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 INTRODUCTION 
 Nonsteroidal anti-infl ammatory drugs (NSAIDs) are widely pre-

scribed for the relief of arthritis pain; however, they have been 

shown to increase the risk of gastrointestinal (GI) ulcer bleeding 

( 1 – 5 ). Previous blinded, prospective randomized controlled trials 

(RCTs) have provided evidence of NSAID-induced GI toxicities 

and have suggested a lower rate of upper GI complications with 

cyclooxygenase (COX)-2 – selective NSAIDs compared with 

 nonselective NSAIDs (nsNSAIDs) ( 6 – 9 ); however, the major-

ity of these trials have focused on damage to the upper GI tract 

only ( 6,7,9 – 12 ). In addition, because of the relative infl exibility 

of management options in their protocols, prior RCTs of NSAIDs 

have not captured the common characteristics of NSAID utiliza-

tion in clinical practice, such as switching among NSAIDs ( 13 ), 

 modifi cations of dosing, drug holidays, and concomitant thera-

pies used to potentially reduce GI symptoms and complications. 

                                    GI-REASONS: A Novel 6-Month, Prospective, 
Randomized, Open-Label, Blinded Endpoint (PROBE) Trial    
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  OBJECTIVES:    Because of the limitations of randomized controlled trials (RCTs) and observational studies, 
a prospective, randomized, open-label, blinded endpoint (PROBE) study may be an appropriate 
alternative, as the design allows the assessment of clinical outcomes in clinical practice settings. 
The Gastrointestinal (GI) Randomized Event and Safety Open-Label Nonsteroidal Anti-infl ammatory 
Drug (NSAID) Study (GI-REASONS) was designed to refl ect standard clinical practice while 
including endpoints rigorously evaluated by a blinded adjudication committee. The objective of this 
study was to assess if celecoxib is associated with a lower incidence of clinically signifi cant upper 
and / or lower GI events than nonselective NSAIDs (nsNSAIDs) in standard clinical practice. 

  METHODS:    This was a PROBE study carried out at 783 centers in the United States, where a total of 8,067 
individuals aged  ≥ 55 years, requiring daily NSAIDs to treat osteoarthritis, participated. The participants 
were randomized to celecoxib or nsNSAIDs (1:1) for 6 months and stratifi ed by  Helicobacter pylori  
status .  Treatment doses could be adjusted as per the United States prescribing information; patients 
randomized to nsNSAIDs could switch between nsNSAIDs; crossover between treatment arms was 
not allowed, and patients requiring aspirin at baseline were excluded. The primary outcome was the 
incidence of clinically signifi cant upper and / or lower GI events. 

  RESULTS:    Signifi cantly more nsNSAID users met the primary endpoint (2.4 %  (98 / 4,032) nsNSAID patients 
and 1.3 %  (54 / 4,035) celecoxib patients; odds ratio, 1.82 (95 %  confi dence interval, 1.31 – 2.55); 
 P     =    0.0003). Moderate to severe abdominal symptoms were experienced by 94 (2.3 % ) celecoxib and 
138 (3.4 % ) nsNSAID patients ( P     =    0.0035). Other non-GI adverse events were similar between treat-
ment groups. One limitation is the open-label design, which presents the possibility of interpretive bias. 

  CONCLUSIONS:    Celecoxib was associated with a lower risk of clinically signifi cant upper and / or lower GI events than 
nsNSAIDs. Furthermore, this trial represents a successful execution of a PROBE study, where 
therapeutic options and management strategies available in clinical practice were incorporated into 
the rigor of a prospective RCT.   
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 GI REASONS: A PROBE Trial 

Additional safety information that considers the potential for 

NSAID damage in both the upper and lower GI tract and bet-

ter refl ects standard clinical practice, could help clinicians make 

improved treatment decisions. 

 Blinded RCTs are oft en regarded as the  “ gold standard ”  for 

assessing treatment eff ects of medications ( 14 ). However, when 

attempting to extrapolate fi ndings from RCTs to clinical practice, 

the ability to generalize these results is commonly limited by fac-

tors, such as strict inclusion and exclusion criteria, inability to 

switch among comparator medications, restriction of dose adjust-

ment, or the inability to institute a drug holiday as would hap-

pen in routine clinical practice. Furthermore, the protocol-driven 

study requirements of RCTs may lead to informative censoring 

of patient participation because of perceptions of medication 

adverse eff ects, which may lead to patient discontinuation from 

the study. Informative censoring may result in an imbalance of 

exposure time and a compromised ability to accrue clinically rel-

evant or valid information regarding the primary clinical study 

outcomes ( 15 ). 

 Noninterventional observational studies, compared with RCTs, 

may allow a better assessment of medication eff ects in typical 

clinical situations. However, as there is no randomization in these 

studies, it is diffi  cult to draw fi rm conclusions about causation. 

Channeling, selection, and other biases inherent in nonrandomized 

studies may confound outcomes. Th erefore, these types of studies 

oft en generate hypothesis rather than evidence of causality. 

 Prospective, randomized, open-label, blinded endpoint (PROBE) 

studies are designed to address some of the potential limitations 

of RCTs and observational studies. A PROBE trial design assesses 

clinical outcomes in large simple studies that allow a broad patient 

population, in this case patients who require the long-term use 

of NSAIDs owing to chronic pain, which better refl ects clini-

cal practice but with the advantage of randomization and a rig-

orous evaluation of endpoints by blinded expert adjudication 

committees ( 16 ). 

