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Summary

Rheumatoid Arthritis (RA) is the most common form of inflammatory arthritis. It is a 

chronic condition that places a substantial burden on patients and their carers, 

imposing a negative effect on quality of life (QOL), including physical, 

psychological, and social functioning and is associated with premature mortality. 

Treatment pathways include disease modifying agents (DMARDs) followed by anti- 

TNF therapy if poor or loss of response is evident. In 2009, expenditure for anti-TNF 

drugs reached approximately €100 million. All of the anti-TNF agents are used and 

reimbursed either under the community drugs schemes, or by hospitals. These 

include adalimumab, certolizumab, etanercept, golimumab, and infliximab.

This thesis examines the cost-effectiveness of anti-TNF agents for treatment of RA in 

the Irish healthcare setting. Two of these agents have undergone pharmacoeconomic 

assessment and were initially refused reimbursement due to uncertainty associated 

with their cost-effectiveness. In order to assess the cost effectiveness of these agents 

in the Irish setting an economic evaluation was performed.

The population chosen was those patients with established RA, who have had an 

inadequate response to methotrexate. The Birmingham Rheumatoid Arthritis Model 

(BRAM) was adapted and used for the assessment. The BRAM inputs were derived 

from a combination of sources including randomised controlled data, international 

observational data, and local data. The analyses for these inputs were divided into 

three main sections; QOL, effectiveness and costs.

QOL instruments used in inflammatory arthritis trials can include either a generic 

measure such as the EQ-5D or the SF-36 or a disease specific instrument such as the 

HAQ, or both. Data used in this study was derived from an Irish biological 

population of RA patients which collected EQ-5D, SF-6D, HAQ, and DAS 28. 

Preference based utility indicated that the EQ-5D produced twice the QALY gain 

compared to the SF-6D. A mapping exercise was performed from both the HAQ and 

the DAS 28 to the SF-6D and the EQ-5D. A further analysis was performed which 

attempted to correct the anomaly associated with the high number of worse than death



states shown in the EQ-5D utilities. The utility values were rescored using this 

adjusted scoring system.

A mixed treatment comparison was performed to combine data from the RCTs and 

calculate a relative effect for HAQ improvement; categorical outcomes were also 

assessed - ACR 20 and the ACR 50. Observational data was combined to estimate the 

length of time patients typically remain on these agents and a meta-analysis combined 

data for short term discontinuations. Irish cost data was used for the model. The 

perspective was that of the payer over a lifetime time horizon. The comparator was 

leflunomide. The basecase used the mapping coefficients for the revised EQ-5D 

scoring. The basecase results indicate that the anti-TNF agents are not cost-effective 

at a willingness to pay threshold of less than €100,000/ QALY. The methods used to 

calculate utility gain and the assumptions around long term HAQ improvement have 

most effect on the results of the model.

These results present an aggregate estimate of the cost-effectiveness of anti-TNF 

therapy in RA patients in Ireland, which is the relevant question for the payer. It may 

be of benefit to explore further whether these agents are cost-effective in particular 

subgroups. Additional strategies to reduce the drug costs associated with these agents 

may also be of benefit.
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Chapter 1.0 Health Technology Assessment in Ireland

Expenditure on healthcare in Ireland has increased dramatically from €5.7 billion in 

2000 to €15.4 billion in 2009.''' Fifteen per cent of this figure was spent on drugs in 

2009 (€2.24 billion). Not surprisingly, the issue of value for money arises and a 

number of reports have been commissioned to investigate this. In 2003, the 

Commission on Financial Management and Control Systems in the Health Service 

(Brennan report) recommended that a review be undertaken to ensure such 

expenditure provides good value for m oney .' ' '  Recently, reports have focused on 

specific areas for achieving the best value for money. In 2009, a report titled 

“Economies in Drug Usage in the Irish Healthcare Setting”, examined potential ways 

to make savings within the drugs budget. The report recommended a number of 

initiatives including generic drug prescribing, price reductions for generic drugs, 

disinvestment for drugs without a sound evidence base, and review of the community
I  ?  1drugs schemes and in particular the high technology drugs scheme (HTDS).

In September 2006, a formal requirement for evidence of cost-effectiveness in 

reimbursement decisions for certain medicines was introduced under an agreement 

between the Irish Pharmaceutical Healthcare Association (IPHA) and the Health 

Services Executive (HSE). This agreement was renewed in 2010. The agreement 

stipulated that high-cost products and those with a significant budget impact may be 

subjected to formal pharmacoeconomic assessment.
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Figure 1: Medicine expenditure trends over a ten year period under the Primary 
Community Drugs Schemes in Ireland (GMS, LTI, DPS, and HTDS).

The drugs budget is an area which is frequently targeted for making savings in health 

expenditure. The challenge is to ensure maximum health benefit from the cost 

incurred using a systematic evidence based approach. Evidence based decision 

making for the payers is now more important than ever in order to achieve the best 

value for money in healthcare.

1.1 Health Technology Assessment

New technologies, including, but not limited to, pharmaceuticals are increasingly 

being subjected to Health Technology Assessment (HTA). There has been a drive to 

extract maximum efficiency so as to maintain the volume and quality of patient 

services at a time of very tight financial constraints. Introduction of new health 

technologies continues to accelerate.

HTA was first conceptualised in 1976. The following general definition of 

technology assessment was used: “ a comprehensive form of policy research that
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exam ines the short- and long-term social consequences of the application or use of 

technology”. Since the late 1990s HTA has been increasingly used as a research 

and evaluation approach to support health care policy. Those making healthcare 

coverage decisions rely on HTA for crucial technical information. Australia, Canada, 

and many European countries now use various forms of HTA in decision making 

regarding the reimbursement of drugs and other health technologies.

1.1.1 Pharmacoeconomic assessment

Pharmacoeconomics has been defined as “the corporative analysis of costs and 

benefits of one technology over another” . It identifies, measures, and compares the 

costs (i.e. resources consumed) and consequences (i.e. clinical, economic, and 

humanistic) of pharmaceutical products and services.

1.1.1.2 Pharmacoeconomic assessment in Ireland

The National Centre for Pharmacoeconomics (NCPE) was established in 1998. The 

centre is funded by the Irish Department of Health and Children (DoH&C). The 

primary roles of the centre are to perform economic evaluations of pharmaceutical 

products and to promote cost-effective prescribing. The NCPE conducts all the 

pharmacoeconomic assessments for the HSE and pharmacoeconomic evaluations to 

inform public health policy (e.g. universal infant pneumococcal vaccination, cervical 

cancer vaccination and colorectal cancer screening) and prescribing in primary care 

(e.g. statins for primary and secondary prevention of coronary heart disease).

A statutory HTA agency was established in Ireland in 2007, under the Health Act 

2007, as part of the Health Information and Quality Authority (HIQA). This agency 

is responsible for ensuring that the resources in our health services are used in a way 

that ensures the best outcome for the patient or service user and for setting standards 

for conducting HTA in line with national and international practice. Their statutory 

remit is to assess the clinical and cost-effectiveness of the medicines, devices, 

diagnostics, and health promotion used across our health system.
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The HSE-IPHA agreement

This agreement was drawn up between IPHA. which represents the pharmaceutical 

industry, and the HSE. Under the IPHA-HSE agreement a pharmacoeconomic 

assessment can be requested on any medicines deemed to be high cost or have a 

significant budget impact. The agreement links the price of medicines in Ireland to 

nine EU states including Belgium, Denmark, France, Germany, The Netherlands, 

Spain, the UK, Finland and Austria. Following receipt of market authorization a new 

product will be reimbursed within 60 days of the reimbursement application.

However, the HSE reserves the right to assess the cost-effectiveness of new and 

existing technologies that may be high cost or have a significant budget impact.

Where such a review is requested the 60-day rule will not apply. Where a new 

medicine is subjected to pharmacoeconomic assessment the reimbursement decision 

will be notified within 90 days of receipt of the reimbursement application. Products 

will be reimbursed within 40 days of a positive decision. Should reimbursement be 

refused an appeal may be made to an expert committee whose final decision will be 

made within a further 90 days. The agreement will be reviewed again in 2012.

Further developments in the pharmacoeconomic evaluation of medicines have since 

taken place and more recently pharmacoeconomic evaluation of medicines in Ireland 

include: a rapid assessment of all new medicines, a dynamic cost-effectiveness 

threshold, an increasing importance of budget-impact assessment, conditional 

reimbursement and cost-effectiveness evaluation of existing medicines that are 

currently reimbursed. The rapid assessment process is completed within two 

weeks of receipt of the rapid review assessment form from the company in question.

Following this, a decision is made on whether the drug requires a full 

pharmacoeconomic assessment or not. If the drug is selected for full PE assessment, 

the company are notified. A dossier is then prepared by the company according to the 

NCPE guidelines for submission of economic evaluations and the 90 day process 

begins. Once all information and clarifications are received by the review group, a 

critical assessment is completed and recommendations are made to the Corporate 

Pharmaceutical Unit (CPU) in the HSE. A decision is then made on reimbursement 

by the HSE.
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1.1.1.3 Pharmaceutical pricing in Ireland

In Ireland, expenditure on medicines in the community has increased from €300 

million in 1998 to €2.24 billion in 2009. The HSE has examined all aspects of the 

drugs supply chain in an attempt to obtain value for money. The 2006 agreement 

between the HSE and IPHA resulted in a 35% reduction in the price of patent-expired 

medicines with estimated savings of €248 million over a 4 year period. The agreement 

was extended to 2012 and a further “one-o ff’ 40% price reduction for those off-patent 

products was implemented in February 2010. Reductions in wholesaler margins 

and pharmacy reimbursement were introduced to provide savings of approximately 

€130 million per annum. Patient co-payment under the Drugs Payment Scheme (DPS) 

increased to €120 per month and a new co-payment for medical card holders has been 

introduced (50 cent per item up to a maximum of €10 per month). Since September 

2009, all new pharmaceutical products are considered for pharmacoeconomic 

assessment. Generic substitution and reference pricing are to be introduced in 2012.

Patient Access Schemes

Patient access schemes (PAS) have been adopted in a small number of reimbursement 

cases. These are schemes, often proposed by pharmaceutical companies, and agreed 

between the payer and the company. The schemes are usually put in place to 

improve the cost-effectiveness of a drug.

PASs can be broadly divided into two main categories; financial schemes where the 

price remains high but discounts and rebates are offered or outcomes-based schemes 

where a price is agreed based on the achievement of outcomes and can be reviewed in 

light of the outcomes. There have been very few cases in Ireland and these cases have 

not been made publically available. In the UK. the Department of Health approved a 

PAS scheme for certolizumab pegol (Cimzia®) in RA, whereby the first 12 weeks of 

the drug is made available free of charge. It is unclear whether further PAS will 

be introduced in Ireland.
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1.1.1.4 Pharmaceutical Reimbursement in Ireland

There are a number of drug reimbursement schemes available in Ireland. Changes 

were made to the drug reimbursement schemes in March 1999 to replace existing 

schemes such as the Drugs Cost Subsidization and Drug Refund schemes. The main 

schemes now are the CMS, DPS, LTI, and the HTDS.

General Medical Service Scheme

This is the largest reimbursement scheme. The medical card scheme is available for 

all patients eligible for a full medical card. It has been in place since 1970 primarily 

for those with low income. In 2001 the scheme was extended to provide medical 

cards to all persons 70 years and over without a means test; however this was reversed 

in 2009 and persons 70 years and over are now subjected to a means test. The number 

of eligible patients for the medical card scheme has increased steadily from 2005 to 

2010 (Figure 2). Twenty three per cent of all medical cards issued are in respect of 

people over 70 years of age.

Drugs Payment Scheme

The DP scheme is a co-payment scheme aimed at those who don't have a medical card 

and normally have to pay the full cost of their medication or for those who have a GP 

Visit Card. A maximum fee of €120 per month is paid by a family. The HSE 

reimburses the pharmacy the cost of the drug and a 20% mark-up and dispensing fee. 

There is a list of reimbursable items available on the DP scheme available from the 

HSE. The number of eligible patients for the scheme increased from 2005 to 2009, 

from which point the numbers have decreased (Figure 2). The decline may be due to 

fiscal constraints of the population due to the recession.

Long Term Illness Scheme

This scheme was established to enable patients suffering from certain chronic 

conditions (15 specified) to be eligible for free medicines for the management o f these 

conditions. The scheme is not means tested. In 2008, 120,407 people were eligible for



the LTI, representing 2.84% of the population (Figure 2). Pharmacies are reimbursed 

the price of the drug + 20% mark-up + a dispensing fee.

