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Objective: Data on osteoarthritis patients from the PRECISION trial were used to evaluate 
the cost-effectiveness of celecoxib (100 mg twice daily) versus ibuprofen (600–800 mg three 
times daily) and naproxen (375–500 mg twice daily). The perspective was that of the United 
Arab Emirates (UAE) healthcare system.
Methods: Discrete-state Markov model with monthly cycles, 30-month horizon, and 3% 
discount rate was constructed to assess incremental costs per quality adjusted life year 
(QALYs) gained from reduced incidence of three safety domains examined in PRECISION: 
renal, serious gastrointestinal (GI), and major adverse cardiovascular events (MACE). Costs 
for managing these toxicities were derived from Dubai Administrative Billing Claims (2018). 
Median monthly drug costs were derived from UAE Ministry of Health and Prevention’s 
published prices ($26.98 celecoxib; $20.25 ibuprofen; $20.50 naproxen). Health utility and 
excess mortality associated with toxicities were sourced from the literature. The willingness-to- 
pay thresholds used were 1 and 3 GDP per capita ($40,000–$120,000).
Results: The total average cost per patient was $812.88 for celecoxib, $775.26 for ibupro
fen, and $731.17 for naproxen while cost components attributed to toxicities were lowest 
with celecoxib ($360.26, $438.31, and $388.60, respectively). Patients on celecoxib had 
more QALYs (1.339), compared with ibuprofen (1.335) and naproxen (1.337), resulting in an 
incremental cost-effectiveness ratio of $11,502/QALY gained for celecoxib versus ibuprofen 
and $39,779 for celecoxib versus naproxen. Probabilistic sensitivity analyses demonstrated 
celecoxib to be 81% cost-effective versus ibuprofen and 50% versus naproxen at $40,000/ 
QALY. The most influential model parameters were MACE relative safety and drug costs.
Conclusion: From UAE third payer perspective, celecoxib is a long-term cost-effective 
treatment for osteoarthritis patients when compared with ibuprofen, and equally likely as 
naproxen to be cost-effective. With the expected increasing burden of chronic diseases in the 
Gulf region, study findings can inform decisions regarding the cost-effective pain manage
ment of osteoarthritis in UAE.
Clinicaltrials.gov Registration Number: NCT00346216.
Keywords: Markov, NSAIDs, comparative effectiveness, safety, Gulf region, AfME, MENA

Introduction
Pain management via traditional non-selective non-steroidal anti-inflammatory 
drugs (ns-NSAIDs) and selective cyclooxygenase-2 (COX-2) inhibitors is an effec
tive treatment for patients in the Middle East and North Africa (MENA) and Gulf 
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regions.1 Selective COX-2 inhibitors such as celecoxib 
reduce pain effectively while decreasing the incidence of 
gastrointestinal adverse effects compared with ns- 
NSAIDs such as ibuprofen and naproxen.2 While COX-2 
inhibitors have been correlated with evidence of adverse 
cardiovascular outcomes at higher doses in placebo- 
controlled trials,3,4 data from meta-analyses of observa
tional studies have suggested that the use of traditional 
NSAIDs is also not free of cardiovascular and renal risk 
and that this risk may not be entirely attributed to COX-2 
selectivity.5

To highlight the importance of having head-to-head 
comparison with regard to safety outcomes of the COX-2 
inhibitor celecoxib, the Food and Drug Administration 
(FDA) mandated the conduct of the cardiovascular safety 
trial Prospective Randomized Evaluation of Celecoxib 
Integrated Safety versus Ibuprofen or Naproxen 
(PRECISION) as Phase IV post-marketing surveillance. 
Patients were randomly assigned, in a 1:1:1 ratio, to 
receive celecoxib (100 mg twice a day), ibuprofen 
(600–800 mg three times a day), or naproxen 
(375–500 mg twice a day).6 The mean durations of treat
ment and follow-up, respectively, were 20.8±16.0 and 34.2 
±13.4 months in the celecoxib group, 20.5±15.9 and 34.2 
±13.3 months in the naproxen group, and 19.6±16.0 and 
33.8±13.6 months in the ibuprofen group. The trial 
demonstrated that celecoxib was similar in terms of cardi
ovascular safety when compared with ibuprofen and 
naproxen in the pooled PRECISION population of 
24,081 patients with osteoarthritis (~90%) or rheumatoid 
arthritis (~10%).6 In addition, the PRECISION trial found 
lower risk of serious gastrointestinal (GI) events for cel
ecoxib versus naproxen and ibuprofen and lower risk of 
renal events for celecoxib versus ibuprofen in the inten
tion-to-treat population of the trial.6 A post-hoc analysis of 
the osteoarthritis (OA) population in PRECISION7 found 
that celecoxib conferred similar or lower risk of cardio
vascular, GI, and renal adverse events (AEs) compared 
with ibuprofen or naproxen in patients with rheumatoid 
arthritis.

