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Background: A 2011 systematic review found an increased cardiovascular (CV) risk at both
<200 mg/day and >200 mg/day doses of celecoxib. This study aimed to evaluate adverse drug
events with celecoxib relative to traditional nonsteroidal anti-inflammatory drugs (NSAIDs) in
real-world practice settings, focusing on gastrointestinal (GI), CV, and renal toxicity, in older
patients with osteoarthritis or rheumatoid arthritis.

Methods: In this population-based retrospective cohort study using national health insurance
claims data in Korea, patients aged 65 years and older with arthritis who were treated with
celecoxib or traditional NSAIDs for 230 days in 2016, were included for study analyses. The
primary outcome was hospital encounter for GI bleeding associated with celecoxib vs tradi-
tional NSAIDs use. The secondary outcomes included a composite of CV diseases, coronary
revascularization, and incident renal events.

Results: After 1:1 propensity score matching, 73,748 patients in each cohort were identified
for study entry. Celecoxib treatment which lasted for 2120 days was associated with a lower
risk of GI bleeding than traditional NSAIDs (OR=0.84, P=0.03). Such a relationship was not
observed in shorter treatment strata and overall in all strata combined. When patients with
gastroprotective prophylaxis were excluded from subgroup analysis, no evidence of improved
Gl tolerability was observed with celecoxib. CV and renal risks appeared higher with celecoxib
than with traditional NSAIDs (OR=1.08, P<0.001 and OR=1.22, P<0.001, respectively). About
4.7 % of celecoxib users received a higher than maximum dose (400 mg/day); a dose-dependent
increase in CV and renal risks was assessed with celecoxib.

Conclusion: Celecoxib was associated with decreased risk of GI bleeding compared with
traditional NSAIDs when treatment lasted for =120 days, but such a relationship was not found
among subgroup patients with no concomitant use of gastroprotective prophylaxis. Celecoxib
users were more likely to experience CV and renal events than traditional NSAIDs users, and
a dose-dependent risk relationship was observed with celecoxib.

Keywords: celecoxib, nonsteroidal anti-inflammatory drug, NSAID, adverse drug events,
osteoarthritis, rheumatoid arthritis

Introduction

Older patients with osteoarthritis or rheumatoid arthritis often require long-term treat-
ment with nonsteroidal anti-inflammatory drugs (NSAIDs) for the relief of chronic
pain and inflammation."> With their decreased renal function and gastrointestinal (GI)
physiological changes progressing with aging, those patients are more predisposed to
adverse effects of prolonged exposure to the ulcerogenic analgesics. It is well docu-
mented that the GI toxicity of NSAIDs is associated with the nonselective inhibition
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of the two cyclooxygenase (COX) isoforms, where COX-1
inhibition prevents the production of GI protective pros-
taglandins resulting in higher risk of ulcerogenic adverse
events, while COX-2 inhibition exerts anti-inflammatory
and analgesic effects.>* Traditional NSAIDs are mostly a
dual inhibitor of both COX isoforms, and hence can cause
GI toxicities. Celecoxib, however, by selectively inhibiting
COX-2, has the potential to reduce GI adverse effects, but
previous studies suggested that the unbalanced inhibition of
COX or prostaglandin synthesis may pose a greater risk of
cardiovascular (CV) adverse outcomes.>¢

Due to the controversies over CV safety of COX-2 specific
inhibitors, rofecoxib and valdecoxib were withdrawn from the
market in 2004 and 2005, respectively.’ The only remaining
coxib agent, celecoxib, has been made continuously available
for clinical use, despite the 2005 clinical trial results that sug-
gested increased CV risks with its use.” Such a relationship
was deemed inconclusive in light of a low incidence of CV
events and higher-than-normal doses used for celecoxib in the
trial. The US Food and Drug Administration (FDA), however,
required an additional clinical investigation of reassurance
regarding celecoxib’s CV safety; the 2016 study showed that
celecoxib was not inferior to ibuprofen nor to naproxen in
terms of CV safety outcomes.® However, although the safety
of moderate doses of celecoxib (200—400 mg daily) has been
supported by the postmarketing trial findings, whether higher
doses, often encountered in real-world clinical practice where
regulatory restrictions on its doses are not put in place, would
also be safe remains uncertain.’