High Technology Drugs Scheme

The HTDS was introduced in 1996 in order to facilitate the supply of high cost 

medicines through community pharmacies. Previous to this the cost of the drugs was 

reimbursed to pharmacies plus a further 50% which incurred a large cost to the payer. 

The cost of the medicines is now paid directly to the wholesaler and a patient care fee 

of €62.03 per month is paid to the dispensing pharmacy.
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Figure 2: Numbers of eligible patients on the community drugs scheme 2005 - 
2010 (GMS, DPS and LTI)

In 2009 the total ingredient cost of the scheme was €279,613,031, which represented 

12.5% of the overall expenditure (Figure 3). The expenditure under this scheme has 

shown an exponential growth over the last ten years and has the greatest growth in 

rate of expenditure of all the community drugs schemes. The number of eligible 

patients for the HTDS is much lower than the other schemes at approximately 55,000 

patients. (Figure 4) Therefore the average current expenditure (based on 2009 data) 

for a patient on the HTDS is €6,010 per annum compared with €941 on the GMS + 

LTI schemes.
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Figure 3: Expenditure (euros) on Community Drugs Scheme (HTDS, DP, GMS, 
LTI) 2001-2009.
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Figure 4: Medicine expenditure trend over a ten year period on the high 
technology drugs scheme.

In 2009 the top two drugs on the scheme represented 30% (€84,315,316) o f the 

overall expenditure on the scheme; these drugs were adalimumab (Humira®) and
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etanercept (Enbrel®). Both of these drugs are used primarily for inflammatory 

arthritis but also have indications in gastroenterology (Crohn’s disease and ulcerative 

colitis) and dermatology (psoriasis). Because of the high cost of these drugs, their use 

in RA in keland was identified as an area to examine from a pharmacoeconomic 

viewpoint. This was the basis of the work carried out in this thesis.

1.2 Economic Evaluation

Economic evaluation is now an integral component o f Irish healthcare and one of the 

guiding tools for deciding whether a technology should be reimbursed. The 

systematic process involves examining all consequences and costs of an intervention 

and applying a formula to arrive at an estimate of cost-effectiveness.

Economic evaluation is an umbrella term which incorporates a range of techniques. 

The decision on which technique or method to use, will depend on the question 

required to be answered. There are four main methods employed when assessing an 

intervention. These are cost-effective analysis, cost utility analysis, cost minimisation 

analysis and cost benefit analysis.

1.2.1 Types of economic analysis

Cost Utility Analysis

Cost Utility Analysis (CUA) incorporates an extra dimension into the cost and 

consequences analysis; quality of life (QOL). QOL is combined with mortality to 

produce a quality adjusted life year gained (QALY). Quality of life can be assessed 

using different QOL questionnaires from which we can derive a weighting or a utility. 

The results derived from CUA are typically expressed as cost per QALY. CUA is the 

most common form of economic evaluation carried out in Ireland. This is the 

preferred approach and recommended in the national HTA guidelines.

Cost-effectiveness Analysis

Cost-effectiveness Analysis (CEA) measures costs and consequences or outcomes in 

natural units, e.g. life years gained (LYG) or cases of DVT detected. The outcomes



chosen are those which are relevant to the decision maker and are common to the 

interventions compared. A CEA usually involves populating an economic model with 

the associated costs and consequences (or outcomes) for each intervention. CEA is 

one of the most common assessments performed after CUA; however, in Ireland, it is 

only acceptable if a clear justification is provided for using this method over CUA.

Cost Minimisation Analysis

Cost Minimisation Analysis (CMA) can be done where there is little or no difference 

in the consequences of the two interventions, and the only difference lies with costs. 

CMA is rarely appropriate for new technologies due to the uncertainty that generally 

surround both costs and consequences.''^' The rare circumstances it may be 

appropriate might include almost identical technologies from the same 

pharmacological class (e.g. in the case of biosimilars). CADTH recently assessed 

both golimumab and certolizumab (under a common drug review) for RA as CMA 

submissions, on the grounds that anti-TNF agents display similar efficacy.

However in the review of efficacy for certolizumab, the review group commented that 

there were considerable limitations to the clinical trial data. CMA has been 

suggested as an option for economic evaluation in RA due to some evidence from the 

literature proposing that anti-TNF agents are broadly similar; however in assessing the 

evidence there is considerable uncertainty around estimates of efficacy.

Cost Benefit Analysis

Cost benefit Analysis (CBA) is perhaps the least used form of assessment within 

healthcare. In this type of assessment, the value of the intervention is defined in 

monetary terms. For healthcare, this can often be a difficult analysis to undertake as it 

requires all outcomes to be expressed in monetary terms. Examples of CBA may be 

cost of inpatient vs. outpatient rheumatology services where the benefits may be less 

time off work for patients or return to employment.

The choice of analysis will depend on the disease area to be studied, the intervention 

to be examined and the question the decision maker would like answered. In the case 

of RA, the most common type of analysis is CUA and the outcome is therefore the 

QALY."^'
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1.2.2 Decision Analytical Models

The use o f pharm acoeconom ic decision analytical m odels has increased greatly in 

recent y e a r s . ' They are a key tool for those conducting or appraising 

technologies by providing an explicit fram ew ork to address the d e c i s i o n . T h e y  can 

com bine evidence from  a range o f sources which allow s extrapolation o f costs and 

outcom es over time.'^^' D ecision analytical m odels are recom m ended for subm issions 

o f econom ic evaluations in m any countries national guidelines, including Ireland.

24-261 ^ ^Qpy Qf 3  decision m odel is also requested to be included for the

subm issions.

A Consensus S tatem ent on D ecision Analytic M odelling in the Econom ic Evaluation 

o f Health T echnologies outlined the properties o f good decision analytical m odels 

The model should be;

C ustom ised for the purposes for which it is to be used,

^  Useful in answ ering the questions which are asked,

'r -  Easily com m unicated.

A fram ew ork for a pharm acoeconom ic evaluation is essentially com posed o f two 

m ain com ponents; the decision analytical m odel and the evidence pertaining to the 

intervention(s). The evidence may be sourced from  a num ber o f areas including 

natural history, epidem iology, efficacy and effectiveness, costs and other outcom es 

such as QOL. This evidence m ay also be subjected to analytical m odelling, as is the 

case in evidence synthesis for efficacy and effectiveness, in order to com bine different 

sources o f data for use in the model.

1.2.3 Decision Rules, ICERs and Thresholds

W hen decision analytical m odels are used to assess interventions, an estim ate o f cost- 

effectiveness is derived, which is m ost com m only the Increm ental Cost-E ffectiveness 

Ratio (ICER).
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The ICER is represented by the following equation:

ICER = Cost A -  Cost B 

Effect A -  Effect B

Where A and B could be a drug or alternative technology.

Within a constrained budget, the healthcare payer must choose the intervention that 

will provide most benefit for the least acceptable cost. In deciding which healthcare 

intervention to choose it can be useful to compare ICERs across these interventions. 

This has been done in the form of league tables, where each intervention is ranked 

according to their ICER. The decision maker may choose to use their budget to 

implement all interventions with the lowest ICERs. However league tables do present 

problems with regard to equity and an alternative strategy such as opportunity cost 

may be more reasonable by freeing up healthcare resources to pay for the more cost- 

effective option.

A further approach to decide between ICERs may be to define a maximum cut-off 

value for the ICER. In this case a line is drawn through the CE plane above or below 

which the intervention may or may not be cost-effective. This is represented by the 

orange and black lines in Figure 6.

In an environment of scarcity, the payer is faced with a decision on whether the 

technology is cost-effective. In order to make such a decision it follows that there 

must be some form of threshold, beyond which the technology would not be classed 

as good value for money. The concept of the threshold was first introduced in 

1 9 7 3  |2 8 | recognised as a level which costs and effects of an intervention must 

achieve to be acceptable within a healthcare system. A threshold may be adopted by a 

healthcare organisation and be made available in advance of any assessments and is 

therefore explicit. Alternatively, an implicit approach may be adopted. In this case 

the thresholds may not be officially stated but may be inferred by previous decisions 

made. The latter practice is perhaps more common and is the practice in Ireland.
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There are a number of challenges associated with using set thresholds for decision 

making; health care budgets are rarely fixed and therefore what may be an affordable 

threshold now may not be the case in the future. This has been demonstrated recently 

in the Irish situation, where an implicit threshold of €45,000 is now rarely deemed as 

cost-effective and a threshold of €20,000 is employed more often. There is no 

formal threshold in Ireland under which a technology will definitely be reimbursed.

In the past, most technologies with an ICER under €45,000 were reimbursed. This 

was in line with that used in the UK Recent evaluations (since 2009) have 

included cost-effectiveness at a €20,000/QALY threshold level, reflecting the 

decision m akers’ interest in how threshold level influences the cost-effectiveness of 

new technologies. The probability of cost-effectiveness is currently presented to 

the decision maker in Ireland under a willingness to pay of both €20,000 and €45,000 

per QALY; however it is drugs under the lower threshold of €20,000 which are most 

likely to be considered cost-effective.

A technology may be classed as cost-effective but the budget impact of introducing an 

intervention could be considerable. In 2008, the cervical cancer vaccine was assessed 

in the Irish healthcare setting and was deemed to be very cost-effective with an ICER 

of €I7,385/LY G. However the budget impact of vaccinating 12 year old girls was 

estimated at €9.7 million and therefore deemed unaffordable by the payer at that 

tim e.''°'

1.2.4 Uncertainty in economic evaluations

The provision of timely, accurate HTAs facilitate the decision making process, by 

providing all relevant information that may impact on the decision made. W ith any 

assessment, however, there is residual uncertainty as to what the optimal decision is. 

Uncertainty arises for two distinct reasons. The first o f these is uncertainty about 

model parameters such as efficacy; this is due to the fact that we only have limited 

data with which to estimate these. This uncertainty can be explored using methods 

such as probabilistic analysis or probabilistic sensitivity analysis (PSA), one way 

sensitivity analysis (OWSA), cost-effectiveness acceptability curves (CEACs) and 

value of information calculations (such as Expected Value o f Perfect Information 

(EVPI)).

15



One Way Sensitivity Analysis

One way sensitivity analysis involves varying the parameters in the model across a 

range (often +/- 20%) and examining how this changes the results of the model. 

OW SA is useful in determining which parameters have most impact on the results of 

the model e.g. drug costs, efficacy, survival rates. The results of a OWSA are often 

presented on a tornado diagram (figure 5). As can be seen in figure 5, variation in the 

discount rate has most impact on the cost-effectiveness estimates. The basecase ICER 

is usually represented as a line in the middle of the plot and extensions to the left or 

right indicate an increased or decreased cost-effectiveness estimate respectively.

€I7,383/LYG

Population screening coverage

Proportion caused by HPV 16/U

Vaccine Efficacy

Booster

Vaccine Coverage

Cost o f  administration

Cost o f  vaccine 

Direct Medical Costs

Discount Rate

5000 10000 15000 20000 25000 30000 35000 40000 45000

ICER

Figure 5: Tornado plot demonstrating the parameters which increase or decrease the basecase 
ICER.
Reproduced with permission from Usher et al.'^'

Probabilistic Analysis

A probabilistic analysis allows exploration of all parameter uncertainty 

simultaneously. This is done by assigning distributions to each parameter input. 

These distributions are then sampled at random (usually using Monte Carlo
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simulation) and the result of the model using each particular simulation is recorded. 

The process is repeated many thousands of times (often 10,000 but may be more or 

less). From this the proportion of times (probability) that each treatment alternative 

is cost-effective can be estimated. The results of the PSA are usually presented on a 

scatter plot (with each point on the scatter representing a simulation) and via a cost- 

effectiveness acceptability curve. These proportions are usually presented in 

pharmacoeconomic evaluations as percentages.

The other sources of uncertainty arise because of decisions made during the 

formulation and implementation of the assessment. These can include for example 

the choice of comparators, the economic model (such as Markov model or discrete 

event simulation) or as explored in this work the different choices of statistical model 

for the evidence synthesis. These types of uncertainties can be referred to collectively 

as structural uncertainties.

