
Appendix A: Clinical questions and 
search strategies

ANALG 1 In adults with osteoarthritis, what are the benefits Systematic reviews Medline 1966–2007
and harms of paracetamol compared with oral and RCTs Embase 1980–2007
NSAIDs or selective COX-2 inhibitors with respect Cinahl 1982–2007
to pain reduction? Cochrane 1800–2007

ANALG 2 In adults with osteoarthritis, what are the benefits Systematic reviews Medline 1966–2007
and harms of paracetamol alone compared with and RCTs Embase 1980–2007
i) opioids alone or ii) paracetamol-opioid compounds Cinahl 1982–2007
with respect to pain reduction? Cochrane 1800–2007

ANALG 3 In adults with osteoarthritis, what are the benefits Systematic reviews, Medline 1966–2007
and harms of paracetamol-opioid compounds RCTs and comparative Embase 1980–2007
compared with NSAIDs with respect to pain studies Cinahl 1982–2007
reduction? Cochrane 1800–2007

ANALG 4 In adults with osteoarthritis, what are the benefits Systematic reviews, Medline 1966–2007
and harms of low dose opioids with or without RCTs and comparative Embase 1980–2007
paracetamol versus higher strength opioids with studies Cinahl 1982–2007
respect to pain reduction? Cochrane 1800–2007

ANALG 5 In adults with osteoarthritis, what are the benefits Systematic reviews, Medline 1966–2007
and harms of paracetamol compared with placebo RCTs and comparative Embase 1980–2007
with respect to pain reduction? studies Cinahl 1982–2007

Cochrane 1800–2007

ANALG 6 In adults with osteoarthritis, what are the benefits Systematic reviews, Medline 1966–2007
and harms of tricyclics/SSRI/SNRI drugs versus RCTs and comparative Embase 1980–2007
placebo with respect to symptoms, function and studies Cinahl 1982–2007
quality of life? Cochrane 1800–2007

NSAID 1 In adults with osteoarthritis, what are the benefits Systematic reviews, Medline 1966–2007
and harms of COX-2 inhibitors compared to RCTs and observational Embase 1980–2007
i) nonselective NSAIDs or ii) placebo with respect studies Cinahl 1982–2007
to symptoms, function and quality of life? Cochrane 1800–2007

NSAID 2 In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of i) selective COX-2 inhibitors RCTs and observational Embase 1980–2007
versus nonselective NSAIDs plus GI protective studies Cinahl 1982–2007
agents and ii) selective COX-2 inhibitors plus GI Cochrane 1800–2007
protective agents versus nonselective NSAIDs plus 
GI protective agents?

NSAID 3 In adults with osteoarthritis taking aspirin what are Systematic reviews, Medline 1966–2007
the relative benefits and harms of selective COX-2 RCT and observational Embase 1980–2007
inhibitors versus nonselective NSAIDs versus each studies Cinahl 1982–2007
of these combined with GI protective agents? Cochrane 1800–2007

TOPIC In adults with osteoarthritis, what are the benefits All study types Medline 1966–2007
and harms of topical agents (NSAIDs/capsaicin/ Embase 1980–2007
rubefacients) compared with oral NSAIDs or placebo Cinahl 1982–2007
with respect to symptoms, function and quality of life? Cochrane 1800–2007

AMED 1985–2007

Study type
Question ID Question wording filters used Database and years
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ARTHRO In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of arthroscopic lavage (with or RCTs and observational Embase 1980–2007
without debridement) versus i) tidal irrigation ii) sham studies Cinahl 1982–2007
procedure (placebo) with respect to symptoms, Cochrane 1800–2007
function and quality of life?

CORTICO In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of intra-articular injection of RCTs and observational Embase 1980–2007
corticosteroid versus placebo with respect to studies Cinahl 1982–2007
symptoms, function, and quality of life? Cochrane 1800–2007

HYAL In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of intra-articular injection of RCTs and observational Embase 1980–2007
hyaluronic acid/ hyaluronans versus placebo or studies Cinahl 1982–2007
steroid injection with respect to symptoms, function, Cochrane 1800–2007
and quality of life?

STIM In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of electrotherapy (ultrasound, RCTs and observational Embase 1980–2007
laser, transcutaneous electrical nerve stimulation studies Cinahl 1982–2007
(TENS, TNS, AL-TENS), pulsed shortwave Cochrane 1800–2007
diathermy, interferential therapy) versus no AMED 1985–2007
treatment, placebo or other interventions with 
respect to symptoms, function, and quality of life?

ACU In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of acupuncture versus sham RCTs and observational Embase 1980–2007
treatment (placebo) and other interventions with studies Cinahl 1982–2007
respect to symptoms, function, and quality of life? Cochrane 1800–2007

AMED 1985–2007

NUTRI In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of glucosamine and chondroitin RCTs and observational Embase 1980–2007
alone or in compound form versus placebo with studies Cinahl 1982–2007
respect to symptoms, function, and quality of life Cochrane 1800–2007
and ability to beneficially modify structural changes AMED 1985–2007
of osteoarthritis?

THERMO In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of local thermo-therapy (ice, RCTs and observational Embase 1980–2007
cold, warmth, hot packs, wax baths, contrast baths) studies Cinahl 1982–2007
versus no treatment or other interventions with Cochrane 1800–2007
respect to symptoms, function, and quality of life? AMED 1985–2007

MAN In adults with osteoarthritis, what are the relative All study types Medline 1966–2007
benefits and harms of various manual therapies Embase 1980–2007
(massage, trigger point massage, mobilisation, Cinahl 1982–2007
manipulation) versus no treatment or other Cochrane 1800–2007
interventions with respect to symptoms, function, AMED 1985–2007
and quality of life?

REST In adults with osteoarthritis, what are the relative All study types Medline 1966–2007
benefits and harms of rest and relaxation/application Embase 1980–2007
of pacing techniques versus no treatment or other Cinahl 1982–2007
interventions with respect to symptoms, function, Cochrane 1800–2007
and quality of life? AMED 1985–2007

PsycInfo 1887–2007

Study type
Question ID Question wording filters used Database and years
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Note: The final cut-off date for all searches was 16 April 2007.

Appendix A: Clinical questions and search strategies

AID 1 In adults with osteoarthritis, which devices (joint Systematic reviews, Medline 1966–2007
brace, taping, strapping, splinting, footwear, insoles, RCTs and observational Embase 1980–2007
walking aids (cane, crutch, walker, walking stick, studies Cinahl 1982–2007
frame)) are the most effective when compared with Cochrane 1800–2007
one another or with no intervention/usual care with 
respect to symptoms, function, and quality of life?

AID 2 In adults with osteoarthritis, are assistive devices All study types Medline 1966–2007
(such as tap turners) more effective than no such Embase 1980–2007
devices in improving function and quality of life? Cinahl 1982–2007

Cochrane 1800–2007

REF 1 In adults with osteoarthritis, what are the indications All study types Medline 1966–2007
for referring for consideration for total/partial joint Embase 1980–2007
replacement therapy? Cinahl 1982–2007

Cochrane 1800–2007

REF 2 In adults with osteoarthritis, are there patient- All study types Medline 1966–2007
centred factors that predict increased benefits or Embase 1980–2007
harms from osteoarthritis related surgery? Cinahl 1982–2007

Cochrane 1800–2007

WEIGHT In adults with osteoarthritis, what are the relative Systematic reviews, Medline 1966–2007
benefits and harms of weight loss versus no weight RCTs and observational Embase 1980–2007
loss with respect to symptoms, function and quality studies Cinahl 1982–2007
of life? Cochrane 1800–2007

EX 1 In adults with osteoarthritis, is exercise therapy more All study types Medline 1966–2007
effective than i) placebo or no treatment or ii) other Embase 1980–2007
treatments (eg dietary, weight loss, education)? Cinahl 1982–2007

Cochrane 1800–2007

EX 2 In adults with osteoarthritis, which type of exercise All study types Medline 1966–2007
therapy is the most effective for reducing pain and Embase 1980–2007
disability? Cinahl 1982–2007

Cochrane 1800–2007

EDU 1 In adults with osteoarthritis, what are the relative All study types Medline 1966–2007
benefits of different patient information provision Embase 1980–2007
and/or education methods i) in relation to each Cinahl 1982–2007
other or ii) versus no specific information provision/ Cochrane 1800–2007
education, with respect to symptoms, function and 
quality of life?

EDU 2 In adults with osteoarthritis, what are the relative All study types Medline 1966–2007
benefits of different patient self-management Embase 1980–2007
programmes i) in relation to each other or ii) versus Cinahl 1982–2007
no specific self-management programmes, with Cochrane 1800–2007
respect to symptoms, function and quality of life?

PATIENT What is known of patient experiences of All study types Medline 1966–2007
osteoarthritis and its treatments and how do patient including qualitative Embase 1980–2007
perceptions and beliefs influence their preference research Cinahl 1982–2007
and outcome for individual treatments? Cochrane 1800–2007

PsycInfo 1887–2007

Study type
Question ID Question wording filters used Database and years



Appendix B: Scope of the guideline 
The guideline was developed in accordance with a scope which sets out the areas to 

be included and excluded from the development. This was subject to a full 

consultation before being finalised. 

 

SCOPE 

1 Guideline title 

Osteoarthritis: the care and management of osteoarthritis in adults 

1.1 Short title 

Osteoarthritis 

2 Background 

a) The National Institute for Health and Clinical Excellence (‘NICE’ or ‘the 

Institute’) has commissioned the National Collaborating Centre for 

Chronic Conditions to develop a clinical guideline on osteoarthritis for 

use in the NHS in England and Wales. This follows referral of the topic 

by the Department of Health and Welsh Assembly Government (see 

Appendix). The guideline will provide recommendations for good 

practice that are based on the best available evidence of clinical and 

cost effectiveness. 

b) The Institute’s clinical guidelines will support the implementation of 

National Service Frameworks (NSFs) in those aspects of care where a 

Framework has been published. The statements in each NSF reflect 

the evidence that was used at the time the Framework was prepared. 

The clinical guidelines and technology appraisals published by the 

Institute after an NSF has been issued will have the effect of updating 

the Framework.  



c) NICE clinical guidelines support the role of healthcare professionals in 

providing care in partnership with patients, taking account of their 

individual needs and preferences, and ensuring that patients (and their 

carers and families, where appropriate) can make informed decisions 

about their care and treatment. 

d) Ineffective interventions and approaches to care will be identified 

where possible. Where robust and credible recommendations for re-

positioning the intervention for optimal use, or changing the approach 

to care to make more efficient use of resources can be made, these will 

be clearly stated. Consideration will be given to listing such 

recommendations in ‘Key Priorities’ if the potential resources released 

are likely to be substantial. 

3 Clinical need for the guideline  

a) Osteoarthritis is the most common form of arthritis and disability in the 

UK, and affects mainly the knee, neck, hip, hand, spine and, less 

commonly, feet. It is a chronic progressive musculoskeletal disorder 

characterised by joint damage, affecting cartilage and causing the 

growth of new bone in joints. This causes stiffness and pain. At least 5 

million people in the UK have X-ray evidence of osteoarthritis of the 

hands, knees or hips. 

b) Osteoarthritis is more common in women and in older age groups; X-

ray studies show that at least 50% of people older than 65 years have 

evidence of the disease. Obesity is another common risk factor for 

osteoarthritis and this, along with the increasingly older population, is 

contributing to the rising number of people with osteoarthritis. 

Osteoarthritis can cause persistent pain and reduction of joint mobility, 

which limits movement and performance of everyday activities, and 

leads to significant disability and distress. The total cost of 

osteoarthritis on the UK economy is estimated at 1% of annual gross 

national product. In 1999–2000, 36 million working days were lost 



because of osteoarthritis, costing the economy nearly £3.2 billion in lost 

production. 

c) A range of lifestyle, pharmacological, non-pharmacological, surgical 

and rehabilitation interventions can help manage pain and increase the 

mobility of people with osteoarthritis. 

4 The guideline 

a)  The guideline development process is described in detail in two 

publications which are available from the NICE website (see ‘Further 

information’). The guideline development process: an overview for 

stakeholders, the public and the NHS describes how organisations can 

become involved in the development of a guideline. Guideline 

development methods: information for National Collaborating Centres 

and guideline developers provides advice on the technical aspects of 

guideline development. 

b) This document is the scope. It defines exactly what this guideline will 

(and will not) examine, and what the guideline developers will consider. 

The scope is based on the referral from the Department of Health and 

Welsh Assembly Government (see Appendix). 

c) The areas that will be addressed by the guideline are described in the 

following sections. 

4.1 Population  

4.1.1 Groups that will be covered 

a) Adults with a working diagnosis of osteoarthritis. 

4.1.2 Groups that will not be covered 

a) The guideline will cover management of osteoarthritis in all patients, 

but will not cover the management of predisposing and associated 

conditions including: 



• spinal, neck and back pain of mechanical origin.1 

• gout, pseudo-gout 

• rheumatoid arthritis 

• seronegative arthritides 

• septic arthritis 

• diseases of childhood which predispose to osteoarthritis 

• medical conditions presenting with joint inflammation, such as 

haemochromatosis. 

4.2 Healthcare setting 

a) Primary and secondary care in the NHS. 

b) Referral to surgical or specialist care services. 

c) Interface with social services. 

4.3 Clinical management 

The guideline will cover:    

a) The diagnostic criteria currently in use and the diagnostic factors that 

should trigger the use of the guideline.  

b) Pharmaceutical treatments for managing the condition including cox-2 

inhibitors and non-steroidal anti-inflammatory drugs . 

c) Non-pharmaceutical, complementary or alternative treatments relevant 

to osteoarthritis, where there is emerging evidence, for example, 

orthoses, exercise therapy, TENS, acupuncture, and physiotherapy. 

d) Criteria for referral for surgical procedures such as joint replacement. 

The guideline will refer to existing guidance, such as the NICE referral 

                                            

1 This will be covered by NICE Guideline on Back Pain to begin development in 2007. 



advice on osteoarthritis of the hip and osteoarthritis of the knee, where 

available.  

e) Pain management specific to OA. 

f) Criteria for referral for occupational therapy assessment and treatment, 

to support patients with maximising joint protection, mobility and 

independence in areas of daily living such as self care and social 

activities. 

g) Support for patients in managing OA, through the provision of 

information and advice, 

4.4 Status 

4.4.1 Scope 

This is the consultation draft of the scope. 

a) The guideline will update the following NICE technology appraisal with 

regards to osteoarthritis:  

• Guidance on the use of cyclo-oxygenase (Cox) II selective 

inhibitors, celecoxib, rofecoxib, meloxicam and etodolac for 

osteoarthritis and rheumatoid arthritis. NICE Technology Appraisal 

Guidance No. 27 (2001). Available from: www.nice.org.uk/TA027 

b) The guideline will be developed in the context of other relevant NICE 

guidance including: 

• Back Pain: acute management of chronic low back pain. NICE 

clinical guideline (development to commence early 2007).  

• Obesity: the prevention, identification, assessment and 

management of overweight and obesity in adults and children. 

NICE clinical guideline (publication expected November 2006).  

http://www.nice.org.uk/TA027


• Single mini-incision surgery for total hip replacement. NICE 

Interventional Procedure Guidance No.152 (2006). Available from: 

www.nice.org.uk/IP152. 

• Minimal invasive two-incision surgery for hip replacement. NICE 

Interventional Procedure Guidance No.112 (2005). Available from: 

www.nice.org.uk/IP112. 

• Mini incision surgery for total knee replacement. NICE 

Interventional Procedure Guidance No.117 (2005). Available from: 

www.nice.org.uk/IP117. 

• Artificial trapeziometacarpal (TMC) joint replacement for 

osteoarthritis. NICE Interventional Procedure Guidance No.111 

(2005). Available from: www.nice.org.uk/IP111. 

4.4.2 Guideline 

The development of the guideline recommendations will begin in April 

2006.  

5 Further information 

Information on the guideline development process is provided in:  

• The guideline development process: an overview for stakeholders, 

the public and the NHS  

• Guideline development methods: information for National 

Collaborating Centres and guideline developers   

These booklets are available as PDF files from the NICE website 

(www.nice.org.uk/guidelinesprocess). Information on the progress of the 

guideline will also be available from the website. 

http://www.nice.org.uk/IP152
http://www.nice.org.uk/IP112
http://www.nice.org.uk/IP117
http://www.nice.org.uk/IP111
http://www.nice.org.uk/guidelinesprocess


1 Appendix – Referral from the Department of Health 
and Welsh Assembly Government 

 

 

The Department of Health and Welsh Assembly Government asked the 

Institute:  

To prepare a guideline for the NHS in England and Wales on the 

management and treatment of osteoarthritis. This will include reviewing the 

the clinical and cost-effectiveness of interventions to reduce pain, improve 

mobility, improve psychological well being, social participation, and the 

extension of healthy active life.  

