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Abstract

Background: To estimate the cost -utility of imrecoxib compared with diclofenac, as well as the addition of a
proton pump inhibitor to both two treatment strategies, for patients with osteoarthritis, from a Chinese healthcare
perspective.

Methods: A Markov model was built. Costs of managing osteoarthritis and initial adverse events were collected from
a Medical Database which collected information from 170 hospitals. Other parameters were obtained from the litera-
ture. Subgroup analyses were conducted for people at high risk of gastrointestinal or cardiovascular adverse events.
Deterministic and probabilistic sensitivity analyses were performed.

Results: Imrecoxib was highly cost-effective than diclofenac (the ICER was $401.58 and $492.77 in patients at low
and high gastrointestinal and cardiovascular risk, respectively). The addition of a proton pump inhibitor was more cost
-effective compared with single drug for both treatment strategies. Findings remained robust to sensitivity analyses.
59.04% and 57.16% probability for the co-prescription of imrecoxib and a proton pump inhibitor to be the most cost-
effective strategy in all patients considered using the cost-effectiveness threshold of $30,000.

Conclusions: The addition of a proton pump inhibitor to both imrecoxib and diclofenac was advised. Imrecoxib pro-
vides a valuable option for patients with osteoarthritis. Uncertainties existed in the model, and the suggestions can be

adopted with caution.
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Background

Osteoarthritis (OA) is a chronic disease with a high
prevalence of 46.3% in Chinese who aged 40 years-old
and above [1]. OA is associated with high disability rate,
which can increase the incidence of cardiovascular dis-
ease (CV) and all-cause mortality rate, accounting for the
main cause of disability in many countries [2]. Accord-
ing to the recommendations from both American Acad-
emy of Orthopedic Surgeons (AAOS) and Osteoarthritis
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Research Society International (OARSI), the use of Non-
steroidal anti-inflammatory drugs (NSAIDs) was highly
recommended, which was also listed as first-line drugs
managing OA in Chinese Guideline for Diagnosis and
Treatment of OA [2—4]. There are two types of NSAIDs:
traditional NSAIDs and newly developed selective
COX-2 inhibitors. Similar efficacy of pain relief was
found in both traditional NSAIDs and COX-2 inhibitors,
while traditional NSAIDs were associated with gastroin-
testinal (GI) side effects and selective COX-2 inhibitors
were developed to reduce GI adverse events [3, 5]. Mean-
while, cardiovascular (CV) adverse events were found in
both traditional NSAIDs and COX-2 inhibitors.
Imrecoxib is a Chinese-patent COX-2 inhibitor,
which was approved by the Chinese Food and Drug
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Administration (CFDA) in 2011. Diclofenac is a tradi-
tional NSAID, which was prescribed widely in manag-
ing OA. Imrecoxib was reported to have a lower rate of
GI adverse events [6], but a higher drug price, the long-
term cost-effectiveness of imrecoxib stay unknown. The
National Institute for Health and Care Excellence (NICE)
published a guideline (CG 59) for the management of
OA in 2008 [7, 8]. In the guideline, the cost effective-
ness of NSAIDs, selective COX-2 inhibitors, selective
COX-2 inhibitors+ proton pump inhibitor (PPI), and
NSAIDs+ PPI were compared. It drew up efficacy and
safety data from three randomized controlled trials
(RCTs): CLASS (celecoxib, ibuprofen, and diclofenac),
MEDAL (etoricoxib and diclofenac), and TARGET
(lumiracoxib, naproxen, and ibuprofen). It assumed that
the NSAIDs included had same efficacy of pain relief
when managing OA but with different GI and CV risks,
and therefore had different cost-effectiveness. Further-
more, NICE also provided an OA model which was
widely used in different regions to explore the cost-effec-
tive of drugs managing OA from the perspective of their
local healthcare system, which provides an efficient way
to conduct cost effectiveness for drugs managing OA [5,
9-11].

The objective of this study is to perform a cost util-
ity analysis of imrecoxib and diclofenac, and also the
addition of a PPI to both imrecoxib and diclofenac for
patients with osteoarthritis. The model used in the pre-
sent study was based on the OA model provided by the
NICE, the analyses were conducted from the perspective
of Chinese healthcare system, hoping to provide sugges-
tions for relevant stakeholders.