In order for a decision maker to hold all of the ‘tools’ necessary for making a 

decision, it is vital that they are aware of the uncertainty associated with the estimates 

presented. The presentation of this uncertainty in a clear, transparent, understandable 

manner is a fundamental part of any economic evaluation. The Irish HTA guidelines 

recommend graphical presentation of uncertainty for more complex models, using 

simulation methods. The choice of graphics may depend on the type of analysis 

undertaken but may include the following:

>  cost-effectiveness plane to present the incremental costs and effects of two (or 

more) comparator technologies

>  tornado diagrams to display the results of subgroup effects and one-way 

sensitivity analysis (figure 5)

>  scatter plots to present ICER results from probabilistic sensitivity analysis of 

two comparator technologies on the cost-effectiveness plane

>  cost-effectiveness acceptability curve to present the probability that a 

technology is more cost-effective than its comparator.
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>  in a study comparing more that two technologies, the graphic should present 

the probability that a technology is the most cost-effective as a function of the 

threshold willingness to pay for one additional unit of benefit.

1.2.5 Presentation of Results of Economic Evaluations

Communicating the message of pharmacoeconomic evaluations could be identified as 

the most important part of the process. Studies have shown that decision makers 

knowledge about formal methodology is limited and find the concepts behind QALYs 

difficult to understand.

Higher Cost

Lower 
Effectivenes

C eilm g Increm erta! Cosf- 
^ e c t i v e m s s  Ratio

Higher
Effectivenes

Lower Cost

Figure 6: The Cost-effectiveness Plane.
The orange line through the origin represents the threshold fo r  decision makers -  this 
may increase or decrease (black lines)
Reproduced with permission from Drummond et al. Methods fo r  the Economic 
Evaluation o f Health Care Programmes 3'̂  ̂Edition.)

1.2.5.1 Cost-effectiveness Plane

The cost-effectiveness (CE) plane is a graphical presentation of cost-effectiveness 

(figure 6). It was first introduced in 1990 and is used as a key method of illustrating
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the results of an economic analysis. It represents the incremental costs and 

consequences of using an alternative intervention. The comparator or the standard to 

which the alternative treatment is compared is represented by the origin. For example 

in RA, the origin may be represented by methotrexate (standard therapy) and the 

ICERs of anti-TNF therapy tends to fall within quadrant 1 (Q l). The x and y 

axis represent the incremental cost and consequences, respectively. Quadrant 2 (Q2) 

is an ideal situation where an intervention is more effective but less costly. Quadrant 

3 (Q3) presents an interesting choice; because the threshold passes through the origin, 

a drug may appear to be cost-effective and a decision then needs to be made whether a 

payer would be willing to accept less benefit for a lower cost. This situation arose 

recently in an Irish pharmacoeconomic evaluation for golimumab in RA.

The majority of new medicines tend to fall within Q l - more effective and more 

costly. Medicines falling within Q4 are rarely reimbursed.

In the case of multiple treatments it is possible to calculate the mean costs and effects 

plot them on the plane and draw a line through the non-dominated options (i.e. the 

cost-effective options). This line then forms the efficiency frontier.

The ICER and the CE plane do not in themselves represent the uncertainty associated 

with the estimate and therefore using these values alone may lead to the wrong 

decision being made. For this reason the cost-effectiveness acceptability curve 

(CEAC) and the cost-effectiveness acceptability frontier (CEAF) were developed.

1.2.5.2 Cost-Effectiveness Acceptability Curve

The CEAC provides a graphical representation of the probability of cost-effectiveness 

at different thresholds. In order to produce a CEAC, a full PSA must be carried out. 

The probability of CE is calculated by determining the expected net monetary benefit 

(NMB), for each PSA iteration.

NMB = X E -  C

/I =  threshold (WTP), E = Ejfect (QALY), C  =  Cost
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The option with the highest NMB is then chosen. The probability is calculated from 

the proportion of iterations where this is the case. An example of a CEAC is given in 

Figure 7 below which is reproduced from the health technology assessment of a 

population-based colorectal screening programme in I r e l a n d . T h e  probability of 

cost-effectiveness of each of these options, flexible sigmoidoscopy (FSIG) and faecal 

immunochemical test (FIT) at different ages and no screening is shown. At a WTP of 

€1,000/QALY FIT at 55-64 years (orange curve) shows the highest probability of 

being cost-effective. If the decision maker is willing to pay more (€4,000/QALY), 

then the FIT in the 55-74 age groups would be most cost-effective (red curve).
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Figure 7: Cost-effectiveness Acceptability Curves for Colorectal Cancer 
Screening.
FSIG at 60 years, FIT fo r ages 55-64 and FIT and ages 55-74. (Taken from Health 
Technology Assessment o f  a population-based colorectal cancer screening 
programme, HIQA, March 2009)

While the CEAC gives an indication of uncertainty, it does not show all uncertainty 

and for this reason it has been criticised.
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Limitations of the CEAC

The CEAC is generated on the assumption that the W TP equals the willingness to 

accept (WTA). In other words cost-effectiveness outcomes in the southwest (Q3) and 

northeast (Ql )  of the CE plane are treated equally. However there has been some 

evidence that this is not always the case. Severens et al. argue that when the cost- 

effectiveness pairs lie in Q3, the difference between the WTP and WTA, is likely to 

influence the CEAC.

Groot Koerkamp et al. described further limitations of the CEAC. The authors of 

this paper state that CEACs cannot distinguish different joint distributions, which 

restricts the ability to synthesise evidence from other sources. They also argue that 

the CEAC does not allow for integration of risk attitude, may mislead policymakers, 

and is unhelpful as regards value of future research. A counterargument was given by 

Fenwick and Briggs. They accept that the CEAC is not sensitive to changes in the 

joint distributions; however this is the result o f the cost-effectiveness analysis itself 

rather than the CEAC which assumes all points in Q l and Q3 to be equivalent in cost- 

effectiveness terms. While not displaying all uncertainty, the CEAC draws attention 

to the uncertainty associated with the decision and moves away from classical 

thinking on confidence intervals and statistical significance.

The CEAC presents the probability of cost-effectiveness of a treatment over a range 

of values of maximum acceptable ICERs (W TP/ thresholds). However due to some 

limitations with the presentation of results, as highlighted, it may be appropriate to 

present further analysis to compliment it; the cost-effectiveness acceptability frontier 

(CEAF) provides additional information to support that of the CEAC.

1.2.5.3 Cost-effectiveness Acceptability Frontier

While the CEAC may demonstrate the option with the highest probability of cost- 

effectiveness at any threshold, this may not be the optimal option to choose. The 

CEAF, in contrast, plots the probability that the optimal option is cost-effective at 

different WTP thresholds. In order to calculate this, it is necessary to establish which
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option is most cost-effective at each threshold. The mean cost and effect is calculated 

for each iteration from the PSA (as above) but in this case the optimal option is 

calculated at different threshold values. The probability of the optimal option being 

cost-effective is then plotted (y-axis) against the threshold values (x-axis). In essence 

the CEAF provides a graphical presentation of the probability of making an error.

An example of this is given in Figure 8. The CEAF is shown as the light blue curve. 

The CEAF demonstrates here that the optional choice (FIT in 55-74 yrs) is also the 

most cost-effective option at a W TP of €10,000/QALY (red curve). The CEAF, in 

identifying the probability of error is intrinsically linked to the expected value of 

information.
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Figure 8: Cost-Effectiveness Acceptability Curve and Cost-Effectiveness 
Acceptability Frontier
FSIG at 60 years, FIT fo r  ages 55-64 and FIT and ages 55-74. (Taken from Health 
Technology Assessment o f a population-based colorectal cancer screening 
programme, HIQA, March 2009)
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1.2.5.4 Expected Value of Perfect Information

The EVPI or Value of Information (VOI) is a method used to calculate a cost 

associated with making the wrong decision. The EVPI gives the upper bound 

estimate of the value o f further research in order to eliminate uncertainty around a 

decision. In order to calculate the EVPI, one must first calculate the probability of 

the wrong decision being made (from the CEAF) and also the consequences o f this 

wrong d e c i s i o n . T h e s e  consequences are associated with foregoing benefit, due to 

a wrong decision. If further research costs more than the calculated EVPI, then the 

research is unlikely to be efficient.

The EVPI, while providing additional insight into uncertainty surrounding the 

decision made, does not specifically indicate where the research should be done; on 

costs or effects or both. In order to do this further analysis (and more computationally 

complex) would need to be done such as expected value of perfect parameter 

information.'^^' The value of EVPPI is pinpointing exactly where the research needs 

to be done, for example in relation to cost or utility.

1.3 Conclusion

HTA is recognised as a vital tool to decision making around health expenditure. In 

Ireland HTA results of projects such as HPV vaccination to prevent cervical cancer 

and population based screening for colorectal cancer have been instrumental in 

guiding decision makers toward the most effective and cost-effective choice. Single 

technology appraisals completed by the NCPE have provided the decision maker with 

the information to allow decisions to be made around pricing as well as advising 

against technologies thought to be ineffective. While the majority o f assessments in 

Ireland are around new drugs seeking reimbursement, the issue of disinvestment must 

also be considered by the payer. In order to continue to allow for investment in cost- 

effective strategies, obsolete and inefficient strategies must be examined.
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1.4 Overall Aim and Objectives of Thesis

This thesis examines the cost-effectiveness of anti-TNF agents for the treatment of 

rheumatoid arthritis in the Irish healthcare setting. These agents, while highly 

effective, incur a large cost to the healthcare payer. All of the anti-TNF agents are 

used and reimbursed either under the community drugs schemes or by hospitals. Only 

two of these agents have undergone pharmacoeconomic assessment and were initially 

refused reimbursement due to uncertainty associated with their cost-effectiveness.

The thesis focuses on two main parts; the estimation of data inputs for the economic 

model and the pharmacoeconomic modelling of these agents in RA. The overall aim 

and objectives of the thesis are outlined below.

1.4.1 Primary Aim:

To examine the cost-effectiveness of anti-TNF agents for RA in Ireland.

1.4.2 Objectives:

• To provide an overview of health technology assessment in Ireland.

• To review health technology assessments on anti-TNF drugs in other 

jurisdictions.

• To provide an overview of outcomes assessment in rheumatoid arthritis.

•  To measure the quality o f life preferences for an Irish rheumatoid arthritis 

cohort pre and post initiation with anti-TNF therapy using different quality of 

life measures.

• To examine the differences in utility (quality of life) of these patients using 

different measures.

• To explore the background methodology to utility measurement using the data 

collected.

• To examine the efficacy of the anti-TNF agents for the treatment of 

rheumatoid arthritis and estimate the relative efficacy of these agents.

• To examine the rates of discontinuations for these agents in both the short term 

and the long term.

• To estimate the costs of treatment associated with anti-TNF agents and the 

comparator.
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• To calculate the incremental cost effectiveness ratio for these individual agents 

in the Irish healthcare setting, using a pharmacoeconomic model, with the data 

inputs calculated (utility, relative efficacy and costs).

• To provide recommendations for the decision maker based on the results of 

the economic evaluation in Ireland.

The chapters of this thesis can be categorised under three key sections; background, 

inputs or data analysis and pharmacoeconomic modelling. Chapter one, two and three 

are background and review chapters. Chapter four and five contain analyses on 

utilities and evidence synthesis. Chapter six is a final analysis chapter which uses 

results from chapter four and five and background information from chapters two and 

three. Chapter seven discusses the implications of the results and provides 

recommendations for future research.
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Chapter 2.0 Rheumatoid Arthritis

2.1 Rheumatoid Arthritis

RA is the most common form of inflammatory arthritis. It is a chronic condition that 

places a substantial burden on patients and their carers, imposing a negative effect on 

QOL, including physical, psychological and social functioning and is associated with 

premature mortality.

The incidence of RA is higher in women than in men, at a ratio of 2:1. While this 

suggests that reproductive and hormonal factors play a role in the occurrence of the 

disease, this relationship has not been confirmed. There appears to have been a fall in 

the incidence of RA over previous decades. Two theories have been postulated to 

explain this; the protective effect of the oral contraceptive pill and a birth cohort effect 

where women from a certain time period carry a higher risk of RA than women from 

later generations.

The age of onset of RA peaks in the fifth decade of life, but some studies do suggest a 

later onset of disease.

2.1.1 Classification of RA

The American College of Rheumatology originally classified RA in the 1980s. 

However these criteria are no longer as relevant mainly due to the success of current 

treatments (two of the seven criteria, nodules and erosions are generally not present at 

early diagnosis). The European League Against aRthritis (EULAR) developed 

classification criteria which devised a score based on 28 joints, an inflammatory 

marker and a global health assessment score. This classification system has been 

used both to select patients for clinical trials and to monitor a patient’s response to 

treatment. A joint initiative between ACR and EULAR re-examined the classification
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criteria for RA with a focus on early disease and these new classification criteria have 

been published. Improved classification systems for RA have strengthened the 

studies on epidemiological evidence which were difficult to compare prior to this 

robust classification criteria.

