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Abstract

Aim The aim of this study was to evaluate the cost effectiveness of treatment strategies without opioid medications (non-
opioid treatment strategy) versus strategies with opioid medications (opioid treatment strategy) among surgery-eligible
patients with osteoarthritis (OA) of the knee or hip in Japan.

Materials and Methods We built a Markov cohort model to evaluate outcomes for the treatment strategies in surgery-eligible
patients aged > 65 years with OA of the knee or hip in Japan. The opioid treatment strategy as an intervention includes a
health state with opioid medication in the treatment pathway. On the other hand, for the non-opioid treatment strategy, there
is no health state with opioid medication. A targeted literature review and database analysis were conducted to identify and
define the values of the variables included in the model. The time horizon was set to 30 years, and a 2% discount was applied
for cost and quality-adjusted life-years (QALYs). Sensitivity analysis and scenario analysis were performed in the model.
The outcomes were QALY's and the incremental cost-effectiveness ratio (ICER).

Results In the base-case analysis, the non-opioid treatment strategy was dominant over the opioid treatment strategy and
associated with an incremental cost and QALY of — 53,878 JPY (— 499 USD) and 0.03 QALYs, respectively, in patients
with knee OA, and — 54,129 JPY (— 502 USD) and 0.02 QALYs, respectively, in patients with hip OA. One-way sensitivity
analysis showed the ICER was most sensitive to the QALY for opioid monotherapy. Probabilistic sensitivity analyses showed
a high degree of uncertainty associated with the results.

Limitations Study limitations included assumptions related to transition probabilities of the health states, and a lack of
Japanese-specific data for transition probabilities, incidence of adverse events and utility values.

Conclusions This study suggests that the non-opioid treatment strategy is cost effective compared with the opioid treatment
strategy in the management of surgery-eligible patients with OA of the knee or hip. However, this final conclusion may not
be accurate as the methodology is heavily reliant on assumptions.
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1 Background and Introduction

Osteoarthritis (OA) is a chronic degenerative and progres-
sive joint disease that affects more than 250 million people
worldwide [1] and is associated with decreased quality of
life (QoL), loss of productivity and increased healthcare
costs [2-4]. OA most frequently occurs in the spine, hips,
knees or hands, but can affect any joint [5, 6].

OA of the knee and hip is characterized by chronic mus-
culoskeletal pain and reduced mobility, causing difficulty
in walking and climbing stairs [7]. Elderly populations are
particularly affected in terms of severity and prevalence.
Within Japan, the prevalence of OA of the knee or hip in
patients aged > 50 years is estimated to be 55.6% and 2.4%,
respectively [8, 9]. An epidemiological study reported
that the mean age (+ standard deviation) of OA patients is
68.8 + 13.1 years in Japan [10].

An OA curative treatment is still absent, therefore cur-
rent clinical practice is to manage symptoms through alle-
viation of pain, stiffness reduction and maintenance of the
functional capacities of the affected joints, as well as to
improve QoL [4]. This is in line with the Japanese national
guidelines on OA from the Osteoarthritis Research Society
International (OARSI) and guidelines from the American
College of Rheumatology [11, 12]. Both guidelines strongly
recommend rehabilitation and surgery as nonpharmacologi-
cal treatments, and nonsteroidal anti-inflammatory drugs
(NSAIDs), acetaminophen (paracetamol) and intra-articu-
lar injection of steroid and hyaluronate as pharmacological
treatments for OA of the knee and hip. Weak opioids are
recommended for patients with refractory pain when other
pharmacological agents have proved ineffective or are con-
traindicated. However, prescription of opioids tends to be
low and only weak opioids (codeine, tramadol and buprenor-
phine) are recommended [10, 13, 14].

Due to the steadily growing aged population and the high
incidence of OA in this population, the cost of treating OA
is having an increasingly significant impact on healthcare
budgets [15-17]. Therefore, treatments should be efficacious
and cost effective.

Several cost-effectiveness studies have recently been
undertaken in the USA to elucidate the value of the treatments
indicated for OA. They found that opioid treatments are less
effective and more expensive than non-opioid treatments [18,
19]. However, there are few health economic analysis studies
on OA of the hip in Japan, and few studies assessing the cost
effectiveness of treatments for OA. Considering the differ-
ences in clinical practices and healthcare settings between the
USA and Japan, there is a need to explore the health economic
outcomes for patients with OA in Japan.