The objective of the current study was to conduct 
a cost-effectiveness analysis of the use of celecoxib versus 
ibuprofen and naproxen in OA patients from the perspec
tive of United Arab Emirates (UAE) health-care system. 
While previous research on the cost-effectiveness of cel
ecoxib versus ns-NSAIDs has been conducted in other 
countries from the MENA and Gulf regions, such as 
Algeria8 and Saudi Arabia,9 this is one of the first cost- 

effectiveness studies on celecoxib in UAE using clinical 
data from the PRECISION trial. Previously published 
cost-effectiveness models on the use of celecoxib versus 
ns-NSAIDS8–12 have been limited in that they use pooled 
probabilities of adverse events data from multiple active 
comparator trials such as TARGET, CONDOR, CLASS, 
and MEDAL trials. This could be a source of significant 
variability in model results given varying inclusion/exclu
sion criteria across trials, inclusion of some patients with 
rheumatoid arthritis, varying therapeutic doses, and differ
ential underlying patient risk across selected trials. 
Relying on a single source for safety parameters from 
a comprehensive safety evaluation such as the rando
mized, double-blind PRECISION trial with adjudicated 
endpoints allows for the opportunity to validate previous 
findings.

Methods
The study used a discrete-state Markov cohort model 
(Figure 1), adapted from a prior published economic 
model for OA used by the National Institute of Clinical 
Excellence (NICE).13 Incremental costs per quality 
adjusted life year (QALYs) gained from reduced inci
dence of three safety domains examined in PRECISION 
were modelled: major adverse cardiovascular events 
(MACE), serious GI, and renal events. Patients experi
ence an elevated risk of AEs during the treatment period 
and can transition to any of the three AE states, which 
leads to reductions in quality of life, accumulation of AE 
management costs and increased risk of excess mortality. 
The three AE states serve as tunnel states before they 
transition to long-term post-AE recovery states, which 
are assumed to have persistent health effects and are 
also associated with excess mortality, albeit to a smaller 
extent.

As our modelling effort used aggregate, published data 
from the PRECISION trial, it was waived from IRB 
review. Any data inputs from the PRECISION trial used 
in the model are free to access by referring to the relevant 
cited reference.

Patient Population
The model included parameters describing demographics, 
clinical characteristics, and relative safety estimates of the 
intention-to-treat OA patient cohort in PRECISION with 
a mean age of 64 years, 64% female, and 47% prior 
aspirin use.7 Ibuprofen had higher risk of MACE, serious 
GI and renal events than celecoxib; naproxen had similar 
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MACE and renal risk but elevated serious GI risk com
pared with celecoxib (Table 1 – Panel A).

While the country setting for this study reflects the 
healthcare utilization in UAE, clinical inputs were derived 
from publications on the OA population in PRECISION and 
assumed generalizable to UAE. Although PRECISION ran
domized 21,645 patients from 926 centers in 13 countries, 
this decision is substantiated by the fact that there is no 
clinical evidence to suggest that the clinical safety outcomes 
would differ by country setting. Any differences from the 
representative OA patients in PRECISION and OA patients 
in UAE were assumed to not influence model results as 
baseline GI risk is not affected by patient’s age14 and ana
lyses of the primary composite outcome among prespecified 
subgroups showed no significant interactions for any pair
wise comparison in PRECISION.6