2.1.2 Epidemiology of RA

The prevalence data for RA in Ireland is poor. One older study suggests it to be 0.5% 

but the study was carried out in a specific geographical area and then extrapolated to 

represent the whole country. Arthritis Ireland estimate that 40,000 people in 

Ireland have RA'^^' (approximately 1% prevalence). However this figure is based on 

UK and US data and not on one particular study. On discussion with consultant 

rheumatologists in Ireland, it is estimated that the current prevalence is closer to 1% 

and this apparent increase in prevalence has been attributed to increased early 

diagnosis and treatment.

Pathogenesis of RA

RA is a disease leading to inflammation; primarily joint inflammation. There are a 

series of inflammatory cascades which may be triggered by adaptive immunity and 

eventually lead to the joint destructive behaviour that is seen in many patients.

Figure 9 presents the current understanding of inflammation in the joints in RA.
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Figure 9: Immunological pathways in the arthritic joint
The diagram shows the involvement o f different cytokines in inflammation and

destruction. The upper part shows inflammation and lower part joint destruction 

which is the result o f  inflammation^^' ̂

Synovial inflammation is characterised by many different interacting immune cells. 

Macrophages activated by signals produce proinflammatory cytokines such as tumour 

necrosis factor (TNF), interleukin 1 (IL-1) and interleukin 6 (lL-6). The identification 

of these cytokines has led to the development of specifically targeted treatments. 

Anti-TNF a  (e.g. infliximab, adalimumab, etanercept, golimumab, certolizumab) and 

IL-1 (e.g. anakinra) inhibitors were the first targeted agents to be developed. B-cell 

(e.g. rituximab), T-cell (e.g. abatacept) and IL-6 (e.g.tocilizumab) therapies have since 

been licensed for use in RA.

The discovery of the cyclic citrullinated peptide (CCP) has provided a further link to 

the question to why some patients have more aggressive disease than others. The 

detection of anti-CCP antibodies may allow the clinical rheumatologist to better 

predict the diagnosis and prognosis of individual patients with RA. Several 

observations have indicated that anti-CCP positive early RA patients may develop a
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more erosive disease than those without anti-CCP. Whether this or other serologic 

tests will allow more rational therapeutic decision-making and hence influence the 

long-term outcome of the disease has yet to be determined.

Risk Factors

The influence of genetic susceptibility factors has a major effect on the pathway and 

outcome of RA. Twin studies have estimated the relative contribution of genetic 

factors to RA to be approximately 50% with the remaining 50% to be in part due to 

environment and in part to chance. There is strong evidence to show that cigarette 

smoking is a risk factor for patients. Other environmental exposures are silica 

dust, mineral oils and other airway exposures, There is also evidence to suggest 

that moderate alcohol consumption can actually reduce risk for RA. It is clear 

from the design of these studies, where both genes and environment and immunity 

were accounted for, that the genetic environmental interaction is an important one 

(Figure 10). Further research into this area will perhaps in time provide 

understanding into which specific immune reaction contributes to the CCP positive 

form (most aggressive) of RA.
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Figure 10: Differences in risk factors, immune events, and disease course between 
two major subsets of rheumatoid arthritis.

Poor socioeconomic status has been presented as a risk factor for RA and may 

indicate a worse prognosis. Several infectious agents have been suggested as 

being risk factors for RA including Epstein-Barr virus, rubella virus, parvovirus and
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others. However the role of infectious agents in the occurrence of RA remains 

unclear.

The manifestations of RA are many and have a significant impact on a patient’s 

quality of life and morbidity.

2.1.3 Mortality and RA

Despite some studies indicating that RA increases mortality,'™' other studies have not 

supported this theory. A review article gathered evidence from a wide range of

studies and compared mortality up to 1990 and beyond 1990 (Table 1). The 

Standardised Mortality Ratio (SMR) for studies before 1990 and after 1990 showed 

increased mortality for patients with RA. The article also considered the reasons why 

some studies indicate no increased mortality and others did not. The authors 

highlighted that the studies showing no increased mortality were mainly conducted in 

newly diagnosed patients who were treated aggressively (inception cohort). Possible 

explanations for this included a change in the natural history of the disease or the 

disease was becoming less severe or that the early management was changing the 

course of an otherwise aggressive disease. Ward examined these hypotheses by 

performing a meta-analysis of 18 s t u d i e s . T h e  SMR in inception cohorts (<2 years 

disease) was 1.2 and in established disease (non-inception cohorts) was 1.9 In this 

case the authors concluded that the differences were due to study design. Further 

studies have shown an increased mortality in early arthritis. In choosing which 

estimate to use, it is reasonable to choose an estimate that includes both those who 

were treated at early diagnosis and those for established disease since this is likely to 

be the pattern seen in the overall population.

An American study analysed data on survival over 40 years and found that the SMR 

was 1.27 (95% Cl 1.13-1.41). The SMR was higher for women than men (1.41 

and 1.08 respectively). The mean SMR over all 15 studies was 1.7. (Table 1)

In the NICE economic evaluations of anti-TNF agents for RA, a SMR of 1.33 per 

HAQ was applied, This was calculated based on studies up to 1994. An
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increased SMR of 2.73 was included in the range for the sensitivity analysis. The 

increased SMR was taken from Sokka et al.

Table 1, Large mortality studies in RA over the last 15 years (studies of >300

subjects). (Naz et al. ‘™')

First author (country) 
and ref. no.

Year Size of 
series

Mean duration 
of follow-up
(years)

SMR Category

Jacobsson (Pima 
Indians, USA)'** '̂

1993 2979 24 1.28 Community

W olfe
(USA/Canada)'^"

1994 3501 9-35 2.26 Clinic-
based

Myllykangas
(Finland)'®^'

1995 1186 5 1.37 Clinic-
based

W allberg-Jonsson
(Sweden)'*^'

1997 606 15 1.57 Clinic-
based

Symmons (UK)^ '̂ '̂ 1998 448 22 2.70 Clinic-
based

Gabriel (USA)'^'’' 1999 450 40 1.38 Clinic-
based

Wolfe (USA)'^^' 1999 1865 25 1.94 Clinic-
based

Kroot (Netherlands)'^^' 2000 622 10 Clinic-
based

Chehata (UK)'^^' 2001 309 14 1.65 Clinic-
based

Bjornadal (Sweden)'*^* '̂ 2002 46,917 31 2.03 Clinic-
based

Goodson (UK)'^’’' 2002 1236 7 1.13M Primary
care

I.OIF
Gabriel (U SA )'’^'* 2003 609 39 1.27 Clinic-

based
Pincus (USA)'^^ '̂ 2004 1378 10 1.60 Clinic-

based
Goodson (UK)' 2005 1010 15 1.45M Clinic-

based
1.84F

Young (UK)'*"” 2006 1429 18 1.27 Clinic-
based

F, females; M, males; SMR, standardised mortality ratios.

Inflammatory polyarthritis including a subgroup with RA.
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2.2 Treatment of Rheumatoid arthritis

One of the major advances in halting disease progression has been the employment of 

disease modifying anti-rheumatic drug (DMARD) therapy early in the disease. A 

further key to management of the disease is tight control of inflammation. The 

development of valid and responsive methods to measure disease activity, functional 

status, and joint damage has been fundamental in monitoring the control of the 

disease. A brief explanation is given of the primary outcome measures in this chapter. 

This is expanded in chapter 3.

The American College of Rheumatology Response Criteria (ACR)

The ACR criteria specifically measure the change or improvement in disease activity 

o f active drug against placebo. The ACR 20 and ACR 50 indicate improvements of at 

least 20% or 50% respectively, on a number of measurements determined by the 

American College of Rheumatology.

EULAR response criteria

To be classified as responders, patients should have a significant change in the 

Disease Activity Score (DAS) (>1.2 for a good response and <1.2 and >0.6 for a 

moderate response) and also low current disease activity. Three categories are 

defined; good, moderate, and non-responders.

2.2.1 Non-biological DMARDs

The Irish Society of Rheumatology (ISR) produced guidelines for the treatment o f RA 

in Ireland and these treatment pathways closely follow those of the UK where first 

line treatment for RA is non-biological DMARD therapy. Methotrexate (MTX) is 

the current first line standard of care in the treatment of RA in Ireland. Table 2 

includes the non-biological DMARDs included in this economic evaluation.
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Table 2. Non Biological DMARDs included in this economic evaluation

Name of Drug Mode of action Licence
Indication

Dose Reimbursement Mode of 
Administration

Methotrexate Anti-metabolite RA,
Psoriasis

7.5-
20mg
weekly

GMS, DPS Oral and
subcutaneous
injection

Leflunomide Immuno
modulatory

RA, PsA, 10-
20mg
od

GMS, DPS Oral

Azathioprine Anti-metabolite RA 1-
mg/Kg/
day

GMS, DPS Oral

Gold
(Sodium
Aurothiomalate)

Unknown RA, JIA 50mg
4-6
weekly

GMS, DPS Intramuscular
injection

Ciclosporin Immuno
suppressant

RA,
Psoriasis

3-
5 mg/kg 
daily

GMS, DPS Oral

JIA - Juvenile Idiopathic Arthritis

2.2.1.1 Review of methotrexate clinical trials in RA

Although M TX is established as one o f the m ost w idespread DM A RD s used for the 

treatm ent o f RA, there is considerable variation in the way in which it is used and 

prescribed by rheum atologists. A num ber o f  RCTs have been carried out 

exam ining how it is m ost effectively used and at w hat dose. The M A SC O T (n=687) 

study com pared com bination therapy with sulphasalazine (SSZ) and M TX with M TX 

or SSZ alone using DAS as the prim ary outcom e m easure. The study concluded 

that com bination therapy was m ore effective than m onotherapy but there was little 

significant difference betw een SSZ and M TX. The CO BR A  (n=155) study com pared 

a step-dow n regim e o f prednisolone, M TX and SSZ to SSZ alone in early arthritis.

The study concluded that com bination therapy may be m ore effective than SSZ 

m onotherapy. The TIC O R A  ( n = l l  1) single blinded study com pared tight control o f 

rheum atic drugs to routine practice. D isease activity, radiographic disease 

progression, physical function, and quality o f life were all m ore favourable in the tight 

control group than in the routine care group, at no additional financial costs. The FIN 

RACo study (n=195) was a random ised open-parallel group trial com paring 

com bination therapy with m onotherapy in early RA. The study concluded that 

com bination therapy as a tight control strategy in patients with early RA aim ing for
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remission seems to be more efficacious than monotherapy. The BeST study (n=508) 

is a randomised open clinical trial comparing sequential monotherapy, step-up 

combination therapy, and initial combination therapy with either high-dose 

prednisone or infliximab in early RA. The study concluded after 2 years that there 

was no difference between the arms and that highly effective treatment can be 

achieved by tight control of therapy.

Summary of evidence related to methotrexate.

MTX is the anchor drug used first-line and in 2008 a multinational group reviewed all 

the recommendations and guidelines and produced 10 points on the use of 

methotrexate in RA which include screening, dosing, monitoring, toxicity and use 

around pregnancy.

2.2.1.2 Dose and route of administration of methotrexate

The recommendation is that the oral route should be first choice and escalated from a 

dose of 10-15mg to a dose of 20-30mg once weekly. In the case of adverse events or 

lack of response the parenteral route may be tried.

2.2.1.3 Methotrexate monotherapy vs. combination DMARD therapy

In light of the toxicity/efficacy balance, DMARD naive patients should be initiated on 

MTX monotherapy. If step-up therapy is to be used, MTX should still be used as the 

anchor drug. A recent Cochrane review of MTX versus combination non- 

biological treatment found no advantage in using combination therapy over 

monotherapy.'^*'

2.2.1.4 Toxicity of methotrexate

Patients should be screened for susceptibility to adverse effects of MTX. Patients 

identified as more susceptible are those with higher than normal alcohol intake, liver
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function abnormalities, pulmonary abnormalities, and co-morbidities such as hepatitis 

or HIV.

Visser et al. pooled data from 2009 patients who were on MTX for 3.3 years (mean) 

and found that the cumulative incidence of abnormal liver function tests (ALT/AST) 

was 48.9% above the normal range. However it is noted that liver enzymes can be 

raised transiently in RA and that MTX induced fibrosis is rare.

Gastro-intestinal (GI) upset is increased with combination therapy (and in particular in 

combination with SSZ and leflunomide). Concomitant prescription of folic acid 

5mg reduces both GI and hepatic toxicity without reducing efficacy.