 

 

 

 



Appendix C: Details of the health 
economic cost-consequence table

C.1 Introduction

A number of interventions for osteoarthritis have important cost implications. However, it is

not possible to build economic models for all these interventions due to time and data

limitations. Some recognition of their costs and effects is required though. Table C2 includes a

selection of interventions covered by this guideline for which evidence exists of efficacy, and

which have cost implications. The table does not attempt to provide a full economic analysis of

the interventions included, but instead presents the direct UK costs of the intervention

alongside the efficacy of the intervention as found in the clinical evidence review. These

estimates are used to calculate incremental cost–effectiveness ratios (ICER) for the inter-

ventions. These ICERs should be treated with care as they are often based on fairly scarce

clinical evidence which has been transformed into a QALY score using the transfer-to-utility

technique. The effectiveness measure is compared with placebo rather than no treatment, as

often studies do not include a ‘no treatment’ or ‘usual care’ arm. Comparing with placebo

therefore allows more comparability between interventions considered in the guideline. 

C.2 Methods

C.2.1 Transfer-to-utility technique

The vast majority of osteoarthritis intervention literature does not present utility scores which are

ideal for use in economic analyses. However, a significant number of studies do present Western

Ontario and McMaster Osteoarthritis (WOMAC) scores. The WOMAC score is a disease-specific

outcome and so does not directly enable an economic analysis which allows a comparison of the

cost effectiveness of interventions across different disease areas. Hence it is difficult to make

decisions on the cost effectiveness to the NHS of osteoarthritis interventions based on WOMAC

scores. This problem has been identified in the literature, and methods to solve the problem and

allow existing data to be used to aid the making of cost-effectiveness decisions have been sought.

One such method involves the transfer-to-utility technique (Segal et al. 2004).

The transfer-to-utility (TTU) technique involves translating published trial outcomes into a utility

scale. Segal et al. administered the Australian assessment of quality of life (AQoL) instrument

alongside common osteoarthritis outcome instruments such as the SF-36, a visual analogue scale

for pain, and the WOMAC pain scale in 303 people with osteoarthritis. Participants were

recruited from rheumatology clinics, orthopaedic waiting lists, and the Arthritis Foundation of

Victoria to ensure a wide range of severity of osteoarthritis was captured. Equivalent utility values

based on the AQoL for the selected outcome instruments were estimated from these data using

multiple regression analysis. These relationships were applied to outcomes reported in published

studies for both the intervention and control cohorts to estimate utility gain attributable to

interventions.



Letters in response to Segal et al.’s paper criticised TTU because health-related quality of life

(HRQOL) scores such as the AQoL are said to be fundamentally different from utility scores

(Viney et al. 2004). This is because HRQOL scores are standardised multidimensional ordinal

measures of the individual’s perception of how disease and treatment affect physical, social, and

emotional functioning, while measuring utility requires an extra step capturing the strength of

preference for outcomes in a unidimensional interval scale. This makes the concept of TTU

problematic. The authors accept this criticism, but suggest that TTU remains valuable because

utility scores are not often collected in trials, and interventions need to be compared with

common outcomes. 

Another problem with the TTU technique is that the regression suggested does not control for

other factors, that is, it presumes all changes in the AQoL utility score arose because of changes

in the WOMAC. However, it could be that those with worse WOMAC scores were generally

older, and thereby had lower utility scores because of their age. Also, the regression is based on

the AQoL which reflects the preferences of Australians and not members of the general

population in the UK as recommended by NICE. 

These problems are overcome by using a forthcoming paper by Barton et al. Their paper

considers the results of EQ-5D, SF-6D and WOMAC questionnaires completed by 389 UK

patients with knee pain. Regressions allowing the estimation of EQ-5D scores given WOMAC

scores are presented, and these control for other factors (such as age and sex). 

There are undoubtedly arguments against using the TTU technique. However, it is useful to be

able to use a tested technique to assess the likely cost effectiveness of interventions which have

not been tested regarding utility effects. In this cost-consequence analysis we have used the

regression presented by Barton et al. (forthcoming) as this gave a UK perspective, but it should

be noted that we also undertook the analysis using the WOMAC regressions presented by Segal

et al., so that any differences in results could be considered. In fact, the differences in results that

occurred because of using the different regressions were minimal, and would not change the

data in the cost-consequence table substantially. WOMAC equations were used as more papers

gave WOMAC results than SF-36 results, the VAS measure used in the Segal et al. paper is less

comparable with VAS measures which differ in different clinical studies, and also the Barton

et al. paper only presents regressions for the WOMAC measure. 

Equation 1: WOMAC – EQ-5D TTU regression (Barton et al.)

EQ-5D = 0.7526 + 0.000426 W100 – 0.00012 (W100)2

Equation 2: WOMAC – AQoL TTU regression (Segal et al. 2004)

EQ-5D = 0.7100 – 0.00097 W100 – 0.000073 (W100)2

C.2.2 Calculating utility gains

To calculate utility gains over placebo utility, scores were calculated using the TTU approach for

each time period at which WOMAC scores were measured. The difference between the

intervention and placebo was then calculated for the duration of the study using the ‘area under

the curve’ approach. 

One key finding of the cost-consequence table was that hyaluronan injections appear unlikely

to be cost effective compared with placebo. To allow a more robust assessment of hyaluronans,

Osteoarthritis



it was assumed that their effects were maintained for a period of 26 weeks, even if the study

period was substantially shorter. This is illustrated in an example in section C.2.3.

C.2.3 Example: Artz versus placebo

Day et al. report the effects of administering five injections of the hyaluronan Artz to patients

with mild to moderate osteoarthritis, with a duration of 18 weeks and a study size of 240 (Day

et al. 2004). The WOMAC scores presented are shown in the table below with the associated

calculated utility scores using the TTU technique.

Given these utility scores, the additional utility experienced by the average patient being treated

with Artz rather than saline can be estimated for the duration of the trial period (18 weeks). As

noted above though, the effects of hyaluronan injections may last up to 26 weeks. Hence in

order to come up with a conservative estimate against hyaluronan, the analysis was also

undertaken with the assumption that the hyaluronan maintains its benefits up to week 26. This

is shown in Figures C1 and C2. 

Appendix C: Details of the health economic cost-consequence table

WOMAC total WOMAC total Calculated utility Calculated utility 
score (Artz) score (saline) score (Artz) score (saline)

Baseline 34.5 35.5 0.62 0.61

Week 6 23.4 26.3 0.69 0.68

Week 10 19.4 23.0 0.71 0.70

Week 14 20.1 24.3 0.71 0.69

Week 18 21.7 26.0 0.70 0.68

Table C1 WOMAC scores and calculated utility scores

Figure C1 Utility gain: Artz versus saline (placebo) over 18-week study period
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In this example the QALY gain over the 18-week study period was 0.0031 QALYs when patients

were treated with Artz rather than saline. Over a 26-week period, the QALY gain was estimated

to be 0.0054. Given the cost of a 5 injection course of Artz of £305 (drug tariff) this is associated

with an incremental cost-effectiveness ratio (ICER) compared with placebo of £97,997 given

the 18-week study time period, and £56,098 if it assumed that the benefit of Artz is maintained

to 26 weeks. Hence, even when extrapolating results in favour of the hyaluronan, the ICER is

substantially outside current cost-effectiveness bounds (£20,000–30,000 per additional QALY).

These results are very similar if the Segal TTU regression is used instead of the Barton equation.

C.2.4 Calculating costs

The cost-consequence table is simplistic and only considers the direct costs of the intervention.

Hence the intervention costs (such as drug costs, or cost of a physician carrying out the

intervention) are included, but other costs – such as adverse event costs, or decreased use of

other medical resources because of increased well-being – are not included. However, the final

column in the table briefly discusses whether there is evidence for such adverse events or

resource use effects.

Physician costs were calculated using UK unit costs (Curtis and Netten 2006). Prescription cost

analysis 2005 was used to calculate average, minimum and maximum costs for glucosamine,

glucosamine sulfate, chondroitin, chondroitin sulfate, and sodium chondroitin sulfate

medication. The Prescription Pricing Authority’s (PPA) NHS Electronic Drug Tariff (www.ppa.

org.uk/edt/_intro.htm) was used to determine the costs of alternative hyaluronan treatments.

Osteoarthritis

Figure C2 Utility gain: Artz versus saline (placebo) extended to a 26-week study period
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C.2.5 Study and intervention inclusion

Studies which reported total WOMAC scores for the interventions considered in the cost-

consequence table were included, provided that they had a sample size greater than 90. To be

included, studies also had to have an intervention and a placebo arm.

The interventions included in this analysis do not form an exhaustive list of the interventions for

osteoarthritis that have resource implications. Other important economic areas are considered in

more depth in the published literature (exercise therapy), or in this guideline (NSAIDs, COX-2

inhibitors). The interventions included here represent those interventions which are not con-

sidered in more detail elsewhere in the guideline, and which have substantial cost implications.

Suitable data had to exist for the intervention to be included (studies with total WOMAC score;

study size greater than 90; intervention arm and placebo arm), and the clinical evidence had to

have been considered in the clinical evidence review undertaken for this guideline. 

Appendix C: Details of the health economic cost-consequence table

Other: adverse 
Duration (study Incremental events, other treat-
cost cost- treat implications 
consequence Direct cost effectiveness Sensitivity (eg cut down NSAID 

Intervention based on) Effect/QALY to the NHS ratio (£) analysis use?)

Hyalgan 12 weeks 0.0045 (0.0020 if £183 (given £41,009 (£90,152 QALY gain would 
(Qvitsgaard 2006, extrapolate 3 injections and if extrapolate need to be 
osteoarthritis of benefit until 26 3 GP consulta- benefit until 26 0.0092 for ICER 
the hip, N=218. weeks, because tions. If price weeks). Note that to be under 
K/L grade 1–4 the data show assuming an data from this £20,000 per 
(50% 1–2 in that after 12 interventional study suggest that QALY
intervention group, weeks, the radiology tariff 1 corticosteroid 
65% 1–2 in benefit of this cost will injection dominates 
saline group)) Hyalgan is increase, in turn Hyalgan and is cost 

beginning to fall) increasing the effective compared 
ICER) with placebo

Artz 18 weeks (Day 0.0031 (0.0054 if £305 (given £97,997 (£56,098 if QALY gain would 
2004, osteoarthritis extrapolate 5 injections and extrapolate benefit need to be 
of the knee, N=240. benefit until 26 5 GP until 26 weeks) 0.0153 for ICER 
Mild to moderate weeks) consultations to be under 
osteoarthritis) £20,000 per QALY

Durolane 26 weeks (Altman –0.013 £216 (given Durolane QALY gain would
2004, osteoarthritis 1 injection and dominated by need to be 
of the knee, N=347. 1 GP consultation) placebo 0.0108 for ICER 
K/L grade 2–4; to be under 
52–53% grade 3) £20,000 per QALY

Glucosamine 3 years (Pavelka 0.027 additional Mean cost (assum- Mean ICER com- Tested 2 GP con- No adverse events 
sulphate 2002, osteo- QALYs compared ing 1 GP consul- pared with placebo sultations per assumed. No economic 

arthritis of the with placebo tation per year): (assuming 1 GP year. Mean ICER: papers suggesting cut 
knee, N=202. £339.11. This consultation per £11,777, with in other medication use 
K/L grade 2–3) ranges from year): £10,880. This higher and lower found. Note, of the two 

£143.81–£829.78 ranges from ICER bounds: glucosamine sulfate 
depending on treat- £3581–£29,219 £4478–£30,116 studies, Pavelka 2002 
ment prescribed depending on treat- depending on received better Jadad 
(note this does not ment prescribed treatment and quality scores in the 
include dispensing prescribed.For Cochrane review, 
cost or fee) average ICER to compared with Reginster 

be under £20,000 2001 (5/5 compared with 
with 1 consultation 4/5, and 13/16 compared 
per year QALY with 12/16)
gain would need 
to be 0.015

Table C2 Cost-consequence table

continued

No adverse events 
assumed. In reality
injection pain may lead
to added costs 
worsening the cost
effectiveness of 
hyaluronan. However,
some data suggest that
patients being treated 
with hyaluronan incur 
less other medication, 
therapy, and 
procedures (usual care)
costs, strengthening the
cost effectiveness of 
hyaluronan.



Osteoarthritis

Other: adverse 
Duration (study Incremental events, other treat-
cost cost- treat implications 
consequence Direct cost effectiveness Sensitivity (eg cut down NSAID 

Intervention based on) Effect/QALY to the NHS ratio (£) analysis use?)

Glucosamine 3 years (Reginster 0.12 additional Mean cost (assum- Mean ICER com- Tested 2 GP con- No adverse events 
sulphate 2001, osteoarthritis QALYs compared ing 1 GP consulta- pared with placebo sultations per year. assumed. No economic 
(1500 mg/d) of the knee, N=212. with placebo tion per year): (assuming 1 GP Mean ICER: £2627, papers suggesting cut in 

K/L grade 2–3) £339.11. This consultation per with higher and other medication use 
ranges from year): £2427. This lower ICER bounds: found. Note of the two 
£143.81–£829.78 ranges from £799– £999–£6719 glucosamine sulfate 
depending on treat- £6519 depending depending on treat- studies, Pavelka 2002 
ment prescribed on treatment ment prescribed. received better Jadad 
(note this does not prescribed For average ICER and quality scores in the 
include dispensing to be under Cochrane review, 
cost or fee) £20,000 with 1 con- compared with Reginster 

sultation per year 2001 (5/5 compared with 
QALY gain would 4/5, and 13/16 compared 
need to be 0.015 with 12/16)

Glucosamine 12 weeks –0.00036 additional Mean cost (assum- Glucosamine dom- QALY gain would No adverse events 
(1.5 g/d) (McAlindon 2004, QALYs compared ing 1 GP consulta- inated by placebo need to be 0.0023 assumed. No economic 

osteoarthritis of the with placebo tion): £44.48 This for ICER to be papers suggesting cut in 
knee, N=205. 82% ranges from £29.50 under £20,000 per other medication use 
classed as ‘severe to £82.09 depend- additional QALY found
osteoarthritis’) ing on treatment 

prescribed (note 
this does not include 
dispensing cost or fee)

Chondroitin 2 years (Michel 2005, 0.0074 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
(Condrosulf) osteoarthritis of the QALYs compared ing 1 GP consulta- pared with placebo ICER to be under assumed. No economic 

knee, N=300. K/L with placebo tion per year and (assuming 1 GP £20,000 the QALY papers suggesting cut in 
grade 1-3) 2 tablets per day): consultation per gain would need other medication use 

£272.14. This year and 2 tablets to be 0.014. Given found
ranges from per day): £42,255. the QALY gain 
£88.02 to £487.70 This ranges from found in the study, 
depending on treat- £13,667–£75,723 the cost of 2 years 
ment prescribed. depending on treat- supply of Chon-
This is based on ment prescribed droitin together 
PPA data for gluco- with 1 GP con-
samine/chondroitin sultation per year 
tablets since no must be £128 or 
chondroitin only below for the 
tablets were pre- average ICER to 
scribed (note: this be under £20,000 
does not include 
dispensing cost 
or fee)

Sodium 24 weeks (Clegg –0.0014 additional Mean cost (assum- Chondroitin QALY gain would No adverse events 
chondroitin 2006, painful osteo- QALYs compared ing 1 GP consulta- sulphate dominated need to be 0.0051 assumed. No economic 
sulphate arthritis of the knee, with placebo tion and 3 tablets by placebo for ICER to be papers suggesting cut in 

N=631. K/L per day as stated under £20,000 per other medication use 
grade 2–3) in paper): £101.32. additional QALY found

This ranges from 
£37.81 to £175.68 Note: this study was not 
depending on treat- a true ITT study
ment prescribed. 
This is based on 
PPA data for gluco-
samine/chondroitin 
tablets since no 
Chondroitin only 
tablets were pre-
scribed (note: this 
does not include 
dispensing cost or fee)

Table C2 Cost-consequence table – continued

continued



Appendix C: Details of the health economic cost-consequence table

Other: adverse 
Duration (study Incremental events, other treat-
cost cost- treat implications 
consequence Direct cost effectiveness Sensitivity (eg cut down NSAID 

Intervention based on) Effect/QALY to the NHS ratio (£) analysis use?)