 Th e GI Randomized Event and Safety Open-Label NSAID 

Study (GI-REASONS; NCT00373685) is a novel PROBE study 

conducted in the United States, which measured clinical out-

comes throughout the GI tract using blinded adjudication ( 17 ). 

Designed to address many of the potential limitations of RCTs 

and observational studies, the GI-REASONS tested the hypoth-

esis that celecoxib use in patients with osteoarthritis of at least 

moderate GI risk (aged  ≥ 55 years) would be associated with a 

lower incidence of clinically signifi cant upper and / or lower GI 

events than nsNSAIDs in standard clinical practice. A prior dou-

ble-blind RCT of celecoxib vs. diclofenac slow release plus ome-

prazole in patients with osteoarthritis and rheumatoid arthritis, 

the Celecoxib vs. Omeprazole and Diclofenac in Patients With 

Osteoarthritis and Rheumatoid Arthritis (CONDOR) trial, used 

a predefi ned primary endpoint of clinically signifi cant upper 

and / or lower GI events to capture the spectrum of NSAID-asso-

ciated GI damage throughout the entire GI tract ( 18 ). Although 

a similar endpoint is used in GI-REASONS, the novel aspect of 

this study is its PROBE design, which allowed for the possibility 

of switching among multiple nsNSAID comparators, dose adjust-

ment, and the discretionary use of concomitant proton-pump 

inhibitors (PPIs) in both arms. Inclusion and exclusion criteria 

in the GI-REASONS were simple compared with conventional 

RCTs, providing a patient population more refl ective of those 

encountered in typical clinical practice.   

 METHODS  
 Study design 
 GI outcomes were evaluated in patients with osteoarthritis in need 

of daily NSAIDs (i.e., using celecoxib or nsNSAIDs) as a result 

of chronic pain, at moderate GI risk (defi ned as aged  ≥ 55 years 

( 12 )), who were treated in a manner typical of US clinical patient 

care in 783 primary care and specialty practices. We hypothesized 

celecoxib would be associated with lower incidences of clinically 

signifi cant upper and / or lower GI events compared with nsN-

SAIDs, with or without PPIs. Aspirin users were excluded to 

select a population with lower cardiovascular risk and to deter-

mine whether celecoxib has a greater GI benefi t than nsNSAIDs, 

without the confounding use of aspirin. It has been reported 

that in patients taking COX-2 selective NSAIDs and low-dose 

aspirin, the GI advantages of COX-2 selective NSAIDs were 

reduced ( 19 ). 

 We estimated that 6,400 patients (3,200 per group) were needed 

to provide 90 %  power to detect a 56 %  reduction in the pri-

mary endpoint (from 1.6 %  for nsNSAIDs to 0.7 %  for celecoxib, 

observed in a similar population), ( 9 ) based on a   χ   2 -test with a 

two-sided   α      =    0.05. Assuming a 25 %  discontinuation rate, the tar-

get enrollment was 8,000. Eligible patients were randomized via an 

interactive voice response system (1:1) in block sizes of 4 to either 

open-label celecoxib or an nsNSAID for 6 months. Th e nsNSAID 

in the comparator group was any nsNSAID of the investigator ’ s 

choice, prescribed within the dosages allowed in the US package 

insert. Patients with osteoarthritis, who previously had been tak-

ing an NSAID, were switched to their assigned study medication 

aft er randomization without a washout period. Patients were pro-

vided a pharmacy card that allowed each patient to fi ll prescrip-

tions for their allocated treatment only. Th is pharmacy card was 

also used to capture study medication utilization behavior, such as 

dose adjustment and switching among nsNSAIDs. Patients were 

stratifi ed at baseline by  Helicobacter pylori  status (assessed by sero-

logical testing at a central laboratory).  H. pylori -positive patients 

were not treated for their infection during the trial. During the 

6-month study, patients were evaluated every 2 months and at end 

of study in offi  ce visits that included assessment of hemoglobin. 

Celecoxib or nsNSAID dosage could be adjusted within the US 

prescribing guidelines. Patients randomized to the nsNSAID arm 

could switch between nsNSAIDs, but crossover between the nsN-

SAID and celecoxib treatment arms was not allowed. PPIs and 

histamine-2 receptor antagonists (H 
2
 -RA) were allowed in either 

arm at the provider ’ s discretion. Th is study was conducted in 

accordance with the International Conference on Harmonisation 

Good Clinical Practice guidelines and local regulatory require-

ments. Th e protocol was modifi ed twice aft er study initiation: fi rst 

to clarify the inclusion / exclusion criteria regarding estimation of 
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cardiovascular risk, and second to include additional prespecifi ed 

sensitivity analyses. Th ese modifi cations did not result in any 

change in study conduct.   

 Study eligibility 
 Patients aged  ≥ 55 years with a clinical diagnosis of osteoarthritis, 

who required daily NSAID therapy for the management of oste-

oarthritis symptoms, were eligible. Key exclusions were active GI 

ulcer hemorrhage or gastroduodenal ulceration within 90 days of 

screening, known established cardiovascular disease, any patient 

who, in the opinion of the investigator, was at suffi  ciently high 

cardiovascular risk to require low-dose aspirin, or positive fecal 

occult blood test at screening. Acetaminophen for occasional 

treatment of nonarthritis pain (up to 4   g per day for no more than 

2 consecutive days), narcotic analgesics, and gastroprotective 

agents were allowed.   