2.2.1.5 Discontinuation rates of methotrexate 

Long Term use

Patients on MTX appear to remain on the drug longer than those on alternative 

DMARDs such as gold, hydroxychloroquine, or SSZ. Maetzel et al. examined the 

termination rates for MTX, hydroxychloroquine, SSZ and gold therapy. There were 

110 studies included, with information up to 72 months for MTX, SSZ and gold and 

up to 24 months for hydroxychloroquine. The study used extensive search and 

inclusion criteria.

The median survival time for MTX was longer than that for parenteral gold or SSZ. 

SSZ withdrawal for lack of efficacy was higher than that for parenteral gold or 

methotrexate. SSZ and parenteral gold withdrawals because of toxicity were higher 

than that for MTX.

2.2,1,6 Efficacy of leflunomide

Leflunomide is a disease modifying agent and is classed pharmacologically as an 

isoxazole. It differs in its mode of action to methotrexate and therefore lack of 

response to MTX does not indicate a similar outcome for leflunomide.
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The efficacy of leflunomide against placebo has been demonstrated in RCTs. 

Radiographic data, physical function and QOL scores all demonstrated improvement 

over placebo. In a trial comparing leflunomide to placebo and leflunomide to M IX  

(n=482), the primary outcome measure at 52 weeks was the ACR 20 and secondary 

outcomes included ACR 50, ACR 70, HAQ scores, QOL and radiographic 

improvement. Exclusion criteria included previous MTX therapy and liver 

impairment. Forty one per cent of patients in the leflunomide group achieved an ACR 

20 response compared to 19% in the placebo group and 35% in the MTX group. The 

mean change in HAQ score was -0.3 in the leflunomide group, +0.1 in the placebo 

group and -0.2 in the MTX group. The mean dose in the MTX group was 

considerably lower than usual treatment doses (7.5mg/week) and it was not clear what 

the mean dose overall was (including dose increase). A further trial (n=358) 

compared the efficacy and safety of leflunomide with placebo and with 

sulphasalazine. The primary outcomes measures at 24 weeks were tender and 

swollen joint counts and physician and patients overall assessment. Leflunomide and 

SSZ were significantly more effective than placebo. Only the inflammatory marker, 

erythrocyte sedimentation rate (ESR), showed a significant difference between 

leflunomide and SSZ. A RCT examined treatment of leflunomide, in patients on 

stable doses of MTX with active disease (n=263) vs placebo with MTX. The 

primary outcome measure was ACR 20 and secondary outcomes were HAQ and QOL 

(SF-36) at 24 weeks. Forty six per cent of the leflunomide group and 19.5% of the 

placebo group achieved an ACR 20 response. ACR 50 response rates were 26.2% vs. 

6% in the leflunomide and placebo groups respectively. ACR 70 response rates were 

10% and 2.3% for the leflunomide and placebo groups respectively. The mean HAQ 

change in the leflunomide group was -0.4 and -0.1 in the placebo group.

2.2.1.7 Toxicity of leflunomide

The most common adverse effects associated with leflunomide include GI upset, rash, 

and elevated liver function tests. Liver damage is classed as a rare adverse effect.

' In a study examining the safety and pharmacokinetics of leflunomide, the most 

common adverse effects were respiratory infection, alopecia, diarrhoea, increased 

cough and rhinitis.
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2.2.L8 Discontinuation rates of leflunomide

Experience with a national cohort in the United States (n=3,325) 33 months after first 

approval was published. The overall discontinuation rates of leflunomide in 3 

major trials was reported as 20-30%. Discontinuation rates in an observational 

cohort in the US found that 52% of patients discontinued leflunomide within 1 year; 

35% of these were due to inefficacy and 17% due to adverse effects. Adverse 

events and lack o f efficacy were also the two main reasons for discontinuation in the 

trials. A 2008 systematic review compared the efficacy and harms of RA drugs.

This review concluded that there was no difference in the discontinuation rates 

between leflunomide and methotrexate or sulphasalazine.

2.2.1.9 Leflunomide usage in Ireland.

Leflunomide has been available in Ireland since 1999 which is approximately the 

same time as the anti-TNF drugs were beginning to enter the market. Examining the 

use of leflunomide in recent years indicates that total expenditure on leflunomide in 

2009 reached approximately €550,000 (GMS and DPS data, PCRS) for approximately 

950 patients. This expenditure increased slightly in both 2010 and 2011. It is thought 

that the uptake of leflunomide for the treatment of RA was possibly affected by the 

newer anti-TNF agents launch onto the market. In addition the reimbursement of the 

newer agents was not restricted and therefore there was no impetus to use this cheaper 

agent which may have demonstrated greater toxicity in certain patients.

2.2.L9 Other non-biological DMARDs

Other non-biological DMARDs used include SSZ, azathioprine, gold, ciclosporin, and 

low dose steroids. The practice with regard to these agents varies considerably in 

Ireland and may depend on factors such as geographical area, availability of 

alternative therapies such as biologies, physician and patient preference and disease. 

There is an evidence base for these agents but it is not as strong as that of MTX.
109)
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2.2.2 Biological DMARDs

Tumour necrosis factor alpha antagonists (anti-TNF-a) are the first of the biologic 

treatment groups used in RA. Anakinra is an interleukin 1 (IL-1) antagonist but is 

used much less frequently than the anti-TNF agents and this is thought to be related to 

poorer efficacy data and daily subcutaneous injections. A recent review of these 

agents in Australia by the Prescribing Benefits Advisory Board (PBAC), identified 

anakinra, as significantly less effective than the anti-TNF agents and the review 

recommended that reimbursement be w ithdraw n.'' A number of other biologic 

groups are now also licensed; B cell antagonist (rituximab), T cell modulator 

(abatacept), and the interleukin 6 (IL-6) antagonist (tocilizumab). These are all 

administered in the hospital setting in Ireland and therefore fall under a different 

reimbursement process than the other agents. These are reimbursed by the individual 

hospitals under local budgets. A full review of the clinical efficacy and effectiveness 

of the anti-TNF agents is given in chapter 5. The biological drugs to be included in 

this evaluation are shown in Table 3.
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Table 3. Biological drugs included within this economic evaluation

Name of 
Drug

Mode of 
action

Licence
Indication

Dose Reimbursement Mode of 
Administration

Adalimumab
(Humira)

Anti- 
TNF- a

RA, PsA, 
AS,
Crohns,
Psoriasis

40mg 
every 2 
weeks

High technology 
drugs scheme

Subcutaneous
Injection

Certolizumab
(Cimzia®)

Pegylated
Anti-
T N F -a

RA 400mg at
weeks
0,2,4 and
200mg
every 2
weeks
thereafter

High technology 
drugs scheme 
(with PAS)

Subcutaneous
injection

Etanercept
(Enbrel®)

Anti- 
TNF- a

RA, PsA, 
AS,
Psoriasis,
JIA

50mg 
weekly 
Or 25mg 
twice 
weekly

High technology 
drugs scheme

Subcutaneous
injection

Golimumab
(Simponi®)

Anti-
T N F -a

RA 50mg
once
monthly

High technology 
drugs scheme

Subcutaneous
injection

Infliximab
(Remicade®)

Anti-
T N F -a

RA, PsA, 
AS,
Crohns,
Psoriasis,
Ulcerative
colitis

3-
5 mg/kg 
at week 
0,2,6, 
and 8 
weekly 
thereafter

Hospital funding Intravenous 
infusion over 2 
hours

JIA - Juvenile Idiopathic Arthritis, AS Ankylosing Spondylitis, RA Rheumatoid 

arthritis, PsA Psooriatic arthritis PAS Patient Access Scheme
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2.3 Summary of existing economic evaluations in RA

A review of the literature was completed for existing economic evaluations examining 

the efficacy, costs and cost-effectiveness of anti-TNF therapy in established RA. 

Articles on the cost-effectiveness of drugs for RA after the failure of one or more 

DMARDs were identified. In addition, the NHS Economic Evaluation Database 

(NHS EED), Cochrane Library database, TUFTs CEA database and the websites of 

NICE, SMC, and CADTH. The methods used for this are outlined in Appendix 1.

Cost-effectiveness evaluations of anti-TNF agents by HTA agencies 

2.3.1 Economic evaluations by NICE

To date NICE have commissioned 19 technology appraisals for biologicals in 

musculoskeletal disease. Guidance has been issued on six of these for RA, three of 

which include cost-effectiveness of anti-TNF agents as the primary question (Table 

4).
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Table 4. Summary of economic evaluations completed to date on anti-TNF agents in RA by HTA agencies.

Technology
appraisal

Interventions
Included

Comparator Appraisal Type Guidance / Recommendations Year
completed

NICE

TA 195

Adalimumab,
abatacept,
etanercept,
infliximab,
rituximab

Conventional DMARD 
sequence beginning with 
leflunomide

MTA Rituximab is most cost-effective following 
inadequate response to DMARDs including 
at least 1 anti-TNF agent.

2010

TA 186

Certolizumab Adalimumab and 
etanercept (Monotherapy 
scenario)
Adalimumab, etanercept, 
infliximab, rituximab and 
tocilizumab + 
methotrexate 
(Combination therapy 
scenario)

STA Certolizumab pegol is cost-effective when a 
PAS* is in place

2010

TA 130

Adalimumab,
etanercept,
infliximab

DMARD sequence MTA Agents are cost-effective if patients have 
DAS >5.1 and have had an inadequate 
response to 2 or more DMARDs. Treatment 
should not be continued if inadequate 
response at 6 months

2007

TA 225 Golimumab TNF-inhibitors + 
Methotrexate

STA Golimumab is cost-effective if used as 
described in TA 130 and TA 195 in 
combination with a PAS**

N/A
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U )



Technology
appraisal

Interventions
Included

Comparator Appraisal Type Guidance / Recommendations Year
completed

Abatacept,
adalimumab,
certolizumab,
etanercept,
golimumab,
infliximab,
rituximab

N/A Therapeutic 
Review Panel 
(TRP)

In adult patients with rheumatoid arthritis 
with an inadequate response on optimal 
doses of DMARDs, one of the following 
biologies: abatacept, adalimumab, 
etanercept, golimumab, or infliximab could 
be used in combination with methotrexate or 
other DMARDs. Anakinra and certolizumab 
were not recommended. Rituximab is 
restricted for patients who have failed an 
anti-TNF agent.

2010

CADTH

Issue 85 Etanercept,
infliximab

N/A Clinical Review Agents are not cost-effective at a lower than 
C$100,000 willingness to pay threshold

2007

S0174 Golimumab N/A Common Drug 
Review: Cost 
minimisation 
analysis

Golimumab + methotrexate be listed in a 
similar manner to other anti-TNFs in RA. 
Dosing should be restricted to a maximum of 
50 mg/month. Response to golimumab 
should be assessed after 14 to 16 weeks of 
treatment and therapy be continued only if 
there is a clinical response.

2010



Technology
appraisal

Interventions
Included

Comparator Appraisal Type Guidance / Recommendations Year
completed

S0175

Certolizumab N/A Common Drug 
Review: Cost 
minimisation 
analysis

Was not listed for reimbursement 2010

SMC

81/03

Adalimumab N/A STA Accepted for restricted use within NHS 
Scotland for the treatment of rheumatoid 
arthritis by specialist physicians in 
accordance with guidance by the British 
Society for Rheumatology.

2003

305/06 Etanercept N/A ST A abbreviated 
submission

Accepted for use within NHS Scotland 2006

590/09

Certolizumab Anti-TNF therapy 
(Infliximab, adalimumab 
and etanercept) + 
methotrexate

STA Accepted following resubmission under the 
same indications as for NICE submission in 
combination with PAS only.

2009

^Patient Access Scheme: manufacturer provides the initial 12 week supply o f  drug free  o f  charge.

* *  Patient Access Scheme: manufacturer supplies golimumab lOOnig dose fo r  the same price as the 50mg dose.



TA 130

Technology assessment report no. 130 examined the clinical and cost-effectiveness of 

TNF inhibitors (adalimumab, infliximab and etanercept) for the treatment of adult RA 

patients (both early disease and established >3yrs). The Birmingham Rheumatoid 

Arthritis Model (BRAM) Markov model was u s e d . T h e  model is a simulation 

model, with a lifetime horizon, which considered improvements in QOL and 

mortality, but assumed no effect of the TNF inhibitors on the need for joint 

replacement. The incremental cost per QALY for therapy with MTX was £24,000 for 

etanercept, £30,000 for adalimumab and £38,000 for infliximab. For monotherapy, 

the ICERs were higher with both adalimumab and etanercept in the region of £50,000 

per QALY. When the effectiveness values for early RA were used for TNF inhibitors 

in third place, the results for the three TNF inhibitors were broadly similar. They 

were sensitive to assumptions around HAQ progression while on treatment, and to 

assumptions around effectiveness and long-term survival on conventional DMARDs. 