Chondroitin 24 weeks (Clegg 0.0038 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
sulphate (400mg) 2006, painful osteo- QALYs compared ing 1 GP consulta- pared with placebo ICER to be under assumed. No economic 
and glucosamine arthritis of the knee, with placebo tion and 3 tablets (assuming 1 GP £20,000 the QALY papers suggesting cut in 
(500mg) 3 times N=502. K/L grade per day as stated consultation per gain would need other medication use 
daily 2–3) in paper): £101.32. year and 3 tablets to be 0.0051. found

This ranges from per day as stated Given the QALY 
£37.81 to £175.68 in paper): £26,318. gain found in the Note: this study was not 
depending on trea- This ranges from study, the cost of a true ITT study
tment prescribed. £9,820–£45,633 24 weeks supply 
This is based on depending on treat- of chondroitin 
PPA data for ment prescribed sulphate and 
glucosamine/ glucosamine 
chondroitin tablets together with 1 GP 
(note this does not consultation must 
include dispensing be £76 or below 
cost or fee) for the average 

ICER to be under 
£20,000 

Acupuncture 26 weeks duration 0.0116 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
(23 sessions) (Berman 2004, QALYs compared ing 30 minute pared with placebo: ICER to be under assumed. Based on pain 

osteoarthritis of the with sham sessions by com- £41,782 £20,000 3 patients and function WOMAC 
knee, N=570. K/L acupuncture munity physio- must be treated data only
grade 2–4) therapist, one in each 30 minute 

patient per session): session, or the 
£483 QALY gain must

be 0.025

Acupuncture 52 weeks duration 0.026 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
(12 sessions (Witt 2005, osteo- QALYs compared ing 30 minute pared with placebo: ICER to be under assumed 
over 8 weeks) arthritis of the knee, with minimal sessions by com- £9,528 £20,000 the QALY 

N=226. K/L grade (sham) munity physio- gain must be 
2–4 (personal acupuncture therapist, one 0.013, or the cost 
correspondence)) patient per session): per patient must 

£252 be £528 or below

Acupuncture 26 weeks duration 0.0038 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
(10 sessions in (Scharf 2005, osteo- QALYs compared ing 30 minute pared with placebo: ICER to be under assumed 
6 weeks, plus arthritis of the knee, with sham sessions by com- £80,310 £20,000, 5 patients 
5 more for those N=691. K/L grade acupuncture munity physio- must be treated in 
benefiting 2–3) therapist, one each 20 minute 
(51.5%)) patient per session, or the 

session): £264 QALY gain must
be 0.014

Electro- 4 weeks duration 0.0023 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
acupuncture (Sangdee 2002, QALYs compared ing 20 minute pared with placebo: ICER to be under assumed
(12 sessions osteoarthritis of the with sham sessions by com- £70,179 £20,000 5 patients 
over 4 weeks, knee, N=91. acupuncture plus munity physio- must be treated 
20 mins per Lequesne functional placebo tablet therapist, one in each 20 minute 
session) plus score ≥6) patient per session, or the 
placebo tablet session): £172 QALY gain must be 

0.009

Table C2 Cost-consequence table – continued

continued



C.3 Conclusions

The cost-consequence table offers only a very simplistic economic analysis of a selection of

interventions used to treat people with osteoarthritis. The comparator is placebo rather than the

next best alternative because often data comparing these interventions to the next best alternative

are not available, and it is not always clear what the next best alternative is. In fact, because these

interventions are secondary treatments for osteoarthritis rather than core treatments, and

because these treatments generally have very small effect sizes, it may be that a comparison to

placebo is optimal.

This analysis allows a simplistic comparison of the likely cost effectiveness of the interventions

included. The three main interventions considered in the analysis are hyaluronans, nutraceuticals

(glucosamine and chondroitin) and acupuncture. The results suggest that hyaluronan injections

are very unlikely to be cost effective. Glucosamine sulphate (1500 mg/day) is likely to be cost

effective compared with placebo, whereas glucosamine alone, any type of chondroitin, or a

combination of glucosamine and chondroitin are not. The results for acupuncture are varied with

the intervention appearing possibly cost effective compared with placebo. However, electro-

acupuncture appears unlikely to be cost effective.    

Osteoarthritis

Other: adverse 
Duration (study Incremental events, other treat-
cost cost- treat implications 
consequence Direct cost effectiveness Sensitivity (eg cut down NSAID 

Intervention based on) Effect/QALY to the NHS ratio (£) analysis use?)

Electro- 4 weeks duration 0.0021 additional Mean cost (assum- Mean ICER com- For the average No adverse events 
acupuncture (Sangdee 2002, QALYs compared ing 20 minute pared with placebo: ICER to be under assumed
(12 sessions osteoarthritis of the with sham sessions by com- £83,242 £20,000 more than 
over 4 weeks, knee, N=95. acupuncture plus munity physio- 5 patients must 
20 minutes per Lequesne functional diclofenac therapist, one be treated in each 
session) plus score ≥6) patient per 20 minute session, 
placebo session): £172 or the QALY gain 
diclofenac (diclofenac costs must be 0.009

equal in each 
study arm, so 
cancelled out here)

Table C2 Cost-consequence table – continued



Appendix D: Details of the NSAID/COX-2 
inhibitor health economic model 
 
Introduction 
 
The NSAID/Cox-2 model investigates what the cost-effective treatment is for a 
person with osteoarthritis (OA) who is to be prescribed an oral NSAID or COX-2 
inhibitor. The cost effectiveness of adding a gastroprotective agent (GPA) is also 
considered. This paper gives a detailed overview of the comparators investigated in 
the model, the relevant patient populations, the parameters, and the structure of the 
model itself. The results of the model are also presented and discussed. 
  

Comparator treatments included in the model 
 
This analysis compares oral analgesic and anti-inflammatory drugs for which there are 
sufficient data to allow reliable comparisons. The drugs are compared in terms of 
gastrointestinal (GI) and cardiovascular (CV) adverse events as well as effectiveness. 
The doses of NSAIDs and COX-2 inhibitors used in the key trials were deemed to be 
unusually high, so we adjusted the observed adverse event rates for lower doses more 
commonly used in practice. The different comparators are shown in Box 1. Following 
withdrawal of the license for lumiracoxib, this product has been removed from the 
model.  
 
It is assumed that treatment with standard NSAIDs or COX-2 inhibitors is stopped 
and patients switch to paracetamol after any serious GI or CV event including 
symptomatic ulcer, complicated GI bleeds, myocardial infarction (MI), stroke or heart 
failure. After serious GI events, patients are also assumed to continue to take a GPA 
for life. With minor GI symptoms (dyspepsia), patients are assumed to take GPA for a 
month and to continue with previous treatment. The model estimates results over a 
fixed treatment period, after which any patients who have not experienced serious 
adverse events are assumed to switch to paracetamol. 
 

Sources of adverse event data 
 
There is a massive amount of adverse event data for standard NSAIDs and COX-2 
inhibitors. Observational as well as clinical trial data, different trial designs, patient 
populations and outcome definitions make combining these data extremely difficult. 
Instead it was decided that for the base-case analysis, data from the largest recent 
RCTs for the key drugs would be used (CLASS (Medical Officer Review 2000; 
Silverstein and Faich 2000), MEDAL (Laine et al. 2006; Laine et al. 2007; PhVWP 
assessment report 2006b) and TARGET (Farkouh and Kirschner 2004; Schnitzer et al. 
2004)). The Guideline Development Group were concerned that this meant discarding 
observational data, in which patient numbers are often far larger than in RCTs. To 
take this into account a secondary analysis using data from a selection of the most 



relevant observational studies was conducted. As is often the case with observational 
data, concerns remain about possible bias in the results.    
 
Box 1: Treatment regimens 

• No treatment  

• Paracetamol 3000 mg Dose based on Average Daily Quantity (ADQ) as 
stated by the Prescribing Support Unit (see Box 2).  

• Diclofenac 100 mg 
• Naproxen 750 mg 

• Ibuprofen 1200 mg 

Standard NSAIDs, considered at the ADQ doses. 
Higher doses that are licensed and commonly used 
are also considered in sensitivity analyses. 

• Diclofenac 100 mg + PPI 
• Naproxen 750 mg + PPI 

• Ibuprofen 1200 mg + PPI 

Standard NSAIDs at the ADQ doses, with the 
addition of concurrent PPI (20 mg omeprazole per 
day). Higher doses of standard NSAIDs that are 
licensed and commonly used are also considered in 
sensitivity analysis 

• Celecoxib 200 mg  

• Etoricoxib 60 mg 

COX-2 inhibitors, considered at the ADQ doses. 
Etoricoxib is also available at a lower dose of 30 mg, 
and this is tested in a sensitivity analysis.  

• Celecoxib 200 mg + PPI 

• Etoricoxib 60 mg + PPI 

COX-2 inhibitors, considered at the ADQ, with the 
addition of concurrent GPA (20 mg omeprazole per 
day.  

 
A number of problems present themselves when using specific statistics from CLASS, 
MEDAL and TARGET. These are addressed in turn below, and the interventions used 
in these trials are shown in Table 1. Most important is that the studies included in the 
base-case analysis necessarily mean that only diclofenac, ibuprofen, naproxen, 
celecoxib, and etoricoxib can be compared, as shown in Box 1. Data shown in Figure 1 
shows that these are largely the most prescribed NSAIDs, although meloxciam and 
etodolac are also prescribed fairly often. Other NSAIDs (aceclofenac, acemetacin, 
azapropazone, dexibuprofen, dexketoprofen, diflunisal, fenbufen, fenoprofen, 
flurbiprofen, indometacin, ketoprofen, mefenamic acid, nabumetone, piroxicam, 
sulindac, tenoxicam, tiaprofenic acid) are prescribed rarely.  
 
In 2006 COX-2 inhibitors were prescribed substantially less than standard NSAIDs, 
with celecoxib and etoricoxib making up the majority of COX-2 inhibitor 
prescriptions.  



Table 1: Treatments used in CLASS, MEDAL and TARGET 

CLASS  Celecoxib 800  mg per day 
Ibuprofen 2400  mg per day 
Diclofenac 150  mg per day 

MEDAL  Etoricoxib 60  mg or 90  mg per day 
Diclofenac 150  mg per day 

TARGET  Lumiracoxib 400  mg per day 
Naproxen 1000  mg per day 
Ibuprofen 2400  mg per day 

 
 

 

Figure 1: Number of prescriptions for NSAIDs, England 2006 (PPA 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Given these data, it would have been ideal to include meloxicam and etodolac in the 
model, if not all NSAIDs that are currently prescribed. However, this is not possible 
due to a lack of good quality data showing the risk of the key adverse events included 
in the model. For the majority of the other drugs the BNF states that the drug is as 
effective as either naproxen, diclofenac, or ibuprofen, but with more side effects, 
(Anon 2007a) suggesting it is reasonable to exclude these drugs. However it would 
have been preferable to include those drugs which are prescribed fairly regularly, and 
which are not obviously worse with regards to side-effects compared to the included 
NSAIDs. Specifically, this means meloxicam and etodolac.  
 
Previous NICE guidance analysed the available evidence for meloxicam and etodolac 
for GI adverse events (Nice Appraisal Team 2000). The analysis found that both 
drugs were associated with a decrease in GI adverse events (including serious GI 
adverse events), to a similar extent as celecoxib. The current cost per 3 month period 
of treatment is £24.42 for etodolac 600 mg per day, and £12.66 for meloxicam 7.5 mg 



per day. This is slightly more than the standard NSAIDs (shown in Table 8), but 
substantially less than the COX-2 inhibitors. This data suggests that meloxicam 7.5  
mg and etodolac 600 mg should not be discounted from use, but the lack of CV data 
for the drugs means that they can not be included in the model and so are not named 
in recommendations based on the model findings.  
 
Also important to note is that topical NSAIDs and opioids are not included in the 
model, even though they may be regarded as substitutes to oral NSAIDs and COX-2 
inhibitors. Data were too sparse to include these interventions in this model, and they 
are each dealt with in other sections of this guideline. 
 

Dose 
 
Dose is a key issue within the model. The doses given in key clinical trials are 
generally high for NSAIDs (but within licensed levels), while they are far above 
licensed levels for COX-2 inhibitors. Modelling such high doses has little meaning for 
clinical practice. Hence standard doses based on ADQs (explained below in Box 2) are 
primarily considered. The higher dose of NSAIDs found in clinical trials were also 
tested in sensitivity analyses, as they are sometimes given in practice, and indeed 
some Scottish data suggests that for diclofenac 150 mg rather than 100 mg might be 
the more relevant dose to consider (see Box 3) (University of Dundee 2004).  
 
Adverse events associated with NSAID and COX-2 inhibitor use are believed to be 
dose-related. Hence, adverse event rates found in clinical trials must be adjusted for 
the lower doses assumed in the model. Accurate data to suggest a precise estimate for 
this relationship is lacking, and so an assumption similar to one previously made in 
the literature is used in the model. That is, a relative risk such that if dose is reduced 
by 50%, adverse events reduce by 25% (Bloor and Maynard 1996). Intense sensitivity 
analysis was undertaken on this important assumption (see below).  
 
Box 2: ADQs 

Average Daily Quantities (ADQ) is a measure of prescribing volume based upon 
prescribing behaviour in England. It represents the assumed average maintenance 
dose per day for a drug used for its main indication in adults. The ADQ is not a 
recommended dose but an analytical unit to compare prescribing activity. Defined 
Daily Doses (DDDs) have been defined by the World Health Organization (WHO) 
based on international prescribing habits. Work done by the Prescribing Support Unit 
has demonstrated that the prescribing of general practitioners (GPs) in England can 
differ from the international standard. To allow comparison of prescribing within 
England the PSU set about implementing a measure which more accurately reflects 
GPs prescribing. Hence ADQs were developed by an expert group convened by the 
PSU.  
 
The following information is considered when defining an Average Daily Quantity: 
 

• The Defined Daily Dose (if one is available)  
The World Health Organization Advisory Group have much experience in this area 
and have access to a variety of data sources when defining values. However, it should 



be noted that DDDs are an international compromise and do not necessarily 
accurately reflect prescribing patterns in England. 
  

• The Prescribed Daily Dose (PDD) (if available)  
When calculated on a large enough sample of items, this should also be considered, as 
it reflects the actual usage by GPs. However, it may well be that the single value 
Prescribed Daily Dose hides a wide variation in prescribing practice, again stressing 
the nature of the Prescribed Daily Dose and the subsequent ADQs as being analytical 
units.  
 

• Prescription Pricing Division of the Business Services Authority 
(PPDBSA) data 

This gives the number of items prescribed by particular quantities of each drug 
preparation. This information source has the advantage of being based on every 
prescription dispensed in England but the disadvantage of not including the intended 
duration for the item, making the calculation of an accurate Prescribed Daily Dose 
impossible.  
 

• British National Formulary (BNF) information  
Regarding dosage, particularly for maintenance doses.  
 

• Whenever possible, therapeutic equivalence between drugs of the same 
therapeutic type is sought  

However, where there is a discrepancy between actual usage as suggested by the 
PDD, PPDBSA and BNF data sources and equivalence data from clinical research, 
then the actual usage is given priority. The expert group stresses that these 
discrepancies should be kept to a minimum and that when they occur, should be noted 
in any disseminated information regarding the ADQs.  
 
An ADQ is set only with the agreement of all members of the expert group, and are 
reviewed on a regular basis, thus reflecting any changes in drug utilisation and the 
introduction of new drugs.  
 
Source: PSU, http://www.ic.nhs.uk/our-services/prescribing-support/measures/adqs 
(Anon 2007b) 
 
Box 3: MEMO prescribing data 

 
Drug regimen Annual totals Annual means per patient 

Drug Formulation Strength Patients Scrips 
Days 

supply Scrips 
Days 

exposure 
% days 
covered 

Daily 
dose 
on Rx 

Daily 
dose 
over 
year 

CELECOXIB capsules 100 mg 3,275 14,323 469,050 4.4 143 39.2 187 73

EC tablets 50 mg 8 8 187 1.0 23 6.4 150 10

SR capsules 75 mg 1,166 3,063 97,425 2.6 84 22.9 136 31

100 mg 8 20 700 2.5 88 24.0 104 25SR tablets 

75 mg 662 2,060 79,007 3.1 119 32.7 112 37

DICLOFENAC 
SODIUM 

dispersible tablet 50 mg 2,329 4,591 105,743 2.0 45 12.4 146 18

http://www.ic.nhs.uk/our-services/prescribing-support/measures/adqs


dual release 
capsules 

75 mg 946 2,568 83,421 2.7 88 24.2 131 32

25 mg 5,926 14,993 379,977 2.5 64 17.6 76 13enteric coated 
tablets 

50 mg 29,045 221,598 5,622,421 7.6 194 53.0 147 78

injection 25 mg/ml 807 1,101 2,015 1.4 2 0.7 25 0

100 mg 1,743 6,227 234,644 3.6 135 36.9 100 37modified release 
capsule 

75 mg 8,328 25,214 773,470 3.0 93 25.4 143 36

100 mg 1,979 8,044 302,761 4.1 153 41.9 101 42modified release 
tablet 

75 mg 6,897 24,423 757,160 3.5 110 30.1 142 43

retard capsules 100 mg 315 1,233 43,516 3.9 138 37.8 100 38

retard tablets 100 mg 4 25 700 6.3 175 47.9 100 48

100 mg 1,446 3,416 69,471 2.4 48 13.2 100 13

12.5 mg 25 53 40 2.1 2 0.4 248 1

25 mg 60 104 879 1.7 15 4.0 60 2

suppository 

50 mg 601 1,254 16,541 2.1 28 7.5 102 8

100 mg 371 1,459 56,455 3.9 152 41.7 101 42

25 mg 75 180 4,890 2.4 65 17.9 75 13

tablets 

50 mg 1,368 2,626 63,989 1.9 47 12.8 147 19

transdermal patch 1% 57 69 766 1.2 13 3.7 . .