 Study endpoints 
 Th e primary endpoint was the incidence of clinically signifi cant 

upper and / or lower GI events over 6 months, individual com-

ponents of which are shown in the Results section ( Table 1 ). 

Potential GI endpoint events were adjudicated by an independ-

ent, blinded, expert GI events adjudication committee that evalu-

ated whether the suspected GI event met predefi ned criteria for a 

component of the composite GI endpoint. Th e primary endpoint 

component, clinically signifi cant anemia of presumed occult GI 

origin, was defi ned as a hemoglobin decrease of more than 2   mg / dl 

from baseline, which had no apparent non-GI cause to explain the 

decrease. Patients could have only one primary endpoint. Second-

ary endpoints included moderate to severe abdominal symptoms, 

withdrawal owing to GI adverse events, changes in hemoglobin 

and hematocrit from baseline, study and nonstudy drug utiliza-

tion, gastroprotective drug use, and fecal occult blood test results. 

   Table 1 .    Primary endpoint analysis 

      Celecoxib ( n  = 4,035)    nsNSAID ( n  = 4,032)  
      Patients with events, no. ( % )    Patients with events, no. ( % )  

   Clinically signifi cant upper and / or lower GI events  54 (1.3)  98 (2.4) 

      Gastroduodenal hemorrhage  a    0  2 (    <    0.1) 

      Gastric outlet obstruction  b    1 (    <    0.1)  0 

      Gastroduodenal, small bowel or large bowel perforation c   1 (    <    0.1)  1 (    <    0.1) 

      Small bowel hemorrhage  d    0  0 

      Large bowel hemorrhage  e    3 (    <    0.1)  6 (0.1) 

      Clinically signifi cant anemia of defi ned GI origin  f    4 (0.1)  6 (0.1) 

      Symptomatic ulcers  g    0  5 (0.1) 

      Small bowel obstruction  h    0  0 

       Acute GI hemorrhage of unknown origin, including presumed small bowel hemorrhage  i    1 (    <    0.1)  3 (    <    0.1) 

       Clinically signifi cant anemia of presumed occult GI origin including possible small bowel 
blood loss  j   

 44 (1.1)  75 (1.9) 

   Odds ratio (95 %  CI)  1.82 (1.31 – 2.55) 

   Hypothesis testing   P =0.0003 

    Helicobacter pylori  status 

      Positive  25 / 1,401 (1.8)  34 / 1,386 (2.5) 

      Negative  29 / 2,634 (1.1)  64 / 2,646 (2.4) 

     CI, confi dence interval; EGD, esophagogastroduodenoscopy; GI, gastrointestinal; nsNSAID, nonselective, nonsteroidal anti-infl ammatory drug.   
     Defi nitions of endpoint components   
   a    Endoscopic evidence of gastroduodenal ulceration (mucosal break with defi nite depth) or erosion (mucosal break without depth), or other likely causative lesion and 
clinical evidence of hemorrhage (hematemesis or melena, or evidence of recent hemorrhage on EGD — e.g., clot, blood in stomach, or visible vessel).   
   b    Clinical, surgical, endoscopic, or radiographic evidence with symptoms consistent with gastric outlet obstruction.   
   c    Clinical, surgical, or radiographic confi rmation associated with symptoms consistent with perforation.   
   d    Melena or hematochezia with likely causative lesion on small bowel investigation.   
   e    Melena or hematochezia with no evidence of source on EGD and likely causative lesion on colonoscopy.   
   f    No overt clinical evidence of acute GI hemorrhage, but with fall in hematocrit  ≥ 10 %  points and / or hemoglobin  ≥ 2   g / dl from baseline, with likely causative lesion on upper 
GI or lower GI endoscopic investigation, and with no non-GI source of anemia identifi ed.   
   g    Ulcers without complications, which present with dyspepsia and have endoscopic or X-ray evidence of a gastric and / or duodenal ulcer.   
   h    Clinical, surgical, endoscopic or radiographic evidence with symptoms consistent with small bowel obstruction.   
   i    Hematemesis, melena, or hematochezia with no evidence of likely causative lesion on endoscopic investigation.   
   j    No overt clinical evidence of acute GI hemorrhage, but with fall in hematocrit  ≥ 10 %  points and / or hemoglobin of  ≥ 2   g / dl without a GI lesion endoscopically identifi ed and 
no non-GI source of anemia.   



© 2013 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

395

 S
T

O
M

A
C

H
 

 GI REASONS: A PROBE Trial 

Patient satisfaction was measured with a validated instrument 

( 20 ) as a secondary endpoint to assess potential treatment ben-

efi t. Cardiovascular events were also assessed and adjudicated 

by an independent, blinded, expert cardiovascular adjudication 

committee.   

 Statistical analysis 
 Th e primary and secondary endpoint analyses were based on the 

intent-to-treat population, defi ned as all randomized subjects. 