The aim of this study was to evaluate adverse drug
events with celecoxib as compared to traditional NSAIDs,
focusing on GI, CV, and renal toxicity, in older patients with
osteoarthritis or rheumatoid arthritis, using National Health
Insurance (NHI) data in Korea.

Methods
Study population

A population-based retrospective cohort study involving
older adults with osteoarthritis or rheumatoid arthritis was
conducted using the Korean Health Insurance Review &
Assessment Service-Aged Patient Sample-2016 (HIRA-
APS-2016-0062), which contains NHI claims data on
1,327,455 older patients (approximately 20% of the older
patient population in Korea) with ensured national rep-
resentativeness. The HIRA database saves administrative
patient information on healthcare services offered for the
entire national beneficiaries, including patient demograph-
ics, diagnoses per the International Classification of Disease,

10th Revision (ICD-10), procedures, and comprehensive
medical utilization, along with prescription data. The initial
patient samples were selected using a stratified randomized
sampling method, and, of those, older patients with osteoar-
thritis or rheumatoid arthritis were identified if patients 65
years and older had a record of osteoarthritis (ICD-10 code
M15.x-19.x) or theumatoid arthritis (ICD-10 code M05.x—
MO06.x) diagnoses. The study protocol was approved by the
Institutional Review Board of Ajou University (201804-
HB-EX-001). Informed consent from study participants was
waived due to the retrospective design of the study based
on health insurance data. No further ethics approval was
needed because the investigator was authorized by the HIRA
to analyze anonymized patient data for research purposes.

Study medications and covariates

Older patients requiring daily analgesic treatment based on
either celecoxib or traditional NSAIDs to control osteoar-
thritis- or rheumatoid arthritis-induced pain were selected
for study inclusion. All eligible prescription data were cap-
tured using a total of 35 relevant substance codes of orally
administered agents with different strengths and formulations
listed in the national formulary. Individual dual COX-1/
COX-2 inhibitors plus diclofenac, a COX-2 inhibitor, were
tracked and categorized as traditional NSAIDs as a whole,
and switches between traditional NSAIDs were permitted.
Any therapy with a duration of below 30 days was regarded
as temporary use, hence excluded from further analysis.
For the maintenance doses assessment, only those therapies
with a duration of at least 30 days were included. The total
daily dose (in mg) was obtained by multiplying the strength
of individual active ingredient by the number of tablets or
capsules per day, then by the number of prescribed days
for each agent. Prespecified covariates included age, sex,
primary arthritis diagnosis (osteoarthritis or rheumatoid
arthritis), comorbidities, and other relevant pharmacologic
therapies. The following comorbid status was identified per
ICD-10 codes: diabetes without complications, diabetes with
complications, hypertension, dyslipidemia, and Helicobacter
pylori infection. Other medications use for disease control or
prevention of adverse outcomes were also assessed, including
aspirin, antiplatelet, anticoagulant, statin, disease-modifying
antirheumatic drug (DMARD), proton pump inhibitor (PPI),
and histamine-2 receptor antagonist (H2RA).

Study outcomes
The primary outcome was the incidence and risk of GI bleed-
ing in celecoxib-treated patients vs traditional NSAIDs-treated
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patients, stratified by differential treatment duration to account
for the cumulative effect of prolonged therapy. The endpoint
event was captured via healthcare visit episodes for GI bleed-
ing, and subsequently between-group differences in GI bleed-
ing risk were assessed. To better evaluate the sole effects of
celecoxib vs traditional COX inhibitors on GI complications,
a subgroup analysis was designed, where only those patients
with no upper GI prophylaxis based on PPIs or H2RAs were
selected for risk analysis. The secondary CV disease outcome
was a composite of hospital encounter with a primary diag-
nosis of ischemic stroke, transient ischemic attack, unstable
angina, acute myocardial infarction, chronic ischemic heart
disease, and heart failure. Hospital visit episodes for coronary
revascularization, identified with procedure codes for percu-
taneous coronary intervention (PCI) with stent implantation
and for coronary artery bypass graft (CABG), along with any
visit episodes for incident renal events (hypertensive renal
disease, nephritic syndrome, chronic kidney disease, kidney
failure, renal dialysis, and disorders resulting from impaired
renal tubular function), were also captured for additional
secondary outcome analysis.