120 mg 1,195 2,876 64,697 2.4 54 14.8 120 18

60 mg 2,597 9,836 336,648 3.8 130 35.5 61 22

ETORICOXIB tablets 

90 mg 2,030 8,055 277,647 4.0 137 37.5 90 34

SR cap 300 mg 6 10 153 1.7 26 7.0 900 63

caplets 200 mg 48 51 996 1.1 21 5.7 633 36

capsules 300 mg 5 9 250 1.8 50 13.7 1074 147

dissolving tablets 200 mg 16 26 293 1.6 18 5.0 1200 60

granules 600 mg 289 620 10,453 2.1 36 9.9 1609 159

liquid capsules 200 mg 133 396 5,014 3.0 38 10.3 988 102

200 mg 441 711 11,121 1.6 25 6.9 774 53modified release 
capsule 

300 mg 183 405 12,702 2.2 69 19.0 669 127

modified release 
tablet 

800 mg 1,996 6,686 222,839 3.3 112 30.6 1516 464

oral suspension 100 mg/5 
ml 

35 38 . 1.1 . . . 37

orodispersible 
tablet 

200 mg 474 730 6,859 1.5 14 4.0 1073 43

retard tablets 800 mg 240 681 22,381 2.8 93 25.5 1527 390

sugar-free 
suspension 

100 mg/5 
ml 

12,817 21,337 494,464 1.7 39 10.6 710 75

syrup 100 mg/5 
ml 

6,343 8,983 220,717 1.4 35 9.5 773 74

200 mg 9,107 20,365 474,908 2.2 52 14.3 623 89

400 mg 23,945 129,116 3,264,672 5.4 136 37.4 1189 444

600 mg 6,365 17,152 472,049 2.7 74 20.3 1749 355

tablets 

800 mg 7 13 452 1.9 65 17.7 2031 359

IBUPROFEN 

tabs 200 mg 1 1 4 1.0 4 1.1 1200 13

100 mg 220 493 16,841 2.2 77 21.0 101 21LUMIRACOXIB tabs 

400 mg 31 38 413 1.2 13 3.7 400 15

NAPROXEN enteric coated 
tablets

250 mg 1,481 4,261 140,911 2.9 95 26.1 543 141



375 mg 657 1,395 38,359 2.1 58 16.0 751 120tablets 

500 mg 3,991 12,492 378,106 3.1 95 26.0 993 258

250 mg 5,545 15,272 393,149 2.8 71 19.4 665 129

375 mg 51 143 4,340 2.8 85 23.3 754 176

tablets 

500 mg 7,560 24,596 738,166 3.3 98 26.8 996 266

 
Typically prescribing data does not allow the average dose per day prescribed or the average dose taken 
by the patient to be calculated. However the Scottish MEMO data allow the daily doses taken by 
patients while on prescription to be calculated. The data presented here is not split by indication, so for 
some drugs the figure will be biased upward due to use by rheumatoid arthritis (RA) patients, while for 
others the average might be biased downward due to use by people without arthritis (for example, this 
could be the case for ibuprofen, which appears to be taken at a low dose by a large number of patients 
according to these data). However the data are still very useful for considering what doses patients 
actually take. The data here is largely in line with the ADQs, but there are some discrepancies. For 
example, it appears that although a substantial number of patients taking diclofenac take around 100 mg 
per day, the majority of patients take closer to 150 mg. Similarly, most people taking naproxen appear 
to take closer to 1000 mg than the ADQ of 750 mg. 
 
This data makes it important to consider both doses of the standard NSAIDs (particularly diclofenac and 
naproxen) in our model. The impact of considering these different doses is explored in the sensitivity 
analysis section of this report.   
 
Source: MEMO (University of Dundee 2004) 

 

Patient populations  
 

Each of the included studies (MEDAL, TARGET, CLASS) present some results for 
specific sections of the patient population (eg non-aspirin users), but for none of the 
individual outcomes considered in the model do all the studies give the data required 
for these specific sections of the population. Therefore total study populations have 
been used. Important differences in the study populations are shown in Table 2 below: 
Table 2: Study populations 

 MEDAL TARGET CLASS 
Aspirin use 35% 24% 22% 
GPA use 39% None None 
OA proportion 72% 100% 72% 
 
Despite these differences these studies have been used because they are the largest 
RCTs which consider GI and CV adverse events, and which include an NSAID 
comparator. Although MEDAL and CLASS included patients with RA, as well as 
OA, the GDG did not consider that this would bias the results. The MEDAL 
programme included more patients taking low-dose aspirin than TARGET or CLASS. 
This might be expected to reduce the absolute rates of CV adverse events observed in 
this trial, but to increase the observed rates of GI adverse events. Conversely, 
concurrent use of PPI by MEDAL patients might be expected to reduce observed rates 
of GI events. The net effect of these differences on baseline rates of GI and CV events 
is unclear. However, the proportions of patients taking aspirin or PPI were very 



similar in the etoricoxib and diclofenac arms of MEDAL. This suggests that the 
relative risks obtained from MEDAL should still be comparable with those from 
TARGET and CLASS, despite the differences in the trial populations.  
 
Subgroup analysis is undertaken for two age groups because good data exist which 
show older people to be at higher risk of GI adverse events. In line with the previous 
NICE technology appraisal the age groups considered are people aged under 65 and 
people aged 65 and over (Nice Appraisal Team 2000). Based on the literature, it is 
assumed that patients aged 65 or over have 2.96 times the probability of developing a 
symptomatic or complicated GI event (but not GI symptoms / dyspepsia) (Hippisley-
Cox et al. 2005). Essentially, the analysis for the older age group is a proxy for all 
patients with an increased GI adverse event risk. Therefore the results of this analysis 
should be considered for any patient with any raised GI risk factor. 
 
Within the model a patient becomes at high risk once they are aged 65 or over, or if 
they experience a serious GI event. Evidence in the literature suggests that patients 
who have had dyspepsia, symptomatic ulcer, or complicated ulcer are at higher risk of 
future complicated ulcers (Garcia Rodriguez and HernandezDiaz 2001). In the model 
it is assumed that these factors can be used to calculate higher risks of complicated 
ulcers following a symptomatic ulcer or a complicated ulcer. It is also assumed that 
the same factors apply for the future risk of symptomatic ulcers, following a 
symptomatic or complicated ulcer. Importantly, it is assumed that GI symptoms / 
dyspepsia does not increase the risk of future events because expert opinion suggests 
that this is a symptom rather than an event. We also assume that the risk of GI 
symptoms / dyspepsia is not affected by past GI events. 
 
Table 3: Relative risk of serious GI events depending on history of serious GI events 

 Previous dyspepsia Previous 
symptomatic ulcer 

Previous 
complicated ulcer 

Relative risk of 
symptomatic or 
complicated ulcer 

1.00 1.68 2.05 

 
 
The model assumes that the risk of cardiovascular events increases with age based on 
recent UK incidence data (Hippisley-Cox et al. 2007) (see Table 4). 
 
Table 4. Incidence of cardiovascular disease by age 

Age range Incidence Relative risk
55-64 9.79 1.00
65-74 19.01 1.94

 
The model also includes an increased risk of future CV events immediately after 
experiencing an initial event, and in post CV event states (Anon 2006). These 
assumptions are used in the model. 
 



Table 5: Incidence of CV events depending on history  

Three-month probabilities  History of CV events 
MI Stroke CHF 

MI within 3 months 1.47% 0.15% 0.42% 
MI more than 3 months ago 0.17% 0.15% 0.42% 
Stroke within 3 months 0.03% 5.19% 0.21% 
Stroke more than 3 months ago 0.03% 5.19% 0.21% 
Heart failure within 3 months 0.46% 0.17% 1.02% 
Heart failure more than 3 months ago 0.46% 0.17% 1.02% 

 
In sensitivity analysis the results are also considered for patients with an increased 
risk of CV events. 
 

Model structure 
 
The model is in the form of a Markov model with a 3 month cycle length. The 
probability of moving between states is based on within-state decision trees which are 
informed by clinical evidence and expert opinion. The health states that make up the 
Markov model represent a range of possible adverse events. 
 
The model seeks to compare the cost effectiveness of individual NSAIDs and COX-2 
inhibitors for which sufficient adverse event data exists. Patients do not move between 
treatments in the model (apart from the addition of a PPI in some circumstances, and 
switching to paracetamol following serious adverse events or at the end of the 
treatment period). This is a simplifying assumption which keeps the model 
manageable. Therefore the model considers first-line NSAID or COX-2 inhibitor 
treatment. 
 
The model can be split into two key components: 
 

• Markov model health states 
• Within state decision trees to determine type of adverse event (if any). 
 

Markov model 
 
Illustrated in Figure 2 is a very simplified version of the model. The diagram shows 
the Markov model drawn for one treatment option (Diclofenac). The structure of the 
model is the same for all treatment options. The possible health states considered in 
the model are as follows: 
 

• no complications 
• GI symptoms / dyspepsia 
• symptomatic ulcer 
• post-symptomatic ulcer 
• complicated GI bleed 
• post-complicated GI bleed 



• myocardial infarction (MI) 
• post MI 
• stroke 
• post Stroke 
• heart failure (HF) 
• post HF 
• post treatment (given no serious adverse events during the treatment period) 

 
The diagram illustrates (with red arrows) that a patient in the ‘No complications’ state 
can move to any of the initial adverse event states, or if the treatment period is set 
such that treatment will cease in the following period, the patient can move to the 
‘Post treatment’ state. The same is true for the ‘GI symptoms / dyspepsia’ state 
(illustrated with blue arrows), since it is not classed as a serious adverse event, and 
carries no heightened risk of a further event for the patient.  
 
The other adverse event states are treated differently. ‘Symptomatic ulcer’, 
‘Complicated GI bleed’, ‘MI’, ‘Stroke’ and ‘HF’ are all considered serious adverse 
events which increase the short and long term probability of experiencing future 
adverse events. As such, each has an initial event state acting as a tunnel state leading 
to a post event state. This allows a short-term as well as a long-term impact on utility, 
costs and risks to be considered. In both the short term and the long term states the 
patient is treated with paracetamol (with a PPI in the ‘Symptomatic ulcer’ and 
‘Complicated GI bleed’ states). Once in the post event state the patient remains there 
until death (illustrated for MI with pink arrows in the diagram), with an average utility 
score and cost allocated to the state based on the increased risk of future adverse 
events.    
 
A patient can only have one GI or cardiovascular AE in each 3 month cycle. This may 
not be entirely realistic but is necessary to make the model workable, and is unlikely 
to change the results significantly. 
 



Figure 2: Markov model for one treatment option (Diclofenac 150 mg) 

 
 



Duration 
 
The model has a lifetime duration, to allow additional costs to be accrued over a long 
time period following a serious adverse event. The duration of treatment is changeable, 
and can be adjusted between 3 months (one cycle length) and lifetime. This allows the 
cost effectiveness of giving the drugs for different time periods to be calculated. This is 
relevant as patients take the drugs for different amounts of time depending on what 
type of OA they have. They may also stop taking drugs after surgery. Surgery itself 
does not need to be included in the model since the drugs are not disease modifying 
and so will not effect when surgery occurs. 
 
In the model, the treatment duration is designated and then when this period is up 
patients who have not had a serious AE (ie those who have had no complication or 
who have only experienced GI symptoms / dyspepsia) move to the ‘Post treatment – no 
AE during treatment’ state. All other patients are either already be dead, or already 
only taking paracetamol (which we assume all patients continue to take for the 
remainder of their lifetime). 
 
Depending on the treatment duration and the age of the patient cohort, the model then 
calculates the average costs and utility scores for each remaining cycle in the model 
(the number of future cycles will be based on life expectancy). This allows for future 
AEs that may occur, based on assumptions regarding the probabilities of those AEs 
occurring. 
 

Limitations 
 
Once one serious adverse event has occurred, another can not explicitly occur in the 
model. However the model allows for the fact that future adverse events may occur, 
and for the fact that the probability of these events is likely to be higher in patients who 
have already experienced these events. For example once a patient has arrived in the 
GI bleed state a decision tree taking into account possible future adverse events is used 
to estimate mean costs and utility per cycle.  
 

Within state decision trees 
 
The within state decision trees determine what type of AE is incurred by a patient (if 
any), so that costs and consequences can be accurately calculated. The probabilities 
within the trees differ depending on what treatment the patient is receiving. This 
reflects the clinical evidence from the literature. Probabilities also differ in post event 
states where there is often a heightened probability of a repeat event. The tree used 
here (shown in Figure 3) is similar but not identical to a tree built by the CCOHTA 
when assessing the cost effectiveness of celecoxib and rofecoxib (Maetzel et al. 2002). 
 
It is the within state decision tree which dictates where the patient will go in the 
following cycle. For example, whatever the initial health state of the patient, the 
decision tree is set up with the appropriate probabilities taking into account treatment, 



age, and the current health state, and the patient moves on according to these 
probabilities. 
 
Figure 3: Within state decision tree 

 

 
 
 
 
 
 
 
 



Model inputs 
Outcomes 
 
Quality Adjusted Life Year (QALY) scores are used as the key outcome of the model. 
However, there are few trials reporting utility outcomes, which would be needed to 
calculate QALY scores. There are two key areas for which utility data is important in 
the model. These are: 
 

• efficacy of the different treatments 
• comparative utility scores for the different adverse events 

 
Evidence is very mixed as to whether COX-2 inhibitors offer better efficacy than 
standard NSAIDs. Indeed their major benefit is argued to be the reduced GI adverse 
event rates. However, there is evidence that both standard NSAIDs and COX-2 
inhibitors offer better efficacy than paracetamol and placebo. We conducted a meta-
analysis of total WOMAC scores from the evidence used in the systematic review 
undertaken for the osteoarthritis guideline, for the drugs included in our model. 
Comparisons between individual drugs and classes of drugs were made. The results are 
shown below, in Box 4. 
 
Box 4: Meta analysis results: Total WOMAC score 

 
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 01 Paracetamol vs Placebo                                                                                     
Outcome: 01 Total WOMAC Score                                                                                          

Study  Paracetamol  Placebo  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Baliunas                29     37.04(21.68)         28     36.48(21.69)      2.66      0.56 [-10.70, 11.82]        D
Pincus i               171     -8.40(19.88)        172     -4.80(21.77)     17.34     -3.60 [-8.01, 0.81]          D
Pincus ii              178     -4.50(15.61)        117     -3.60(14.71)     27.30     -0.90 [-4.42, 2.62]          D
Pincus iii             185     -8.40(17.82)        182     -4.60(20.10)     22.32     -3.80 [-7.69, 0.09]          D
Pincus iv              190     -4.90(15.44)        124     -2.40(14.25)     30.38     -2.50 [-5.83, 0.83]          D

Total (95% CI)    753                         623 100.00     -2.46 [-4.30, -0.63]
Test for heterogeneity: Chi² = 1.75, df = 4 (P = 0.78), I² = 0%
Test for overall effect: Z = 2.63 (P = 0.009)
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 Favours paracetamol  Favours placebo
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 02 COX-2 inhibitors vs NSAIDs                                                                                 
Outcome: 01 Total WOMAC Score                                                                                          

Study  COX-2 inhibitors  NSAIDs  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Fiechtner              197     38.75(17.11)        198     42.71(18.91)     15.88     -3.96 [-7.52, -0.40]         D
Yocum                  156    -19.69(20.60)        152    -22.08(20.60)     13.05      2.39 [-2.21, 6.99]          D
McKenna i              199    -19.58(18.23)        199    -22.29(19.69)     15.39      2.71 [-1.02, 6.44]          D
Moskowitz              207    -10.73(20.60)        218    -12.92(20.60)     14.86      2.19 [-1.73, 6.11]          D
Zacher                 256    -28.75(20.60)        260    -28.35(20.60)     15.88     -0.40 [-3.95, 3.15]          D
Boice                  210    -24.52(22.37)        208    -23.65(22.63)     13.79     -0.87 [-5.18, 3.44]          D
Sowers and White       136     29.90(22.16)        128     37.10(22.63)     11.17     -7.20 [-12.61, -1.79]        D

Total (95% CI)   1361                        1363 100.00     -0.56 [-3.06, 1.94]
Test for heterogeneity: Chi² = 15.73, df = 6 (P = 0.02), I² = 61.9%
Test for overall effect: Z = 0.44 (P = 0.66)

 -10  -5  0  5  10

 Favours COX-2s  Favours NSAIDs
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 03 Ibuprofen vs Placebo                                                                                       
Outcome: 01 Total WOMAC Score                                                                                          