Model Description
The model time horizon is 30 months (consistent with 
average follow-up in PRECISION) where each cycle has 
a length of 1 month. Treatment continues until the end of 
the treatment period, until occurrence of one of the three 
toxicities domains, or early treatment discontinuation, as 
observed in the clinical data from the trial. As the 
PRECISION trial demonstrated negligible differences 
across treatment agents with respect to time to drug 

discontinuation and time to non-retention,6 the model 
does not include differential treatment discontinuation by 
comparator or switching between comparators. Over 30 
months of follow-up, 61.6% of patients discontinued study 
treatment in the OA arm in PRECISION.7 The monthly 
probability of discontinuation (Table S1) was equally 
applied across the three study drugs as it impacts treatment 
acquisition costs over time. A discounting rate of 3% over 
the time horizon was used for both cost and health 
outcomes.

Outcomes
Previous models8–12 discretely model toxicity by each 
individual state of myocardial infarction, stroke, heart fail
ure, symptomatic ulcer, GI bleeding, for example, and 
source clinical probabilities of occurrence as well as cost 
and utility inputs from multiple trials and sources.

In PRECISION each of the three AE domains represent 
composite toxicity outcomes of other sub-component AEs. 
The MACE domain includes the composite of death from 
cardiovascular causes, non-fatal myocardial infarction; non- 
fatal stroke, coronary revascularization or hospitalization for 
unstable angina or transient ischemic attack. The serious GI 
events domain includes the composite of hemorrhage, gastric 
outlet obstruction, perforation, symptomatic gastric of duo
denal ulcer. The renal events domain includes the composite 

Figure 1 Schematic of Markov model used in the study.
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of serum creatinine level of ≥2.0 mg/dL, hospitalization for 
acute renal failure, initiation of hemodialysis or peritoneal 
dialysis (Table 1 – Panel B).

Parameters on cost, excess mortality, and utilities tied to 
these three composite AE domains were calculated based on 
the weighted average of the incident rates of the sub- 
component AEs (e.g. symptomatic ulcer) mentioned above 
times each individual sub-component AE’s cost, excess mor
tality, and utility. The contributing weight of each sub- 
component AE was derived by taking the proportion of the 
incident rate for that particular sub-component AE as part of 
the overall domain.

Cost Inputs
AE management cost inputs for the model were derived 
from de-identified billing data from Dubai Administrative 

Billing Claims (year 2018). Mean cost per patient on out
patient, inpatient, and physician encounters were obtained 
by a query of pre-specified diagnosis codes in any claim 
field (Table S2) and a weighted average for the AE man
agement cost of each composite domain was calculated 
(Table 2).

As data are limited for UAE on annual post-AE recovery 
costs, they were assumed to constitute 10% of the costs for 
the management of the index event. In the original model by 
NICE10 as well as in other cost-effectiveness models in the 
UK11 and Sweden,12 post-AE recovery costs constitute from 
<5% (for serious GI event) to up to 20% (for stroke) of the 
cost of the originating AE and contribute only negligible 
costs given the short time horizon of the study and when 
combined with the context of small absolute event rates of 
the three AE domains.

Table 1 Relative Safety Estimates on Osteoarthritis Patients in the PRECISION Trial (Panel A) and Calculated Sub- Component AE 
Weights (Panel B)

Panel A

Relative Safety Estimates on Osteoarthritis Patients in the PRECISION Trial*

Population Safety Outcome Ibuprofen vs Celecoxib HR  
(95% CI)

Naproxen vs Celecoxib HR 
(95% CI)

Intention-to-Treat – OA patients in 

PRECISION7

MACE domain 1.19 (1.01–1.39) 1.06 (0.91–1.25)

Serious GI domain 1.47 (1.10–1.96) 1.37 (1.02–1.82)

Renal domain 1.72 (1.22–2.50) 1.30 (0.89–1.89)