When the effectiveness values for late RA were used instead, the results were 

considerably less favourable (ICERs between £50,000 and £140,000). The key 

assumption, influencing the result of the model was in relation to HAQ progression. 

Assuming no HAQ progression while on anti-TNF therapy reduced the ICERs by 

approximately 50% and assuming a slow HAQ progression increased the ICERs by 

50%.

Along with company submissions, an independent report was carried out by the 

University of Sheffield using data from the British Society for Rheumatology 

Biologies Registry as part of the NICE review'^°'. The lifetime cost of anti-TNF 

therapy was £57,919 per 5.15 QALYs versus £20,706/ 3.59 QALYs for conventional 

DMARDs. The incremental cost/QALY was £23,882/QALY. The probability of 

cost-effectiveness at a WTP of £20,000 was 11% and at £30,000 was 84%. A number 

of sensitivity analyses were carried out; the impact of using SF-6D over EQ-5D to 

estimate utility gain was explored. The cost per QALY gained using the SF-6D was 

£48,206 with 0% probability o f cost-effectiveness at either W TP threshold. The 

impact of disability progression (HAQ score) whilst on DMARDs (in the absence o f 

anti-TNF therapy) was also explored. The cost per QALY gained in this case was
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£18,537 and had a probability of being cost-effective at W TP £20,000 of 68% and at 

£30,000 of 100%.

There were a number of limitations with this analysis. Anti-TNF therapy is viewed as 

a group rather than individually. There may be differences between the agents, which 

was not possible to see with the data that was available. The data from BSRBR was 

limited in providing sufficient information on doses; a variable that was shown to 

influence the result in sensitivity analysis. Assumptions in relation to long term 

disability on DMARD therapy were based on a paper by Scott et al. which 

showed considerable heterogeneity between the studies. Data on the long-term 

progression of HAQ, whilst on anti-TNF therapy, was not available for this study but 

was recommended by the researchers of the study.

TA 195 (Sequential anti-TNF therapy)

NICE examined the anti-TNF agents used sequentially in 2009 (TA 195). This 

was a multiple treatment assessment of adalimumab, etanercept, infliximab, rituximab 

and abatacept for the treatment of RA after the failure o f a TNF inhibitor. In this 

assessment rituximab was the most cost-effective drug following the failure of one 

other anti-TNF inhibitor. The comparators used were other anti-TNF’s and DMARD 

therapy, which had not yet been tried. Again the BRAM was used but some changes 

had been made. The mapping of utility and HAQ included a quadratic term in 

addition to the linear which had previously been used. Compared to DMARDs the 

ICERs were: £34,300/QALY for adalimumab, £38,800 for etanercept, £36,200 for 

infliximab, £21,200 for rituximab, and £38,600 for abatacept. Rituximab dominated 

the TNF inhibitors. The ICER for abatacept compared to rituximab was over 

£100,000/QALY. Important drivers of uncertainty were found in the scenario analysis 

which included assumptions about HAQ progression on biologic treatments, the 

equation relating HAQ to QOL (utility), and for comparisons involving rituximab, the 

assumed time between treatments. The inclusion of adverse event costs for biologic 

therapy made little difference to the results.
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Single Technology Appraisals

NICE have also commissioned a number of single technology appraisals (STA’s). 

These include abatacept, rituximab, tocilizumab, and certolizumab. STAs involve 

critically reviewing a com pany’s dossier; independent modelling is not performed.

TA 186

The most recent of these STAs was for certolizumab (Cimzia®) (TA 186). The 

review group stated that ‘the cost-effectiveness of certolizumab relative to other 

biologic DMARDs is unclear because the economic modelling undertaken may have 

ignored relevant effectiveness data and potential differences between trial 

populations, and so may have included effectiveness results that were biased in favour 

of certolizumab; underestimated uncertainty in the relative effectiveness of compared 

DMARDs; and ignored the potential influence of differences between biologic 

DMARDs with regard to adverse events and their related costs and health impacts’.

In October 2009 the NICE committee did not recommend certolizumab as a treatment 

option for people with RA but requested more information from the manufacturer. 

Following receipt of this information and details of a PAS, NICE issued final 

guidance recommending certolizumab, under certain criteria, as a treatment option for 

people with RA. These criteria stipulated that certolizumab is used as described for 

other TNF inhibitor treatments in ‘Adalimumab, etanercept and infliximab for the 

treatment of rheumatoid arthritis (NICE technology appraisal guidance 130) and the 

manufacturer provides the first 12 weeks of certolizumab pegol (10 pre-loaded 200- 

mg syringes) free of charge to all patients starting treatment.’

TA 225

Golimumab is licensed for use in RA and the submission assessed the cost- 

effectiveness of golimumab following an inadequate response to non-biological anti

rheumatic drugs and following the lack of response to at least one anti-TNF agent.

The report advised that golimumab was cost-effective if used in line with those 

guidelines given in TA 130 (for patients with an inadequate response to non- 

biological DMARDs) and TA 195 (for patients with an inadequate response to at least

48



one anti-TNF agent). The results were sensitive to assumptions around HAQ 

progression and long term benefits. An appraisal examining the use of golimumab in 

methotrexate naive RA patients is currently suspended.

2.3.1.1 Economic evaluations on other biological drugs for use in RA by NICE

Roche currently have two biologic agents licensed for the treatment of RA.

Rituximab (Mabthera®) is a B cell antagonist and tocilizumab (Ro-Actemra®) which 

is an lL-6 inhibitor. Both of these drugs have been appraised as STAs.

Rituximab

Roche submitted a micro simulation Markov model based upon the REFLEX trial for 

a STA. The appraisal was carried out by a review group at Liverpool University. 

For the ‘NICE-recommended’ scenario and the ‘sequential TNF inhibitor’ scenario, 

the original submission reports ICERs of £14,690 and £ 1 1,601/QALY gained 

respectively. The review group adjusted the model assumptions to more realistic 

estimates and the ICERs for the NICE-recommended scenario and the sequential use 

of TNF inhibitor ranged from £37,002 to £80,198/QALY gained and from £28,553 to 

£65,558/QALY gained respectively. The guidance issued by NICE in August 2007 

states that rituximab in combination with MTX is recommended as an option for the 

treatment of adults with severe active RA who have had an inadequate response to or 

intolerance of other DMARDs including treatment with at least one TNF inhibitor 

agent.

Tocilizumab

Roche submitted an individual sampling model based on a mixed treatment 

comparison which included data from four tocilizumab RCTs (OPTION, TOWARD, 

LITHE and R A D IA T E ).'"”’' The committee recommended that tocilizumab plus MTX 

is not recommended for the treatment of moderate to severe active rheumatoid 

arthritis before, or as an alternative to, treatment with rituximab for people whose RA 

has responded inadequately to one or more previous TN F-a inhibitors. The
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Committee also concluded that tocilizumab as monotherapy was not a cost-effective 

for the NHS. However, tocilizumab plus MTX as an option for people whose RA has 

responded inadequately to treatment with one or more previous TN F-a inhibitors and 

rituximab was recommended as a cost-effective option. The Committee also 

recommended tocilizumab plus MTX as an option for people with moderate to severe 

active rheumatoid arthritis whose rheumatoid arthritis has responded inadequately to 

one or more previous TNF-a inhibitors and in whom rituximab is contraindicated or 

who had rituximab withdrawn because of an adverse event.

2.3.2 Economic evaluations by CADTH 

Anti-TNF agents (etanercept and infliximab)

The Canadian Agency for Drugs and Technologies in Health (CADTH) has also 

carried out technology appraisals for anti-TNF agents in RA (Table 4). A therapeutic 

review to evaluate the comparative effectiveness, harms, and cost-effectiveness of 

biologic response modifier agents for adults with RA was conducted in 2010.'"^ ' The 

cost-effectiveness model inputs were based on the results of the clinical effectiveness 

review which indicated that there was no statistical difference in efficacy between the 

biologic agents. The review group therefore focussed mainly on differences in costs 

between the agents. This approach is not often used in cost-effectiveness analysis due 

to insufficient exploration of the uncertainties via a decision analytical model. It 

could be argued that due to the significant heterogeneity present among trials of anti- 

TNF agents, inputs from evidence synthesis should be further explored through 

probabilistic sensitivity analysis in an economic model. A previous CADTH 

appraisal, performed a systematic review on the long term clinical effectiveness, 

safety and cost-effectiveness of etanercept and inflixim ab.'"^' The appraisal 

concluded that infliximab and etanercept based strategies were not cost-effective, 

based on a C$50,000 threshold value for a QALY. The agents may be cost-effective 

in patients with an inadequate response to DMARDs if the willingness to pay 

threshold was increased above C$100,000. Their results were only sensitive to 

estimated improvements in QOL and in order for the technologies to be cost-effective; 

the utility gain would have to be doubled. When long term safety was examined, the
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authors found that the risk for some serious complications, such as tuberculosis and 

autoimmune disorders, were greater with infliximab than with etanercept. Fifty per 

cent o f patients on infliximab and 30% of patients on etanercept discontinued therapy 

by the third year of treatment. The long-term impact on functionality, survival, or 

QOL was not demonstrated.

Golimumab

CADTH also completed common drug reviews on both golimumab and on 

certolizumab. For golimumab, a CMA was submitted comparing adalimumab, 

etanercept, infliximab, rituximab, anakinra, and abatacept. The annual cost of 

golimumab (C$17,365) was less than etanercept (C$18,995) and adalimumab 

(C$18,438). It may cost more or less than infliximab depending on patient weight, 

dose used and vial sharing of infliximab.

Certolizumab

The drug review of certolizumab was similar to the golimumab submission in that a 

cost minimisation was also submitted. The annual cost of certolizumab (C$19,271), 

was higher than adalimumab (C$18,943) and etanercept (C$18,388) in the first year 

o f treatment, than subsequent years. The cost in subsequent years was lower than the 

other agents (C$17,277). The committee did not recommend certolizumab for 

reimbursement because the quality of the certolizumab trials was limited and other 

therapeutic options were available.

Note: C$1 = f0.72(September 2011)

2.3.3 Economic evaluations by SMC

The Scottish Medicines Consortium (SMC) evaluates all drugs under the STA 

process. To date they have reviewed adalimumab, etanercept, and certolizumab 

(Table 4). Golimumab was approved for restricted use in November 2011.
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Adalimumab for RA (81/03)

Adalimumab was reviewed under the STA process in 2003. It was accepted for 

restricted use in accordance with guidance by the British Society of Rheumatology. 

This guidance stipulates that the physician must be a specialist in the treatment of RA 

and that the patient should be enrolled in the Biologies Register. There is no other 

data given by the SMC with regard to the submission.

Etanercept(305/06)

Etanercept was reviewed in 2006 under an abbreviated STA submission. This 

underwent an abbreviated submission as the company were applying for 

reimbursement of a new formulation; etanercept 50mg once weekly injection. There 

is no information available on the SMC website on the details of the STA submission.

Certolizumab (590/09)

Certolizumab was reviewed by the SMC in 2009/2010 and guidance was issued in 

April 2010. The guidance did not recommend reimbursement of certolizumab. The 

problems highlighted with the submission were related to the indirect comparison 

method and results and the assumption of long term benefit extrapolated from 

relatively short term data. The indirect comparison was updated with a mixed 

treatment comparison when requested; however this additional analysis gave a pattern 

of results similar to those of the indirect comparison. The data from the indirect 

comparison was used to drive the model and the review group considered that the 

uncertainty associated with these estimates in combination with the uncertainty 

associated with long term benefits, to be too great to recommend reimbursement. The 

company resubmitted certolizumab for reimbursement for RA, in combination with a 

PAS. The PAS follows that offered under the NICE agreement, where the first three 

months are supplied free of charge by the company. Additional long data was also 

submitted from 3 year open label studies. The review group considered the 

resubmission and recommended that the drug be reimbursed for RA both in 

combination with MTX and as monotherapy.
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A search o f the TUFTs cost-effectiveness database returned 31 relevant published 

cost-effectiveness studies completed to date in RA. Twenty eight of these were 

specifically on the biologic agents. The remaining studies comprised o f evaluations 

of non-biologic DMARDs, bisphosphonate therapy, and non-pharmacological 

therapy. The database grades the quality of the studies on a scale from 1 (low) to 7 

(high). Almost all of the studies used Markov or a variation of Markov models. Two 

studies used a decision analytical model."