Statistical analysis

A multivariable logistic regression model incorporating all
baseline variables (age category, sex, primary arthritis diag-
nosis, comorbidity, and medications use history) as covari-
ates was employed to yield a propensity score (PS) value for
individual patients, which predicts the probability of patient
exposure to celecoxib vs traditional NSAIDs in the setting
of the pretreatment characteristics. Study patients were then
PS-matched to celecoxib or traditional NSAIDs in a 1:1
ratio to balance baseline covariates (or potential confound-
ers) between the two cohorts. Then, odds ratios (ORs) and
95% confidence intervals (Cls) for adverse GI, CV, and renal
endpoint events associated with study therapy exposure were
estimated. The PS-matched patients in the two comparison
groups were further stratified by treatment duration into the
following three strata: 30—59 days, 60—119 days, and 120 or
more days. P-values were two-tailed and considered to be sta-
tistically significant if less than 0.05. Maintenance daily doses
of commonly prescribed study agents were also assessed for
descriptive purposes. All statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results

Characteristics of study patients
Of the total number of Korean older patients registered in
the HIRA database in 2016 (approximately 6.6 million),

the number of patients included in the initial older patient
sample was 1,327,455 (female 58.1%). Of those, patients
aged 65 years and above with a history of osteoarthritis or
rheumatoid arthritis who received celecoxib- or traditional
NSAIDs-based analgesic therapy for at least 30 days were
selected, hence resulting in a total of 183,022 patients eligible
for study entry. A total of 13,144 patients were then excluded
from further analysis as they had received both celecoxib
and traditional NSAIDs treatment for an equivalent number
of days (treatment duration not differing by more than 50%
of each other’s prescribed days). Of the resulting 169,878
patients (73,748 in the celecoxib cohort vs 96,130 in the
traditional NSAIDs cohort), 1:1 PS matching was performed,
leaving 73,748 patients in each comparison group. Baseline
attributes of the PS-matched study patients are summarized
in Table 1. Female patients outnumbered males by about
threefold (74.3% vs 25.7%). Overall, the distribution of age
category, sex, primary arthritis diagnosis, comorbidity, and
other medications use was balanced between the two treat-
ment cohorts following PS-matching. The breakdown of all

Table | Baseline characteristics of older patients with oste-
oarthritis or rheumatoid arthritis (I:1 PS-matched celecoxib and
traditional NSAIDs cohorts)

Characteristic Celecoxib Traditional
(N=73,748) | NSAIDs
(N=73,748)
Age, years, meantSD 75.7+6.4 75.2+6.3
65 to <75, n (%) 34,473 (46.7) | 36,236 (49.1)
75 to <85, n (%) 31,762 (43.1) | 31,266 (42.4)
285, n (%) 7,513 (10.2) 6,246 (8.5)
Female sex, n (%) 57,623 (78.1) | 51,914 (70.4)
Primary arthritis diagnosis, n (%)
Osteoarthritis 58,794 (79.7) | 61,324 (83.2)
Rheumatoid arthritis 3,797 (5.2) 3,133 (4.2)
Both arthritis 11,157 (15.1) | 9,291 (12.6)
Comorbidity, n (%)
Diabetes without complications 28,785 (39.0) | 27,571 (37.4)
Diabetes with complications 11,702 (15.9) 10,536 (14.3)
Hypertension 54,613 (74.1) | 53,630 (72.7)
Dyslipidemia 49,597 (67.3) | 47,299 (64.1)
Helicobacter pylori infection 313 (0.4) 319 (0.4)
Other medications, n (%)
Aspirin 19,517 (26.5) | 19,097 (25.9)
Antiplatelet 14,465 (19.6) | 14,050 (19.1)
Anticoagulant 2,113 (2.9) 1,783 (2.4)
Statin 31,015 (42.1) | 29,635 (40.2)
DMARD 3,594 (4.9) 2,040 (2.8)
PPI 27,225 (36.9) | 25,616 (34.7)
Histamin-2 receptor antagonist 37,071 (50.3) | 39,592 (53.7)