This study was conducted to evaluate the cost effective-
ness of a non-opioid treatment strategy excluding opioid
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medications versus an opioid treatment strategy including
opioid medications, in surgery-eligible patients with OA of
the knee or hip in Japan.

2 Methods

The target population was set to patients diagnosed with OA
of the knee or hip, and who were aged 65 years or older (as
this population is most susceptible to the major causes of
disability in OA [10, 20]), who were eligible for total knee
arthroplasty (TKA) or total hip arthroplasty (THA). The
treatment pathway according to the OA guidelines for the
target population starts with the prescription of non-opioid
medications. Opioid medications are considered for patients
who are refractory to other medications and who experi-
ence strong pain. Surgery is performed after pharmacologi-
cal treatment.

A targeted literature review was conducted in MEDLINE
and Igaku Chuo Zasshi from December 2014 to December
2019 to obtain evidence of knee and hip osteoarthritis.

2.1 Model Structure

The model assessed the cost effectiveness of the treatment
strategies with opioid medications (opioid treatment strat-
egy) as the intervention versus the treatment strategies
without opioid medications (non-opioid treatment strategy)
as the comparator in patients with OA of the knee or hip,
and reflected the clinical guidelines, clinical settings and
treatment patterns in Japan [11, 21]. The treatment strat-
egies were selected based on the Japanese guidelines for
OA in addition to previously published literature [10, 11].
The model represents the strategy in which no opioids are
considered in clinical practice versus the strategy in which
opioids are considered, meaning there is another option
(i.e., opioid medications) in the opioid treatment strategy.
This model was built to investigate cost effectiveness for the
patients who were eligible for TKA or THA in each strategy
with or without opioid medications.

A Markov cohort model was built for the cost-effectiveness
analysis (CEA) (Fig. 1). Existing OA models described in the
literature by Katz et al. and Smith et al. were used as a basis
for the model structure and expanded to enable comparison
of the selected treatment strategies [18, 19]. Additionally, the
treatment strategies were confirmed by a clinical expert. The
initial state of both treatment strategies was the non-opioid
therapy state. The patients in the non-opioid treatment strat-
egy can transit to the non-opioid therapy state followed by the
surgery and post-surgery states. On the other hand, patients in
the opioid treatment strategy can transit to either the opioid
therapy or surgery states after the non-opioid therapy state.
The patients undergoing surgery transit to the post-surgery
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state. In the opioid therapy state, opioid (opioid monotherapy)
or opioid with non-opioid medications (combination therapy)
are prescribed. In both strategies, it is possible to undergo
revision surgery due to complications and hence patients tran-
sit from the post-surgery to the surgery state.

The non-opioid therapies included the following medi-
cations: NSAIDs (oral and transdermal), acetaminophen,
hyaluronate injection, steroid injection and duloxetine. The
opioid therapies included weak opioids (tramadol, codeine
and buprenorphine) and a combination of tramadol with
acetaminophen. These medications, which were recom-
mended in the clinical guidelines and/or widely prescribed,
were considered for included treatments in the model. How-
ever, strong opioids were not included because there is no
particular recommendation for them in the clinical guide-
lines and the prescription rate for strong opioids is quite low
in Japan [10, 11, 21].

The cycle length was set to 3 months and validated by
experts. The health states of surgery and post-surgery were
included to better understand the treatments during the peri-
operative period as part of the therapy.

The outcomes of this analysis were quality-adjusted life-
years (QALYS5) and the incremental cost-effectiveness ratio
(ICER), defined as the ratio of incremental costs (in Japa-
nese yen, JPY) to incremental QALYs, in accordance with
the Japanese guidelines for health economic evaluation [22].
We evaluated the ICER for comparison with a willingness-
to-pay (WTP) threshold of 5 million JPY (46,335 USD) per
QALY [23].

The model was built and run using the TreeAge Health-
care decision analysis software, version 2020 (TreeAge Soft-
ware, LLC, Williamstown, MA, USA).