Methods

The model used in the present study is a cost-utility
analysis based on the CG59 NICE OA model, which
is a Markov model. The outcomes are increased cost,
increased quality adjusted life years (QALYs), and incre-
mental cost-effectiveness ratio (ICER). In addition, the
present study was performed in accordance with the con-
solidated health economic evaluation reporting stand-
ards (CHEERS) (Additional file 1: Table S7). This study
was approved by the institutional review board of Zhe-
jiang University School of Public health, and no human
subjects were involved.

Comparators

In the present study, we compared the cost effectiveness
of imrecoxib (100 mg twice a day, 100 mg BID) versus
(vs.) diclofenac (50 mg three times a day, 50 mg TID),
with and without the addition of omeprazole co-pre-
scription (200 mg QD). Imrecoxib was chosen because
it’s a relatively new selective COX-2 inhibitor developed

Page 2 of 9

in China in 2011, and its cost effectiveness was not fully
known, which caused great interest on its cost-effective-
ness in the healthcare system of China. Diclofenac is a
widely-used traditional NSAID in managing OA. There’s
necessity to compare the cost-effectiveness between
the two drugs, to provide more suggestions for relevant
departments in China when managing OA from the per-
spective of long-term cost-effectiveness. The addition of
a PPI was considered to be more cost-effective than sin-
gle drug in the NICE guideline, however, the cost-effec-
tiveness of the addition to imrecoxib still stay unknown.
Therefore, the addition of omeprazole to imrecoxib and
diclofenac was also considered in the analysis, which was
widely used as a PPI for patients with osteoarthritis.

Model description

Both of the efficacy and safety of different treatment
strategies were taken into consideration in the present
model. The details of the model can be found in the NICE
guideline (Additional file 1: Figure S1) [7, 8]. The health
states that make up the Markov model represent a range
of possible adverse events (AEs): GI symptoms, symp-
tomatic ulcer, complicated GI, myocardial infarct (MI),
stroke and heart failure (HF). Except for GI discomforts,
other AEs are assumed to have continuing impact over
the patients’ remaining lifetimes, therefore, therere five
post AE states: post symptomatic ulcer, post complicated
GI, post MI, post stroke, and post HF. In addition, death
and normal states without AEs are also included in the
model. Each health state has associated cost and QALYs.
It was assumed that once a patient has an AE (except for
GI discomforts, because GI discomforts was supposed
to be a minor AE and patients in that state don’t need
to stop the medication), they would stop the medication
and stay in that post state until dead.

The model is a lifetime model, and would be termi-
nated if patients are 80-years-old or dead. Two groups
with different ages (55 years-old and 65 years-old) were
both estimated in line with different risks of AEs. The
annual discount rate of both cost and utility was set to
5% according to the Chinese Guidelines of Pharmacoeco-
nomics [12]. Half cycle corrections were made for both
cost and QALY. The simulation was carried out initially
for 100 cycles and 60 cycles with 3 months in each cir-
cle for patients at low and high GI and CV risk group,
respectively. Cohort simulation with 100,000 patients
per circle was performed in the base-case analyses, and
100,000 Monte Carlo simulations were performed in
probability sensitivity analysis (PSA) analyses.

Patients
The present model estimated results for OA patients aged
55 years-old and 65 years-old. Patients aged 55 years-old
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were assumed to have lower GI and CV risk, while
patients aged 65 years-old were assumed to have higher
GI and CV risk (a 2.96-times greater risk of developing
an ulcer or complicated GI events, and 1.94-times greater
risk of developing CV events) [8].

Cost

Managing costs of OA and initial AEs were extracted
from the Hospital Information System (HIS) of 170
hospitals through the Su-Value Database from 2016 to
2018 [13]. Data were extracted according to the ICD-
10 code. It was assumed that the cost of managing OA
was consisted of drug cost and other outpatient expense
extracted from the Su-Value Database. Drug cost was cal-
culated by using treatment duration in each circle, rec-
ommended dose and drug price, recommended dose and
drug price were obtained from the Beijing Medicine Sun-
shine Purchasing System [14], and treatment duration in
each circle was adjusted according to the consultation of
doctors (Additional file 1: Table S1-3). In each circle, the
cost of managing GI discomforts and symptomatic ulcer
for all patients was supposed to include the cost of one
outpatient visiting, while that of complicated GI, stroke,
HF and MI were supposed to include one outpatient and
inpatient visiting, which was similar to the assumption
in the CG59 guideline (Additional file 1: Tables S4-5) [8].