Abbreviations: DMARD, disease-modifying antirheumatic drug; NSAIDs, non-
steroidal anti-inflammatory drugs; PP, proton pump inhibitor; PS, propensity score.
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comparator NSAIDs collectively categorized as traditional
NSAIDs along with celecoxib is summarized per prescrip-
tion volume and provided in the supplementary material
(Table S1).

Gl bleeding outcomes
The incidence and risk of GI bleeding depending on analge-
sic treatment were assessed in the overall PS-matched study
patients as well as separately according to stratification by
treatment duration into the three strata (Table 2). Overall,
the primary outcome event was encountered in 781 (1.1%)
and 816 (1.1%) patients in the celecoxib and traditional
NSAIDs cohorts, respectively; the odds of hospital encounter
for GI bleeding were not statistically significantly lower in
celecoxib-treated patients than in traditional NSAIDs-treated
patients when therapy lasted for 30 days or more (OR=0.96%,
95% CI=0.87-1.06, P=0.38). In the last stratum (treatment
days of 120 or more), however, celecoxib users were less
likely to experience GI bleeding compared with traditional
NSAIDs users (OR=0.84%, 95% CI=0.72—0.99, P=0.03).
In the subgroup analysis, those patients who received
prophylactic gastroprotection based on PPIs or H2RAs were
excluded, leaving 23,850 patients in each treatment groups

post PS-matching (Table 3). The risk analysis was repeated
in the subgroup patients to better evaluate unconfounded
effects of study treatment exposure on GI toxicity risk by
eliminating any influence of gastroprotective agents,'*!!
using analogous stratification methods applied in the prior
primary analysis. No OR values in all strata of treatment
duration were associated with statistical significance; when
treatment duration of 30 days and more was all considered for
risk analysis, the overall OR (95% CI) for GI bleeding was
1.27 (0.98-1.65) with a P-value of 0.07, only approaching
borderline significance.

CV and renal outcomes

Table 4 summarizes the results of incidence rates and com-
parative risk of secondary endpoints of the prespecified CV
and renal events among the PS-matched study patients with
therapy duration of at least 120 days; the ORs associated
with each component of CV composite endpoint were also
presented. Overall, celecoxib users showed an elevated risk
of hospital encounter for CV diseases as well as renal events
compared with traditional NSAID users: the ORs (95% Cls)
were 1.08 (1.04-1.12) and 1.22 (1.11-1.35), respectively.
The risk of CV diseases showed only a near-significant trend

Table 2 PS-matched analysis for relative risks of Gl bleeding associated with celecoxib vs traditional NSAIDs (stratified into three

strata by treatment duration)

Gl bleeding Celecoxib (N=73,748) Traditional NSAIDs (N=73,748) Celecoxib vs traditional NSAIDs
Therapy duration Number of events/number of patients (percent) OR (95% Cls) P-value
Overall 781/73,748 (1.1) 816/73,748 (1.1) 0.96 (0.87—-1.06) 0.38
30-59 days 193/18,003 (I.1) 327/32,228 (1.0) 1.06 (0.88-1.26) 0.54
60119 days 222/19,903 (1.1) 233/20,391 (I.1) 0.98 (0.81-1.17) 0.80
120+ days 366/35,842 (1.0) 256/21,129 (1.2) 0.84 (0.72-0.99) 0.03

Notes: P-values were estimated by chi-squared test. A statistically significant P-value is highlighted in bold.
Abbreviations: Cl, confidence interval; Gl, gastrointestinal; NSAIDs, nonsteroidal anti-inflammatory drugs; OR, odds ratio; PS, propensity score.