Panel B

Breakdown of AE Domain by Sub-Component AEs^

MACE Domain Non-fatal Events in PRECISION6 Serious GI Domain in 
PRECISION28

Renal Domain in PRECISION29

Sub-Component Adverse Event Weight Sub-Component 
Adverse Event

Weight Sub-Component 
Adverse Event

Weight

Non-fatal MI 19.9% Hemorrhage/obstruction/ 

perforation

32.1% Verified renal insufficiency 

or failure

53.6%

Non-fatal stroke 12.6% Symptomatic ulcer 17.6% Hospitalization for acute 

renal failure

37.8%

Hospitalization for unstable angina 15.6% Iron-deficiency anemia of 

GI origin

50.2% Hemodialysis or peritoneal 

dialysis

8.6%

Revascularization 46.8% – – – –

Hospitalization for TIA 5.2% – – – –

Notes: *For descriptive purposes only; the actual data used for the model is shown in Supplemental Table S4. ^As in PRECISION each of the three AE domains represent 
composite toxicity outcomes of other sub-component AEs, parameters on cost, excess mortality, and utilities tied to the composite AE domains were calculated based on 
the weighted average of the incident rates of the sub-component AEs. Abbreviations: HR, hazard ratio; CI, confidence interval.
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Information on monthly drug treatment cost for 
naproxen, ibuprofen and celecoxib was derived from 
UAE Ministry of Health and Prevention’s published prices 
(August 2019) on most prevalent package size and 
dosages. The dosage of drug package labels was standar
dized to the average daily dosage in the PRECISION trial 
(2050 mg for ibuprofen, 850 mg for naproxen, and 210 mg 
for celecoxib) and the median pill cost across various 
package labels was used to calculate monthly treatment 
acquisition costs (Table 2). Costs were converted to USD 
using an exchange rate of 3.67 AED per 1 USD.

While UAE has experienced deflation at a rate of −2% 
per annum over the past two years since 2018, the medical 

sector has remained at 0% change since 2018.15 As such, 
cost inputs coming from sources used in 2018 and 2019 
are reasonable approximations for the costs of 2020 as 
well.

Clinical Inputs
The main data source for the probabilities of incident 
toxicities was the PRECISION trial7 (Table S3). An addi
tional targeted literature review was conducted to obtain 
representative utility information and excess mortality on 
AE and post-AE health states in the model.

For ease of comparison across studies, model inputs 
were borrowed from the original NICE model when AE 
outcome definitions were overlapping (e.g. non-fatal myo
cardial infarction); values for inputs specific only to the 
PRECISION study (e.g. revascularization) were extracted 
from the published literature so they are clinically coherent 
with the values of outcomes in the original model.13

Quality of Life
The model assumed equal clinical efficacy among com
parators with respect to alleviating OA pain as the 
PRECISION trial showed that clinical efficacy differences 
across comparators were smaller than the clinically mean
ingful threshold.6 Quality of life impact was modeled 
based on the differential incidence of toxicities across 
comparators. Utility weight of 0.723 was used for OA 
patients on NSAIDs treatment16 as well as age- and sex- 
specific background utilities (0.79 for men and 0.76 for 
women) as previously done elsewhere.16,17 Cycle-specific 
utilities were calculated by multiplying the OA and back
ground utility weights by AE-specific utility weights while 
in an AE state or post-AE state (Table 3). Utility weights 
were sourced by searching the Tufts Cost-Effectiveness 
Analysis Registry.

Mortality
Death was only a tertiary endpoint in the PRECISION trial 
with overall 1.73% of patients dying over the course of 
34.1 months of average follow-up. As PRECISION was 
a trial conducted in 13 countries over 10 years, the back
ground mortality is a mix of various countries and time 
periods. About 80% of PRECISION participants came 
from the USA and therefore mortality was modeled indir
ectly using background mortality for UAE. The age of the 
cohort during each cycle in the treatment and post- 
treatment periods determined the appropriate background 
mortality (Table S4).

