribecalgZIsignificant

Gl events (€SGIE bleeding, obstruction, perforation events from stomach downwards or
symptomatie:ulcers) and ireseficiency anaemia (IDA) were adjudicated blindly.

Results: Mean treatment and follow-up durations were 20.3 and 34.1 months. WHileabment

or 30 days after, CSGIE occurred in 0.34%, 0.74% and 0.66% taking celecoxib, ibuprofen and
naproxen. Hazard ratios (HR) were 0.43 (95% CI 0.27-0.68, P=0.0003) celecoxib vs. ibuprofen
and 0.51 (0.32-0.81, P=0.004) vs naproxen. There was also less IDA on celecoxib: HR 0.43 (0.27-
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0.68, P=0.0003) vs ibuprofen; 0.40 (0.25-0.62, P<0.0001) vs naproxen. Even taken with low-dose
aspirin, fewer CSGIE occurred on celecoxib than ibuprofen [HR 0.52 (0.29-0.94), P=0.03], and
fewer IDA vs. naproxen [0.42 (0.23-0.77, P=0.005)]. Corticosteroidgngseased total Gl events

and CSGIEHelicobacter sergtatus had no influence.

Conclusions:Arthritis patients taking NSAIDs plus esomeprazole have infrequent clinically
significant/gastrointestinal eveno-prescribed with esomeprazole, celecoxib has better overall

Gl safety than ibuprofen or naproxen at these doses, despite treatment with lowspitiz®r

corticosteroids.

ClinicalTrials.gov, number NCT00346216.

Key words: nonsteroidal antinflammatory drugs; gastrointestinal adverse events; €yclo
oxygenase2 inhibitors; gastrointestinal bleeding; anaemia.

1. INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used for relieving goal
inflammation.inpatients with osteoarthritis (QAand rheumatoid arthritis (RAHowever their
use associasanith gastrointestinalGl) haemorrhage in about @212 per 10(atient years
annuallyjrdepending on the patient’s level of Gl riskNSAIDs damagéhe Gl mucosagartly
by blocking preduction of protective prostaglandins synthesized via cyglgeaoase (COX],
whereas prostaglanditisatmediae inflammation aise mainly from the isoform COX-2.These
findings spurred the developmentsaflectiveNSAIDs (coxibs) that preferentially inhibit COX.
The firstcoxibs tomarketwere rofecoxib and celecoxib.

Several randemisecontrolled trial{RCT) have demonstratealsubstantially lower incidence of
gastroduodenal ulcers detected by endosaopwtients treated farp to 6 months with rofecoxib

or celecoxib comparedith nonselectivéns)NSAIDs.* ®> Two large RCTs investigated the more
important endpoint — ulcer complications. The VIGOR study compared rofecoxib with naproxen
in patients with RAand found a reduction in complicated ulcer events in those tngdted

rofecoxib. The CLASS study compared celecoxib with ibuprofen and diclofeitiacegard to

upper Glulcer complications, and found a statistically significant benefit iecaab only when
patients taking lowdose aspirin were omittédt thus raised the question of whether the beneficial
effects of celecoxib on ulcer clinical events might be mitigated with the concurrent use of-aspirin
a groupthat wasexcluded from the VIGOR trigand either excludefilom or minimally

representeih more recenRCTscomparingceleoxib with nsNSAIDs" ® ? Adding to
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uncertainty, anetaanalysisof available RCTs in 2011 found no difference in upper Gl events
with coxibs compared withsNSAIDS ifaproton pump inhibitor®Pl) werealsotaken'® Thus,
questiongemainabout theGl benefits of a coxib versusNSAIDs, particularlyin patientsgaking
low-doseaspirin— often required bgrthritis patients to managéeir cardio or cerebrevascular

co-morbidities

Concerns about cardiovascular harm by coxibs led to the withdrawal of rofecoxib by its
manufacturem2004.The US Food and Drug Administration (FDA) permitted the continued
marketing oficelecoxib, but mandated a safety trial whose primary endpoint watetbéserious
cardiovasculaeventscompared witlthose during treatment witivo commonly used INSAIDs,

in patients at increased cardiovascular.ridle Prospective Randomized Evaluation of Celecoxib
Integrated'Safety versus Ibuprofen or Naproxen (PRECISION) trial demongtrateelecoxibin
moderate doses wasn-inferior to ibuprofen or naproxen in cardiovascular sdfethis
companionspapéaeportsa prespecified secondary analysighe adjudicated eventsie to
damageo stomach, intestiner colonin patients treated with the coxib compavéth the
NINSAIDs. It alsoexamineghe influence of ceadministered aspiriar corticosteroids, and