Table 3 PS-matched subgroup analysis for relative risk of Gl bleeding associated with celecoxib vs traditional NSAIDs in patients with
no concomitant PPl or H2RA use (stratified into three strata by treatment duration)

Gl bleeding Celecoxib (N=23,850) Traditional NSAIDs (N=23,850) Celecoxib vs traditional NSAIDs
Therapy duration Number of events/number of patients (percent) OR (95% Cls) P-value
Overall 127/23,850 (0.5) 100/23,850 (0.4) 1.27 (0.98-1.65) 0.07
30-59 days 31/6,329 (0.5) 44/11,206 (0.4) 1.25 (0.79-1.98) 0.34
60—119 days 32/6,156 (0.5) 23/6,078 (0.4) 1.38 (0.80-2.35) 0.24
120+ days 64/11,365 (0.6) 33/6,566 (0.5) 1.12 (0.74-1.71) 0.59

Notes: P-values were estimated by chi-squared test.
Abbreviations: Cl, confidence interval; GI, gastrointestinal; H2RA, histamine-2 receptor antagonist; NSAIDs, nonsteroidal anti-inflammatory drugs; OR, odds ratio; PPI,
proton pump inhibitor; PS, propensity score.
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Table 4 PS-matched analysis for relative risks of CV and renal events associated with celecoxib vs traditional NSAIDs (treatment

duration for 120 or more days)

Outcomes Celecoxib (N=35,842) | Traditional NSAIDs (N=21,129) | Celecoxib vs traditional NSAIDs
Number of events (percent) OR (95% CI) P-value
CV diseases 14,379 (40.1) 8,101 (38.3) 1.08 (1.04-1.12) <0.001
Ischemic stroke 7,761 (21.7) 4,446 (21.0) 1.04 (0.99-1.08) 0.09
Transient ischemic attack 1,059 (3.0) 660 (3.1) 0.94 (0.86—1.04) 0.25
Unstable angina 6,394 (17.8) 3,487 (16.5) 1.10 (1.05-1.15) <0.001
Acute myocardial infarction 721 (2.0) 441 (2.1) 0.96 (0.85-1.09) 0.54
Chronic ischemic heart disease 1,851 (5.2) 997 (4.7) 1.10 (1.02—-1.19) 0.02
Heart failure 3,402 (9.5) 1,856 (8.8) 1.09 (1.03-1.16) 0.005
Coronary revascularization 179 (0.5) 118 (0.6) 0.89 (0.71-1.13) 0.34
PCI 173 (0.5) 117 (0.6) 0.87 (0.69-1.10) 0.25
CABG 6 (0.02) 2 (0.01) NA NA
Renal events 1,210 (3.4) 587 (2.8) 1.22 (1.11-1.35) <0.001

Notes: P-values were estimated by chi-squared test. Statistically significant P-values are highlighted in bold.
Abbreviations: CABG, coronary artery bypass graft; Cl, confidence interval; CV, cardiovascular; NA, not applicable; NSAIDs, nonsteroidal anti-inflammatory drugs; OR,

odds ratio; PCI, percutaneous coronary intervention; PS, propensity score.

when therapy duration of at least 30 days (or all three strata)
was assessed collectively for risk analysis (OR=1.02%, 95%
CI=1.00-1.04, P=0.07). However, in the stratum of 120 days
and more of treatment, statistical significance was reached
(OR=1.08%, 95% CI=1.04-1.12, P<0.001), suggesting more
negative CV effects of celecoxib vs traditional NSAIDs as
therapy persisted longer; when individual components of
CV disease endpoint were assessed separately, the odds of
hospital encounter due to unstable angina, chronic ischemic
heart disease, and heart failure were higher in celecoxib-
receiving patients than in traditional NSAIDs-receiving
patients: the ORs (95% ClIs) were 1.10 (1.05-1.15), 0.10
(1.02-1.19), and 1.09 (1.03—-1.16), respectively. However, the
risk of hospitalization for coronary revascularization was not
significantly different between the two cohorts (P=0.34). Due
to the low rates of CABG, albeit numerically more frequent
in the celecoxib group than in the traditional NSAIDs group,
its OR results are not presented in Table 4.