Table 2 Cost Model Parameters

Monthly Treatment Acquisition 
Costs for Average Daily Dose*

Cost

Celecoxib 200 mg $26.98

Ibuprofen 2050 mg $20.25

Naproxen 850 mg $20.50

Cost per Adverse Event**

MACE - Weighted Average $6834.73 Weights6 

from Table 1

Non-fatal myocardial infarction $8885.56 19.9%

Non-fatal stroke $4670.30 12.6%

Hospitalization for unstable angina $3738.42 15.6%
Revascularization $8057.22 46.8%

Hospitalization for transient 

ischemic attack

$2490.46 5.2%

Serious GI Complications – 
Weighted Average

$1502.48 Weights28 

from Table 1

Gastrointestinal hemorrhage, 

obstruction, perforation

$4046.84 32.0%

Symptomatic ulcer $479.78 18.0%

Iron deficiency anemia of GI origin $234.33 50.0%

Renal Events - Weighted Average $2436.09 Weights29 

from Table 1

Verified renal insufficiency or failure $1282.85 53.9%

Hospitalization for acute renal 

failure

$4152.07 37.2%

Initiation of hemodialysis or 

peritoneal dialysis

$2080.60 8.9%

Notes: *Source accessed August 2019. Median monthly drug cost calculated based 
on data from Dubai Health Authority. Drug Lists. Available from: https://www.dha. 
gov.ae/en/HealthRegulation/Pages/druglist.aspx.47 **As in PRECISION each of the 
three AE domains represent composite toxicity outcomes of other sub-component 
AEs, parameters on cost tied to the composite AE domains were calculated based 
on the weighted average of the incident rates of the sub-component AEs.
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For MACE, CV-related death is already a component 
of the MACE definition and therefore death from that 
model state was modeled directly as the proportional con
tribution of the CV-related death as part of the composite 
MACE domain; specifically, 10.4% of MACE events were 
terminal for celecoxib while for ibuprofen and naproxen 
they were 12.4% and 14.5%, respectively (Table 3).6

For the GI and renal domains as well as the post-MACE, 
post-GI, and post-renal, the elevated risk of death was mod
eled indirectly using AE excess mortality parameters 
(Table 3). For those five states, cycle-specific mortality was 
calculated from the interaction between the age- and sex- 
specific background mortalities and excess mortality due to 
AEs while in a particular AE or post-AE recovery state.

Table 3 Utility and Excess Mortality Model Parameters*

Utility Excess Mortality

During 
AE 

State

Post 
AE 

State

During AE 
State**

Post 
AE 

State

Comment

MACE - weighted average 0.618 0.844 Celecoxib:10.4%6 3.44%

CV related mortality 0 0

Non-fatal myocardial 
infarction

0.37013 0.87813 4.32%30

Non-fatal stroke 0.35013 0.70813 Ibuprofen:12.4%6 1.69%31

Hospitalization for unstable 

angina

0.66032 0.84733 2.16%34 Post AE: Assume half of myocardial infarction34

Revascularization 0.78032 0.85832 Naproxen:14.5%6 4.32%35 Post AE: Assume similar to myocardial infarction35

Hospitalization for transient 
ischemic attack

0.64036 0.90037 0.19%38 Post AE: Assume 0.10 times higher than background 
mortality38

Serious GI complications – 
weighted average

0.692 0.989 1.38% 0.36%

Gastrointestinal 
hemorrhage, obstruction, 

perforation

0.46039 0.97813 4.30%39 1.11%39

Symptomatic ulcer 0.55039 0.97813 0.00%13 0.00%13

Iron deficiency anemia of GI 
origin

0.89040 1.000 0.00% 0.00%

Renal events - weighted 
average

0.410 0.785 5.81% 3.73%

Verified renal insufficiency 
or failure

0.68041 0.90042 1.26%43 0.62%43 During and post AE: assume 0.67 and 0.33 times 
higher than background mortality, respectively43

Hospitalization for acute 
renal failure

044 0.68041 9.07%45 4.47%43 Post AE: Assume 2.38 times higher than background 
mortality43

Initiation of hemodialysis or 
peritoneal dialysis

0.52542 0.52542 19.86%46 19.86%46 Assume 10.6 times higher than background mortality46

Notes: *As in PRECISION each of the three AE domains represent composite toxicity outcomes of other sub-component AEs, parameters on cost, excess mortality, and 
utilities tied to the composite AE domains were calculated based on the weighted average of the incident rates of the sub-component AEs; **For MACE, CV-related death is 
already a component of the MACE definition and therefore death from that model state was modelled directly as the proportional contribution of the CV-related death as 
part of the composite MACE domain.
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Sensitivity Analyses
Deterministic sensitivity analysis (DSA) was conducted by 
varying select model parameters by 10–20% from their 
base case value or by setting the relative safety estimates 
at the low and high 95% confidence interval bounds. 
Additionally, as medication cost was obtained using the 
median package price for each drug agent, we examined 
the variability of results by setting the monthly medication 
cost at the 25th and 75th percentile of the distribution of 
prices. Probabilistic sensitivity analyses (PSA) were con
ducted by varying model parameters at the same time in 
5000 model runs. The distributions used for the PSA and 
associated probabilistic parameters are shown in Table S5.