2.3.4 Economic Evaluations on Leflunomide

A review article of the cost-effectiveness of DMARDs in RA identified six relevant 

publications. Schadlich et al. examined the cost effectiveness of including 

leflunomide in sequential DMARD therapy through a cost-utility analysis. The 

analysis was conducted from a societal perspective using real world data from a 

German rheumatological database. The authors concluded that after three years a 

strategy including leflunomide was more effective and less costly than a strategy not 

including leflunomide. The addition of leflunomide to the treatment strategy extends 

the time patients benefit from DMARD therapy. A company representative for the 

manufacturer of leflunomide was one of the authors of the paper. Maetzel at al. 

examined the cost-effectiveness of leflunomide versus methotrexate in Canada.

ICERs in comparison to MTX ranged from approximately CA$54,200 to CA$72,000 

per QALY."^^’ Kobelt et al. compared leflunomide to methotrexate to sulphasalazine 

in recently diagnosed patients. Leflunomide (LEF) dominated methotrexate and 

sulphasalazine. Schipper et al. estimated the cost-effectiveness o f strategies aimed at 

inducing remission in early RA."^^' The strategies included Strategy 1: starting MTX 

monotherapy, followed by the addition of LEF, followed by MTX with addition of 

anti-TNF; Strategy 2: start with MTX and LEF combination followed by MTX with 

anti-TNF; and Strategy 3: immediate start with MTX and anti-TNF. The results 

indicated that initiation with strategy 2 or 3 was not cost effective compared to 

strategy 1.
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Summary

To date none of the HTA agencies have carried out a MTA on all five anti-TNF 

agents in comparison to leflunomide. The primary areas of uncertainty in the 

evaluations have been around efficacy estimates and assumptions on long term 

benefit. While all agencies have accepted some if not all anti-TNF agents for 

reimbursement, it has been acknowledged that the uncertainty around the ICER 

estimates are significant and gaps remain as regards real life long term improvements 

to health related quality o f life (HRQOL) and reduction in joint damage demonstrated 

radiologically.

Note: Quality o f life data is presented in this thesis fo r  both RA and PsA but economic 

modeling and associated analysis is performed fo r  RA only.
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Chapter 3.0 Outcomes in Rheumatoid Arthritis

3.0 Introduction

The emphasis on the health benefit of interventions within healthcare has advanced 

outcome measurement to the forefront of health strategies. The focus has moved from 

"what works, to what works most effectively in this setting’. This is best achieved 

through the identification of desired outcomes associated with healthcare 

interventions and using these to evaluate interventions. Therapeutic strategies today 

promote early initiation of disease modifying anti-rheumatic drugs (DMARDs) and 

tight control of the disease through close monitoring of clinical outcomes. These 

innovative treatments have altered the path and face of RA and outcomes for patients 

and society.

The measurement of outcomes in a chronic disease such as RA is a multi-dimensional 

phenomenon. The manifestations of RA can vary from joint symptoms such as pain 

swelling and joint damage leading to functional impairment to more non-specific 

complaints such as fatigue and poor general health. This variation in presentation and 

course of disease has led to the development o f outcome measures in an attempt to 

evaluate interventions used both in clinical trials and in clinical practice. One

measure will be insufficient to capture all aspects of benefit or damage. Instead a 

multi-dimensional approach must incorporate aspects such as disease progression, 

structural damage, and QOL. This approach should be adopted at the disease 

diagnosis (through classification of disease) and continue through the course of the 

disease (measurement of treatment response). The focus for outcome measurement 

has largely been driven by those measured in the clinical trial setting rather than the 

‘real life’ clinical practice setting; however due to the establishment of registries to 

evaluate treatments in the clinical practice setting, this is changing.

Outcome measurement in RA can be broadly classified under clinical outcomes and 

patient reported outcomes.
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3.1 Clinical Outcome Measures

The drive towards a core set of outcomes for RA has been mainly due to the 

development of the international initiative known as the Outcome Measures in 

Rheumatology (OMERACT) group. OMERACT is the acronym for an 

international, informally organized network initiated in 1992, aimed at improving 

outcome measurement in rheumatology. OMERACT was established to review and 

recommend a core set of outcomes which would appropriately measure the impact of 

treatment on chronic musculoskeletal diseases. While the remit of the group was 

originally clinical trials in relation to RA, it now encompasses a broad range of 

diseases within the musculoskeletal disease group. Data driven recommendations are 

prepared and updated by expert working groups and recommendations include core 

sets of measures for most of the major rheumatologic conditions. OMERACT 

have succeeded in achieving consensus on core sets of measures for RA, osteoarthritis 

and osteoporosis, psoriasis/ psoriatic arthritis, on psychosocial measures and core set 

of data for cost-effectiveness evaluations. The review process must satisfy the 

OMERACT filter which encompasses three filters; truth (does it measure what it is 

supposed to), discrimination (can the measure discriminate between situations of 

interest) and feasibility (is it understandable and cheap).

3.1.1 American College of Rheumatology (ACR) Response

The ACR criteria specifically measure the change or improvement in disease activity 

of active drug against placebo.

The ACR 20 is the preliminary definition of improvement. ACR 20 can be defined as 

a binary categorical outcome indicating whether a patient responded or not. Using 

ACR 20, a patient is considered to respond when showing at least:

• 20% improvement in the tender joint count and

• 20% improvement in the swollen joint count and

• At least a 20% improvement in 3 out of the following 5;

58



1. Patient pain assessment

2. Patient global assessment

3. Physician global assessment

4. Patient self-addressed disability

5. Acute phase reactant (ESR or CRP)

The ACR 20 was considered for re-evaluation in 2007.''^^' One of the key criticisms 

of the ACR 20 is the lack of sensitivity to change in comparison to a continuous 

measure such as the DAS. With the introduction of new therapies such as the anti- 

TNF agents which were more efficacious than older therapies, it became apparent that 

an improvement of 20% may not be enough. In light o f this, the ACR 50 (50% 

improvement), 70 (70% improvement) and 90 (90% improvement) thresholds are now 

used. However, it has been suggested that the discriminating power of these outcome 

markers are not as well validated as the ACR 20.''^*' Nonetheless, they are now 

commonly reported in studies.

Also new definitions of improvement were appearing in trials such as the ACR-N.

The ACR-N expresses change as a percentage in individual patients, making the 

result dependent on the initial state (e.g. a decrease of 2 of 20 tender joints is an 

improvement of 10%, but a decrease of 2 of 10 joints is an improvement of 20%). It 

is a continuous variable (like the DAS) based on the 7 accepted core set variables (as 

does the ACR 20) and is analysed according to a formula analogous to that used for 

the ACR 20, ACR50 and ACR70. A further extension of the ACR-N describes the 

area under the curve (AUC) which substantially increases the power to detect small 

differences in the treatment arm. There have been some criticisms o f the ACR-N 

and it not been through the OMERACT filter, as has the ACR 20.

3.1.2 The EULAR response criteria

The EULAR response criteria include not only change in disease activity, but also 

current disease activity. To be classified as responders, patients should have a 

significant change in DAS (>1.2 for a good response and <1.2 and >0.6 for a
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moderate response) and also low current disease activity. Three categories are 

defined: good, moderate, and non-responders (Figure 11)

Smpwement > 12 improvement < 1.2 ano > 0.6 Improvement .  0 6

Final Score

DAS28 1 3 2 Good Response

DAS28 > 3J2 antf < 5 1
Moderate Response

DAS28 > £1
No Response

Figure 11: EULAR Response
The table indicates the response achieved which is dependent on both the quantity of 
change in DAS score and the final DAS score.

DAS

The original DAS was based on a 44 joint score but validation studies recognized that 

the DAS 28 (modified version) can be used effectively in its place. However, 

these measures should not be used interchangeably.

DAS 28 is a compound outcome measure comprising a number of components; 28 

tender joint counts; 28 swollen joint counts; patient’s general health (VAS); ESR. A 

DAS 28 using CRP as the laboratory measure of inflammation (acute phase reactant) 

has also been developed.

The DAS 28 has a continuous scale ranging from 0 to 9.4. The level of disease 

activity can be interpreted as low (DAS 28<3.2), moderate (3.2< DAS 28 < 5 .1 ), or 

high (DAS 28 >5.1).

Remission of RA is now a realistic goal as a result of significant treatment advances, 

improved early diagnostic criteria, and aggressive management of inflammation. 

Remission is defined within the ACR criteria as ACR90 and within the EULAR 

criteria as DAS 28 < 2.6.
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3.1.3 Radiographic Outcomes

The use of scored radiographs as an outcome measure can help estimate the 

progression o f RA. One of the main advantages of X-rays is that they provide a 

permanent record of true damage, unlike measures related to disability and pain, 

which are subjective. Halting of radiographic damage is one of the most sought after 

outcomes from any intervention as evidence suggests that structural joint damage is 

the predominant cause of functional impairment.

The most commonly used methods are those devised by Sharp, Larsen, and van der 

Heijde/Sharp, and their variants. Methods based on the Sharp technique

provide separate scores for erosion and for joint space narrowing. Larsen and 

modified versions, together with the Simple Erosion Narrowing Score (SENS) 

method, provide an overall score.

The choice o f scoring method depends on the time and staff available, and the 

required degree of reliability and sensitivity to change. In clinical practice, many 

patients will have x-rays at baseline and follow-up to assess joint damage. However 

using a formal scoring method such as described here can be time consuming and may 

be subject to variability.

While imaging usually involves taking X-rays o f the affected joint. Magnetic 

Resonance Imaging (MRI), and ultrasonography are also used commonly.

3.2 Health Related Quality of Life

The growth of economic analyses and in particular CUA, which uses the QALY as a 

measure o f outcome, has heightened the interest in the methodologies used to perform 

these analyses. A QALY is calculated by combining length of life with QOL. The 

index for translating QOL is known as the health utility. Health utilities can be 

measured directly or indirectly.

3.2.1 Direct HRQOL Measurement

Direct utility measurement uses techniques such as time trade off (TTO) and the 

standard gamble (SG).
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3.2.1.1 Time Trade Off

The TTO approach offers two alternative scenarios: life expectancy of an individual 

with a chronic condition followed by death or healthy time followed by death. The 

TTO method is used to calculate the utility values which are given by the EQ-5D, an 

indirect measure. This was done in the valuation of the health states measured in the 

Measurement and Valuation for health study, in the UK(MVH).

3.2.1.2 Standard Gamble

The SG involves the patient choosing between two alternatives depending on the 

probability of achieving either a chronic health state preferred to death or a temporary 

health state preferred to death. The choice of best outcome is varied until the 

respondent is indifferent between the certain and uncertain prospects. This was the 

method used for the valuation of the SF-6D.

3.2.2 Indirect QOL Measurement

Recently, there has been an increased emphasis on the patient’s outcomes through the 

development of a group of measures called Patient Reported Outcomes (PROs).

These instruments are described as indirect measures, but this is in the context of 

utility measurement. They directly measure a patient’s QOL but in order to transform 

this information into a utility value, a further analysis is carried out hence referred to 

as indirect.

PROs primarily report the patient’s HRQOL and management of disability. An 

increasing number of publications emphasize the importance of PRO measures of 

health status and HRQOL in RA. Clinicians and decision makers are recognizing the 

importance of measuring HRQOL to inform patient management and policy 

decisions.
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PROs that assess HRQOL are often categorized as either generic or disease-specific. 

Generic measures are designed for use among diverse populations with a broad range 

o f medical conditions, but can also be used to characterize healthy people without a 

particular medical condition. In contrast, disease-specific measures are designed to 

assess specific populations, quantify aspects of functioning, and examine the impact 

of particular medical conditions or treatments.

A number of studies have evaluated the reliability, validity and responsiveness in 

patients with RA and most instruments can discriminate between different severities 

of the disease. In deciding which measure to choose, it is important that the 

researcher or clinician considers the context; is the objective to compare outcomes 

with other disease outcomes or is the objective to focus on the particular attributes of 

the disease in question? To compare outcomes between diseases, a generic 

instrument may be most appropriate, whereas when focusing on attributes of a 

particular disease, a disease-specific instrument may be appropriate. Because generic 

and condition-specific measures have different attributes, and are conceptually 

distinct, it is sometimes useful to administer both types of instruments as part of a 

complete outcome assessment in clinical trials.

3.2.2.1 Disease-Specific Patient Reported Outcomes

Disease-specific PROs are very often measured in both clinical trials and in clinical 

practice. They are developed for a specific condition and therefore some studies have 

shown that they are more responsive to small changes in disease status. The most 

commonly used disease-specific PRO in RA is the Health Assessment Questionnaire 

(HAQ).