Maintenance dose of celecoxib and
traditional NSAIDs

The maintenance doses of celecoxib and commonly used
oral traditional NSAID agents (loxoprofen, dexibuprofen,
ibuprofen, and naproxen) were assessed using descriptive
statistics and are visually depicted in Figure 1. Here, all
relevant prescriptions with therapy duration of at least 30
days were included for assessment. The interquartile range
of maintenance dosage of the five agents appeared to fall
within the upper limits of the recommended daily dose for

their anti-inflammatory properties. Of all the COX inhibitors
included in this study, the most commonly-used agent per
prescription volume was loxoprofen, followed by celecoxib
(31.6% and 12.4%, respectively, as shown in Table S1): the
median dose (interquartile range) was 180 mg/day (180—180
mg/day) and 200 mg/day (200400 mg/day), respectively.
About 4.7% (350/73,748) of patients on celecoxib treat-
ment received a total daily dose of greater than 400 mg (the
maximum daily dose); of those, 71.4% (250/350) of patients
had osteoarthritis, with no comorbidity history of rheumatoid
arthritis. Among the osteoarthritis-only patients on celecoxib,
about 24.3% (14,309/58,794) patients were prescribed with
a daily dose of more than 200 mg/day (the maximum daily
dose recommended for osteoarthritis patients).

In an additional analysis on comparative risk associated
with high-dose (more than 400 mg/day) vs low-to-moderate-
dose (less than or equal to 400 mg/day) celecoxib among
those patients on celecoxib for at least 30 days, high-dose
receiving patients were more likely to encounter GI bleeding,
a composite endpoint of CV diseases, and renal events rela-
tive to those receiving a low-to-moderate dose of celecoxib:
the ORs (95% Cls) were 2.77 (1.47-5.22), 1.44 (1.17-1.78),
and 1.97 (1.28-3.05), respectively (Table 5).

Discussion

In this study, celecoxib treatment lasting for 120 days or
more was associated with a lower risk of GI bleeding than
traditional NSAIDs (OR=0.84, P=0.03), in accordance
with the potential GI advantages attributable to the specific
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Figure | Overall maintenance daily dose of orally administered NSAIDs with therapy duration of 30 or more days.
Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.

Table 5 PS-matched analysis for relative risks of Gl, CV, and renal events associated with high (>400 mg/day) and low-to-moderate

(<400 mg/day) doses of celecoxib (treatment duration of 30 or more days)

Outcomes High dose of Low to moderate High dose vs
celecoxib dose of celecoxib low dose
(N=350) (N=73,398)
Number of patients (percent) OR (95% CI) P-value
Gl bleeding 10 (2.9) 771 (1.1) 2.77 (1.47-5.22) 0.005
CV diseases 162 (46.3) 27,472 (37.4) 1.44 (1.17-1.78) <0.001
Ischemic stroke 95 (27.1) 14,477 (19.7) 1.52 (1.20-1.92) <0.001
Transient ischemic attack 8(2.3) 1,936 (2.6) 0.86 (0.43-1.74) 0.68
Unstable angina 70 (20.0) 12,247 (16.7) 1.25 (0.96—1.62) 0.10
Acute myocardial infarction 12 (3.4) 1,416 (1.9) 1.80 (1.01-3.22) 0.04
Chronic ischemic heart disease 26 (7.4) 3,663 (5.0) 1.53 (1.02-2.28) 0.04
Heart failure 48 (13.7) 6,500 (8.9) 1.64 (1.21-2.22) 0.001
Coronary revascularization 3(0.9) 428 (0.6) NA NA
PCI 3(0.9) 409 (0.6) NA NA
CABG 0(0) 22 (0.03) NA NA
Renal events 22 (6.3) 2,411 (3.3) 1.97 (1.28-3.05) 0.002

Notes: P-values were estimated by chi-squared test or Fisher’s exact test. Statistically significant P-values are highlighted in bold.