Table 1 Model parameters inputs
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It was supposed that there is no maintenance cost for GI
events, while there’s a risk for patients who experienced
GI events would suffer again, therefore the cost of post
complicated GI and post symptomatic ulcer were calcu-
lated by multiplying the recurrence rate and the cost of
initial AE states. When it comes to CV states, it was sup-
posed that patients who suffered CV would have a main-
tenance cost to manage CV events. Because the cost of
post CV states can’t be obtained from the Su-Value Data-
base directly, therefore, maintenance cost of three post-
CV states were obtained from literature which reported
the cost in Chinese patients (Table 1). When patients
cannot continue to take the medication of specific drug,
the topical diclofenac was assumed to be adopted as a
medication to manage OA [15] as the suggestion of the
NICE OA model.

Quality of life

QALYs was used to represent quality of life, due to the
sparse data, the QALYs data were extracted from the
NICE OA model. The QALYs of OA patients without any
AEs were measured based on the efficacy of drug and
the QALYs of OA symptom itself, it was assumed that
all NSAIDs/selective COX-2 inhibitors were equally effi-
cacious, which indicated that the QALYs of OA patients
treated with NSAIDs/selective COX-2 inhibitors was

Adverse events Source
Gl discomforts Symptomatic Complicated GI Stroke Mi HF
ulcer
Cost (S)?
Initial states 10.52 4+ cost of 34.57 1354.15 1289.92 519093 1182.33 SuValue Database
medication of (Additional fie 1:
OA Table S4-5)
Post states - 081° 21.54° 619.59 94847 45129 [13]
Utility weights for AEs (1= OA patients without any AEs)
Initial states 0.73 0.55 0.46 0.35 0.37 0.71 [7]
Post states 1.00 0.98 0.98 0.71 0.88 1.00 [7]
Absolute AEs rates (%)
Diclofenac 21.30 0.14 0.07 0.06 0.09 0.02 [11]
Relative risk of AEs rate of different treatment strategies
Celecoxib vs. diclofenac 0.66 043 0.68 0.51 1.40 142 [9]
Imrecoxib vs. celecoxib 0.50 1.36 0.50 1.00 1.00 1.00 [16,17]
Imrecoxib vs. diclofenac 033 0.58 034 0.51 140 142 -
Relative risk of AEs rate with the addition of a PP/
Diclofenac 043 037 0.46 1.00 1.00 1.00 (5]
imrecoxib 0.25 0.25 0.25 1.00 1.00 1.00 [5]

2 RMB exchange rate against the USD was 100:689.85 in 2019, and the consumer price index (CPI) was 101.4%, 102.0%, 101.6%, 102.1% and 102.9% in 2015, 2016,
2017, 2018, and 2019, respectively [20]. All the cost was adjusted to 2019 based on the exchange rate and CPI

® The maintenance cost of symptomatic ulcer and complicated Gl were calculated by multiplying the cost of initial state by the recurrence rate, the recurrence rate
were 2.33%[21] and 1.59%[22] of symptomatic ulcer and complicated Gl in each circle, respectively
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higher than that of OA patients without any drug medi-
cation. The QALYs of initial and post AE states were also
extracted (Table 1).