Statistical tests were signifi cant at the 0.05 level. Th e primary 

endpoint was analyzed by comparing the incidence proportions 

between the treatment arms using a life-table (actuarial) exten-

sion of the Mantel – Haenszel method, stratifi ed by  H. pylori  status 

at screening. As a secondary analysis to confi rm robustness, the 

primary endpoint was analyzed using the Kaplan – Meier method 

and the log-rank test. Two sensitivity analyses were planned: a 

worst-case analysis, in which all patients who were lost to fol-

low-up were conservatively assumed to have had a GI event meet-

ing the criteria for a primary endpoint, and an analysis limited 

to patients with no protocol deviation. Incidences of hemoglobin 

and hematocrit drops were compared using a Cochran – Mantel –

 Haenszel test adjusted for  H. pylori  status at screening. Analysis of 

covariance was used to analyze continuous secondary endpoint 

variables, such as patient satisfaction. Secondary endpoint analy-

ses were performed using the last observation carried forward, and 

were not adjusted for multiple comparisons. Safety data, physical 

examination, vital signs, laboratory data, and treatment-emergent 

adverse events were summarized. During the study, 36 patients 

were inadvertently randomized more than once. Th ese patients 

were evenly distributed between groups and were excluded from 

analysis.   

 Study governance 
 Th e data and safety monitoring committee met regularly dur-

ing the study to review the safety outcomes. An interim futility 

analysis was performed to re-estimate sample size aft er 50 %  of 

patients completed, and no adjustment to sample size or alpha 

was needed. An executive committee (BC, LSS, MJS, and GS) 

oversaw study conduct, analysis of outcomes, and interpretation 

of results.    

 RESULTS  
 Patient disposition 
 Between October 2006 and November 2010, a total of 4,035 

celecoxib and of 4,032 nsNSAID patients were randomized and 

included in the intent-to-treat analyses ( Figure 1 ). Baseline 

demographics were similar between treatment arms. Mean age 

(s.d.) was 63 (6) years, 76 %  were female, 259 patients (3.2 % ) had a 

history of GI ulcer or ulcer bleeding, 34 %  were  H. pylori  positive, 

and 15 patients (0.19 % ) had a history of coronary artery disease 

or myocardial infarction ( Table 2 ). 

 In celecoxib-treated patients, 90 %  were initially prescribed 

celecoxib 200   mg daily. In nsNSAID-treated patients, the most 

common initially prescribed comparator nsNSAIDs were mel-

oxicam (38 % ), naproxen (17 % ), nabumetone (11 % ), diclofenac 

(15 % ), ibuprofen (5 % ), and etodolac (5 % ). Because of switching, 

the number of patients who took these nsNSAIDs increased dur-

ing the study, and the most common nsNSAIDs taken were as fol-

lows: meloxicam (42 % , average total daily dose 13.0   mg); naproxen 

(21 % , average total daily dose 819.8   mg); diclofenac (20 % , aver-

age total daily dose 124.4   mg); nabumetone (14 % , average total 

daily dose 1089.0   mg); ibuprofen (7 % , average total daily dose 

13,021 Screened

8,067 Randomized

4,035 Assigned to receive celecoxib

3,984 Received intervention as assigned

2,596 (64.3%) Completed the study

1,376 (34.5%) Discontinued treatment

• 2 (0.1%) Died during study treatmenta

• 357 (9.0%) Related to study drug
– 188 (4.7%) Adverse event

– 169 (4.2%) Insufficient clinical response

– 90 (2.3%) Adverse events

– 167 (4.2%) Did not meet entrance criteria

– 83 (2.1%) Lost to follow-up
– 337 (8.5%) No longer willing to participate
– 191 (4.8%) Protocol violation

– 149 (3.7%) Other

12 (0.3%) Final status unknown

aA total of seven patients died; other patients (three in the celecoxib group and one in the nsNSAID group)
discontinued treatment before death. 

4 (0.1%) Final status unknown

• 1,017 (25.5%) Not related to study drug

1,340 (33.9%) Discontinued treatment
• 1 (0.0%) Died during study treatmenta

• 292 (7.4%) Related to study drug

– 173 (4.4%) Adverse event

– 119 (3.0%) Insufficient clinical response

– 80 (2.0%) Adverse events

– 184 (4.7%) Did not meet entrance criteria

– 103 (2.6%) Lost to follow-up
– 352 (8.9%) No longer willing to participate

– 182 (4.6%) Protocol violation

– 146 (3.7%) Other

• 1,047 (26.5%) Not related to study drug

3,955 Received intervention as assigned

2,611 (64.8%) Completed the study

4,032 Assigned to receive nsNSAID

  Figure 1 .         Patient disposition. nsNSAID, nonselective nonsteroidal anti-infl ammatory drug.  
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 At baseline, mean hemoglobin levels were similar between 

treatment groups (13.6   g / dl in each group). At study completion, 

the hemoglobin decrease from baseline was signifi cantly greater 

in those taking nsNSAIDs (treatment diff erence, 0.132; 95 %  CI, 

0.10 – 0.16;  P     <    0.0001). Over the course of the 6-month study, 1.8 %  

of celecoxib patients compared with 2.9 %  of nsNSAID patients 

had a  ≥ 2-g decrease in hemoglobin or 10 %  or greater decrease in 

hematocrit (relative risk, 1.6; 95 %  CI, 1.2 – 2.2;  P     =    0.0023). 