Abbreviations: CABG, coronary artery bypass graft; Cl, confidence interval; CV, cardiovascular; G, gastrointestinal; NA, not applicable; OR, odds ratio; PCI, percutaneous

coronary intervention; PS, propensity score.

mechanism of selective COX-2 inhibition.> However, such a
relationship was not observed in other strata of shorter treat-
ment as well as when all strata were assessed collectively.
The subgroup analysis, including only those patients without
co-medication with PPIs or H2RAs for gastric protection,
showed no evidence of improved GI consequences with cele-
coxib relative to traditional NSAIDs in all strata combined as
well as separately in each stratum. With regards to CV and
renal toxicities, a tendency toward greater risk of endpoint

events was found with celecoxib vs traditional NSAIDs; OR
values with statistical significance were generally higher with
longer therapy, suggesting cumulative adverse effects of more
prolonged exposure to celecoxib.

Celecoxib was one of the most frequently prescribed
COX inhibitors, despite lingering safety concerns about
a possible class effect similar to those with other COX-2
specific inhibitors; previous coxibs had been withdrawn
from the market due to CV risks.’ Several studies have
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been conducted to evaluate differential risks associated
with celecoxib vs traditional NSAIDs: some to clinically
confirm the theoretical GI benefits of the selective inhibi-
tion of COX-2,!%12-1¢ and others to verify the controversial
CV safety of the sole remaining coxib agent.”!""* Evidence
is accumulating that celecoxib may be a better alternative
to traditional NSAIDs in patients at risk of GI bleeding in
that it theoretically retains equivalent analgesic and anti-
inflammatory efficacy, but with improved GI tolerability
relative to traditional NSAIDs.!'? However, in many studies,
the co-prescribing of gastroprotective PPIs or H2RAs were
permitted in both treatment arms, potentially functioning as
a confounder affecting the GI bleeding rates.

In accordance with the FDA’s mandate for reassurance on
long-term CV safety of celecoxib, a postmarketing clinical trial
titled the Prospective Randomized Evaluation of Celecoxib
Integrated Safety vs Ibuprofen or Naproxen (PRECISION)
was conducted.® The trial findings revealed that celecoxib
at moderate doses (up to 400 mg/day) was noninferior to
ibuprofen or to naproxen in terms of CV adverse outcomes.®
However, the PRECISION trial had a major flaw in its design:
due to regulatory restrictions, celecoxib up-titration was not
permitted particularly in 89.9% of study patients with osteo-
arthritis, while the doses of the comparator NSAIDs could
have been escalated as needed for symptom management.
Hence, the dose of celecoxib may not have been equipotent to
that of comparator drugs, potentially confounding the results:
administering a higher dose of the comparator NSAIDs was
more effective in reducing pain, but perhaps put patients at an
increased risk of developing adverse GI, CV, and renal events
as compared to celecoxib use with dose capping. Interest-
ingly, the findings in the current study in general indicated
an increased risk of CV consequences with celecoxib relative
to traditional NSAIDs, which might have been influenced by
higher-than-approved doses of celecoxib used in a consider-
able proportion of patients included herein. Despite the dosing
guidelines recommendations with regard to dose escalation up
to 200 mg/day for osteoarthritis patients and up to 400 mg/day
for rheumatoid arthritis patients, it was noted that 24.3% of
osteoarthritis-only patients on celecoxib received more than
200 mg/day, and, more importantly, 4.7% of celecoxib-treated
patients received more than 400 mg/day in the current study.