Transition probabilities

There are RCTs comparing imrecoxib vs. celecoxib,
celecoxib vs. diclofenac, while there’s no RCT compar-
ing imrecoxib and diclofenac directly. Therefore, indi-
rect comparison was conducted to obtain the imrecoxib
relative risk of AEs compared to diclofenac. Absolute
AEs rate of diclofenac was extracted from a meta-
review which pooled the AEs of diclofenac observed in
CLASS (celecoxib 800 mg, diclofenac 150 mg, ibupro-
fen 2400 mg), MEDAL (etoricoxib 73 mg, diclofenac
150 mg), EDGE (etoricoxib 90 mg, diclofenac 150 mg),
and CONDOR (celecoxib 400 mg, diclofenac 150 mg)
[11]. Celecoxib relative risk compared to diclofenac was
obtained from a meta-review pooled the relative risk of
AEs observed in CLASS and CONDOR, in which com-
parisons of celecoxib and diclofenac were conducted
[9]. Imrecoxib relative risk compared to celecoxib was
obtained from relevant literature, through literature
review, two RCTs compared the safety of imrecoxib and
celecoxib was included into analysis [16, 17]. The addition
of a PPI can cause the reduction in the risk of GI-related
AEs both in NSAIDs and selective COX-2 inhibitors, and
the effect was obtained from literature, which reported
the results of a meta-analysis [5]. The proportions of
withdrawing due to GI symptoms were extracted from
literature, which were 13.9% and 11.2% for NSAIDs and
selective COX-2 inhibitors, respectively [8].

The observation period of the rate reported in the lit-
erature may not be consistent with the period divided
in the model, thereby the probability was obtained by
adjusting the instantaneous rate, the formula is [18]:
r=—[In(1-P,)]/t;, Py=1—exp(—rt,), here r represents
the instantaneous rate, P; represents the rate observed
in literature during specific period, P, is the probabil-
ity needed in the model, t; is the time of observation in
the literature while t, is the time set in the model. The
mortality rates of general population and patients with
AEs were transmitted to probabilities using the formula
(Additional file 1: Table S6).

Sensitivity analysis
Deterministic sensitivity analysis (DSA) was performed
by varying parameters to explore the robustness of the
model and access the main influencing factors: discount
rate varied from 0 to 8% according to Chinese Guidelines
of Pharmacoeconomics [12]; parameters of cost, utility
and possibility were set up 4-20%.

In addition to DSA, a PSA was also performed. It was
required by the NICE updated guidance for technology

Page 4 of 9

assessment that all cost-effectiveness models submit-
ted to the institute should use PSA [19]. DSA can only
simultaneously analyze the impact of a limited number
of input parameters on results (in the present study, the
distributions of cost, probability and utility were set,
Additional file 1: Table S8) [12]. When the model runs, a
parameter for each input is randomly changed according
to its preset distribution [7, 8], the mean cost and QALYs
were obtained from the PSA results.

Results

Incremental cost-effectiveness ratio (ICER)

In the base-case analysis, no treatment strategy was
strictly dominated by any other strategy. The addition of
a PPI to both imrecoxib and diclofenac was cost-effective,
the ICER of co-prescription of a PPI to imrecoxib was
$8656.09 and $8178.07 per QALY in the low and high GI
and CV risk group, respectively, the ICER of co-prescrip-
tion of a PPI to diclofenac was $320.83 and $363.61 per
QALY in the low and high GI and CV risk group, respec-
tively. When it comes to single drug, imrecoxib was more
cost-effective than diclofenac, with the ICER of $401.58
and $492.77 per QALY in the low and high GI and CV
risk group, respectively. Meanwhile, the co-prescription
of a PPI to imrecoxib was more cost-effective than the
co-prescription of a PPI to diclofenac (The ICER was
$8274.80 and $7011.67 in the low GI and CV risk groups,
respectively) (Table 2).

Parameters influencing the ICERs

DSAs were performed for the base-case results for all
patients considered. It showed that the main influenc-
ing factors of ICERs reported in the base-case results
were risk of MI, discount rate of utility and cost, and
utility of GI discomforts. Parameters related to MI
were the important influencing factors, includes rela-
tive risk of probability of MI (imrecoxib vs. diclofenac,
NSAIDs+PPI vs. NSAIDs, selective COX-2 inhibi-
tors+ PPI vs. selective COX-2 inhibitors), cost of post-
MI (Additional fie 1: Figure S2-9).

Although uncertainties exist in the present model with
the wide range of parameters, it was found that the base-
case results were robust to the sensitivity analysis, most
of the ICERs below $10,000 (1.0 GDP per capita approxi-
mately), while the ICER of imrecoxib + PPI vs. imrecoxib,
imrecoxib 4 PPI vs. diclofeanc+ PPI exceed $10,000 but
below $15,000 in all the patients considered (Additional
fie 1: Figure S2-9).