Study  Ibuprofen  Placebo  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Boice                  208    -23.65(22.63)        104    -14.20(21.46)    100.00     -9.45 [-14.59, -4.31]        D

Total (95% CI)    208                         104 100.00     -9.45 [-14.59, -4.31]
Test for heterogeneity: not applicable
Test for overall effect: Z = 3.60 (P = 0.0003)
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 Favours ibuprofen  Favours placebo



Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 04 Diclofenac vs Placebo                                                                                      
Outcome: 01 Total WOMAC Score                                                                                          

Study  Diclofenac  Placebo  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Yocum                  152    -22.08(20.60)        155    -10.63(20.60)     37.53    -11.45 [-16.06, -6.84]        D
McKenna i              199    -22.29(19.69)        200    -11.98(18.54)     56.59    -10.31 [-14.06, -6.56]        D
Baliunas                25     29.94(21.49)         28     36.48(21.69)      5.88     -6.54 [-18.18, 5.10]         D

Total (95% CI)    376                         383 100.00    -10.52 [-13.34, -7.69]
Test for heterogeneity: Chi² = 0.62, df = 2 (P = 0.73), I² = 0%
Test for overall effect: Z = 7.30 (P < 0.00001)
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 Favours diclofenac  Favours placebo
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 05 NSAIDs vs Paracetamol                                                                                      
Outcome: 01 Total WOMAC Score                                                                                          

Study  NSAIDs  Paracetamol  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Baliunas                25     29.94(21.49)         29     37.04(21.68)     18.40     -7.10 [-18.64, 4.44]         D
Boureau                108    -20.80(20.60)        109    -13.40(20.60)     81.60     -7.40 [-12.88, -1.92]        D

Total (95% CI)    133                         138 100.00     -7.34 [-12.30, -2.39]
Test for heterogeneity: Chi² = 0.00, df = 1 (P = 0.96), I² = 0%
Test for overall effect: Z = 2.91 (P = 0.004)
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 Favours NSAIDs  Favours paracetamol
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 06 Celecoxib 200mg vs Placebo                                                                                 
Outcome: 01 Total WOMAC Score                                                                                          

Study  Celecoxib 200mg  Placebo  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Fiechtner              197     38.75(17.11)        203     47.50(16.18)      6.07     -8.75 [-12.02, -5.48]        D
Williams 2000          223     38.23(18.67)        232     45.31(20.63)      5.53     -7.08 [-10.69, -3.47]        D
McKenna i              199    -19.58(18.23)        200    -11.98(18.54)      5.53     -7.60 [-11.21, -3.99]        D
McKenna ii              63    -27.08(20.60)         60    -18.75(20.60)      2.21     -8.33 [-15.61, -1.05]        D
Moskowitz              207    -10.73(20.60)        218     -4.79(20.60)      5.09     -5.94 [-9.86, -2.02]         D
Williams 2001          231     38.54(20.58)        244     45.83(19.53)      5.53     -7.29 [-10.90, -3.68]        D
Gibofsky               189    -22.81(20.60)         96    -12.29(20.60)      3.76    -10.52 [-15.58, -5.46]        D
Pincus i               181    -10.40(20.72)        172     -4.80(21.77)      4.42     -5.60 [-10.04, -1.16]        D
Pincus ii              229     -8.60(17.40)        117     -3.60(14.71)      5.71     -5.00 [-8.49, -1.51]         D
Pincus iii             189    -13.50(18.70)        182     -4.60(20.10)      5.04     -8.90 [-12.85, -4.95]        D
Pincus iv              242    -10.00(18.20)        124     -2.40(14.25)      5.85     -7.60 [-11.00, -4.20]        D
Tennenbaum             243    -13.96(16.46)        487     -9.79(16.77)      7.32     -4.17 [-6.72, -1.62]         D
Beaulieu-Sheldon       393    -15.60(18.32)        382     -9.50(16.33)      7.52     -6.10 [-8.54, -3.66]         D
Lehmann                420    -15.31(16.47)        420    -11.77(19.03)      7.59     -3.54 [-5.95, -1.13]         D
Fleischmann            444    -16.00(18.19)        231     -9.30(16.15)      7.08     -6.70 [-9.38, -4.02]         D
Smugar i               456    -28.80(20.60)        150    -17.67(20.60)      5.25    -11.13 [-14.93, -7.33]        D
Smugar ii              460    -26.64(20.60)        151    -12.85(20.60)      5.27    -13.79 [-17.58, -10.00]       D
Wittenberg             145    -17.60(14.20)         75    -12.50(13.40)      5.23     -5.10 [-8.91, -1.29]         D

Total (95% CI)   4711                        3744 100.00     -7.14 [-8.35, -5.92]
Test for heterogeneity: Chi² = 36.98, df = 17 (P = 0.003), I² = 54.0%
Test for overall effect: Z = 11.52 (P < 0.00001)
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 Favours celecoxib  Favours placebo  
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 07 Lumiracoxib vs Placebo                                                                                     
Outcome: 01 Total WOMAC Score                                                                                          

Study  Lumiracoxib  Placebo  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Tennenbaum             491    -14.69(17.50)        487     -9.79(16.77)     24.18     -4.90 [-7.05, -2.75]         D
Beaulieu-Sheldon       391    -16.90(18.04)        382     -9.50(16.33)     22.17     -7.40 [-9.82, -4.98]         D
Lehmann                420    -15.83(17.68)        424    -11.77(19.03)     21.79     -4.06 [-6.54, -1.58]         D
Fleischmann            462    -17.80(18.89)        231     -9.30(16.15)     20.27     -8.50 [-11.20, -5.80]        D
Wittenberg             144    -21.30(19.90)         75    -12.50(13.40)     11.59     -8.80 [-13.25, -4.35]        D

Total (95% CI)   1908                        1599 100.00     -6.45 [-8.29, -4.62]
Test for heterogeneity: Chi² = 9.31, df = 4 (P = 0.05), I² = 57.0%
Test for overall effect: Z = 6.89 (P < 0.00001)
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 Favours lumiracoxib  Favours placebo  



Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 08 Celecoxib 200mg vs Paracetamol                                                                             
Outcome: 01 Total WOMAC Score                                                                                          

Study  Celecoxib 200mg  Paracetamol  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Pincus i               181    -10.40(20.72)        171     -8.40(19.88)     17.13     -2.00 [-6.24, 2.24]          D
Pincus ii              229     -8.60(17.40)        178     -4.50(15.61)     29.81     -4.10 [-7.32, -0.88]         D
Pincus iii             189    -13.50(18.70)        185     -8.40(17.82)     22.49     -5.10 [-8.80, -1.40]         D
Pincus iv              242    -10.00(18.20)        190     -4.90(15.44)     30.58     -5.10 [-8.27, -1.93]         D

Total (95% CI)    841                         724 100.00     -4.27 [-6.03, -2.52]
Test for heterogeneity: Chi² = 1.57, df = 3 (P = 0.67), I² = 0%
Test for overall effect: Z = 4.77 (P < 0.00001)
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 Favours celecoxib  Favours paracetamol
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 09 Celecoxib vs naproxen                                                                                      
Outcome: 01 Total WOMAC Score                                                                                          

Study  Celecoxib  Naproxen  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Fiechtner              197     38.75(17.11)        198     42.71(18.91)     35.92     -3.96 [-7.52, -0.40]         D
Moskowitz              207    -10.73(20.60)        218    -12.92(20.60)     34.67      2.19 [-1.73, 6.11]          D
Sowers and White       136     29.90(22.16)        128     37.10(22.63)     29.41     -7.20 [-12.61, -1.79]        D

Total (95% CI)    540                         544 100.00     -2.78 [-7.97, 2.41]
Test for heterogeneity: Chi² = 9.03, df = 2 (P = 0.01), I² = 77.9%
Test for overall effect: Z = 1.05 (P = 0.29)
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 Favours celecoxib  Favours naproxen
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 10 Celecoxib vs lumiracoxib                                                                                   
Outcome: 01 Total WOMAC Score                                                                                          

Study  Celecoxib  Lumiracoxib  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Tennenbaum             243    -13.96(16.46)        491    -14.69(17.50)     20.63      0.73 [-1.85, 3.31]          D
Beaulieu-Sheldon       393    -15.60(18.32)        391    -16.90(18.04)     21.27      1.30 [-1.25, 3.85]          D
Lehmann                420    -15.31(16.47)        420    -15.83(17.68)     25.80      0.52 [-1.79, 2.83]          D
Fleischmann            444    -16.00(18.19)        462    -17.80(18.89)     23.64      1.80 [-0.61, 4.21]          D
Wittenberg             145    -17.60(14.20)        144    -21.30(19.90)      8.66      3.70 [-0.29, 7.69]          D

Total (95% CI)   1645                        1908 100.00      1.31 [0.13, 2.48]
Test for heterogeneity: Chi² = 2.18, df = 4 (P = 0.70), I² = 0%
Test for overall effect: Z = 2.18 (P = 0.03)
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 Favours celecoxib  Favours lumiracoxib  
Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 11 Naproxen vs Placebo                                                                                        
Outcome: 01 Total WOMAC Score                                                                                          

Study  Naproxen  Placebo  WMD (fixed)  Weight  WMD (fixed)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Fiechtner              198     42.71(18.91)        203     47.50(16.18)     56.35     -4.79 [-8.24, -1.34]         D
Moskowitz              207    -12.92(20.60)        218     -4.79(20.60)     43.65     -8.13 [-12.05, -4.21]        D

Total (95% CI)    405                         421 100.00     -6.25 [-8.84, -3.66]
Test for heterogeneity: Chi² = 1.57, df = 1 (P = 0.21), I² = 36.4%
Test for overall effect: Z = 4.73 (P < 0.00001)
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Review: NSAIDs and selective COX-2 inhibitors in osteoarthritis (Change from baseline)
Comparison: 12 NSAIDs and COX2s vs Placebo                                                                                
Outcome: 01 Total WOMAC Score                                                                                          

Study  NSAIDs and COX2s  Placebo  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Quality

Fiechtner              197     38.75(17.11)        203     47.50(16.18)      5.55     -8.75 [-12.02, -5.48]        D
Williams 2000          223     38.23(18.67)        232     45.31(20.63)      5.09     -7.08 [-10.69, -3.47]        D
Yocum                  152    -22.08(20.60)        155    -10.63(20.60)      3.97    -11.45 [-16.06, -6.84]        D
McKenna i              199    -22.29(19.69)        200    -11.98(18.54)      4.92    -10.31 [-14.06, -6.56]        D
McKenna ii              63    -27.08(20.60)         60    -18.75(20.60)      2.13     -8.33 [-15.61, -1.05]        D
Moskowitz              207    -10.73(20.60)        218     -4.79(20.60)      4.72     -5.94 [-9.86, -2.02]         D
Williams 2001          231     38.54(20.58)        244     45.83(19.53)      5.09     -7.29 [-10.90, -3.68]        D
Baliunas                25     29.94(21.49)         28     36.48(21.69)      0.97     -6.54 [-18.18, 5.10]         D
Gibofsky               189    -22.81(20.60)         96    -12.29(20.60)      3.55    -10.52 [-15.58, -5.46]        D
Pincus i               181    -10.40(20.72)        172     -4.80(21.77)      4.14     -5.60 [-10.04, -1.16]        D
Pincus ii              229     -8.60(17.40)        117     -3.60(14.71)      5.25     -5.00 [-8.49, -1.51]         D
Pincus iii             189    -13.50(18.70)        182     -4.60(20.10)      4.67     -8.90 [-12.85, -4.95]        D
Pincus iv              242    -10.00(18.20)        124     -2.40(14.25)      5.37     -7.60 [-11.00, -4.20]        D
Tennenbaum             243    -13.96(16.46)        487     -9.79(16.77)      6.59     -4.17 [-6.72, -1.62]         D
Beaulieu-Sheldon       393    -15.60(18.32)        382     -9.50(16.33)      6.75     -6.10 [-8.54, -3.66]         D
Boice                  208    -23.65(22.63)        104    -14.20(21.46)      3.47     -9.45 [-14.59, -4.31]        D
Lehmann                420    -15.31(16.47)        420    -11.77(19.03)      6.81     -3.54 [-5.95, -1.13]         D
Fleischmann            444    -16.00(18.19)        231     -9.30(16.15)      6.39     -6.70 [-9.38, -4.02]         D
Smugar i               456    -28.80(20.60)        150    -17.67(20.60)      4.86    -11.13 [-14.93, -7.33]        D
Smugar ii              460    -26.64(20.60)        151    -12.85(20.60)      4.87    -13.79 [-17.58, -10.00]       D
Wittenberg             145    -17.60(14.20)         75    -12.50(13.40)      4.84     -5.10 [-8.91, -1.29]         D

Total (95% CI)   5096                        4031 100.00     -7.53 [-8.75, -6.32]
Test for heterogeneity: Chi² = 44.52, df = 20 (P = 0.001), I² = 55.1%
Test for overall effect: Z = 12.19 (P < 0.00001)
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The results of the meta-analysis suggest that there is no significant difference in 
efficacy between COX-2 inhibitors and standard NSAIDs. There is significant 
heterogeneity in the meta-analysis but a random effects model was used and we 
conclude that the evidence is mixed and doesn’t suggest one class of drugs being more 
efficacious than the other. For this reason the final comparison showing standard 
NSAIDs and COX-2 inhibitors pooled versus placebo is used in the model. The first 
comparison shown in Box 4 – paracetamol versus placebo – is used to emphasise that 
paracetamol is also associated with increased efficacy compared to placebo, but to a 
lesser extent than standard NSAIDs and Cox-2s. 
 
To convert these WOMAC efficacy scores into utility gains associated with the 
different drugs the Transfer To Utility (TTU) technique was used (Barton et al. 2007) .  
 

2)(0001.0)(0004.07526.0 WOMACWOMACUtility −+=  
 
This method is not perfect, but allows more data to be used and is a reasonable way of 
estimating utility scores where little direct utility data exists. The TTU method is 
discussed more in Appendix C of this guideline. The utility scores for placebo, 
paracetamol, and NSAIDs / COX-2 inhibitors, estimated using the meta-analysis and 
the TTU technique are shown in Table 6, below. 
 
Table 6: Estimated utility score for people with OA 

 Placebo / no 
treatment 

Paracetamol NSAIDs/COX-2 
inhibitors 

Osteoarthritis, no 
complications 

0.6877 0.7006 0.7226 

 
 



Two key points relating to efficacy estimates used in the model remain. Firstly, 
assuming equal efficacy between standard NSAIDs and COX-2 inhibitors may result in 
bias if they in fact are not equally efficacious. However without more evidence this 
assumption is reasonable. Also, the key comparison in this model is between standard 
NSAIDs and COX-2 inhibitors. Therefore, even if the TTU technique is not accepted, 
this should not affect the results of the model, as standard NSAIDs and COX-2 
inhibitors are assumed to be the same here. The only comparisons that would be 
affected are standard NSAIDs or COX-2 inhibitors versus paracetamol or no treatment. 
 
Secondly, we have assumed that different doses of the same drug are equally 
efficacious. For example diclofenac 100 mg is as efficacious as diclofenac 150 mg, and 
results in the same utility score (not taking into account adverse events). This is due to 
no evidence regarding the differential effects of different doses, and a lack of resources 
to investigate this further. It is unclear that there is an incremental effect regarding 
doses of the same NSAID, rather it may be more a case of a responder versus a non-
responder. However, if higher doses are in fact more efficacious, this assumption will 
bias against these higher doses. This is discussed more in the sensitivity analysis 
section of this appendix.    
 
Comparative utility scores for the different adverse events are important in the model 
because the adverse events associated with the different drugs are the key drivers of 
health effects as well as costs. However, data for the utility scores required were 
sparse, largely because of the time periods considered. Often utility scores are reported 
for adverse events without being specific about the time periods the utility scores relate 
to. This is important because a utility score for a period after a MI will be very 
different one year after the event compared to one or two months after the event. 
Because of the structure of our model, we required utility scores for the 3 months 
immediately after the event, as well as for longer term, post 3 months time periods. 
 
CCOHTA recently reported a survey to extract 3 month utility scores for experiencing 
dyspepsia, confirmed ulcer, and complicated GI bleed (medical and surgical) (Maetzel 
et al. 2002). These scores were used for our ‘GI symptoms / dyspepsia’, ‘Symptomatic 
ulcer’ and ‘Complicated GI bleed’ states. The only short term specific utility data 
found for CV adverse events was for stroke (Pickard et al. 2002). More data was found 
for longer term utility scores for MI, and stroke (Anon 2006), and these were used to 
adjust the short term stroke utility score to calculate 3 month scores for MI. Ideally 
utility scores for the different states would all have been obtained form the same 
source, however this did not prove possible. However, the most important issues are 
that the utility scores for the different events appear correct in relation to one another, 
and that the base short term utility values used (GI events and stroke) appear well 
obtained. This is the case (shown in Table 7).  
 