Helicobacter pylori (H. pylori) infection on the incidence of these events

2. METHODS

2.1 Study.design

PRECISION was aandomisediulti-cente, doubleblind, parallelarmactivecontrolled tria)
designed to detect nanferiority for its primary cardiovascular endpaifttwas carried out in 923
centesin the United States, Canada, Australia, Brazil, Colombia, Costa Rica, Mexico, Panama,
Peru, Philippines, Taiwan, Hong Kong, and UkréieéveerOctober 2006 anApril 2016.The

trial could not be performed in Europe because of restrictions placed on presofiboxibs by

the European.Medicines Agency. The protocol is available on request from the corresponding
author and-thedetailed design has been published previotfdithical approval was obtained

from eitherrarcentral ethical review boandthe human research ethaommittee atach centre

A blindedumultidisciplinaryexecutiveCommitteesupervised the triallhecommitteemembers
did not accept any financial paymemétated taNSAIDs (includingfrom the trial sponsoror the
duration of the trialAn independent unblindedhtamonitoringcommittee reviewed data

throughout the trial to assess saf@tiye online appendix listsmemberf the committees
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2.2 Patients

We enrolled patients aged 18 years or older, with a clinical diagnosis of osteod @A)t
rheumatoid arthritis (RAfor at leasthe previous six monthssho required daily treatment with
NSAIDs for arthritis pain as judged by patient and physidratients who received adequate
relief with paracetamdédcetaminophen alone were ineligible. A principal inclusion criterion was
that patienthiave established cardiovascular disease or be at high riskvieloging it Detailed
inclusiongXclusion criteria are listed in the previous publicatidme majorexclusion criteria
relevant torthe"gastrointestinal endpoints were: (i) diagnosis or treatnwagagflageal, gastric or
duodenal ulcer in the 60 days before randomizatigrhistory of gastrointestinal perforation,
obstruction_or bleeding within 6 months before randomizatiohinflammatory bowel disease,
recent diverticulitis or diverticulosis witbrior known bleeding; (iv) treatment with aspirin at a
dose>325 mg/d(those taking lower doses were encouraged to contiand)(v) treatment with
warfarin orether vitamin K antagonist anticoagulaR&tients with RA were permitted treatment
with oral carticosteroids (up to prednisolone 20 mg/d equivalent) or disease-modifying anti-
rheumatic drugs _provided dosing had been st&8agents gave written informed consent to the

study.
2.3 Randomization and masking

Patients wereandomised in a 1:1:1 ratio to receive celecoxib, ibuprofen or naproxen, stratified by
studycentre arthritis type QA or RA), and aspirin use for cardiovascular prophylakise
randomisd-allocation was via an interactive voice response sy®énding was vidriple

dummy allocation with placel@ablets or capsules matched to each active drgigky color,

smell, tasteand appearance.
2.4 Procedures

Study drugswvereassigned in these doseglecoxib 100 mgwice daily, ibuprofen 600 mghree
times dailyornaproxen 375 mgwice daily. If required for control of arthritis symptoms at
subsequentVvisitslosage escalation was permitteccelecoxib 200 mgvice daily(for RA, and
in those countriepermittingthis dose for OA), ibuprofen 800 nigree timeslaily or naproxen
500 mgtwice daily. Esomeprazol€20 to 40mg daily) was providedo all patientgthough

investigators were permitted to replace this with a histafirexeptor antagonist at their
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discretior). Gastroprotection was provided to all patients since their cardiafadgtksor disease
put them at greatdrazard should they experience a |a&jéleed.

H. pylori serology was performed at basel{aecentral laboratories for each regiaimgether
with routine haematologjclinical safety chemicand otheanalysedisted in the previous
publication.Patients hagdubsequent visits at 1, 2, 4, 8, and 12 months, then 6-monthly till 42
months unless.discontinuedrlier Patients enrolled ward the end of study had an opportunity

for at least*¥8*months of follow-up.
2.5 Adjudicated‘©Qutcomes

The primary outcome of the parent stydgported elsewhetd was the first occurrence of an
adverse everthat met the Antiplatelet Triagts CollaboratioAPTC) criteria— death from
cardiovascular causes, nonfatal myocardial infarction or nonfatal s8ekendary outcomes
were major adverse cardiac events and clinically significant gastrointestinal events (CSGIE)
(detailed definitionsn theonline appendix)The prespecified events that constituted CSGIE were:
gastroduodendiaenorrhage; gastric outlet obstruction; gastroduodenal, small or large bowel
perforation; small bowdiaenorrhage; large bowdlaenorrhage; acute gastrointestinal
haenorrhagesefsunknown origin, including presumed small bdveelnorrhage;andsymptomatic
gastric or duodenal ulcer. The haemorrhage endpoints required observation of overg)ldeedi
endoscopicevidencd cecent haemordge.A tertiary Gl endpointwasclinically significant iron
deficiency anaemiédDA) of proven or presumed gastrointestinal origin, defined as a fall in
haenoglobin>27g/dl or haenmatocrit>10% pointsfrom baselingwith biochemical evidence of
iron deficigncy, andno clinical evidence of acute gastrointestinal haehage. A secontbrtiary
endpoint was ‘composite Gl events’: the first occurrence of any of symptomaticGppleer,
moderate to severe abdominal symptoms or withdrawal from study drug due tot€&l aelaerse
eventsPrespecified exploratory endpoints were timerst CLSGIE according to aspirin usage,
age,H. pyleri,and arthritis typeA further prespecified analystombined CSGIE and IDA (as
‘total Gl events’). The full list oadjudicatedsl outcomeswith detailed criteria for eadk in the

online appendix.