The dose-dependent relationship between GI/CV/renal
adverse consequences and celecoxib exposure was also
confirmed in the additional analysis (Table 5). The findings
from the PRECISION trial did not provide evidence on the
safety of high-dose celecoxib because only moderate doses
(up to 200 mg/day for osteoarthritis patients and up to 400

mg/day for rheumatoid arthritis patients) were provided for
study participants. Given that older patients requiring daily
pain and inflammation management are at a greater risk of
CV and renal toxicities owing to the chronic exposure to
COX inhibitors, it is of significant importance that upward
dosing titration for celecoxib should be strictly restricted
by regulatory actions as in the US and Europe to moderate
doses up to 200 mg/day in most cases, but up to 400 mg/
day in rheumatoid arthritis patients.?’ Older patients with
arthritis suffering from mild-to-moderate pain may benefit
from receiving a carefully designed combination regimen
with dual oral analgesics (eg, celecoxib combined with
acetaminophen), such that celecoxib doses can be reduced
and that intermittent drug holidays can be implemented when
appropriate.

Notably, it appeared that a sizable proportion of older
patients with osteoarthritis or rheumatoid arthritis in the cur-
rent study were receiving more than the maximum approved
or recommended doses of celecoxib for their indications.
Daily therapy with high-dose celecoxib in the long-term can
render those patients with multiple comorbidities and risk
factors along with already decreased renal function more
vulnerable to its potential CV and renal toxicity. Although
growing evidence showed that the safety profile of cele-
coxib at moderate doses is generally comparable to that of
NSAIDs,® more research designed to account for potential
confounding due to concomitant use of gastroprotective drugs
and to address potential limitations of controlled clinical trials
is needed to ascertain whether celecoxib’s GI benefits would
outweigh its other possible risks with regard to CV and renal
complications as compared to traditional NSAIDs.

This study has several limitations. First, any patients in
long-standing remission who did not require medical atten-
tion in 2016 might not have been identified as rheumatoid
arthritis patients. Second, information on relevant labora-
tory findings regarding metabolic functions and potential
confounders, such as overall health status of study patients
and severity of condition, was not available in the claims
data. Third, any diagnostic codes or prescription data not
documented correctly could have affected the study results.
Fourth, it was assumed that the whole course of therapy was
completed as prescribed, despite potential non-compliance
in older patients. Lastly, CV outcomes that require longer
follow-up were not captured due to the limited study period.

Conclusion
Celecoxib was associated with decreased risk of GI bleeding
compared with traditional NSAIDs when treatment lasted for
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120 days and more, but such a relationship was not found
in sub-group patients with no concomitant use of PPIs or
H2RAs. CV and renal risks were higher with celecoxib than
with traditional NSAIDs, and a dose-dependent risk relation-
ship was suggested among celecoxib-treated patients.
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Supplementary material

Table S| Breakdown of all nonsteroidal anti-inflammatory drugs (NSAIDs) included in this study

Order Substance name Number of prescriptions % of prescription volume
I Loxoprofen 2,156,592 31.6
2 Celecoxib 847,907 12.4
3 Dexibuprofen 844,104 12.4
4 Talniflumate 603,058 8.8
5 Meloxicam 538,260 79
6 Diclofenac 493,466 72
7 Mefenamic acid 262,021 38
8 Ibuprofen 248,529 3.6
9 Naproxen 221,955 3.3
10 Zaltoprofen 221,894 3.3
11 Piroxicam 143,481 2.1
12 Nabumetone 57,212 0.8
13 Ketorolac 50,366 0.7
14 Ketoprofen 34,272 0.5
15 Etodolac 33,145 0.5
16 Nimesulide 23,216 0.3
17 Proglumetacin 19,749 0.3
18 Pranoprofen 13,778 0.2
19 Sulindac 6,414 0.1
20 Flurbiprofen 1,959 0.0
21 Tiaprofenic acid 1,308 0.0
22 Imidazole salicylate 1,230 0.0
23 Cinnoxicam 457 0.0
24 Fenoprofen 126 0.0
25 Salsalate 83 0.0
26 Oxaprozin 3 0.0
Total 6,824,585 100
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