Surgery-eligible patients aged >65 years
with OA of the knee or hip in Japan

(A) Opioid treatment strategy "

Opioid therapy

> Death
y

Surgery
(Knee/Hip)

A

Post-surgery

(B) Non-opioid treatment strategy

Non-opioid therapy

4

Surgery
(Knee/Hip) > Death

3

Post-surgery

Fig. 1 Model structure. A Opioid treatment strategy; B non-opioid treatment strategy. OA osteoarthritis
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2.2 Study Population, Perspective and Discounting

The patients in the study population were initially treated
with non-invasive non-opioid medications. The perspective
adopted was that of the healthcare payer. The time hori-
zon was set to 30 years (lifetime) to consider a sufficiently
long time horizon; as the mean life expectancy for Japan is
84 years [24]. A 2% discount was applied for cost and effec-
tiveness and aligned with the health technology guidelines
of Japan [22]. Model properties and assumptions used in the
analysis were reported according to the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
checklist [25].

2.3 Model Inputs

Parameter values were obtained from two sources: literature
and a hospital-based administrative claims database created
by Medical Data Vision Co. Ltd (MDV; Tokyo, Japan) [26].
For the MDYV database analysis, definitions of the target pop-
ulation and medications were primarily derived from Aka-
zawa et al. [10]. Detailed definitions are reported in Appen-
dix 1 (see electronic supplementary material [ESM]). The
costs of medications, procedures and adverse events (AEs)
were procured from the MDV database.

2.3.1 Transition Probabilities

A study by Zhang et al. described a multistate transition
model for knee OA pain change that was used as a proxy for
the transition probabilities required in the model [27].

Transition probabilities were based on the number of
transitions between pain states (none/mild, moderate and
severe pain) as defined by the Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC) scores over
a period of 12 weeks (3 months) [27]. For the model, it was
assumed that the transitions between the three pain states
(none/mild, moderate and severe pain) in the literature
reflect the transitions between the non-opioid, opioid and
surgery health states in the model, respectively (Appendix 2,
see ESM). This resulted in the following simple assumptions
for the non-opioid and opioid treatment strategies:

e Non-opioid treatment strategy: the non-opioid therapy
state corresponds to none/mild and moderate pain; and
the surgery state corresponds to severe pain.

e Opioid treatment strategy: the non-opioid therapy state
corresponds to none/mild pain; the opioid therapy state
corresponds to moderate pain; and the surgery state cor-
responds to severe pain. Note that in the opioid treatment
strategy, mono-opioid and combination medications
(with non-opioids and opioids) were both considered in
the opioid health state (Appendix 3).
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e All patients in the surgery state transition to the post-
surgery state (except for those who died).

The transition probabilities from post-surgery to surgery
for revision surgery due to complications were obtained
from Piscitelli et al. [28] and were adjusted to account for
all-cause mortality, which was based on Japanese life tables
from the Ministry of Health, Labour and Welfare of Japan
[29]. The transition probabilities for the non-opioid treat-
ment strategy were derived from those of the opioid treat-
ment strategy. The base-case transition probabilities of the
non-opioid and opioid treatment strategies are presented in
Table 1. The same transition probabilities were used for hip
OA as no other evidence could be obtained. The transition to
surgery for both treatment strategies is similar if we consider
the fact that an additional health state was included in the
opioid treatment strategy. The probability that patients tran-
sition to surgery in the opioid treatment strategy for opioids
is 17.37% and for non-opioids is 2.41%. The values were
obtained from Zhang et al. [27], as previously discussed,
and necessary assumptions were made to run the analysis.
In the non-opioid treatment strategy, which only considers
non-opioid treatments, this probability was adjusted as there
is only one way to proceed to surgery. The probability of no
opioids to surgery is 9.89% and was estimated by summing
the probability of having surgery for the opioid treatment
strategy and dividing by 2, as patients can only go via one
health state to surgery. From the MDV data, the propor-
tions consisted of 14.71% for mono-opioid medications and
85.29% for combination medications.

2.3.2 Adverse Events (AEs)

AEs for non-opioid and opioid treatments were derived
from the literature [18]. In Japan, NSAIDs are the most
prescribed non-opioid treatment [10]. It was assumed that
the AEs of ibuprofen were equal to those of loxoprofen and
used for the model according to the references, which indi-
cate that loxoprofen is a good representative for NSAIDs
in Japan [30, 31]. The AE rates reported by Katz et al. for
celecoxib and ibuprofen were assumed to be representative
of AEs for NSAIDs and were applied to all treatments that
were included in the non-opioid health state [18]. These
included major cardiovascular events (myocardial infarc-
tion, stroke and heart failure) and major gastrointestinal
events.