An expert Clinical Events Committegthe Cleveland Clini€oordinatingCenter for Clinical
Research@5Researchwhich included Board Certified (or Board Eligible) gastroenterologists
assessed primary, secondary or tertiary outcomes that investigators identified as a suspected

endpoint.The committee members wearsaware of the treatment assign€lde online appendix
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lists their namesAdverse eventsther than the adjudicated outcomes were monitored and
published in the online appendix to the publicatiwat reportedhe primary cardiovascular

endpoint:
2.6 Statistical analysis

The sample size calculation for the primary (cardiovascular) endpoint was described in the
companion paper: it estimated a requirement fabout 20,000 patients to accumulate the
requisite number gérimary cardiovasculagndpoints. Since the adjudicated gastrointestinal
events wereecondary and tertiary outcomes, no prospective power calculations were pdrform
The protocolprespecifiedmaximum43-month study period, with minimum followup of 18
months for those enrolled towards the end of the study, with censoring of data frorfrexent-
patients after 30 months in the ITT population and 43 months imdkigied intentiorto-treat
(MITT) population. Both populations were prespecified for analysesITT consisted of all
randomisedspatients irrespective of whether they received or were still taking allocatad drug
the MITT, adjudicated events were recorded while patiaciisallyreceived the study NSAID and
for 30 days aftefThe main comparisons were tig#®-event for the major gastrointestinal
outcomes petreatmentFor comparison with other studies, event rates were also converted to
patientyearsusing treatment duration, tre time tdfirst event for subjects who had an event.
Additional preSpecifieccomparisons were performeértreatmentvith low-dose aspirirandH.

pylori status(the statistical analysis plan specified this to be anthe MITT population). Also in
this population, the influenaca corticosteroids in patients with Réasexamined in a post hoc
analysis A Cox proportional hazards model with adjustment for stratification factors (investigator
region, arthritis type and aspirin use at baselives used to calculate hazard rafid®) and 95%
confidencesinterval&Cl), using SAS software, version 9.4. Statistical significance, p<0.05 for
comparisenssbetween treatment groups, or p<0.10 for treatment group by other subgroups (aspirin
use orH. pylori'serology or corticosteroid use) interaction was based on nomiredu€s.The

use of P<0.10 for the int&ction testss exploratoryA two-sided P value of <0.05 indicated
statistical significance in superiority comparisons, without adjustment for multiple comparisons
Theprespecified Statistical Analysis Planavailable on request to the corresponding auiiia.
trial was registered at ClinicalTriaggov, number NCT00346216.

3. RESULTS

3.1 Patient population
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We screened 31,857 patients for a total of 24,222 who underaretamizatiorbetween 23

October 2006 and 30 June 2014, of whom 141 were excluded from analysis (106 determined to be
fraudulently enrollegblus 35 enrolled more than onc@us 24,081 patients could be included in
thelTT analysis and 23,953 in th&iTT analysis The study profile is shown in Figure S1

(Supporting-information)

The three treatment groups hsichilar major demographic variables, use of low-dose aspirin,
arthritis typeH™pylori status smoking, and history of peptic ulo@rable 1) Esomeprazolevas
providedfor gastroprotectionand was taken by 98.966 patients ireach treatmergroup
(dispensed for90% of the on-treatment period i85.4, 95.8 and 96.0% of celecoxib, ibuprofen
and naproxen _groups respectively). The mean esomeprazole dose was 27 mg/d in eatheyroup.
groups had similar mean (£SD) durations of treatment and follo(inuponths) 20.8 +16.0 and
34.2 £134 (celecoxib), 1% £16.0 and 33.8 £13.6 (ibuprofen), and 20.5 £15.9 and 34.2 +13.3
(naproxen)iFheproportions who discontinued study drug beforentfaaimum42-month end date
(excluding'deathsyere &.7%, 69.6% and 67.2% in the celecoxib, ibuprofen and naproxen
groups (P<0.001). Although patients were to continue to be followed per protocalkaitarg
randomised drug, 27.5%, 286 and 26% did not complete the studyhe reasons for
noncompletion of the fulbrotocol (35 years on treatment unless a trial endpoint required
withdrawal)were' patient no longer willing withdrawal of consent’ (3795 patientdpst to
follow-up*(1/741patient3, and btherf (1071 patients).