Importantly, the guideline development group decided that Heart Failure events that 
occur due to NSAID or COX-2 inhibitors use are likely to be short term and relatively 
unserious. Therefore the 3 month utility used for heart failure is that found in the 
Harvard CE Registry (Anon 2001), and after 3 months the patient is assumed to revert 
to the OA-only utility score. 
 
Utility scores in the years post treatment reflect average scores based on a decision tree 
of possible adverse events occurring in the future. 



 
The utility weights for OA symptoms and adverse events (Table 6 and Table 7) are 
multiplied by age-specific utility scores for the general UK population taken from the 
Health Survey for England (Department of Health 1998).  
 
Table 7: Adverse event utility weights 

Adverse event Utility weight (1=OA, no complications) 
Dyspepsia 0.73 
Symptomatic ulcer 0.55 
Post symptomatic ulcer 0.98 
Complicated GI event 0.46 
Post complicated GI event 0.98 
MI 0.37 
Post MI 0.88 
Stroke  0.35 
Post stroke 0.71 
Heart failure 0.71 
Post heart failure 1.00 

Costs 
 
These are taken from the literature and national unit costs (Anon 2006; Brown et al. 
2006; Curtis and Netten 2006; Department of Health 2006). Costs for post-treatment 
states are based on the average of events that may occur in the future. Costs included 
are drug costs, doctor consultation costs, procedure costs etc, based on an NHS 
perspective. 
 
Drug costs (shown in Table 8) were calculated from the most recently available Drug 
Tariff (November 2007, www.ppa.org.uk/ppa/edt_intro.htm).  
 
Table 8: Drug costs (PPA, Drug Tariff, November 2007) 

  Dose Pack size Cost  
   mg/day £/pack  mg/tab tab/pack Drug 

£/month 
Total 

£/cycle 
3000 £1.97 500 100 £3.55 £10.64 *Paracetamol 
3000 £0.51 500 32 £2.87 £8.61 

100 £2.03 50 84 £1.45 £4.35 *Diclofenac 
150 £2.03 50 84 £2.18 £6.53 
750 £0.89 250 28 £2.86 £8.58 *
500 £2.53 500 100 £0.76 £2.28 

Naproxen 

1000 £2.53 500 100 £1.52 £4.55 
1200 £3.74 600 84 £2.67 £8.01 *Ibuprofen 
2400 £3.74 600 84 £5.34 £16.03 

Celecoxib 200 £21.55 200 30 £21.55 £64.65 *
60 £22.96 60 28 £24.60 £73.80 *Etoricoxib** 
30 £13.99 30 28 £14.99 £44.97 

Omeprazole 20 £2.03 20 28 £2.18 £6.53 *
* Dose and costs used in base-case analysis  
** The NCC-CC has been advised that the price of etoricoxib 60 mg has been changed and that a dose of 30 mg is 
now available.  

http://www.ppa.org.uk/ppa/edt_intro.htm


 
 
For GI adverse events decision trees were used to estimate average costs for each 
event, based on assumptions made in the 2006 HTA paper on gastroprotection (Brown 
et al. 2006). Costs of each branch in the decision trees were calculated using HRG 
codes and average length of stay as given by Department of Health reference cost data 
(Department of Health 2006). GP contacts and outpatient visits were assumed and 
included, again based on data from the 2006 HTA paper on gastroprotection (Brown et 
al. 2006).  
 
CV adverse events costs are based on HRG codes and average length of stay as given 
by DH reference cost data, as well as post-event costs used in the NICE Hypertension 
update guideline.  
 
Post event costs were calculated using the decision trees for post event probabilities for 
GI events, and using post event costs taken from the NICE Hypertension update 
guideline for CV events. This assumes no follow-up management for GI events, other 
than continued prescribing of a PPI for patients after a symptomatic or complicated 
ulcer, whereas follow-up management is assumed for CV events, resulting in much 
higher post event costs. 
 
Costs for the individual states are considered in more detail in Box 5. 
 
Box 5: Adverse event costs 

The proportions of patients following the different treatment paths after experiencing 
an adverse event are based on Brown et al (Brown et al. 2006). All patients with a GI 
adverse event are assumed to have a helicobacter test. 
 

• No complications 
 
Only drug costs are incurred 
 

• GI symptoms/dyspepsia 
 
For this event it is assumed that in the majority of cases (98%) no further 
investigation is undertaken after an initial consultation with the GP and the 
prescription of a PPI for one month. However a small minority of patients are treated 
as an inpatient (with an endoscopy) or as an outpatient. This is shown in the diagram 
below.  
 



 
 

• Symptomatic ulcer 
 

For this event two GP consultations are assumed, and a PPI is prescribed for one 
month. Two gastroenterology outpatient appointments are assumed, with some 
patients receiving an endoscopy.  
 
 
 

• Complicated GI event 
 
For this event two GP consultations are assumed, and a PPI is prescribed for 42 
days. Those patients treated as an inpatient are assumed to have one outpatient visit 
and a surgical procedure (including an endoscopy), or an endoscopy alone. 
Outpatients are assumed to have two visits and a therapeutic endoscopy. Two 
gastroenterology outpatient appointments are assumed, with some patients receiving 
an endoscopy.  
 
 
 

• MI 
 
Here the average MI HRG cost is calculated from the Department of Health 
Reference Costs. The average length of stay is calculated to be less than 5 days for 
MI using this data, and so the costs for the remaining time spent in the 3 month 
model cycle period is calculated using post MI costs from the NICE Hypertension 
update guideline. 
 

• Stroke 
 



Here the average Stroke HRG cost is calculated from the Department of Health 
Reference Costs. We include in this the costs of Transient Ischaemic Attacks (TIAs) 
given the proportional rate at which they occur compared to Stroke in the adverse 
event probability data for the drugs we are comparing in the trials we used. The 
average length of stay is calculated to be less than 8 days for stroke / TIA using this 
data, and so the costs for the remaining time spent in the 3 month model cycle period 
is calculated using post-stroke costs from the NICE Hypertension update guideline. 
 

• Heart failure 
 
Here the average HF HRG cost is calculated from the Department of Health 
Reference Costs. The average length of stay is calculated to be around 6.5 days for 
HF using this data, and so the costs for the remaining time spent in the 3 month 
model cycle period is calculated using post HF costs from the NICE Hypertension 
update guideline. 
 
The assumed average costs of each adverse event calculated are shown in Table 9. 
 
Table 9: Adverse event costs 

Adverse event Cost (2006 £) per 3 month period 
Initial events  
No complications 0 
GI symptoms 40 
Symptomatic ulcer 640 
Complicated GI event 2862 
MI 1437 
Stroke 2268 
Heart failure 1770 
Post events  
Symptomatic ulcer 23 
Complicated GI event 23 
MI 145 
Stroke 446 
Heart failure 145 

Adverse events 
 
Adverse events are of key importance in the model. Since standard NSAIDs and COX-
2 inhibitors are assumed to be the same in terms of efficacy, the only areas in which 
they differ are drug costs and adverse event rates. Much of the existing economic 
modelling literature that compares standard NSAIDs and COX-2 inhibitors only 
includes GI adverse events, because the risk of CV adverse events has only been 
highlighted in recent times. Some studies include MI but no other CV events, whereas 
the data suggests that stroke and heart failure are also important events which seem to 
be affected by standard NSAID and COX-2 inhibitors use. Good data exists for a 
number of drugs relating to these adverse events, and as such these should be included 
in order to carry out a more complete economic analysis. 
 
Despite this, some adverse events which are thought to be influenced by standard 
NSAID and COX-2 inhibitor use are not included in this model. For example, 
hypertension and oedema have been observed in clinical trials, however the resource 



implications of these are substantially less than other CV events, and indeed these 
conditions would be expected to lead to a more serious CV event which are included in 
the model.  
 
Given current data, we have included all the adverse events that we believed were 
important and which sufficient data was available for. These are: 
 

• GI symptoms/dyspepsia 
• Symptomatic ulcer 
• Complicated GI event (eg perforation, complicated ulcer or bleed) 
• MI 
• Stroke 
• Heart failure 

 
As discussed previously, adverse event data is taken from CLASS, MEDAL and 
TARGET. TARGET data is taken from the published papers based on this trial 
(Farkouh and Kirschner 2004; Schnitzer et al. 2004). Additional data on symptomatic 
ulcers was found on the MHRA website (Novartis 2006). MEDAL data is taken from 
the published papers as well as the September 2006 MHRA assessment report of 
EDGE I, EDGE II and MEDAL (Laine et al. 2006; Laine et al. 2007; PhVWP 
ASSESSMENT REPORT 2006b). CLASS data is taken from the June 2000 FDA 
Medical Officer Review of Celebrex (celecoxib) (Medical Officer Review 2000), 
rather than the 6-month data presented in Silverstein et al 2000 (Silverstein and Faich 
2000). 
 
Note that for etoricoxib, data on the proportion of patients who discontinued treatment 
due to GI symptoms is used to calculate the relative risk of GI symptoms / dyspepsia 
for etoricoxib compared to diclofenac. This is because as yet data is not available for 
the actual number of patients who experienced GI symptoms in MEDAL. 
 
A number of important issues related to adverse events are discussed in turn below: 
 

 Dose: adverse event relationship  
 
As discussed previously, in order to make the model useful in the real world it was 
necessary to model realistic doses. In CLASS celecoxib is given at 4 times its 
recommended dose for OA (800 mg vs 200 mg). Most patients in the MEDAL 
programme took the recommended dose of etoricoxib (60 mg per day), but some 
patients took a higher dose of 90 mg per day (mean dose 78 mg), and the results for the 
outcomes required for the model were not split by dose. The doses of standard NSAIDs 
are also high in these trials, and so some adjustment to the results for these drugs was 
also made to bring them in line with ADQs.  
 
This assumption is clearly extremely important, as the adverse event rates are being 
adjusted from the trials in order to arrive at an estimate for the realistic dose of the 
drug. Failing to do this would result in meaningless results for the real world. This 
assumption may be seen to bias against the drugs which are given at closer to their 
recommended dose in the included trials if reducing dose does not in fact reduce 
adverse events. However expert consensus suggests that this is not the case, and 



intense sensitivity analysis around this assumption allows the effects of altering this 
assumption to be investigated.  
 
The results presented in this document are the mean probabilistic sensitivity analysis 
(PSA) results, based on 1000 iterations of the model. In each of these iterations the 
dose assumption was allowed to vary between 0 and 1, with a mean of 0.5 and a beta 
distribution with alpha and beta values of 5. This is arbitrary but means that the 
distribution is bell shaped but fairly flat, allowing for a lot of variation in the 
parameter. Therefore, although the mean estimate of the parameter is 0.5, the model 
takes into account that the true value could be anywhere between 0 and 1, with figures 
closer to 0.5 slightly more likely than those further than 0.5, but still allowing the more 
peripheral values (close to 0, and close to 1) to occur fairly often.  
 
In addition, we tested the impact of changes in the dose assumption through 
deterministic sensitivity analysis. 
 

 Chain of comparisons used in the model 
  
This relates to how comparable relative risks for the different drugs adverse event rates 
were estimated using CLASS, MEDAL and TARGET. Because diclofenac was used in 
CLASS and MEDAL, and ibuprofen was used in CLASS and TARGET, there is 
always a common comparator between two drugs, allowing a network of comparisons 
to be linked. This type of indirect comparison is not ideal, particularly as mentioned 
previously there are some differences in the patient populations in the different trials, 
but in the absence of a trial directly comparing each and every relevant drug it is a 
reasonable and a robust method to use (Bucher et al. 1997; Song et al. 2003). In fact, 
because of the drug linkages between the studies all of the relative risks are directly 
calculated between two drugs, but this calculated relative risk is only an indirect 
comparison compared to the other drugs.  
 
The only link in the network where there is a choice of which comparison to use to 
calculate relative risks is for naproxen. This can either be calculated using a 
comparison with lumiracoxib, or using a comparison with ibuprofen, both within the 
TARGET trial. We chose to use the comparison with lumiracoxib, although the license 
for this drug has now been withdrawn, as the focus of the TARGET trial was to 
compare lumiracoxib with standard NSAIDs, rather than comparing individual 
standard NSAIDs. This also seems sensible because the sub-studies within TARGET 
(lumiracoxib vs ibuprofen and lumiracoxib vs naproxen) appear to have unequal 
patient characteristics. The network is the same for each AE except heart failure, where 
individual data are not given for naproxen and ibuprofen in TARGET.  This is shown 
in Box 6. 
 
 
 



Box 6: Chain of comparisons used to estimate adverse event risks 

 
Diclofenac: Absolute event rate calculated using the diclofenac arm in MEDAL 
for all events except GI symptoms / dyspepsia (not available from MEDAL), for 
which the diclofenac arm in CLASS was used. 
  

Celecoxib relative risk compared to diclofenac calculated using CLASS 
Ibuprofen relative risk compared to diclofenac calculated using CLASS 
Etoricoxib relative risk compared to diclofenac calculated using MEDAL  
Naproxen relative risk compared to diclofenac indirectly calculated using 

relative risk of naproxen compared to lumiracoxib from TARGET, relative risk of 
lumiracoxib compared to ibuprofen from TARGET, and ibuprofen compared with 
diclofenac from CLASS. 
 
Event rates for no treatment and paracetamol were derived using relative risks 
compared to diclofenac taken from observational studies. 

 
Note: for heart failure, naproxen is assumed to be the same as ibuprofen, as data 
for these two drugs is not split out in TARGET for this outcome. Given other CV 
event data this may bias against naproxen.  

 
  
 
Table 10. Three-month transition probabilities from RCT data – adjusted doses 

 Mean (standard error) 
  GI 

symptoms 
Symptomatic 
Ulcer 

Complicated 
GI event 

MI Stroke Heart 
Failure 

No treatment 
 

7.52% 0.04% 0.02% 0.06% 0.03% 0.01%

Paracetamol 
3000 mg* 

12.72% 0.04% 0.02% 0.06% 0.03% 0.01%

21.30% 0.14% 0.07% 0.09% 0.06% 0.02%Diclofenac 
100 mg (0.90%) (0.02%) (0.01%) (0.01%) (0.01%) (0.01%)

14.96% 0.28% 0.07% 0.06% 0.08% 0.09%Naproxen 750 
mg (0.43%) (0.07%) (0.02%) (0.03%) (0.03%) (0.12%)

12.72% 0.20% 0.08% 0.15% 0.06% 0.09%Ibuprofen 
1200 mg (0.54%) (0.09%) (0.04%) (0.11%) (0.04%) (0.12%)

12.45% 0.09% 0.05% 0.15% 0.02% 0.04%Celecoxib 200 
mg (0.46%) (0.04%) (0.03%) (0.10%) (0.02%) (0.06%)

12.23% 0.09% 0.07% 0.10% 0.07% 0.04%Etoricoxib 30 
mg (1.34%) (0.01%) (0.01%) (0.01%) (0.01%) (0.01%)
 
* Paracetamol assumed equal to ibuprofen for GI symptoms, and ‘no treatment’ for all other adverse events. 
 
 

 PPI use  
 
Previous NICE guidance (NICE COX-2 inhibitors technology appraisal and dyspepsia 
guideline) has not suggested that gastroprotective agents should be co-prescribed with 
COX-2 inhibitors (Anon 2006; Nice Appraisal Team 2000). However, some evidence 
has been published suggesting that COX-2 inhibitors with a PPI may be a beneficial 



combination. Also, PPIs have recently become significantly cheaper due to coming off 
patent. This suggests that COX-2 inhibitor + PPI is a reasonable comparator.  
 
Scheiman et al studied the effect of adding a PPI to a COX-2 inhibitor in a randomised 
controlled trial. Their results were unexpected, as they suggest that lower dose PPI use 
results in a much larger reduction in GI adverse events than higher dose PPI use. 
However, results for both arms of the trial suggest that adding a PPI to a COX-2 
inhibitor results in fewer GI adverse events.(Scheiman et al. 2006). Conservatively, it 
was decided to assume a low dose PPI cost, but using the relative risk from Scheiman 
et al associated with the higher dose PPI. The same relative risk reduction was assumed 
for all COX-2 inhibitors (see Table 11). Corroborative evidence for the effectiveness of 
adding a PPI to a COX-2 inhibitor is provided from another RCT (Chan et al. 2007). 
This study found a significant reduction in recurrence after hospital admission for 
upper gastrointestinal bleeding when a PPI was added to celecoxib (0% vs 8.9% over 
12 months, 95% CI for the risk difference 4.1% to 13.7%). We did not use this 
evidence in the analysis, however, as it relates to a higher risk population, and the 0% 
event rate in the PPI arm means that we could not calculate a relative risk, as required 
for the model. 
 
For standard NSAIDs concurrent use of a PPI is a more accepted intervention. A recent 
HTA studying gastroprotective agents is used to calculate a reduction in GI symptoms, 
symptomatic ulcer, and complicated GI event risk associated with coprescription with 
a PPI (Brown et al. 2006). This reduction in risk is assumed to be the same for each 
standard NSAID, as the HTA does not split out for individual NSAIDs. 
 