 Th e proportion of patients taking gastroprotective agents (PPI 

or H 
2
 -RA) for  ≥ 75 %  of the time under study was 22.4 %  in the 

celecoxib group and 23.8 %  in the nsNSAID group. Th e propor-

tion of patients with clinically signifi cant upper and / or lower 

GI events among those who took a PPI was approximately 1.4 %  

in the celecoxib group and 3.0 %  in the nsNSAID group, and 

among those who did not take a PPI, the proportion was 1.3 %  

and 2.3 % , respectively. Furthermore, among patients who took a 

PPI, the proportion of patients with clinically signifi cant anemia 

(defi ned as either clinically signifi cant anemia of defi ned GI 

origin or clinically signifi cant anemia of presumed occult GI ori-

gin, including possible small-bowel blood loss) was approximately 

1.3 %  in the celecoxib group and 2.4 %  in the nsNSAID group. Th is 

rate changed to 1.2 %  and 1.9 % , respectively, for those who did not 

use a PPI. 

 Th e proportion of patients taking nonstudy analgesics for  ≥ 75 %  

of the time was comparable between treatment groups: 13.8 %  of 

patients in the celecoxib group (6.8 %  acetaminophen, 12.8 %  over-

the-counter NSAID, 14.2 %  opioid) and 14.9 %  of patients in the 

nsNSAID group (6.5 %  acetaminophen, 13.3 %  over-the-counter 

NSAID, 15.6 %  opioid). Approximately 3.5 %  of celecoxib and 3.0 %  of 

1453.2   mg); and etodolac (7 % , average total daily dose 709.2   mg); 

and, as with celecoxib, the nsNSAIDs were taken at the usual US 

Food and Drug Administration-recommended dosages for man-

agement of osteoarthritis. 

 Similar percentages of celecoxib and nsNSAID patients com-

pleted the study (2,596 (64.3 % ) and 2,611 (64.8 % ), respectively). 

Overall, 1,376 (34.5 % ) and 1,340 (33.9 % ) patients discontinued 

treatment in the celecoxib and nsNSAID treatment groups, respec-

tively. Reasons for discontinuations were similar between the two 

treatment arms, and patients discontinued because of adverse 

events were 7.0  %  and 6.4 %  of the celecoxib- and nsNSAID-

treated patients, respectively. Approximately, 2.8 %  and 3.0 %  of the 

celecoxib and nsNSAID treated patients, respectively, withdrew 

from the study owing to GI adverse events. Discontinued patients 

were not censored from the analysis; 186 patients were lost to 

follow-up (2.1 %  celecoxib and 2.6 %  nsNSAID).   

 Primary endpoint 
 Signifi cantly more nsNSAID users met the primary endpoint 

(2.4 %  (98 / 4,032) nsNSAID patients and 1.3 %  (54 / 4,035) celecoxib 

patients; odds ratio, 1.82 (95 %  confi dence interval (CI), 1.31 –

 2.55);  P     =    0.0003;  Table 1  and  Figure 2 ). Of the patients who were  

H. pylori  positive, 1.8 %  met the primary endpoint in the celecoxib 

group and 2.5 %  in the nsNSAID group; of the patients who were 

 H. pylori  negative, 1.1 %  met the primary endpoint in the celecoxib 

group and 2.4 %  in the nsNSAID group. In a sensitivity analysis, 

attributing the primary endpoint to all patients lost to follow-up 

(worst case; 2.1 %  of celecoxib and 2.6 %  of nsNSAID patients), the 

diff erence between treatment arms remained signifi cant (odds 

ratio, 1.46; 95 %  CI, 1.18 – 1.82;  P     =    0.0006). In another sensitivity 

analysis, excluding patients with protocol deviations, the diff erence 

between treatment arms also remained signifi cant (odds ratio, 2.51; 

95 %  CI, 1.35 – 4.65;  P     =    0.0025).   

 Secondary endpoints 
 A smaller proportion of patients receiving celecoxib (94 (2.3 % )) 

experienced moderate to severe abdominal symptoms than those 

receiving nsNSAIDs (138 (3.4 % );  P     =    0.0035). However, with-

drawals owing to GI adverse events were similar between groups 

(112 (2.8 % ) and 120 (3.0 % ), respectively;  P     =    not signifi cant). 

  Table 2 .    Demographic characteristics 

    
  Celecoxib 

( n  = 4,035)  
  nsNSAID 

( n  = 4,032)  

   Female, no. ( % )  3,049 (75.6)  3,064 (76.0) 

   Age, mean (s.d.)  63.3 (6.3)  63.3 (6.4) 

   Weight (kg), mean (s.d.)  83.5 (20.1)  83.5 (19.9) 

   Duration of OA (years), mean (s.d.)  8.0 (7.7)  8.0 (7.6) 

    H. pylori  positive, no. ( % )  1,365 (33.8)  1,350 (33.5) 

   History of coronary artery disease or 
myocardial infarction, no. ( % ) 

 7 (0.2)  8 (0.2) 

     nsNSAID, nonselective, nonsteroidal anti-infl ammatory drug; OA, osteoarthritis.   

Time, days from randomization

Life table extension of CMH, P=0.0003
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Celecoxib

12

11
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9

8

6

12

5

4

3

2

1

0

0

4,035 4,033 3,720 3,406 3,096 2,892 2,684 1,332

4,032 4,029 3,740 3,425 3,088 2,884 2,701 1,275

Celecoxib

nsNSAID

30 60 90 120 150 180 210

nsNSAID

  Figure 2 .         Cumulative incidence of clinically signifi cant upper and / or lower 
gastrointestinal events. CMH, Cochran – Mantel – Haenszel; nsNSAID, 
nonselective, nonsteroidal anti-infl ammatory drug. Note: any potential 
event occurring during the 180 days of treatment plus 28 days after last 
dose would have been reviewed and adjudicated by design. Hence, the 
Kaplan – Meier (KM) plot is presented up to 210 days here. The KM 
estimate beyond that duration became unreliable owing to censoring.  