3.2 Secondary and Tertiary Prespecified Endpoints

Themajorgastrointestinal endpoint was Clinically Significant Gastrointestinal Events (CSGIE)
These occurrethfrequently in all treatment groupkn the ITT analysis set, where patients may or
may not have been taking their allocated drug for many months, confidence intervals of the
HazardRatios overlapped unity for each of the three treatment comparisons (Tabl¢éh2). |

MITT analyses;;CSGIE occurredbout half as oftem those taking celecoxib compared with
ibuprofen or.naproxerd.19 vs 0.44 and 0.34ITT events per 100 patiegears.FigurelA

shows the timd@e-event curvesHazard Ratie (and 95%CI) were 043 (0.27-0.68) focelecoxib
versus ibuprefen (P=0.0003) an®D(032-0.81) for celecoxib versus naproxen (p=0.004).

Iron deficiencyanaemiaof gastrointestinal origifilDA), an adjudicategrespecifiedertiary
endpointalsooccurredessoften in the celecoxib group compared with tis&SAIDs, in both
analysis sets (Table 2). In the MITT population the rates:\@et® vs 0.44 and 0.48 per 100
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patientyears with HR 0.43 (0.27-0.68) for celecoxib versus ibuprofen (P=0.0@d8l 040 (0.25-
0.62) for celecoxib versus naproxen (P<0.0001) (Figure@B{IE and IDA wereletectedvith
similar frequencies in the ibuprofamd naproxen groups: CSGIHR 1.16 (0.80-169, P=0.42);
IDA, HR 0.91 (0.64-129, P=0.59). The numbers of patients who reached an IDA endypdimt
haenoglobinrconcentration <10.0 g/dl wesmall: 4 (0.05%), 18 (0.2%) and 14 (0.2%)the
celecoxib, ibuprofen and naproxen groups (P=0.01).

The frequeni@swith which the individual adjudicated components of CSGIE occumrdae ITT
andMITT populationsare in Table 2In addition to the differences in IDA noted above,
significantly fewer symptomatic gastric or duodenal uloeurred in the celecoxib group than
the ibuprofen group (ITT andlITT) or the naproxen group{TT population only)and this
component contribed mosto the statistically sigfiicant differences in CSGIE between
treatmentsOvert gastrointestinal bleeding events were infrequeera| groups less than 1 per
1000 patientwyears at any adjudicadmadtomicakite Adding together the bleeding events from all
sites (Table 2) gives numbers neetletiarm of 769, 417 and 625 annually on celecoxib,

ibuprofen or naproxen.

Table Slprovides data for the composite tertiary endpoint of symptomatic ulcers, abtlomina
symptoms.and Gl related withdrawalfieMITT populationexperiencedewercomposite events
on celecoxibsthan oeither nsSNSAID; in ITT, the difference reached significance oty

celecoxib vsnaproxen.
3.3 Exploratory:Endpoints: effects of low-dose aspirin, corticosteroids and H. pylori

The effects,of concomitant treatment with tolyse aspirin on gastrointestinal events inNh&T
populationdthe population specified for this analysis in the SAP) are shown in Figuae@Kig.
S2 and Table"S2 in the online appendB®dmmensurate wittheir elevated cardiac risk, almost
50% ofpatients in PRECISION tookspirin, and CSGIE occurréathemmore often than in

those who did not take aspirin (P=0.036). Less than 5% of patients who were not takingaaspir

baseline were startexh it later in the study.

Fifty-six percent of RA patientsok corticosteroids at baselinandthis treatment’gffect was
examined in a post hanalysis of theMITT population.Those receiving steroidxperienced

morethan twice as many adjudicaté&d eventsas those who did not (Figure 2C and Table S2).
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The effect ofH. pylori infection @ssessely baseline serology) wasprespecified exploratory
endpointfor theMITT analysis. Serology positive patieetgperiencedimilar rates of both
CSGIE and IDA compared with uninfected patients (Figure 2BTadeS2.

Figure 2 shows forest plots and interaction statistics for the subgroup analysssiriorH.

pylori statusand,corticosteroidse.The exploratorylevel of significanceset for interactions
(P<0.1) was. reached for two comparisons: tGiaévents and IDA for the comparison of
celecoxib withribuprofen in the presence of aspirin. No other tests for interaction reached this
threshold.

3.4 Other endpoints

Older patients more often had CSGIE and IDA events. Those aged <63 years (the mgdian age
constituted 46.9% of the whole MITT population; CSGIE occurred in 0.33% aged < 63 compared
with 0.79% age@63 (P<0.0001), while IDA events occurred in 0.42% and 0.82% respectively
(P<0.0001). Each of the three treatment groups showed this pattern of more CSGIE amd IDA

older patients

Investigatorreported adverse ever(tgher than adjudicated outcomes) that occurred in 3% or
more of thespatients in any treatment group are reported in the online appendix topaeioo
publication**The only ones that differed by >1 percentage point between treatment groups were
constipation (less frequent on celedyxidiarrhoea (more frequent on celecoxib), increased blood

creatinine (more frequent on ibuprofen), and arthralgia (less frequent on ibuprofen).