Results
Over a time horizon of 30 months, the total average cost 
per patient was $812.88 for celecoxib, $775.26 for ibupro
fen, and $731.17 for naproxen while costs attributed to 
toxicities were the lowest with celecoxib overall ($360.26, 
$438.31, and $388.60, respectively) as well as per each 
individual toxicity domain (Table 4). Drug acquisition 
costs ($452.63, $336.96, and $342.57, respectively) and 
costs for the management of MACE ($293.77, $346.38, 
and $310.03, respectively) constituted the majority of total 
patient costs over the time horizon. Incremental total costs 
per patient were $37.62 higher for celecoxib versus 

ibuprofen (due to $115.67 higher drug acquisition costs 
but −$78.05 offset in toxicities cost) and $81.71 higher 
versus naproxen (due to $110.05 higher drug acquisition 
costs but −$28.35 offset in toxicities cost). The cost of 
post-toxicities management was negligible.

Patients treated with celecoxib had more incremental 
LYs and QALYs compared with ibuprofen (ΔLYs: 0.0030; 
ΔQALYs: 0.0033) and naproxen (ΔLYs: 0.0028; ΔQALYs: 
0.0021). The incremental cost-effectiveness ratio (ICER) 
was $12,676 per LY and $11,502 per QALY gained for 
celecoxib versus ibuprofen and $29,092 per LY and 
$39,779 per QALY for celecoxib versus naproxen 
(Table 4).

In deterministic sensitivity analyses, the most influen
tial model parameters were those for HR for MACE rela
tive safety, monthly drug costs, and HR for renal events 
relative safety (Figure 2). Setting the relative safety esti
mates for MACE and renal events at the upper 95% HR 
confidence intervals (i.e. much higher relative safety for 
celecoxib vs NSAIDs) resulted in cost-effectiveness esti
mates that were more favorable for celecoxib than base 
case results. Conversely, setting those parameters at the 
lower 95% bound resulted in much higher cost- 
effectiveness ratios (sometimes as high as $188,600 for 
celecoxib vs naproxen). Such big variation is likely due to 
the fact that toxicities rates are generally small leading to 

Table 4 Model Results – Cumulative Outcomes and Cost per Patient

Cumulative Outcomes and Costs per Patient Over 30-Month Horizon

Celecoxib Ibuprofen Naproxen Δ Celecoxib vs Ibuprofen Δ Celecoxib vs Naproxen

Total LYs 2.3844 2.3814 2.3816 Δ 0.0030 Δ 0.0028

Total QALYs 1.3386 1.3354 1.3366 Δ 0.0033 Δ 0.0021

Total Average Cost $812.88 $775.26 $731.17 Δ $37.62 Δ $81.71

Drug acquisition costs $452.63 $336.96 $342.57 Δ $115.67 Δ $110.05

Toxicities costs $360.25 $438.30 $388.60 Δ -$78.05 Δ -$28.35
MACE costs $293.77 $346.38 $310.03 Δ -$52.61 Δ -$16.26

GI costs $16.45 $23.96 $22.44 Δ -$7.51 Δ -$5.99

Renal costs $15.67 $26.71 $20.29 Δ -$11.04 Δ-$4.61
Post MACE costs $30.71 $35.49 $30.98 Δ-$4.79 Δ -$0.27

Post GI costs $1.94 $2.83 $2.64 Δ -$0.89 Δ -$0.71

Post Renal costs $1.71 $2.93 $2.22 Δ-$1.22 Δ -$0.51

ICER for LYs $12,676 $29,092

ICER for QALYs $11,502 $39,779

Note: Δ – difference in. 
Abbreviation: LYs, life years; QALYs, quality-adjusted life years; ICER, incremental cost-effectiveness ratio.
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small but very sensitive changes in incremental QALYs 
and therefore the ICER. Setting monthly drug acquisition 
costs at the 25th and 75th percentile of the price of the 
average prescription for celecoxib or NSAIDs resulted in 
sensitive ICER estimates varying between <$0 and ~ 
$45,000 for celecoxib versus ibuprofen and <$0 and ~ 
$93,000 versus naproxen. Inputs on costs or utilities 
related to managing toxicities had little impact on model 
results.