For the opioid treatments, three opioids (tramadol,
buprenorphine and codeine) were considered for inclu-
sion. Because tramadol was the most prescribed opioid
treatment for patients with OA based on the MDV analy-
sis (Appendix 3, see ESM), it was decided that tramadol
is representative for the use of weak opioids for patients
with OA in Japan. The AE rates of tramadol are used for
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Table 1 Base-case transition
probabilities used in the opioid

Probabilities

Base case (%) Source for base case

and non-opioid treatment

! Opioid treatment strategy
strategies

Probability of non-opioids to opioids (monotherapy)
Probability of non-opioids to opioids (combination therapy)
Probability of non-opioid to surgery

Probability of opioids to non-opioids

Probability of (any) opioids to opioids (monotherapy)
Probability of (any) opioids to opioids (combination therapy)
Probability of opioids to surgery

Probability of surgery to post-surgery

Probability of post-surgery to surgery (reoperation), knee
Probability of post-surgery to surgery (reoperation), hip

Non-opioid treatment strategy

Probability of remaining non-opioid

Probability of non-opioid to surgery

Probability of surgery to post-surgery

Probability of post-surgery to surgery (reoperation), knee
Probability of post-surgery to surgery (reoperation), hip

Probability of remaining non-opioid

56.030 [27]
6.230 [27]
35.320 [27]
2.410 [27]
25.980 [27]
8.500 [27]
48.150 [27]
17.370 [27]
100.000 Assumption
0.001 [28]
0.004 [28]
90.110 [27]
9.890 [27]
100.000 Assumption
0.001 [28]
0.004 [28]

opioid medications. AEs considered in the model included
fractures, nausea, vomiting and constipation, and were
based on the AEs reported by Katz et al. for tramadol [18].
Again, it was assumed that the same AE rates applied for
all the opioid treatments included. The costs associated
with somnolence are not recorded in clinical settings in
Japan and were therefore excluded from the analysis [32].
In addition, the efficacy and cost due to AEs for surgery
and complications in the post-surgical state were not
considered in the model. This is because the efficacy and
cost of AEs relating to surgery are an expected trade-off
between both treatment strategies.

No disutility due to AEs was applied in the model as this
is already accounted for by the utility value of the health
state [33]. Furthermore, discontinuation due to AEs was not
considered in the model. Table 2 shows the probabilities of
AEs for the two treatment strategies plus causes of death.

2.3.3 Cost

Costs included in the CEA were derived from the literature
and MDYV database analysis [34]. Three main categories of
costs were included: medication costs, procedure costs and
the cost of AEs (Table 3).

The costs of medication and procedures were generated
by MDV based on the prescribed daily dose according to the
standard of care for patients with OA in Japan. Medications
included were those most commonly prescribed in Japan
and were selected according to the number of prescriptions
in each category; for example, NSAIDs (oral, transdermal)

and acetaminophen for non-opioid treatment, and tramadol
for opioid treatment.

For AEs costs, the costs of fractures was obtained from
Taguchi et al. [35]. The treatments required in response to
major cardiovascular and gastrointestinal AEs and opioid-
related minor toxicities (nausea/vomiting, constipation) were
identified in the literature [32, 36—42], and the correspond-
ing costs were obtained from MDV. All costs were inflated
to 2020 prices [43].

Results in Japanese yen were converted to US dollars
according to the average rate published in 2019 by the Bank
of Japan, and the rate was adjusted by Purchasing Power
Parities published by the OECD in 2019 (1 USD = 107.91
JPY) [44, 45].

2.3.4 Utilities

No relevant utility data was identified in the targeted litera-
ture review for a Japanese population with OA, although a
patient-reported outcome study using the EQ-5D-5L ques-
tionnaire was identified that reported the utility values of the
included health states for a Spanish population [33]. These
values accounted for the baseline utility of the disease (OA
of the knee or hip), the treatment (non-opioid, opioid, sur-
gery and post-surgery), and the disutility due to the treat-
ment (AEs) (Table 4).