© 2013 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

397

 S
T

O
M

A
C

H
 

 GI REASONS: A PROBE Trial 

nsNSAID patients used aspirin, which was noted as a protocol 

deviation. 

 Th e most commonly used nsNSAIDs were meloxicam (42 % ), 

naproxen (21 % ), diclofenac (20 % ), and nabumetone (14 % ), but 

comparison of celecoxib with any of the individual nsNSAIDs was 

not conducted, as the study was neither designed nor powered 

for such comparisons. About one quarter (24.4 % ) of nsNSAID 

patients modifi ed their drug regimen (dose changes, switching to 

another NSAID); 5.4 %  of celecoxib patients changed their dose. 

Treatment satisfaction improved from baseline in both groups. 

However, patients taking celecoxib reported greater treatment sat-

isfaction than patients taking nsNSAIDs ( P     <    0.0001).   

 Overall and cardiovascular safety evaluation 
 Overall, adverse events and serious adverse events were similar 

between groups ( Table 3 ). Adjudicated cardiovascular events were 

similar in both groups (celecoxib 0.4 %  vs. nsNSAID 0.3 % ). Th ese 

included both Antiplatelet Trialists ’  Collaboration Combined End-

point events (acute myocardial infarction, stroke, or cardiovascular 

death; eight celecoxib and six nsNSAID events) and cardio vascular 

events of special interest (unstable angina, coronary revasculari-

zation, transient ischemic attacks, venous and peripheral arterial 

vascular thrombotic events, and congestive heart failure; nine 

celecoxib and seven nsNSAID events; see  Table 4    for more detail). 

Th ere were seven deaths in total, fi ve in the celecoxib group (three 

adjudicated as cardiovascular-related) and two in the nsNSAID 

group (none adjudicated as cardiovascular-related).    

 DISCUSSION 
 In this study, designed to refl ect the GI consequences of NSAIDs 

in a typical clinical practice setting, celecoxib was associated with 

an approximately twofold lower incidence of clinically signifi -

cant upper and / or lower GI events than nsNSAIDs. Even in the 

 “ worst-case ”  sensitivity analysis, the treatment eff ect of COX-2-

selective inhibition remained signifi cant. Th e GI-REASONS had 

proportionally fewer upper GI ulcer complications than histori-

cal comparator studies ( 6,8,9 ), and changes in hemoglobin and / or 

hematocrit had a greater infl uence on the primary composite GI 

endpoint. A decline in clinically signifi cant upper GI events and 

an increase in lower GI events have also been identifi ed in some 

observational studies ( 21,22 ). Th is phenomenon of suspected 

lower GI events taking on a greater proportion of the total GI tract 

events seen in the GI-REASONS is an important contribution that 

adds to our current understanding of the proposed burden of the 

eff ects of NSAIDs throughout the entire GI tract. In addition, the 

concomitant allowance of GI-protective therapies in both arms 

may have decreased the observed incidence of upper GI ulcers, 

contributing to the relative fi nding of increased suspected lower 

GI events. 

 We have provided the data on the total number of adjudicated 

events based on individual NSAIDs, even though the authors do 

not believe that these data can be analyzed in any scientifi cally 

valid fashion, for the following reasons. To begin, the study was 

designed and powered to detect potential diff erences between 

celecoxib and nsNSAIDs as a collective group. Th e study was 

not designed to examine potential outcome diff erences among 

nsNSAIDs or between any single nsNSAID and celecoxib, and is 

therefore insuffi  ciently powered to conduct valid subgroup analy-

sis of any isolated nsNSAID comparator. Equally important, such 

analyses would be signifi cantly biased. Th e major strengths of 

the GI-REASONS are (a) randomization and (b) the open-label 

PROBE design, which allows physicians to select any NSAID they 

want in the usual care arm, thus mimicking clinical practice. How-

ever, these strengths also make it uniquely ill-advised to conduct 

subgroup analyses of individual NSAIDs, because the selection of 

any individual nsNSAID in the usual care arm is not randomized. 

In fact, the decision of what nsNSAID to prescribe is made aft er 

randomization, in an open-label fashion. Th is introduces a strong 

channeling bias, similar to that oft en seen in observational stud-

ies. It is entirely possible that patients perceived to be at higher 

risk for GI complications in the usual-care arm will be selectively 

  Table 3 .    Treatment-emergent adverse events 

    
  Celecoxib 

( n  = 4,035) no. ( % )  
  nsNSAID 

( n  = 4,032) no. ( % )  

   Total number of patients 
evaluable for AEs 

 4,018 (99.6)  4,022 (99.8) 

   Patients with AEs  1,663 (41.4)  1,869 (46.5) 

   Patients with serious AEs  100 (2.5)  96 (2.4) 

   Patients with dose reduction 
or temporary discontinuation 
due to AEs 

 144 (3.6)  202 (5.0) 

     AEs, adverse events; nsNSAID, nonselective, nonsteroidal anti-infl ammatory drug.   