4. DISCUSSION

In this largestrialy where patients took their allocated NSAID for an average of close to ta/o yea
and neatrly all.took esomeprazole, there was a notably low incidence of clinicaificamgrGl

injury in all three treatment armis1 the ITT population, CSGIE occurred at rates (per 100 patient
years) of 0.32 in,the celecoxib, 0.43 in the ibuprofen and 0.33 in the naproxen groups (table 2),
and the differences were not sifjoant In the MITT populationthe rates of CSGIE were lower

than observed in ITT and about twice as high on the nsNSAIDs as on celecoxib. In both the ITT
and MITT populations, numbers needed to harm by a CSGIE event were never less than 200 per

annum.

In the ITT population, celecoxib associated with about half as many episodes @éfi@ancy

anaemia of Gl origin as either ibuprofen or naproxen in arthritis patientsdne#h a
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concomitant PPI, while the differences in CSGIE were not significant. In thé& pibpulation,
celecoxib associated with significant reductions in both clinically signifiGamstvents and iron-
deficiency anaemia, the former being driven mainly by a reduction in the incidence of

symptomatic ulcers

We considerthe MITT analyses more appropriate than ITT since the MITT events occurred while
patients weractually taking their allocated study drug or in the month thereafter. The ITT
analysis= whileusually the more appropriate in efficacy studies, because it can take account of
efficacy failures'due to patients for any reason stopping their dsiget well suited to aarms

study such as PRECISION since patients in the ITT population could have taken othBsNSA

for as long as thirty months.

Our ITT results in whichcomplicated upper Gl ulcer events were similar between the treatment
arms arecomparable to the ITfindings in the pragmati8COT trial in Europe. In that trial

arthritis patients-without serious cardiovascular disease ve@@omised to continue asNSAID

or switch toeelecoxib Follow up of almost 8000 patients was slightly longer than in PRECISION,
but the adjudicated Gl endpoints (deatthospitalization from & upperGl ulcercomplication)

were not significantly different between the treatment atribe study was open-label and had

the limitation thaendpoints were obtained by data linkage rather than regular adjudicated follow-
up. This, plusrits substantially smaller patient population, may have accounted for the failure in
SCOT to detect a diffenee between treatment groups in theirti@atment analysig.wo other
studiesthe;CONDOR and GREASONS trialsused composite endpoints to capture both upper
and lower Glinjury, similar tothemain Glendpoint in PRECISION. During six months
treatmenteach trialobservedubstantially fewe€SGIEin patientsandomisd to celecoxitihan

to thecomparatonsNSAIDs" 8

In contrast.to these low rates of serious Gl events in PRECISION, the CONCERN trial from Hong
Kong recently.reported upper gastrointestinal bleethir$o and 12%of patients takingelecoxib

200 mg/dor naproxen 1000 mg/d for 18 monthsspite albeing givera PPI? Thetwo studies

are very complementary, thoudgbatientsenrolledin PRECISIONhad low to averagask for Gl
complicatioens: recent Gl bleedimgas arexclusion, andew had a peptic ulcer history. By

contrast CONCERN enrolled patients with very high Gl riskhose who had already bled from a
gastroduodenal ulcer, had their ulcer healed andwieearestarted on an NSAID. Chan et al.

have shown previously that such patients have a high likelihood of future bleéeing
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resumption oNSAIDs!® Consideringhe PRECISION and CONCERINalsin tandem provides
a more complete picture of the Gl evesks when patients takbese NSAIDs.

PRECISION and CONCERN asgdsothe first RCB comparing &0X-2 selectivewith

nINSAIDs that have demonstratsynificantly fewerGl events on a coxithan an nsNSAID

even in patients, who took low-dose aspilmPRECISION, there wassuggestive (P<0.1)
interaction between aspirin, celecoxib and ibuprofen, which diminished but dabeiaththe
reduction oftotal"Gl eventdy the coxib However, there was not a significant interaction between
aspirin celecoxiband naproxenwith or without aspirin, les&l events overall occurred on the
coxib. Ratientstaking aspirinvere excluded from thg&x-month VIGOR, CONDORandGI-
REASONStrials,™ ® **and constituted only 12%f participantsn the SCOT trial in Europ2A
recent network metanalysis which found peptic ulcers and their complicationsdour least
oftenin patientsiwho took a coxib plus a PPI, did ensluatethe effects of aspirift, OtherRCTs
which permitted‘aspirirandusedsimilar endpoints to ouighe CLASS, SUCCESS | and
TARGET studies)failed to showstatisticallysignificant Gl benefit when aspirin was taken
concurrently; inportantly, each of those trials specifically excluded the use of PRI, Our
findings mirrar those of a large retrospective cohort study in Quebec Provinch,reparted
hazard ratiogand Cl)of 1.00 for nsNSAIDs alone (reference group}10(033-0.50) for
celecoxib, 102+(0.81-1.25) for celecoxib plus aspirin, an@31(129-2.05) for nsNSAIDs plus
aspirin*®\While the risk of confounding in cohort stad the lack of blinded adjudication of
eventsand possible confounding by ovifre-counter aspirin usmakes reliance on those findings

moreuncertain.the similarity to the PRECISION resulends credece totheir validity.