Table 11: Relative Risk of GI adverse events when add a PPI, compared to no PPI 

Adverse event Added to a standard NSAID Added to a Cox-2 
GI symptoms 0.43 (0.24–0.76) 0.25 (0.03–0.78) 
Symptomatic ulcer 0.37 (0.30–0.46) 0.25 (0.03–0.78) 
Complicated GI bleed 0.46 (0.07–2.92) 0.25 (0.03–0.78) 
Figures in brackets represent 95% confidence intervals 
 
We did not consider the use of alternative gastroprotective agents (H2 receptor 
antagonists) with either conventional NSAIDs or COX-2 inhibitors, since the clinical 
effectiveness evidence for H2RAs alongside these drugs is much weaker than that for 
PPIs, and there is now very little difference in cost between these classes of drugs. 
 
 

 Observational data 
 
Observational data was not found for etoricoxib, and so celecoxib was the only COX-2 
inhibitor included in this version of the model. The relative risk estimates drawn from 
RCT data were used. 
 
We have assumed the dose in the observational studies to be the ADQ.  
 
 



Table 12: Three-month transition probabilities from observational data – adjusted doses 

 Mean (standard error) 
  GI 

symptoms 
Symptomatic 
ulcer 

Complicated 
GI event 

MI Stroke Heart 
failure 

No treatment 
 7.52% 0.04% 0.02% 0.06% 0.03% 0.01%

Paracetamol* 
 9.45% 0.04% 0.02% 0.06% 0.03% 0.01%

16.35% 0.07% 0.04% 0.09% 0.04% 0.02%Diclofenac 
(6.25%) (0.02%) (0.01%) (0.01%) (0.01%) (0.01%)
21.51% 0.08% 0.03% 0.07% 0.03% 0.02%Naproxen 

(20.29%) (0.05%) (0.02%) (0.01%) (0.02%) (0.01%)
9.45% 0.04% 0.03% 0.07% 0.03% 0.02%Ibuprofen 

(3.93%) (0.02%) (0.01%) (0.01%) (0.01%) (0.01%)
7.18% 0.03% 0.02% 0.06% 0.03% 0.01%Celecoxib 

(5.88%) (0.02%) (0.01%) (0.01%) (0.02%) (0.01%)
* Paracetamol assumed equal to ibuprofen for GI symptoms, and ‘no treatment’ for all other adverse events. 
 
 
For ‘GI symptoms/dyspepsia’ and ‘Symptomatic ulcer’, the Hippisley-Cox case 
control study for uncomplicated GI events was used (Hippisley-Cox et al. 2005). For 
‘Complicated GI bleed’ the same case control study for complicated GI events was 
used. This was chosen because it reported statistics for all the drugs we are comparing, 
which promotes consistency in the model. For the same reason, case control evidence 
from Andersohn et al was used for stroke (Andersohn et al. 2006). Evidence was more 
difficult to find for heart failure, but Mamdani reports HF admission relative risks for 
celecoxib and ‘NSAIDs’, which were mainly diclofenac (59%), ibuprofen (12%) and 
naproxen (17%) (Mamdani et al. 2004). For this event, the standard NSAIDs were 
therefore assumed to have the same relative risk. For MI, the most up to date 
observational meta-analysis was supplied to us by the MHRA (PhVWP assessment 
report 2006a). This meta-analysis presents relative risks for diclofenac, naproxen, and 
ibuprofen, but not celecoxib. Therefore estimates from Hernandez-Diaz et al were used 
for the celecoxib relative risk (Hernandez-Diaz et al. 2006).   
 
Paracetamol was assumed to carry the same risk as placebo in the observational 
version of the model, apart from for GI symptoms / dyspepsia, where the same risk as 
ibuprofen was assumed. The effect of adding a PPI to the drugs was assumed to be the 
same as in the RCT version in the model, with relative risks as shown in Table 11. 
 

Discounting 
 
Estimated costs and QALYs were discounted at 3.5% per year, as recommended in the 
NICE reference case. 
 

Sensitivity analysis 
 
Probabilistic sensitivity analysis was undertaken. Beta distributions were used for 
adverse event incidence probabilities, the dose adjustment factor for adverse events 
and utilities. Log-normal distributions were used for PPI relative risks and utility 



multipliers. All other parameters were held constant. 
 
Deterministic sensitivity analysis was also used to examine the impact of age and 
baseline GI and CV risks, duration of treatment, alternative doses and prices for the 
drugs, the assumed relationship between adverse effects and dose, the source of 
estimates for effects on adverse events (from MEDAL, TARGET and CLASS and 
observational data). 

 

Results 

Base-case analysis  
 
The model results for 55 year old patients (low GI and CV risk) over three months of 
treatment are shown in Table 13.  
 
One clear result is that addition of a PPI (omeprazole 20 mg) is cost effective. This can 
be seen in Figure 4, which shows that for all NSAIDs / COX-2 inhibitors addition of a 
PPI increases the estimated QALY gain at little or no additional cost to the health 
service (once savings from treating side effects are taken into account). This result is 
robust for all of the sensitivity analyses conducted below, and for the rest of this results 
section, we assume that all NSAIDs/COX-2 inhibitors would be prescribed with a PPI. 
 
Of the included NSAIDs/COX-2 inhibitors, celecoxib 200 mg is the most cost-
effective option, with an incremental cost-effectiveness ratio (ICER) of around £9,500 
per QALY gained (see Table 14). In patients who cannot take celecoxib due to 
contraindication or intolerance, but who wish to take a COX-2 selective agent, 
etoricoxib 60 mg is of borderline cost effectiveness (£25,800 per QALY). NICE 
recommends that its advisory bodies should usually apply a cost-effectiveness 
threshold in the region of £20,000 to £30,000 per QALY (National Institute for health 
and clinical excellence 2008). 
 
For patients who are not able to take a COX-2 inhibitor, paracetamol is slightly 
cheaper than standard NSAIDs with a PPI. But, although it incurs fewer GI or CV 
events, paracetamol is not as effective at controlling the symptoms of osteoarthritis. 
Consequently, standard NSAIDs with a PPI do appear to be a cost-effective alternative 
to paracetamol in this patient group.  
 
There is little difference between diclofenac, ibuprofen and naproxen in terms of 
relative cost effectiveness.  
 



Table 13. Model results: base-case analysis, 55 year old, 3 months of treatment 

Per 10,000 
person years 

Mean per person   

GI 
events 

CV 
events 

Life 
years 

Cost QALYs Net benefit 

Net 
Benefit 
rank 

No treatment 21.0 41.9 26.144 £1,232 10.9606 £217,981 8 
Paracetamol 21.0 41.9 26.144 £1,244 10.9615 £217,986 7 
Diclofenac 84.5 68.6 26.129 £1,251 10.9569 £217,887 13 
Diclofenac + PPI 42.2 68.4 26.131 £1,252 10.9635 £218,018 4 
Naproxen 141.2 93.8 26.125 £1,261 10.9592 £217,923 12 
Naproxen + PPI 63.6 92.6 26.128 £1,262 10.9638 £218,014 5 
Ibuprofen 111.4 118.7 26.126 £1,264 10.9603 £217,943 10 
Ibuprofen + PPI 54.8 114.1 26.129 £1,265 10.9648 £218,031 2 
Celecoxib 57.5 84.8 26.137 £1,309 10.9642 £217,975 9 
Celecoxib + PPI 19.8 83.8 26.142 £1,311 10.9697 £218,083 1 
Etoricoxib 63.2 86.1 26.126 £1,321 10.9603 £217,886 14 
Etoricoxib + PPI 21.9 86.5 26.133 £1,322 10.9662 £218,002 6 

 
Figure 4. Mean treatment effects and costs: base-case analysis, 55 year old, 3 months of 
treatment 
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Duration of treatment 
The results are very similar over a longer duration of treatment (see Table 14).  
 
Table 14. Incremental cost-effectiveness results: base-case analysis 

 Incremental cost-effectiveness ratio (£ per QALY) 
 3 months of 

treatment 
2 years of 
treatment 

Comparator * 

Age 55 (low GI risk) 
Diclofenac 100 mg + 
PPI 

£7,058 £6,236 No treatment 

Celecoxib 200 mg + PPI £9,499 £10,183 Diclofenac + PPI 
Age 65 (high GI risk) 
Celecoxib 200 mg + PPI £10,173 £10,349 No treatment 
 
* Comparisons with the next best, non-dominated options. Other Cox-2 selective agents are dominated by 
celecoxib. Paracetamol and other standard NSAIDs are subject to extended dominance. 
 

Raised GI risk 
The pattern of results is slightly different for 65 year old patients at higher risk of 
adverse events compared with the 55 year old cohort (relative risks of 2.96 and 1.94 for 
GI and CV events respectively ) (Table 15 and Figure 5). Celecoxib 200 mg is still the 
most cost-effective option (with an incremental cost-effectiveness ratio of £10,300 per 
QALY compared with no treatment). However, etoricoxib 60 mg is not cost effective 
in these patients (£67,600 per QALY).  
 
The higher baseline risk of GI events in this group makes standard NSAIDs less 
effective, even when combined with a PPI. In fact, the model estimates that the QALY 
gain from improved control of OA symptoms is outweighed by the loss from NSAID-
induced adverse events. Thus, paracetamol is the most cost-effective alternative to 
celecoxib + PPI in patients at high GI risk. 
 
It should be emphasised that this difference is due to the assumed risk of adverse 
events, not age per se: the results for 55 year old patients with equivalent GI and CV 
risks are very similar to those of 65 year old patients. 
 



Table 15 Model results: base-case analysis, 65 year old, 3 months of treatment 

Per 10,000 person 
years 

Mean per person   

GI events CV events Life 
years 

Cost QALYs Net benefit 

Net 
benefit 
rank 

No Treatment 61.7 80.4 17.79 £963 8.2113 £163,263 3 
Paracetamol 61.7 80.4 17.79 £975 8.2124 £163,272 2 
Diclofenac 248.8 131.2 17.76 £988 8.2000 £163,013 13 
Diclofenac + PPI 120.0 131.3 17.77 £986 8.2084 £163,182 6 
Naproxen 419.2 168.9 17.75 £1,002 8.2011 £163,021 12 
Naproxen + PPI 182.4 174.5 17.76 £999 8.2078 £163,157 10 
Ibuprofen 321.9 223.3 17.75 £1,007 8.2022 £163,037 11 
Ibuprofen + PPI 152.7 229.2 17.76 £1,007 8.2085 £163,163 8 
Celecoxib 171.9 158.1 17.77 £1,046 8.2111 £163,175 7 
Celecoxib + PPI 64.7 157.3 17.79 £1,046 8.2194 £163,343 1 
Etoricoxib 185.1 164.7 17.76 £1,058 8.2026 £162,995 14 
Etoricoxib + PPI 70.2 165.7 17.77 £1,057 8.2127 £163,196 5 

 
 
Figure 5 Mean treatment effects and costs: base-case analysis, 65 year old, 3 months of 
treatment 
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Raised CV risk 
 
Increased risk of CV adverse events when taking standard NSAIDs and COX-2 
inhibitors has been brought to the public eye in recent times. The base case of the 
model considers patients with the characteristics of those in CLASS, MEDAL and 
TARGET, who generally do not display high CV risk factors. It is important to 
consider the model results for patients with heightened CV risk.  
 
Increasing the relative risk of cardiovascular events reduces the effectiveness, and 
hence cost effectiveness, of all standard NSAIDs and COX-2 selective agents. The 
average risk for 55 year old patients in the model is 42 events per 10,000 person years 
(MIs, strokes or heart failure). At twice this risk, none of the standard NSAIDs are cost 
effective compared with paracetamol (Figure 6).   
 
Figure 6. Mean costs and effects, 55 year old with twice the age-specific CV risk 
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However, in our model celecoxib+ PPI is still estimated to be cost effective for 55 year 
old patients at twice, or even four times, the cardiovascular risk for their age (Table 
16).  Sixty-five year old patients, must have a relative risk of around 3 or 4 times the 
average for their age before celecoxib+ PPI ceases to be cost effective.  
 
This analysis suggests that the cost effectiveness of celecoxib+ PPI is not very 
sensitive to patients’ baseline cardiovascular risk. But it should be noted that this result 
depends on the robustness of the CLASS data on adverse events, which we question 
below.    
 



Table 16. Incremental cost effectiveness of celecoxib + PPI: raised cardiovascular risk 

 Incremental cost-effectiveness ratio for  
celecoxib + PPI (£ per QALY) 

Relative risk of CV 
events ** 

3 months of 
treatment 

2 years of 
treatment 

Comparator * 

Age 55 (low GI and CV risk) 
Relative CV risk: 1 £9,499 £10,183 Diclofenac + PPI 
Relative CV risk: 2 £11,108 £10,275 No treatment 
Relative CV risk: 3 £12,579 £12,431 No treatment 
Relative CV risk: 4 £15,049 £15,435 No treatment 
Age 65 (raised GI and CV risk) 
Relative CV risk: 1 £10,173 £10,349 No treatment 
Relative CV risk: 2 £15,062 £14,483 Paracetamol 
Relative CV risk: 3 £29,784 £27,773 Paracetamol 
Relative CV risk: 4 £64,326 £47,436 Paracetamol 
* Comparisons with the next best, non-dominated options.  
** Relative risk of CV events (MI, stroke or HF) compared with age-specific mean. 
 

Uncertainty 
 
The results of the probabilistic sensitivity analysis are illustrated in Figure 7 and Figure 
8 respectively. These cost effectiveness acceptability curves (CEACs) show the 
estimated probability that each option is the most cost-effective treatment (on the y-
axis) as a function of the amount that we are willing to pay for a QALY (on the x-axis). 
They reinforce the conclusion that at a NICE cost-effectiveness threshold of around 
£20,000 to £30,000 per QALY and using the RCT data, celecoxib with PPI is the most 
cost-effective option for a range of patient groups. However, these graphs also 
illustrate the considerable uncertainty over the relative ranking of the other drugs.  
 
In particular, note that although ibuprofen+ PPI has a higher estimated probability of 
being the most cost-effective option compared with diclofenac+ PPI, it has a lower 
expected net benefit. This apparently contradictory result is due to a skew in the 
estimated distribution of net benefits introduced by non-linearities in the model. It 
should not be taken to imply that ibuprofen+ PPI is more cost effective than 
diclofenac+ PPI.  
 
In addition to this probabilistic sensitivity analysis, we conducted various deterministic 
analyses to examine the sensitivity of results to various other uncertainties. These other 
scenarios are discussed below.  
 



Figure 7 Probability that each drug is the most cost-effective option as a function of 
willingness to pay per QALY: base-case analysis, 55 year old, 3 months of treatment 
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Figure 8 Probability that each drug is the most cost-effective option as a function of 
willingness to pay per QALY: base-case analysis, 65 year old, 3 months of treatment 
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Discussion and sensitivity analysis 

Key drivers of the model results 
 

Observational data 
 
The results of the model using the observational adverse event data do differ from the 
base-case RCT data results (see Table 17 and Figure 9). However, some important 
results remain similar. In particular, both the RCT and the observational versions of the 
model show that it is cost effective to co-prescribe a PPI with a standard NSAID. Key 
differences in the results are that the observational version of the model suggests that 
ibuprofen 1200 mg is the most cost-effective standard NSAID. Celecoxib 200 mg + 
PPI is also relatively less cost effective based on the observational data (£30,400 and 
£21,000 per QALY compared with ibuprofen + PPI for 55 and 65 year old patients 
respectively). This borderline cost effectiveness means that the results are sensitive to 
small increases in baseline CV or GI risks.  
 
The fact that ibuprofen comes out as the most cost-effective standard NSAID in the 
observational version of the model is not a surprise. We have already shown that the 
standard NSAID results are very similar in the RCT version of the model, and the 
results probably should not preclude any of the included standard NSAIDs being 
prescribed (with a PPI). It is also well known that ibuprofen appears one of the safest 
standard NSAIDs in observational data. However, although this data draws upon much 
larger sample sizes than RCT data, bias is an important problem. Ibuprofen is likely to 
be used at a lower dose in the real world relative to other NSAIDs, with patients likely 
to be moved on to a higher dose of an alternative NSAID if something stronger is 
required. This brings substantial dosing bias to the observational data which places 
question marks over the results of the observational version of the model. 
 