  Table 4 .    Adjudicated cardiovascular events 

    
  Celecoxib 

( n  = 4,035) no. ( % )  
  nsNSAID 

( n  = 4,032) no. ( % )  

   Total CV events  17 (0.4)  a    13 (0.3) 

   APTC-like events  8 (0.2)  6 (0.1) 

   Acute myocardial infarction  2 (    <    0.1)  3 (0.1) 

   Stroke  3 (0.1)  3 (0.1) 

   Cardiovascular death  3 (0.1)  0 

   CV events of special interest  9 (0.2)  7 (0.2) 

   Unstable angina  2 (    <    0.1)  1 (    <    0.1) 

   Coronary revascularization  4 (0.1)  0 

   Transient ischemic attack  2 (    <    0.1)  2 (    <    0.1) 

   Venous and peripheral 
arterial thrombotic event 

 1 (    <    0.1)  3 (0.1) 

   Congestive heart failure  0  1 (    <    0.1) 

     APTC, Antiplatelet Trialists ’  Collaboration Combined Endpoint; 
CV, cardiovascular; nsNSAID, nonselective, nonsteroidal anti-infl ammatory drug.   
   a    One patient in the celecoxib group had an acute myocardial infarction and 
coronary revascularization.   
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relevance of these endoscopic fi ndings is still unclear. In addition, 

a common gastroprotective strategy, PPI use, is not anticipated to 

have pharmacological eff ects extending beyond the duodenum. 

We believe a primary endpoint that assesses damage through the 

entire GI tract provides valuable safety data to guide management 

of arthritis patients, as well as methodological and regulatory dis-

cussions. 

 Prior data indicate that the GI advantage of COX-2-selective 

NSAIDs may be compromised in patients taking concomitant 

aspirin ( 19 ). Aspirin use was an exclusion criterion in this study. 

Although we avoided the potential confounding of the GI end-

point, this exclusion criterion means that our observations may 

not be generalizable to patients on prophylactic aspirin therapy. 

 Th e largest proportion of the composite GI endpoint can be 

attributed to decreases in hemoglobin  ≥ 2   g / dl and / or  ≥ 10 %  hema-

tocrit, and the clinical relevance of a 2-g / dl drop in hemoglobin is 

currently the subject of active debate. We believe that the diff er-

ence refl ects those taking nsNSAIDs, even with concomitant PPI 

use, are at increased risk of mucosal damage throughout the entire 

GI tract compared with the relative GI mucosa protection off ered 

by COX-2 inhibition via celecoxib. On a large scale, such as that 

examined in this study, it is possible that this diff erence of protec-

tion between nsNSAIDs and celecoxib is likely enough to expose 

the smaller, nonscoped bleeding changes that can occur through-

out the entire GI tract with nsNSAID use. Th ese smaller bleed-

ing changes would then be refl ected in the hemoglobin diff erences 

seen in the two arms. 

 We recognize the challenge of determining the signifi cance of 

hemoglobin drops, which counted as a primary outcome but did 

not render a participant anemic by laboratory defi nition (e.g., a 

hemoglobin drop from 15.5 to 13.5   g / dl). Although the relative 

merits of using reference ranges to defi ne anemia rather than rela-

tive change from baseline is not yet settled, we believe that drops 

in hemoglobin  ≥ 2   g / dl represent a change from the patient ’ s usual 

baseline that is clinically informative and may warrant further 

clinical examination. 

 Two major risk factors for GI mucosal damage are  H. pylori  and 

NSAID use ( 27 ). Historically,  H. pylori  has been the major cause 

of peptic ulcer disease. Many previous studies of NSAID GI injury 

excluded  H. pylori -positive patients. By stratifying for  H. pylori  

status in the current study, we believe that our analysis provides 

clinically relevant information on the use of NSAIDs in a patient 

population of mixed  H. pylori  status as found in typical clinical 

practice. 

 In this study we did see a numeric but nonstatistically signifi -

cant imbalance in rates of cardiovascular events between the two 

study groups. As the GI-REASONS trial is designed as a trial to 

evaluate GI endpoints, this study was not suffi  ciently powered 

to assess rates of cardiovascular events between celecoxib and 

NSAIDs. A larger trial is currently ongoing to evaluate cardiovas-

cular events between celecoxib and NSAIDs (Prospective Rand-

omized Evaluation of Celecoxib Integrated Safety vs. Ibuprofen 

or Naproxen [PRECISION]) ( 28 ). 

 PROBE-designed studies have several limitations ( 29 ). Th e 

open-label design presents the possibility of bias. Th at is, patients 

prescribed specifi c nsNSAIDs, which the physicians believe are 

 “ safer, ”  based on prior perceptions or marketing (e.g., meloxicam). 

No such channeling will occur in the celecoxib arm. Th e chan-

neling bias would then result in a signifi cantly higher complication 

rate in those receiving the channeled  “ presumed safer ”  NSAID 

(e.g., meloxicam) compared with the non-channeled arm (in this 

case, celecoxib). Th erefore, the authors believe that it is not pos-

sible to compare specifi c nsNSAIDs with celecoxib, or with each 

other in a quantitative and scientifi cally valid fashion. Not only are 

these analyses not prespecifi ed, the authors had agreed during the 

conduct of the study that subgroup analyses would not be con-

ducted because of their questionable scientifi c validity. Th erefore, 

although the authors feel that no conclusions can be drawn from 

the following data, it is provided at the editor ’ s request. 