Probabilistic representation of uncertainty

PSAs were performed, the cost-effectiveness scatter-
plot of the comparison of two single drugs: imrecoxib
vs. diclofenac was performed. It showed that there were
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Table 2 Incremental cost effectiveness ratios, mean results (all patients considered)

Treatment Cost($)/per patient QALYs/per patient ICER (AC/A\E) Comparator
Patients aged 55 years old (lower risk of Gl and CV events)

Diclofenac 129873 4.16 - -

Diclofenac + PPI 176747 563 32083 Diclofenac
Imrecoxib 1894.66 5.65 401.58 Diclofenac
Imrecoxib + PPI 2181.21 5.68 8656.09 Imrecoxib
Imrecoxib + PPI - - 8274.80 Diclofenac+ PPI
Patients aged 65 years old (higher risk of Gl and CV events)

Diclofenac 1373.86 337 - -

Diclofenac + PPI 1773.89 447 363.61 Diclofenac
Imrecoxib 1927.92 4.50 492.77 Diclofenac
Imrecoxib + PPI 2194.59 453 8178.07 Imrecoxib
Imrecoxib + PPI - - 701167 Diclofenac+ PPI

more plots to the right of the cost-effectiveness thresh-
old of $30,000 (3.0 GDP per capita approximately),
diclofenac was dominated by imrecoxib with the prob-
ability of 99.71% and 99.35% in low and high GI and CV
risk group, respectively (Figs. 1 and 2).

The results of the PSA are shown, it suggested that
in the low GI and CV risk group, for cost-effective-
ness threshold below $500, diclofenac has the high-
est probability to be the most cost-effective option; for
cost-effectiveness threshold between $500 and $3000,
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Fig. 1 Cost effectiveness scatterplot (Imrecoxib vs. Diclofenac, low gastrointestinal and cardiovascular risk)

4.00




Sun et al. Cost Eff Resour Alloc (2021) 19:22

Page 6 of 9

9000.00
8500.00
8000.00
7500.00
7000.00
6500.00
6000.00
5500.00
5000.00
4500.00
4000.00
3500.00
3000.00
2500.00
2000.00
1500.00
1000.00
500.00
0.00
-500.00
-1000.00
-1500.00
-2000.00
-2500.00

Incremental Cost

-1.00 -0.50 0.00 0.50 1.00

Incremental Effectiveness
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co-prescription of diclofenac and PPI was the most cost-
effective option; for cost-effectiveness threshold above
$3000, the co-prescription of imrecoxib and PPI has the
highest probability to be the most cost-effective option.
In high GI and CV risk group, for cost-effectiveness
threshold below $300, diclofenac was the most cost-
effective option, for cost-effectiveness threshold between
$300 and $2500, co-prescription of diclofenac and PPI
was likely to be the most cost-effective option; for cost-
effectiveness threshold above $2500, co-prescription of
imrecoxib and PPI has the highest probability to be the
most cost-effective option (Figs. 3 and 4).

Using the threshold of $30,000 (3.0 GDP per capita
approximately), there were 59.04% and 57.16% prob-
ability for imrecoxib plus PPI to be the most cost-effec-
tive option in the low and high GI and CV risk group,
respectively.

Discussion

To our knowledge, this is the first study to explore the
cost effectiveness of imrecoxib and diclofenac, and the
addition of a PPI to both treatment strategies. A Markov
model based on the NICE OA model was used in the pre-
sent study. DSA was performed to explore the robustness
of model with one parameter changing according to its

preset range. PSA was performed to explore the impact
of joint uncertainties of model parameters: costs, utilities
and transition probabilities. The results from the PSAs
can provide more results compared with base-case analy-
ses and DSAs [19, 23].

Of the four treatment strategies, none were strictly
dominated by any other strategy in the base case analysis.
Using the cost-effectiveness threshold $10,000 (1.0 GDP
per capita approximately), the additions of a PPI to both
imrecoxib and diclofenac were more cost-effective (espe-
cially for diclofenac) in the long-term use, which was
similar to other reports on the cost-effectiveness of add-
ing a PPI to NSAIDs or selective COX-2 inhibitors [5].
The cost-effectiveness of the addition of a PPI can also
be found in patients at both low GI and CV risk, which
provides a good suggestion for clinicians to prescript a
PPI when prescribing imrecoxib and diclofenac, even
for patients at low GI and CV risks. It can be a good way
to save money to co-prescribe a PPI to imrecoxib and
diclofenac based on the present findings.