We foundthat CSGIE occurre@bout threéimesmore often in the RA patients taking
corticosteroidsmbut there was raaignificant interaction betweahem andhe NSAID treatment
groups.Thisisincreased Gl event rate that we demonstiiatad RCT is in agreemewtith some
prior epidemiological datavhich reported 4-Eimeshigher risk of upper Gl bleeding in patients

taking steroids €ombined with nsNSAIEs?

Similar to ourdindings,iie CONDOR and GREASONStrials reported42-77%lessanaemiaof
presumed Gl origin opelecoxib than the comparatosNSAIDs. One difference between those
trials andPRECISION is that we required biochemical evidence ofdteficiency(i.e. decreased
ferritin or iron saturation)whereas the formestudies probably includezsbme patients with recent
acute bleedingPerhap®ecause ofhe almost universal use of a Pie rate of irordeficiency
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anaemialid not exceed 0.5 per 100 patient years in any of the three treaimmsit
PRECISION and &w patients had haeglobin levels below 10 g/dl.

Earlier studies of the Gldverse effects of NSAIDs have focused on peptic ulcers and their
complicatigns, but it is now known (from capsule vigewoscopy) that small intestinal damage
is frequentassis colonic damagé Consequentlyrecent trials comparing the effects of coxibs
and nsNSAIDs have used the composite endpoint we chose for PRECYatoNever, acute
bleeding'eventiom large or small bowelere very uncommon in PRECISION, and did not
exceed 1 per2000 patient yearsamy treatmentThere is some evidendieat celecoxib produces
lessintestinalerosions and small ulcetisan naproxef® Thus the more thdiifty percent
reduction(compared with the nsNSAID8) iron-deficiencyaraemiawhich we found in coxib-
treated patientaot taking aspirin may berasultof fewer subclinical ulcers and erosidnghe

small bowelaswwell asn the stomach and duodenum.

WhetherH. pyleri.contributes to NSAID Gl injury has been controversial, with some studies
reportingthat.eradication of the infection before starting NSAID treatment markedly reduced
subsequenticericomplicationg® However, others found seemingly paradoxical evidence of
protection against NSAID ulcef§Our findings suggest that any effect is clitiiganimportant

in a populatiorsuch aghatin PRECISION as patients with or without serologic evidence of
infection hadsimilar rates of GI events, including irateficiency anaemiddowever H. pylori
serology does not necessarily indicate current infection if patients have reeestiyed
treatmentThe cotreatment with esomeprazole might mitigate daleteriouseffect ofH. pylori:
not only doPPIssuppress the contribution of gastric acid to NSAID ulcer pathogeRédis also
markedly suppress growth Bf pylori.?’

In keeping withpreviousstudies’® older patients developedore Gl injurythan younger ones
about twice as many age63 developed iromleficiency aaemiaor had a CSGIE. This very
population.more often neetteatment with an antnflammatory for arthritis and more likehyas

cardiovascular disease.

The major strengths of this study include its very large patient population, the |@igmlof
NSAID treatment and the blinded adjudication of mprgspecified Gl adverse events. It is also
the first to have useithe endpoint ofiron-deficiency anaemiaas an indicator of chroni@l injury.
Other recent studies that have used anaeffi& origin as an endpoint have not required
evidence of iron deficiencgpo are likely to have included instances of acuteliseifed bleeding.
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The population studied is also very relevant to the populétairequiredNSAID treatment,
many of whonwill be at increased risk of cardiovascular disehsetoage, obesity and diatsss.
Sincethe individuals enrolled often ne&mv-dose aspirinand PRECISIONparticipantsvere
stratified for aspirin use, the findings witiform the management patiens with these multiple
comorbidtiesiSimilarly, asmanypatients with RAreceivecorticosteroids, our findings should
assistrheumatolagistand their patients to weighe relative safety of these three NSAIDshat
setting The resultof this trial maypromptre-evaluation of the current guidelinegich
recommend testing and treating frpylori before prescribing NSAIDS.Our data suggeshat

concomitanPP[ treatment may render such routine screemnmgcessary

A limitation of the study is the number of patients who were unwilling to continue their assigned
treatment for/the plannet® months. While the mean treatment duration of 20 months is longer
than similarfRC¥in patients taking multiple NSAID# is shorter thamnticipated bythe

protocol. Thidimitation reflects real world@ircumstancegarticularlyfor patients with

osteoarthritis, where the need for paeatment fluctuates with time and with the activity of their
diseaseSince patients were aware thae torimary purpose of PRECISION was to determine
whether one of the drugs they might receive increases the risk of heart attackg,adouéthis

may have contributed to some not wishing to continue for such a long period. The conclusions we
have drawn abeut the relative Gl safety of the three drugs in those taking asysis, these who

did not,requires.consideratiaimat aspirin use was not randomised. It should also be noted that the
teding of interactions was explatory; it seta significance level that increased the risk of type |
error topartly.compensate for the reducsitisticalpowerinherent insubgroup analyses.