For the opioid treatment, two categories of utility values
were identified as potentially relevant: opiate derivatives
(0.538 and 0.498 for knee and hip, respectively) and opioid
pain medication (0.333 and 0.435 for knee and hip, respec-
tively). However, because of the small number of patients
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Table 2 Probabilities of AEs for the opioid and non-opioid strategies,
and all-causes of death

AEs Three-month probabilities (literature, %)
First year Subsequent Type of References
year distribu-
tions
Opioid treatment strategy
Non-opioid
Major CV 0.19 0.09 Beta [18]
events
Major GI 0.20 0.10 Beta [18]
events
Opioid
Fractures 1.33 0.67 Beta [18]
Minor toxicities, opioid
Nausea/vom- 2.95 2.95 Beta [18]
iting
Constipation 5.05 5.05 Beta [18]
Somnolence  22.98 22.98 Beta [18]
Non-opioid treatment strategy
Non-opioid
Major CV 0.19 0.09 Beta [18]
events
Major GI 0.20 0.10 Beta [18]
events
Mortality for both strategies
Major CV 6.89 6.89 Beta [18]
events
Major GI 2.81 2.81 Beta [18]
events
Fractures 2.12 2.12 Beta [18]

Literature-based AE estimates were based on ibuprofen and celecoxib
for the non-opioid treatment strategy, and tramadol for the opioid
treatment strategy. Clinical expert-based AE estimates were based on
loxoprofen for the non-opioid treatment strategy, and tramadol and a
combination of tramadol and acetaminophen for the opioid treatment
strategy

AEs adverse events, CV cardiovascular, G/ gastrointestinal

in the opioid pain medication group, the utility values of
the opiate derivatives were used in the model for the opioid
health state [33]. For knee and hip surgery, the utility was
assumed to be the average of that associated with waiting
for the prosthetic implant and rehabilitation/physiotherapy
because there is no exact utility value. Given the example,
the utility value of knee surgery was derived from the aver-
age of that associated with waiting for the prosthetic implant
and rehabilitation/physiotherapy (0.120 = [0.100 + 0.139]/2,
Table 4). The utility value of post-surgery was assumed to
be equivalent to the utility value corresponding to prosthetic
implant in the previous 6 months [33].
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2.4 Sensitivity Analysis

One-way sensitivity analysis were performed using some
parameters such as AEs due to non-opioid therapy ranging
within the 95% confidence interval (and when not available,
ranging within + 20%) and probabilistic sensitivity analysis
running a total of 5000 simulations. The one-way sensitiv-
ity analysis results are presented as tornado diagrams and
the probabilistic sensitivity analysis results are presented as
both cost-effectiveness scatter plots and cost-effectiveness
acceptability curves (CEACs), in all cases comparing the
opioid versus the non-opioid treatment strategies.

2.5 Scenario Analysis

A scenario using lower utility was included in this analysis.
We used the lower utility of opioid medications (0.333 and
0.435 for knee and hip, respectively) for the surgery-eligible
patients with OA rather than the alternative utility of opiate
derivatives for the base-case setting (Table 4) [33].

3 Results
3.1 Base-Case Analysis

The results of the base-case analysis for OA of the knee
and hip are shown in Table 5. In patients with knee OA, the
use of opioids was associated with an incremental cost of
53,878 JPY (499 USD) and an incremental effectiveness of
— 0.03 QALYSs, making the non-opioid treatment strategy
dominant over the opioid treatment strategy. Similarly, the
use of opioids in patients with OA of the hip was associated
with an incremental cost of 54,129 JPY (502 USD) and an
incremental effectiveness of — 0.02 QALYs, indicating the
non-opioid treatment strategy is dominant over the opioid
treatment strategy.

3.2 Sensitivity Analysis

Figure 2 shows the eleven results of the one-way sensitiv-
ity analysis from most to least important, in which the
utility for opioids (opioid monotherapy) had the greatest
impact on the ICER in the model. The utility for post-
surgery was listed as the second most important parameter
to impact the model, and time horizon (10-30 years) was
the third.