When it comes to single drug, diclofenac was highly
dominated by imrecoxib, it was more likely for imrecoxib
to be the cost-effective option compared to diclofenac.
The anti-inflammatory mechanism of NSAIDs is to
inhibit the cyclooxygenase (COX), which is a requirement
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for prostaglandin synthesis [3]. There are mainly two causing the GI toxicity, while selective COX-2 inhibitors
types of COX: COX-1 and COX-2, COX-1 is involved in  can selectively inhibit COX-2 [6, 24]. From the perspec-
platelet activation, gastrointestinal protection and kidney  tive of mechanism, the lower GI events incidence rate of
function, and COX-2 is involved in inflammatory. Tra-  imrecoxib compared to diclofenac can be explained [6,
ditional NSAIDs can inhibit both COX-1 and COX-2, 25]. Taking both price and incidence of AEs, the relatively
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high cost-effectiveness of imrecoxib can be obtained
also with higher price compared to diclofenac. In China,
according to the medical insurance policies, diclofenac
was listed as first-line drug with higher reimbursement
ratio compared to imrecoxib, which was listed as second-
line drug [26]. From the perspective of long-term cost-
effectiveness, higher reimbursement ratio of imrecoxib
can be expected to encourage the wide use, because it’s
a way to save money from the perspective of long-term
cost-effectiveness, especially with the increase number of
OA patients in China nowadays [1].

Although uncertainties existed in the present study, the
results in the base-case analyses were robust to sensitivity
analyses. According to the WHO-CHOICE recommen-
dations, if the ICER<1.0 GDP per capita (approximately
$10,000 in China), the treatment was highly more cost-effec-
tive compared to another, if the ICER<3.0 GDP per capita,
the treatment was more cost-effective compared to another
[27]. In the present study, with the changes of parameters
according to their wide ranges in the DSAs, the ICERs all
below $15,000 (1.5 GDP per capita approximately). In the
PSAs, using the threshold of $30,000 (3.0 GDP per capita
approximately), co-prescription of imrecoxib and a PPI had
the highest probability to be the most cost-effective option,
and diclofenac was high dominated by imrecoxib, which
were robust to the results of PSAs.

There are several limitations of this study, first, as with
all modeling studies, standard treatment was assumed for
all patients when they suffered osteoarthritis or complied
with other AEs. In real world, patients may change their
original treatment option to another due to different
reasons, for example, it was assumed that when patients
moved to post AE states and post treatment states,
they would stop the original medication and use topical
diclofenac instead, but in real world there are many other
options for patients. However, it’s also because of the
preset standard treatment, the comparison of cost-effec-
tiveness of different treatment strategies can be achieved.
Second, there were large RCTs comparing the effi-
cacy and safety of celecoxib and diclofenac, while there
were limited RCTs comparing imrecoxib and celecoxib,
imrecoxib and diclofenac. In order to decrease the effect
of relative risk of probability of AEs of imrecoxib and
celecoxib, DSA was performed to explore the influence
of relative risk of probabilities of AEs of imrecoxib vs.
celecoxib, the results stay robust with the wide range of
relative risk of probabilities of AEs between imrecoxib
and diclofenac. Third, when adapting the model to a
Chinese perspective, a part of data was collected from
the NICE model, which may not the same as that in the
Chinese population. In order to decrease the uncertain-
ties, Chinese real-world data was used to represent cost,
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general population mortality rate was collected from
Chinese Yearbook to decrease the uncertainties caused
by the source of parameters input.

Conclusion

Although uncertainties in the model exist, based on
our findings, it was suggested that a PPI can be added
when prescribing imrecoxib or diclofenac (especially for
diclofenac) to manage OA in the long-term use due to
the high cost-effectiveness of a co-prescription of a PPI
obtained in the present study, even for patients at low GI
and CV risks. Imrecoxib provides a valuable treatment
option, clinicians can consider using imrecoxib, and a
higher reimbursement ratio of imrecoxib is expected to
encourage the use of imrecoxib.
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