Moreover, the conclusions apply only to the doses of the agents used and in patients taking a
proton pumpeinhibitor. The celecoxib dose was lower than had been used in many of the earlier
studies with the drug, but is nowettspecified as the maximum for osteoarthritis in most

countries. The companion papeportecthat pain reliefvith these dosesas comparable in

patients treated with celecoxib and ibuprofen, though marginally greater in thogg taki

naproxert: This study’s conclusions apply only to these three NSAIDs, since NSAIDs vary in
their pharmacolegy and toxicities and the behavior of other members of the nsNSAID class may
differ.

In conclusion, PRECISION studig¢ke integrated safety and efficacytbfee commonly used
NSAIDs, from two pharmacologic groups, which in a very large number of patients at increased

cardiovascular risk has providedormationabouttheir safetyand efficacyacrossour major
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systemscardiovascular, rengastrointestinal ahrheumatologicallThe overall gastrointestinal
event rates were reassuringly low, in all treatment axgloratory testing of interactions in
subgroupsuggests that aspirin magduce celecoxib’s advantage over ibuprofénally, the
analysis of thgastrointestinal events patientswho were actually taking their allocated
treatmentgrather than in the ITT population where they may have changed tarethinents for
extended periodsjalidatesthe original tenet of the COX / COX-2 hypothesis—selective
inhibition of COX-2 shoulddamagehe Gltract less— even in patients who takerticosteroids

or are infeeted withid. pylori but also take a PPI
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SUPPORTING INFORMATION

Additional*Supporting Information will be found online in thgpporting information tab

for this article:

Table 1: Baseline characteristics of patients (Intention-to-Treat population)

Characteristic Celecoxib Group Ibuprofen Group Naproxen Group
(N=8072) (N=8040) (N=7969)

Age (years) 63.0+£9.5 632+94 63.3+9.4
Female 5175 (64.1%) 5174 (64.4%) 5096 (63.9%)
Race

White 6058 (75.0%) 5991 (74.5%) 5926 (74.4%)

Black 1090 (13.5%) 1108 (13.8%) 1134 (14.2%)

Asian 164 (2.0%) 173 (2.2%) 172 (2.2%)

Unspecified or other 760 (9.4%) 768 (9.6%) 737 (9.2%)
Body-mass index 3R27+73 325+74 326+73
Low-dose aspirin use 3701 (45.8%) 3712 (46.2%) 3652 (45.8%)
Corticosteroid use 471 (5.8%) 454 (5.6%) 448 (5.6%)
Arthritis type

Osteoarthritis 7259 (89.9%) 7208 (89.7%) 7178 (90.1%)

Rheumatoid arthritis 813 (10.1%) 832 (10.3%) 791 (9.9%)
H. pylori sero-positivet 2443 (30.3%) 2385 (29.7%) 2364 (29.7%)
Smoker (current) 1689 (20.9%) 1680 (20.9%) 1631 (20.5%)
Peptic ulcer history 264 (3.3%) 247 (3.1%) 251 (3.1%)
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TH. pylori serology missing in 200

4 patients. Data are n (%) or mean + SD
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Table 2: Clinically Significant Gastrointestinal Events (CSGIE) and iron-deficiency anaemia

Intention- to-Treat Population

Celecoxib vs Ibuprofen Celecoxib vs Naproxen Ibuprofen vs Naproxen
Outcome Celecoxib Ibuprofen Naproxen Adjusted HR* P Adjusted HR¥ P Adjusted HR? P
n (%).n per 100 patient vears N = 8072 N= 8040 N=7969 (95% Cl) valuet (95% CI) valuet (95% CI) valuet |
CSGIE: 55 (0.68%), 0.32 | 72 (0.90%), 0.42 | 56 (0.70%), 0.33 | 0.76 (0.53,1.08) [ 0.12 | 0.97 (0.67,1.40) | 0.86 [1.27(0.90,1.81) | 0.17
Gastroduodenal haemorrhage 11 (0.14%), 0.06 | 17 (0.21%), 0.06 | 9(0.11%), 0.05 | 0.64 (0.30, 1.38) 0.26 1.22 (0.51, 2.94) 0.67 ]1.89 (0.84, 4.24) 0.12
Gastric outlet obstruction 1(0.01%), 0.01 | 1(0.01%), 0.01 0(0.00%), 0.00 |1.00 (0.06, 15.94) 1.00
Gastroduodenal small or large bowel 8(0.10%), 0.05 | 8(0.10%), 0.05 | 10(0.13%), 0.06 | 1.00(0.38,2.67) | 0.99 | 0.79(0.31,2.00) | 0.62 [0.81 (0.32, 2.04) 0.65
narfnration
Large.bowel haemorrhage 15 (0.19%), 0.09 | 14 (0.17%), 0.08 | 9(0.11%), 0.05 | 1.06 (0.51,2.20) | 0.88 | 1.67(0.73,3.82) | 0.23 | 1.57(0.68,3.64) | 0.29
Small.bowel haemorrhage 2(0.02%), 0.01 | 2(0.02%), 0.01 | 0(0.00%), 0.00 [1.00 (0.14,7.06) 1.00
Acute GI'haemorrhage 7 (0.09%), 0.04 | 5 (0.06%), 0.03 9(0.11%),0.05 | 1.39(0.44,4.38) | 0.57 | 0.78(0.29,2.08) | 0.61 0.55(0.19, 1.65) | 0.29
Symptomatic gastric or duodenal ulcer | 15 (0.19%), 0.09 | 29 (0.36%), 0.17 | 20 (0.25%), 0.12 | 0.51 (0.28, 0.96) 0.04 0.73 (0.37, 1.42) 0.35 ]1.40 (0.79, 2.47) 0.25
Iron-deficiency anaemia 33 (0.41%), 0.19 | 64 (0.80%), 0.38 | 69 (0.87%),0.41 | 0.51(0.33,0.77) | 0.002 (0.47 (0.31,0.71) | 0.0003 [0.92 (0.65,1.29) | 0.62