 Th e proportion of patients with clinically signifi cant upper and /

 or lower GI events in the individual nsNSAID group (based on fi rst 

prescription only) with  ≥ 1 event was 9.1 %  (1 / 11 patients) in difl u-

nisal-, 6.7 %  (7 / 105 patients) in oxaprozin-, 6.7 %  (1 / 15 patients) in 

indomethacin-, 3.3 %  (20 / 609) in diclofenac-, 2.8 %  (5 / 181 patients) 

in etodolac-, 2.7 %  (18 / 679 patients) in naproxen-, 2.7 %  (3 / 112) in 

piroxicam-, 2.2 %  (34 / 1514 patients) in meloxicam-, 1.4 %  (6 / 418 

patients) in nabumetone-, and 1.4 %  (3 / 211 patients) in ibuprofen-

treated patients. 

 Recognizing the limitations of both RCTs and observational 

studies, recent discussions of the US Food and Drug Administra-

tion on the use of COX-2-selective NSAIDs and nsNSAIDs have 

proposed alternative clinical trial strategies, including the PROBE 

design as a novel method to be pursued for assessing the com-

parative eff ectiveness of these medications ( 23 ). Th e strengths of 

the PROBE design are randomization, prospective follow-up, and 

a rigorous evaluation of study endpoints by a blinded, independ-

ent, expert adjudication committee ( 16 ). Using a PROBE design, 

the GI-REASONS used simple inclusion and exclusion criteria 

to enroll a broad osteoarthritis patient population of moderate 

GI and low cardiovascular risk. Switching among nsNSAIDs, 

allowing dose adjustments, and drug holidays, along with use of 

PPIs and H 
2
 -RA as needed, more closely refl ected daily clinical 

practice. Another strength of this study was providing pharmacy 

cards to each patient; this allowed tracking of prescriptions, eval-

uation of medication compliance, and monitoring of drug utili-

zation and drug switching behavior, while preventing treatment 

crossover. 

 Th e relative merits of the various methods used to assess 

NSAID-induced GI damage (e.g., endoscopy of the upper GI tract, 

a composite endpoint evaluation of the entire GI tract, or assess-

ment of ulcer complications) have been the focus of the recent US 

regulatory discussions ( 24 ). NSAID toxicity in GI-REASONS was 

assessed by a composite primary endpoint of clinically signifi cant 

upper and / or lower GI events ( 17 ). Historically, the most com-

monly employed investigational method in the study of NSAID-

related GI damage is endoscopy. Although upper endoscopy is 

useful to assess the upper GI tract, it is not appropriate for the 

entire small intestine. In the small intestine, capsule endoscopy 

studies have shown diff erences in mucosal damage between COX-

2-selective and nonselective NSAIDs ( 25,26 ); however, the clinical 
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or investigators may add concomitant treatments to address lack 

of effi  cacy, or manage symptoms or risk based on their knowledge 

and beliefs of treatment allocation. However, although medica-

tions were open label, determination of endpoints was blinded and 

conducted by expert committees. In addition to these previously 

recognized limitations, our experience identifi ed hurdles in the 

execution of a PROBE-designed study. Although assumed to be 

simple by design, in practice, incorporating the variety of thera-

peutic options and management strategies that are available in 

clinical practice, compared with the limited possibilities in an RCT, 

was challenging. However, greater investigator fl exibility allowed 

outcomes refl ective of actual clinical practice, and we believe that 

GI-REASONS has proven that clinically relevant comparative 

treatment data can be captured through a trial of PROBE design. 

 In summary, the GI-REASONS provides valuable GI safety data 

relevant to clinical practice. A greater understanding of NSAID 

risk throughout the entire GI tract should lead to more eff ective 

patient management and identifi cation of improved risk-reduction 

strategies. Finally, we think this trial will be historically important 

with respect to clinical trial design in NSAID-related GI bleed-

ing, as it represents the successful execution of a PROBE study, 

incorporating the variety of therapeutic options and management 

strategies that are available in clinical practice, with the rigor of a 

prospective RCT ( Supplementary Information ).       
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  Study Highlights  

 WHAT IS CURRENT KNOWLEDGE 
  3 The ability to extrapolate fi ndings from randomized 

controlled trials (RCTs) is restricted owing to the 
limitations associated with the study design. 

  3 Nonsteroidal anti-infl ammatory drug (NSAID) use has been 
shown to increase the risk of gastrointestinal (GI) ulcer 
bleeding; thus, changes in dose and drug switching are 
not uncommon in standard clinical practice as done in 
this study. 

  3 RCTs have shown a lower rate of GI complications with 
cyclooxygenase (COX)-2-selective NSAIDs compared with 
nonselective NSAIDs (nsNSAIDS). 

 WHAT IS NEW HERE 
  3 The successful execution of a prospective, randomized, 

open-label, blinded endpoint (PROBE) study, where 
therapeutic options and management strategies available 
in clinical practice were incorporated into the rigor of a 
prospective RCT. 

  3 Celecoxib was associated with lower risks of clinically 
signifi cant upper and / or lower GI events than nsNSAIDs 
in a large study that allowed for clinician-driven changes 
in drug dosing, nsNSAID choice, and discretionary use of 
proton-pump inhibitors.             
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