Probabilistic sensitivity analyses showed that there was
considerable uncertainty about the results of the base-case
analysis (Fig. 3). From the CEAC curve in Fig. 4, 51.34%
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Table 3 Key cost inputs
(osteoarthritis of the knee or
hip)

was cost effective comparing the non-opioid treatment

Cost category

Cost per 3
months (JPY)*

Type of distribution

Non-opioid treatment strategy (NSAIDs, acetaminophen, steroids, hyaluronate injection)

Treatment

AEs
Major CV events
Major GI events

Healthcare resource use in non-opioid state

Opioid treatment strategy (including non-opioids and opioids)

Drug treatment

Treatment (non-opioid treatments in non-opioid state)

Treatment (monotherapy in opioid state)

Treatment (combination therapy in opioid state)

AEs (non-opioid treatments)
Major CV events
Major GI events
AEs (opioid treatments)
Nausea/vomiting
Constipation
Somnolence
Fractures (tramadol)
Healthcare resource use (non-opioid state)
Non-opioid state
With opioid treatments
Surgery”
Cost intervention, knee
Cost intervention, hip
Post-surgery”
Cost post-surgery, knee
Cost post-surgery, hip

5059

318,482
31,198
3870

5059
9826
14,794

318,482
31,198

862

911

0
213,853

3870
3517

518,429
522,129

6424
5538

Gamma

Gamma
Gamma

Gamma

Gamma
Gamma

Gamma

Gamma

Gamma

Gamma
Gamma
Gamma

Gamma

Gamma

Gamma

Gamma
Gamma

Gamma
Gamma

Medication costs were accounted for in the non-opioid and opioid health states and procedure costs were
accounted for in the surgery and post-surgical health states. This is because there were no differences in the
post-surgery treatment state dependent on pre-surgery treatment. Hence, the treatments in the post-surgery
state for both strategies cancelled out in the model. All medication and procedure costs of the non-opioid,
surgery and post-surgical health states were assumed to be the same in the non-opioid and opioid treatment

strategies

AE:s adverse events, CV cardiovascular, G/ gastrointestinal, NSAIDs nonsteroidal anti-inflammatory drugs

“Medical Data Vision Co. Ltd (MDV; Tokyo, Japan)

The same costs are applied here for both the opioid and non-opioid treatment strategies

strategy with the opioid treatment strategy for the surgery-

eligible patients with knee OA at WTP of 5,000,000 JPY/

QALY (Fig. 4A). In addition, 52.12% was observed at WTP

for hip OA (Fig. 4B).

3.3 Scenario Analyses

3.3.1 Scenario Using Lower Utility of Opioid Medications

Table 6 shows the results for the scenario using the lower
utility of opioid medications for the surgery-eligible patients
with OA. In patients with knee OA, the opioid treatment
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Table 4 Utility values

Health state Knee Hip Type of
Base case Scenario case Base case Scenario case ?il;tlrlbu_
Non-opioids 0.546 Same as base case 0.503 Same as base case Beta
Only opioids 0.538 0.333 0.498 0.435 Beta
Non-opioid/opioid combination 0.539 Same as base case 0.516 Same as base case Beta
Surgery 0.480 0.489 Beta
Rehabilitation/physiotherapy 0.559 0.596 Beta
Waiting for prosthesis 0.400 0.379 Beta
Post-surgery (normal) 0.683 0.730 Beta
Post-surgery (with complications) 0.424 0.556 Beta

Utility values were derived from Garcia-Pérez et al. [33]

Table 5 Cost-effectiveness results of base-case analysis

Knee Hip

Non-opioid Opioid Non-opioid Opioid

Total cost, JPY 951,456 1,005,334 902,739 956,868

Incremental 53,878 54,129
costs, JPY

QALY 11.53 11.50 12.14 12.12

Incremental —-0.03 —-0.02
QALY

ICER, JPY per Dominated Dominated
QALY

ICER incremental cost-effectiveness ratio, JPY Japanese yen, QALY
quality-adjusted life-years

strategy was dominated by the non-opioid treatment strat-
egy with — 0.27 incremental QALYs. Similarly, in patients
with hip OA, the opioid treatment strategy was dominated
by the non-opioid treatment strategy with —0.03 incremental
QALYs.

4 Discussion

The base-case analysis found that the non-opioid treatment
strategy had higher efficacy and was less expensive than the
opioid treatment strategy in the surgery-eligible patients
with OA of the knee and hip. Also, these results were related
to the lower utility score in the opioid state and another high
utility score in the post-surgical state. Hence, they should be
considered together with the key assumptions, limitations
and uncertainty inherent to the model.

The cost effectiveness of the opioid treatment strategy
compared with the non-opioid treatment strategy may
be attributable to earlier surgical intervention, result-
ing in higher utility in the post-surgical state than in all
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presurgical states, and having a considerable impact on the
results. However, the contribution of earlier surgical inter-
vention to cost effectiveness was not thoroughly revealed
in this study. Hence, further research will be required.