Table 17. Model results: observational data, 55 year old, 3 months of treatment 

Per 10,000 
person years 

Mean per person   

GI 
events 

CV 
events 

Life 
years 

Cost QALYs Net benefit 

Net 
Benefit 
rank 

No Treatment 21.0 41.9 26.144 £1,145 11.0719 £220,293 10 
Paracetamol 21.0 41.9 26.144 £1,157 11.0745 £220,332 8 
Diclofenac 41.3 55.8 26.139 £1,158 11.0746 £220,334 7 
Diclofenac + PPI 19.8 56.1 26.141 £1,160 11.0794 £220,429 5 
Naproxen 45.8 44.4 26.142 £1,161 11.0732 £220,303 9 
Naproxen + PPI 21.1 45.3 26.143 £1,162 11.0798 £220,434 3 
Ibuprofen 27.6 46.7 26.143 £1,156 11.0793 £220,430 4 
Ibuprofen + PPI 13.9 46.9 26.144 £1,160 11.0820 £220,480 1 
Celecoxib 22.4 41.2 26.143 £1,210 11.0805 £220,400 6 
Celecoxib + PPI 7.6 41.1 26.146 £1,214 11.0838 £220,462 2 

 



Figure 9. Mean costs and effects: observational data, 55 year old, 3 months of treatment 
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Stroke risks 
 

Celecoxib comes out very favourably in the RCT model results. This is particularly 
interesting because for serious GI events, against which COX-2 inhibitors are supposed 
to protect patients, celecoxib appears slightly worse than etoricoxib (see Table 10). 
However, celecoxib comes out particularly favourably for stroke. In CLASS, the rate 
of cerebrovascular disorders was 0.002 in the celecoxib 800 mg arm of the trial, and 
0.005 in the diclofenac 150 mg arm. The rate of stroke was much more similar between 
COX-2 inhibitors and standard NSAIDs in TARGET and MEDAL. However some 
care has to be taken with these results because the stroke relative risks from these 
RCTs are based on very low numbers of events. Because stroke is the most expensive 
adverse event included in the model, and also the one that has the most detrimental 
effect on utility, it is a key driver in the model.  
 
We tested the impact of stroke by setting the relative risks for the coxibs equal to those 
observed in MEDAL, which was the largest of the three RCTs and was also designed 
specifically to estimate cardiovascular event rates. The results of this analysis are 
summarised in Table 18. Under this scenario, neither celecoxib 200 mg + PPI nor 
etoricoxib 60 mg + PPI was cost effective. This shows the importance of uncertainty 
over stroke risks to the results of this analysis. 
 



Table 18. Sensitivity analysis on cardiovascular risks for COX-2 inhibitors 

 Incremental cost-effectiveness ratio (£ per QALY) * 
 Celecoxib 200 mg  

+ PPI 
Etoricoxib 60 mg + PPI 

Base-case analysis 
Age 55, 3 months £9,499 £25,836 
Age 55, 2 years £10,183 £27,242 
Age 65, 3 months £10,173 £67,559 
Age 65, 2 years £10,349 £46,374 
Equal stroke risks for 
all Cox-2s (MEDAL) 

  

Age 55, 3 months £54,046 £38,110 
Age 55, 2 years £49,640 £36,736 
Age 65, 3 months £443,694 £161,480 
Age 65, 2 years £71,013 £61,105 
 
* Compared with the next best, non-dominated option: diclofenac 100 mg + PPI for age 55 base-case analysis; 
Ibuprofen 1200 mg + PPI for age 55 equal stroke risks analysis; no treatment for age 65. 
 
 

 Etoricoxib 30 mg 
 
The above results relate to a 60 mg daily dose of etoricoxib. A lower dose of 30 mg per 
day is now available in the UK. Compared with the mean dose of 78 mg in the 
MEDAL programme, this represents a 62% reduction in dose, which translates to a 
31% reduction in observed event rates using our modelling assumptions.  
 
In the base-case model, this is sufficient to make etoricoxib more cost effective, though 
still not as good as celecoxib at the current price of £13.99 per month (Error! 
Reference source not found.). Although etoricoxib 30 mg + PPI is a cost-effective 
alternative to standard NSAIDs for patients at low GI risk, celecoxib 200 mg + PPI is 
cost effective compared with etoricoxib 30 mg  + PPI for these patients. For patients at 
high GI risk, celecoxib 200 mg + PPI is still the most cost-effective option, although 
etoricoxib 30 mg + PPI would be cost effective for patients who were suitable for a 
COX-2 inhibitor, but could not take celecoxib.  
 
Table 19. Sensitivity analysis for etoricoxib 30 mg 

 Incremental cost-effectiveness ratio (£ per QALY) 
 3 months of 

treatment 
2 years of 
treatment 

Comparator * 

Age 55 (low GI risk) 
Diclofenac 100 mg + 
PPI 

£6,892 £6,094 No treatment 

Etoricoxib 30 mg + PPI £8,824 £9,189 Diclofenac + PPI 
Celecoxib 200 mg + PPI £11,025 £12,943 Etoricoxib 30 mg + PPI 
Age 65 (high GI risk) 
Celecoxib 200 mg + PPI £10,291 £9,593 No treatment 
 
* Comparisons with the next most effective, non-dominated options.  
 
However, if we assume that all COX-2 inhibitors have the same stroke risks (based on 
the MEDAL results), then etoricoxib 30 mg would be the most cost effective of the 
included drugs (Table 20). 



Table 20. Sensitivity analysis for etoricoxib 30 mg, MEDAL stroke risks for COX-2 
inhibitors 

 Incremental cost-effectiveness ratio (£ per QALY) 
 3 months of 

treatment 
2 years of 
treatment 

Comparator * 

Age 55 (low GI risk) 
Diclofenac 100 mg + PPI £6,898 £6,237 No treatment 
Etoricoxib 30 mg + PPI £7,207 £7,184 Diclofenac + PPI 
Celecoxib 200 mg + PPI £546,909 - Etoricoxib 30 mg + PPI 
Age 65 (high GI risk) 
Paracetamol 3000 mg + 
PPI 

£11,103 - No treatment 

Etoricoxib 30 mg + PPI £13,201 £11,550 Paracetamol 3000 mg + PPI 
* Comparisons with the next most effective, non-dominated options.  
 
The NCC has also been advised of a forthcoming change in the NHS net price of 
etoricoxib 60 mg. However, applying the same assumptions as for all other included 
drugs, this higher dose would now be dominated in our model by etoricoxib 30 mg.  
This is because the lower dose is cheaper and would be expected to be associated with 
similar efficacy but fewer adverse effects than the higher dose. For this reason we did 
not re-run our analysis for etoricoxib 60 mg at the revised price.    
 

 Dose of NSAIDs 
 

The dose of medication impacts on the model through the assumed relationship with 
adverse event rates. Since lower doses are assumed to be equally effective at 
controlling OA symptoms, but incur lower rates of GI and CV events, they will be 
more cost effective than higher doses of the same drug. However, the modelled doses 
of the standard NSAIDs do not necessarily reflect current practice. Some prescribing 
data suggests it may be more appropriate to consider a diclofenac dose of 150 mg per 
day, rather than 100 mg (University of Dundee 2004). MEMO data also shows that 
naproxen 1000 mg may be a more appropriate dose to consider, rather than 750 mg. 
Ibuprofen may also be prescribed at 2400 mg per day, rather than 1200 mg as assumed 
in the model. We tested these alternative doses in sensitivity analysis (Table 21). This 
shows that the relative cost effectiveness of the standard NSAIDs depends on the dose 
required to achieve a therapeutic response in an individual patient.  
 
Table 21. Results of sensitivity analysis on daily dose of standard NSAIDs 

 Age 55 (low GI risk) Age 65 (high GI risk) 
Diclofenac 150 mg Diclofenac appears less cost 

effective than other NSAIDs and 
paracetamol. 

NSAIDs not cost effective in 
comparison to paracetamol anyway. 

Naproxen 500 mg Naproxen appears rather more cost 
effective than other NSAIDs. 

The lower risk of adverse events at 
this dose is insufficient to make 
naproxen appear cost effective in 
relation to paracetamol. 

Naproxen 1000 mg Naproxen becomes rather less cost 
effective in relation to the other 
NSAIDs, but the difference is 
small. 

NSAIDs not cost effective in 
comparison to paracetamol anyway. 

Ibuprofen 2400 mg Ibuprofen becomes less cost 
effective than other NSAIDs. 

NSAIDs not cost effective in 
comparison to paracetamol anyway. 



 
 

 Heart failure 
 

The estimates for heart failure risk may be controversial, as some clinical 
pharmacology studies have suggested that etoricoxib is likely to be worse for renal 
parameters such as systolic blood pressure than other NSAIDs (Medicines and 
Healthcare Products Regulatory Agency 2005). The explanation for this is that our 
RCT estimates are based only on CLASS, MEDAL and TARGET, to allow 
consistency in the estimates and also due to difficulties of pooling results from studies 
with different populations, study designs, and outcome definitions. Although 
etoricoxib did appear worse than diclofenac 150 mg for heart failure in MEDAL, the 
difference between celecoxib 800 mg and diclofenac 150 mg was even greater in 
CLASS, and was estimated to be fairly similar when the high dose of celecoxib was 
taken into account. Also, ibuprofen 2400 mg appears substantially worse than 
diclofenac 150 mg for heart failure in CLASS. Hence we end with heart failure 
estimates which are all quite similar for the COX-2 inhibitors, and with ibuprofen and 
naproxen both appearing worse than diclofenac. This is of particular importance 
because a lack of detailed data from the TARGET study means that we have had to 
assume that naproxen and ibuprofen have the same risk for heart failure. Based upon 
other CV risks, this may bias against naproxen.  
 
It should be noted that the utility of heart failure is considered in the model in such a 
way as to mean that this event has less impact on the results than the other CV events 
(see Table 7). We re-ran the model assuming that all drugs incurred the same risk of 
heart failure (rates estimated from the MEDAL trial for diclofenac 100 mg). This made 
little difference to the overall results. However, this analysis did change the relative 
ranking of the standard NSAIDs for patients at low GI risk, making naproxen appear 
similarly cost effective as diclofenac and ibuprofen.  
 
Table 22. Sensitivity analysis on cardiovascular risks for standard NSAIDs 

 Incremental Cost-effectiveness Ratio (£ per QALY) * 
 Diclofenac 100 mg + 

PPI
Naproxen 750 mg + 

PPI
Ibuprofen 1200 mg 

+ PPI
Base-case analysis 
Age 55, 3 months  £7,058 £9,536 £8,001 
Age 55, 2 years £6,236 £8,110 £7,771 
Age 65, 3 months Dominated Dominated Dominated 
Age 65, 2 years Dominated Dominated Dominated 
Equal heart failure risks (MEDAL) 
Age 55, 3 months  £7,301 £8,077 £8,028 
Age 55, 2 years £6,303 £6,843 £6,339 
Age 65, 3 months Dominated Dominated Dominated 
Age 65, 2 years Dominated Dominated Dominated 
Equal MI risks (MEDAL) 
Age 55, 3 months  £7,339 £10,992 £5,762 
Age 55, 2 years £6,247 £9,452 £4,714 
Age 65, 3 months Dominated Dominated Dominated 
Age 65, 2 years Dominated Dominated Dominated 
* Compared with no treatment. 
 



 
 MI 

 
Another concern about the adverse event estimates may be that ibuprofen 1200 mg is 
estimated to have a substantially higher risk of MI than diclofenac 100 mg. This is due 
to the relatively high rate of MIs in the ibuprofen 2400 mg arm of the CLASS study. 
Although this risk is reduced due to our dose:adverse event assumption, the risk 
associated with ibuprofen 1200 mg still appears high. However, sensitivity analysis 
was undertaken to test whether assuming ibuprofen 1200 mg and naproxen 750 mg had 
an equal risk of MI as diclofenac 100 mg affected the model results (Table 22). In this 
scenario, ibuprofen 1200 mg + PPI was more cost effective than the other standard 
NSAIDs.   
 
Also, it may be surprising that naproxen does not come out more favourably in the 
model, considering well documented evidence of a lower MI risk with the drug. 
However although this appears to be the case, naproxen also appears substantially 
worse for serious GI events, and slightly worse for stroke when compared to the other 
standard NSAIDs. This results in less favourable results for naproxen. 
 
 

 Hip fracture 
 
The model was re-run adding in an increased cost and decreased utility associated with 
patients taking PPIs, based on recent data linking PPI usage to hip fracture 
(Vestergaard et al. 2006; Yang et al. 2006). Ideally hip fracture would be incorporated 
into the model as a separate health state if more data is collected showing that it is 
related to PPI use. Adding in hip fracture to the model as an increased cost and 
decreased utility associated with PPI use based on data from the literature (Stevenson 
et al. 2007) had very little effect on the model, and did not change the results.  
 

 Dose-adverse effect relationship 
 
The overall cost-effectiveness results are not sensitive to the assumed relationship 
between dose and adverse effects. Celecoxib+ PPI remains the most cost-effective 
option (with an ICER below £20,000 per QALY) when we assume that a 50% change 
in dose gives a 0% or 50% change in adverse events.  
 
However, the estimated benefits of naproxen 750 mg, ibuprofen 1200 mg and 
diclofenac 100 mg are sensitive to the dose: adverse event relationship. A lower 
adjustment makes naproxen appear relatively more attractive. 
 
These results reinforce the uncertainty over the ranking of the COX-2 inhibitors and 
standard NSAIDs. 
 
 



Conclusions 
 
We conducted a cost-effectiveness analysis, comparing standard NSAIDs and COX-2 
inhibitors for which there was sufficient evidence to draw reliable conclusions: 
paracetamol 3000 mg, diclofenac 100 mg, naproxen 750 mg, ibuprofen 1200 mg, 
celecoxib 200 mg, etoricoxib 60 mg and 30 mg. We also tested the cost effectiveness 
of adding a gastroprotective agent to each of these NSAIDs / COX-2 inhibitors. It 
should be noted that we did not consider the cost effectiveness of other NSAIDs, 
meloxicam or etodolac, due to lack of suitable data. 
 
The analysis was based on an assumption that the NSAIDs and COX-2 inhibitors are 
equally effective at controlling OA symptoms, but that they differ in terms of GI and 
CV risks. The adverse event risks were taken from three key studies: MEDAL, CLASS 
and TARGET. As the doses of both standard NSAIDs and COX-2 inhibitors were very 
high in these trials, we adjusted the observed rates to estimate the impact of more 
commonly-used and licensed doses. The effectiveness of NSAIDs / COX-2 inhibitors 
and paracetamol at controlling OA symptoms was estimated from a meta-analysis of 
RCTs. Given these assumptions, lower doses of a drug will always be more cost 
effective than a higher dose of the same drug. In practice, though, some individuals 
may require higher doses than we have assumed in order to achieve an adequate 
therapeutic response. 
 
One clear result of our analysis is that it is cost effective to add a PPI (omeprazole 20 
mg) to standard NSAIDs and COX-2 inhibitors. We did not test the relative cost 
effectiveness of other gastroprotective agents, because of the superior effectiveness 
evidence for PPIs, and the currently very low cost of omeprazole at this dose. 
 
Given our assumptions and current drug costs, celecoxib 200 mg is the most cost 
effective of the included NSAIDs / COX-2 inhibitors. This result was not sensitive to 
the assumed duration of treatment (from 3 months to 2 years), or to the baseline risk of 
GI events in the population (55 years vs 65 years). It was also relatively insensitive to 
the baseline risk of CV events; only at very high levels of cardiovascular risk 
(approximately six times the average rate for a 55 year old) did celecoxib cease to be 
cost effective. Etoricoxib 30 mg would be a cost-effective alternative for patients who 
are suitable for a COX-2 inhibitor but cannot take celecoxib.  
 
However, it is important to note substantial uncertainties over the relative rates of 
adverse events associated with the COX-2 inhibitors estimated from the MEDAL, 
TARGET and CLASS studies. In particular, the estimated risk of stroke for celecoxib 
from CLASS was surprisingly low. If this is an underestimate, then etoricoxib 30 mg 
could be more cost effective than celecoxib 200 mg.  
 
Observational data implies a less attractive cost-effectiveness ratio for celecoxib 
(around £30,000 per QALY), though this estimate may be biased. There was no 
observational data for the other COX-2 inhibitors. 
 
For patients who cannot, or do not wish to, take a COX-2 inhibitor, the relative cost 
effectiveness of paracetamol and standard NSAIDs depends on their individual risk 
profile, as well as the dose required to achieve an adequate therapeutic response. 



Recommendations are given in the full guideline. 
 
The relative costs of diclofenac 100 mg, naproxen 750 mg and ibuprofen 1200 mg 
prescribed concurrently with a PPI are similar, and uncertainties over the relative 
incidence of adverse events with these drugs make it difficult to draw clear conclusions 
about their comparative cost effectiveness. 
 
This analysis has highlighted the high level of uncertainty over the comparative cost 
effectiveness of different NSAIDs and COX-2 inhibitors. Changes in the best estimates 
of the rates of some adverse events could change the results. Given that adverse events 
are the key driver of the model, this is the area where research would be most 
desirable. It should be noted though, that more data than was used in the model does 
exist, from both randomised and observational studies. For this guideline we were not 
able to combine all the available data to inform the model. However, if this was 
possible, this may decrease the need for additional research. 
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