Country-specific willingness-to-pay thresholds are dif
ficult to determine from available evidence as various 
methodologies exist.18 The World Health Organization 
CHOICE (CHOosing Interventions that are Cost- 
Effective) project has recommended thresholds of 1–3 
times the gross domestic product (GDP) per capita, with 
those interventions meeting the <1 GDP threshold consid
ered highly cost-effective.19 Therefore, we examined the 
cost-effectiveness at WTP thresholds of near 1 GDP (~ 
$40,000 in UAE) and 3 GDP per capita (~$120,000 in 

UAE). Probabilistic sensitivity analyses of 5000 model 
runs demonstrated celecoxib to be 81% cost-effective ver
sus ibuprofen and 50% versus naproxen at 1 GDP thresh
old (Figures S1 and S2). At threshold near 3 times GDP 
per capita, celecoxib was 95% cost-effective versus ibu
profen and 85% versus naproxen.

Discussion
Our study is also one of the first ones to evaluate the cost- 
effectiveness of celecoxib from UAE third payer perspec
tive. Having the perspective of our model being that of 
UAE, the study findings could have value in contextualiz
ing OA management decisions in other countries from the 
MENA and Gulf regions. With the trend of people older 
than 65 becoming one of the fastest growing demographics 
groups,20 those countries are facing an increasing burden 
of chronic diseases, including OA, and higher demand for 
health-care services.21 This is happening at a time when 
healthcare expenditure as a proportion of GDP in those 

Figure 2 Tornado diagrams on deterministic sensitivity analyses: celecoxib vs ibuprofen (top) and vs naproxen (bottom).
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countries is already increasing and higher costs are par
tially attributed to inefficiencies of the largely public, 
government-run financing of health-care delivery.20 To 
address the issue of increasing costs, investments in pri
vatization of the health-care system have been suggested 
with Saudi Arabia, for example, most recently outlining 
a plan to privatize the healthcare system under the reforms 
of the National Transformation Program and Saudi Vision 
2030.22,23 The effect and cost of these reforms, however, 
would not be known for some time. UAE, with its mostly 
private financing of health care, has informally been ser
ving as a model example to other countries that have 
recently started transitioning from largely public to private 
health-care financing.24,25 Other countries from the region 
could refer to our study results in an attempt to compare 
how any previous cost-effectiveness estimates on the man
agement of OA patients may change under ongoing health- 
care system reforms.

A previous model from an Algerian perspective8 found 
celecoxib to be cost-effective versus ibuprofen (ICER 
$508.94 per QALY) and naproxen (ICER $322.25 per 
QALY) over a time horizon of 6 months, while 
a similarly structured model from a Saudi 
Arabian perspective found celecoxib to be cost-effective 
versus ibuprofen with ICER $1805.00 per QALY; 
naproxen was not modelled.9 Over a long-term horizon 
of 30 months (of which ~20 months on treatment), in our 
model we found celecoxib 100 mg twice daily to be a cost- 
effective treatment compared with ibuprofen but equally 
likely cost-effective as naproxen at a threshold of 1 times 
GDP. At thresholds near 3 times GDP per capita, celecoxib 
was at least 85% cost-effective against both comparators. 
The difference in ICER scale between our study and pre
vious studies could be due to differences in toxicities risk 
estimates in source trials of prior models (e.g. based on 
pooled estimates from CONDOR, MEDAL, CLASS, 
EDGE and TARGET trials) compared with what was 
observed in the head-to-head PRECISION trial, as well 
as differences in input cost parameters.