Modified Intention -to-Treat Population

+

Celecoxib vs Ibuprofen

Celecoxib vs Naproxen

Ibuprofen vs Naproxen

Outcome Celecoxib Ibuprofen Naproxen Adjusted HR? P Adjusted HR? P Adjusted HR? P
n(%)=n per 100 patient vears N = 8030 N=7990 N=7933 (95% CI) valuet (95% CI) valuet (95% CI) valuet
CSGIE: 27 (0.34%), 0.19 | 59 (0.74%), 0.44 | 52 (0.66%), 0.38 | 0.43 (0.27, 0.68) | 0.0003 | 0.51 (0.32, 0.81) | 0.004 | 1.16(0.80, 1.69) | 0.42
Gastroduodenal haemorrhage 7 (0.09%), 0.05 | 12 (0.15%), 0.09 | 6(0.08%), 0.04 | 0.56 (0.22,1.42) | 0.22 1.16 (0.39, 3.44) 0.80 2.05(0.77,5.46) | 0.15
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Gastric outlet obstruction 1(0.01%), 0.01 | 2(0.03%),0.02 | 0(0.00%),0.00 | 0.45(0.04,5.00) [ 0.52 - - -

Gastroduodenal small or large bowel 5(0.06%), 0.04 | 6(0.08%),0.05 [ 8(0.10%),0.06 | 0.80(0.24,2.61) [ 0.69 | 0.61(0.20,1.87) | 0.39 | 0.79(0.27,2.27)| 0.66
narfaratinn

Large bowel haemorrhage 8 (0.10%), 0.06 [ 10 (0.13%), 0.08 | 10(0.13%), 0.07 | 0.76 (0.30,1.92) | 0.55 | 0.79(0.31,2.00) | 0.61 1.04 (0.43,2.50) | 0.93

Small bowel haemorrhage 1(0.01%), 0.01 | 2(0.03%),0.02 | 0(0.00%),0.00 | 0.48(0.04,5.26) 0.55 - - -

Acute'Ghhaemorrhage 2(0.02%), 0.01 | 6(0.08%), 0.05 | 7(0.09%),0.05 | 0.31(0.06,1.53)| 0.16 | 0.28(0.06,1.35) [ 0.11 [ 0.88(0.29,2.61) [ 0.81

Symptematie:gastric or duodenal ulcer | 8 (0.10%), 0.06 | 22 (0.28%), 0.17 | 22 (0.28%),0.16 | 0.34 (0.15,0.77) [ 0.009 | 0.35 (0.16, 0.79) 0.01 1.03 (0.57,1.86) | 0.93
Iron-deficiency anaemia 27 (0.34%), 0.19 | 58 (0.73%), 0.44 | 66 (0.83%), 0.48 | 0.43 (0.27, 0.68) | 0.0003 | 0.40 (0.25, 0.62) [<0.0001| 0.91 (0.64, 1.29) [ 0.59

tEvents while patients on allocated treatment or up to 30 days later. *By Cox proportional-hazards model with adjustment for stratification factors: investigator region, arthritis type and aspirin

use at baseline. Some patients had more than one CSGIE component during treatment, thus columns do not always total (since CSGIE endpoint reached as soon as first component event recorded).
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Legends to Figures

Figure 1 KaplanMeier curves for Clinically Significant Gastrointestinal Events iaowt-
deficiencyarmaemiaof gastrointestinal origin events by treatment allocatiemalBes calculated
using Cox praportional hazards model with adjustment for stratification faoteestigator

region, arthritis'type"and aspirin use at baseline

Figure 2 Interaction ésting in subgroup analyses for adjudicated Gl endpoints.
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. Intaraction test of treatmant graup v aspirin use for thrae Gl cotcomes (MITT popo latian)
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