Probabilistic sensitivity analysis demonstrated considerable
uncertainty about the results of the base-case analysis and
therefore it cannot be stated with certainty which treatment
strategy has the best cost effectiveness. This is because no
confidence intervals (or standard deviations) were available, as
no clinical evidence could be used for the CEA (as treatment
strategies are being compared rather than individual treat-
ments). The standard deviation in the model was set equal to
the mean as no confidence interval was available [46].

This cost-effectiveness model was based on the treatment
practice for OA in Japan, taking into account treatments that
are commonly employed for the management of OA of the
hip and knee. Our analysis did not consider any additional
costs associated with the illicit use of opioids because they
are strictly controlled [10]. Our results are consistent with
previous cost-effectiveness studies. Katz et al. found that
tramadol-based strategies were dominated by one or more
of the naproxen-based strategies [18]. Similar outcomes
were reported in another study by Smith et al. [19], which
concluded that the use of opioids was not cost effective in
surgery-eligible patients with OA of the knee.

The main limitation of the study was that the transi-
tion probabilities of the health states were derived from
the transition probabilities by severity according to the
WOMAC scores based on the literature [27]. It was there-
fore assumed for the model that the transitions between the
none/mild, moderate and severe pain states reflect the transi-
tions between non-opioid, opioid and surgery health states,
respectively. This approach was necessary because multiple
treatments were included in each health state and no clinical
studies were found that encompassed all relevant treatments.
This methodology limits the conclusions that can be drawn
from the results. Moreover, though a previous study reported
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Fig.3 Incremental cost-effectiveness plane for the base-case analy-
sis, opioid treatment strategy versus non-opioid treatment strat-
egy: A patients with OA of the knee; B patients with OA of the hip.
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Table 6 Cost-effectiveness results of the scenario using lower utility
for opioids

Knee Hip
Non-opioid Opioid Non-opioid Opioid
Total cost, JPY 951,456 1,005,334 902,739 956,868
Incremental 53,878 54,129
costs, JPY
QALY 11.53 11.46 12.14 12.11
Incremental -0.07 -0.03
QALY
ICER, JPY per Dominated Dominated
QALY

ICER incremental cost-effectiveness ratio, JPY Japanese yen, QALY
quality-adjusted life-years
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a difference in utility values for opioids and non-opioids
[33], there is no difference in effectiveness for the opioid
and non-opioid treatment strategies in this study, which sug-
gests that cost-minimization analysis would be an interesting
analysis to be conducted in the future.

Furthermore, no Japanese-specific data were found for
the transition probabilities, incidence of AEs and utility
values, and those used may therefore differ from the actual
values in Japan.

Another limitation was that no AEs for surgery and
post-surgical states were considered in the model as the
utilities and costs of the AEs are an expected trade-off
between both treatment strategies.
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The costs were calculated according to the MDV data-
base, and cost items were estimated according to previous
studies and guidelines [32, 34-36]. The ratio of patients,
the daily dose and the frequency of doses were calculated
by using the data set, and these were then multiplied by
the unit price. One of the limitations of the MDYV database
is that it only includes patient data from large hospitals.

Finally, our model considered as the target population
only patients who were eligible for surgery (TKA/THA),
disregarding the fact that surgery depends on patients’ pref-
erences and that many elderly patients are not well enough
to be able to undergo such procedures.

This study is an unconventional attempt to report a cost-
effectiveness analysis of the opioid treatment strategy versus
the non-opioid treatment strategy in elderly and surgery-
eligible patients with OA of the knee or hip in Japan. Despite
these limitations, this health economic analysis evaluates the
economic and clinical outcomes of the non-opioid treatment
strategy versus the opioid treatment strategy in patients aged
>65 years with OA of the knee or hip in Japan who were
eligible for TKA or THA according to the national clinical
treatment pattern [11, 21].

5 Conclusion

This study suggests that a non-opioid treatment strategy is
cost effective compared with an opioid treatment strategy
in the management of surgery-eligible patients with OA
of the knee or hip. However, as the underlying methodol-
ogy is heavily based on assumptions, the outcome of the
analysis cannot be considered as accurate, which in turn
may affect the final conclusion of the non-opioid treatment
strategy being cost effective. The results are consistent with
the Japanese treatment guidelines and recommendations in
previous studies.
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