In secondary published analyses of the PRECISION 
trial, where all major NSAID toxicity endpoints, including 
all-cause mortality, were modelled as a composite out
come, 4.1% of subjects sustained any major toxicity in 
the celecoxib arm, 4.8% in the naproxen arm (overall 17% 
higher than celecoxib), and 5.3% in the ibuprofen arm 
(overall 29% higher than celecoxib).26 Our study findings 
indicate similar directionality as the costs attributed to 
managing toxicities in our model were 7.9% higher for 

naproxen versus ibuprofen and 21.7% higher for ibuprofen 
versus celecoxib. In our model, any cost savings in mana
ging toxicities when on treatment with celecoxib were 
offset by the generally higher drug acquisition cost of 
celecoxib, especially in the comparison versus naproxen. 
As in PRECISION celecoxib had similar rates to naproxen 
with respect to MACE (HR = 1.06 (0.91–1.25)) and renal 
domains (1.30 (0.89–1.89)) (Table 1 – Panel A), cost 
savings generated from lower rates of serious GI events 
did not fully make up for $110.05 higher monthly drug 
acquisition cost for celecoxib. This could explain why 
celecoxib is equally likely to be cost-effective compared 
with naproxen at the more conservative threshold of 1 
times GDP per capita.

Generally, model results were sensitive to the input 
for drug acquisition costs, which we sourced as the 
median package price for each of the comparators as 
published by UAE Ministry of Health and Prevention 
price list. A limitation of this approach is that we did 
not know the actual market share for each type of man
ufacturer’s brand or formulation (e.g. extended/sustained 
release) used in UAE. Future research efforts should 
incorporate market share in the analysis in order to cal
culate monthly drug acquisition costs accurately. 
Additionally, although we sourced toxicities cost inputs 
from Dubai claims data, we assume that they are applic
able to UAE overall as Dubai together with Abu Dhabi – 
also with mostly private health-care services – are the 
two largest emirates in UAE.24 While previous models 
focused on sensitivity analysis to examine the impact of 
age and baseline GI and cardiovascular risks, data from 
PRECISION highlighted that relative safety estimates are 
not modified by prior aspirin use or use of NSAID for 
primary or secondary cardiovascular risk category 
prevention.6

It should be mentioned that our analysis did not con
sider the indirect costs of OA (productivity loss and absen
teeism), which are substantial and of similar magnitude as 
direct costs.27 Transient AEs (e.g. dyspepsia, nausea, diar
rhea, constipation, insomnia, pruritus, vomiting, dizziness, 
somnolence) were not modeled as their costs and effects 
are also negligible compared with those of persistent AEs 
and are expected to only marginally impact results. The 
three domains of persistent AE events were considered 
mutually exclusive and patients could only have one AE 
in each treatment cycle. Additionally, once the first serious 
AE had occurred, another one could not explicitly occur in 
the model. Although this may not be entirely realistic, it is 
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necessary to make the model workable and is unlikely to 
change the results significantly given the small incidence 
of those events. This assumption was made by the original 
OA economic model on which our model is based.13 

A limitation to the approach is that we modeled mortality 
indirectly using assumptions for excess mortality asso
ciated with each toxicity.

Additionally, despite the higher than anticipated non- 
retention rate on treatment in PRECISION, it could reflect 
real-world use of pharmacologic pain management consis
tent with clinical practice. Dose up-titration in OA patients 
in PRECISION was allowed for naproxen and ibuprofen 
but not celecoxib 100 mg twice daily (due to regulatory 
restrictions in the USA), which may have affected the 
results observed in the PRECISION trial. However, we 
should expect this to not hinder the ability to generalize 
and use the results from PRECISION for the current study 
as OA management practices in the Middle East do follow 
those of Western countries.9

Conclusion
Our study is one of the first to examine the cost- 
effectiveness of celecoxib in UAE using clinical data 
from the randomized, double-blind PRECISION trial 
with adjudicated safety endpoints for adverse cardiovascu
lar, gastrointestinal, and renal events. From a UAE per
spective, our study found celecoxib to be a long-term cost- 
effective treatment for osteoarthritis patients when com
pared with ibuprofen at a decision threshold of 1 times 
GDP per capita, and equally likely as naproxen to be cost- 
effective.
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