3.2.2.1.1 Health Assessment Questionnaire

The HAQ was developed as a systematic measure of outcome in patients with a wide 

variety of rheumatic diseases, including RA. The usual form of the HAQ used is 

the physical disability scale (Modified HAQ) which measures function in relation to 

the degree o f difficulty experienced in performing activities of daily living such as
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dressing, rising, personal hygiene, walking, eating and ability to carry out chores 

(Appendix 2). The HAQ contains 20 items across 8 domains, which are scored from 

0 (no difficulty) to 3 (unable to do). The scores are corrected for the use of equipment 

and help from carers for each domain. The scores for each domain are then summed 

and a score of 3 represents high dependency disability and 0 represents no
11381disability.' The HAQ is a self-completed questionnaire developed as a 

comprehensive measure of outcome in patients with a wide variety of rheumatic 

diseases, including RA, osteoarthritis, ankylosing spondylitis, psoriatic arthritis, 

scleroderma, lupus, juvenile RA and fibromyalgia.

There are however some limitations to its use. It does not capture disability 

associated with sensory organ dysfunction or psychiatric dysfunction and does not 

directly measure patient satisfaction or social networking. The HAQ-disease index 

(HAQDI) is the single index score derived from scoring the HAQ. A HAQ score 

difference of 0.25 is said to represent the minimum clinically important difference 

(MCID). The HAQ is commonly collected in clinical trials and also been used in 

many cost-effectiveness evaluations to model health states that a patient may 

experience over the course of their disease. '

Other PRO measures include the Rheumatoid Arthritis Quality of Life (RAQOL) and 

the Arthritis IMpact Scale (AIMS); however these are not used as frequently as the 

HAQ.

3.2.I.2 Generic Patient Reported Outcomes

Generic measures include the Short Form-6D (SF-6D), Short Form-36 (SF-36),

Health Utilities Index Mark 2 (HUI2) and Mark 3 (HUI3) and the EuroQoL (EQ-5D). 

A number of reviews have compared the generic measures in RA. These 

instruments are classed as multi-attribute utility theory (MAUT) instruments. M AUT 

instruments have a generic ‘descriptive system’ which is capable o f describing a wide 

range of health states and utility weights are attached to every possible state.
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3.2.2.2.1 EuroQoL (EQ-5D)

The EQ-5D (3-level) index is a preference-based index measure, where an individual 

provides an assessment of each component of his/her health status according to a 

structured health-status classification system and a single preference-based score is 

derived for each individual based on societal preferences.'''^'' It is applicable to a 

wide range of health conditions and treatments and provides a simple descriptive 

profile for health status (EuroQoL). Functioning in five dimensions is assessed: 

mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each 

dimension is assessed by one item with three response options: no problems, some 

problems, and severe problems (Appendix 2). Higher scores on these items indicate 

greater impairment. The EuroQol Group launched a new EQ-5D-5L (EQ-5D 5 level) 

self complete version in 2009 in order to further improve the sensitivity and reduce 

ceiling effects of the existing EQ-5D-3L version. This is now available but the 

studies to elicit preferences from general populations are at the pilot stage and are not 

yet available.

The EQ-5D-3L is used extensively to measure QoL in intlammatory arthritis.'''^^’

The preferences for the scoring function was measured using the Time Trade-Off 

(TTO) technique on a random sample of a approximately 3000 adults of the UK 

p o p u l a t i o n . ' T h e  scoring was developed using econometric modelling as opposed 

to multi-attribute utility theory. The EQ-5D system allows individuals to obtain 

negative utilities for a given health state (which are then interpreted as states ‘worse 

than death’). There are no population values available for the Irish population.

The original population scoring which assigned the weights by which to score the 

heath states were done in the UK but many countries have now completed population 

scoring.

3.2.2.2.2 Medical Outcome Study Short Form-36 (SF-36)

The SF-36 was designed for use in clinical practice and research, health policy 

evaluations, and general population surveys. It is a 36-item short-form (SF-36) which 

includes one multi-item scale that assesses eight health concepts: 1) limitations in 

physical activities because of health problems; 2) limitations in social activities
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because of physical or emotional problems; 3) limitations in usual role activities 

because of physical health problems; 4) bodily pain; 5) general mental health 

(psychological distress and well-being); 6) limitations in usual role activities because 

of emotional problems; 7) vitality (energy and fatigue); and 8) general health 

perceptions.' The questionnaire does not give one overall score but each of the 

eight domains can be scored out of 100 (perfect health)(Appendix 2). Two summary 

component scores for physical and mental health can also be calculated. A license is 

required for use of the SF-36 and the associated software.

3.2.2.2J Short Form-6D (SF-6D)

The SF-6D is derived from and uses 11 items from the SF-36. The scoring model for 

SF-6D was developed using standard gamble (SG) utility measurements on a random 

sample (n=836) of the general population in the Econometric modelling was

used to devise a number of different scoring models. The SF-6D scoring

programme was revised in 2007 using a Bayesian methodology.''"''^' It is known that 

the parametric model can over predict the value of better health states' ' and the 

Bayesian version overcomes some of the bias of the original regression models when 

assigning values to the worst health states (e.g. it yields a value of 0.203 for the worst 

SF-6D state compared to 0.301 using the original parametric algorithm).

3.2.2.2.4 Health Utilities Index (HUI)

The Health Utilities Index is a family of generic preference-based systems for 

measuring comprehensive health status and HRQoL. The dimensions assessed 

include vision, hearing, speech, ambulation/mobility, pain, dexterity, self-care, 

emotion, and cognition. Each dimension has 3-6 levels. The HUI consists of two 

systems; HUI MARK 2 (HUI2); HUI Mark 3 (HUB). The HUD is used for primary 

analysis in most cases. The HUI2 may be used to provide additional information as it 

includes attributes such as self-care, emotion and fertility. Preferences for the HUI2 

were measured on a sample of parents of schoolchildren in Canada and for this reason 

the HUI2 is sometimes chosen as a useful measure for assessing HRQOL in children.
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W hile it has been used in RA, it is not used as commonly as the SF-6D or the EQ-

Table 5. Overview of Multi-Attribute Utility Theory (MAUT) Instrument 

Properties

Instrument Dimensions/domains/attributes No. of 
possible 
Health 
states

Valuation
Technique

Boundaries

HUI2 Sensation (vision, hearing, 
speech) mobility, emotion, 
cognition, self-care, pain

24,000 Standard
Gamble

-0.03 to 1.00 

-0.36 to 1.00
H UB Vision, hearing, speech, 

ambulation, dexterity, emotion, 
cognition, pain

972,000 Standard
Gamble

SF-6D Physical function, role 
limitation, social function, pain, 
mental health, vitality

18,000 Standard
Gamble

0.2 to 1.00

EQ-5D Mobility, usual activities, self- 
care, pain, anxiety

243 Time Trade 
off

-0.59 to 1.00

3.3 Selecting an outcome measure for CUA of anti-TNFs 

3.3.1 Choice of instrument for RA

A number o f methods are used to measure disease severity and the impact o f this 

severity on QOL. These measures include both clinical tools measuring disease 

activity, such as the EULAR DAS''^^' and QOL instruments. A variety of QOL 

instruments have been used in inflammatory arthritis trials and these usually include 

either a generic measure, such as the EQ-5D'''^" or the SF-36''"'^' or a disease specific 

instrument, such as the H A Q '''’̂ ', or both.

All of the above QOL measures display some shortcomings in assessing HRQoL in 

inflammatory arthritis. While using generic measures should in theory allow us to 

compare results for a variety of different conditions, disparities have been shown to 

exist in the utilities derived from the EQ-5D and SF-6D, and this is attributed to the
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different descriptive systems, to the valuations attached to the health states or to a 

combination of bothJ Seymour et al. examined the association between these two 

measures and found that the strength of the relationship between the instruments 

changes across the health spectrum and is dependent on whether health improves or 

deteriorates. A common finding in many head- to-head studies is that the EQ-5D 

tends to generate higher utilities than the SF-6D in subgroups with better health 

(ceiling e ffec t) , whereas the opposite occurs in less healthy groups (floor effect).'

This has important implications for economic analyses on treatments such as 

biologic therapy, which are likely to be used for patients in more severe health states 

than those in mild health states.

For the majority of clinical trials, the primary outcomes chosen are those which are 

most relevant and meaningful for the clinical community. In RA trials, the HAQ and 

disease activity (via EULAR DAS 28 or ACR criteria) are almost always recorded as 

outcomes. One of the key problems in using the HAQ for CUA is that the HAQ does 

not directly produce utility values. In these cases it is necessary to derive or ‘m ap’ 

utilities from the outcomes measured in the trial. Previous studies have shown how 

QOL decreases as functional impairment increases'’̂ '' thereby making the HAQ a 

good disease measure to correlate with u t i l i t y . N I C E  have now included 

mapping in their guide to technology appraisals if the EQ-5D has not been used in the 

trial. A number o f linear transformations have been presented in economic 

analysis deriving utility from HAQ.'^^' However there are some problems

associated with this method. Utilities derived from other measures such as HAQ 

overestimate baseline values but underestimate change and this is particularly evident 

for the SF-6D in early and severe disease and the EQ-5D in early d i s e a s e . I n  

mapping onto the EQ-5D, the primary area of concern is where the responses fall 

within states described as worse than death (a utility score of less than zero). A recent 

paper discusses this fact, in particular some of the theoretical economic issues in some 

detail."^^'
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Chapter 4.0 Utility Values for an Irish RA and PsA cohort

The chapter will describe the methods used to calculate utility values for an Irish RA 

and PsA population. While the focus of this thesis is on RA, PsA data has been 

included in this chapter. This allows some comparisons as regards to be made 

between diseases. It will also discuss the methods used to apply a revised scoring 

methodology for the EQ-5D data. Finally the chapter details the methods used for 

mapping of utilities and how the mapping was performed for this cohort.

4.1 Background

HRQOL measures must be valid and have high reliability and responsiveness.

Validity ensures that the instrument measures what it is supposed to measure. Reliable 

instruments are able to reproduce differences between subjects. Responsive evaluative 

measures are able to detect important changes in HRQOL during a period of time, 

even if those changes are small. They should be able to accurately measure these 

changes for all disease states (from very worst to very best). HRQOL measures should 

also be interpretable, meaning that the differences in scores that correspond to small, 

moderate, and large HRQOL changes are easily identifiable and match to some 

degree the disease state of the subjects.

The utility measure should cover the range of symptoms or aspects of health likely to 

be experienced by the subjects in question. The measure should be equally sensitive 

to the dimensions of the measure e.g. for patients with severe disease some 

dimensions o f the SF-6D (physical functioning, role limitations and social functioning 

dimensions) have a significant number of respondents at the lowest level whereas this 

is not the case for dimensions such as pain, mental health and vitality.

The valuation method used to assign values to health should be robust and valid. The 

TTO and SG methods are recognized as choice based valuation techniques and are 

preferable to VAS.

A checklist forjudging the merits of a utility measure has been published by Brazier 

et. a l.'’̂ '̂ This broadly defines criteria under; practicality, reliability, validity of the
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valuation technique, the descriptive validity and the empirical validity (with regard to 

revealed, stated and hypothesized preferences)

4.1.1 Current issues with preference based utility valuation

It is well established that the EQ-5D and the SF-6D produce different utility values in 

the same cohort. This is in part due to different definitions of perfect health.

According to the 1995 Health Survey of England, the EQ-5D considers over half of 

the population to be in perfect health, while the SF-6D considers less than 3% to be in 

perfect health. Therefore the SF-6D has a different criterion for perfect health 

than the EQ-5D. This presents decision makers with a challenge in comparing results 

of economic evaluations which have used different methods to calculate utility.

In a RA cohort the utility gain produced by the EQ-5D was twice that produced by the 

SF-6D. This discrepancy between the measures has been the subject of a number 

of recent publications which highlight the methodology of the original

scoring of the EQ-5D(UK) and the manner in which worse-than-dead (WTD) values 

were adjusted. In order to examine the methodology of the original EQ-5D 

scoring we need to describe the methods that were used in the original study.

The TTO formulation used for the MVH study was originally published in 1972 and 

further developed to accommodate WTD states in 1982. The methodology

describing how individual TTO responses can be translated into valuations on an 

interval scale is given in these papers. Because aggregate values for groups are 

usually calculated as the arithmetic mean of these individual valuations, potential 

outliers may adversely influence the overall mean of the sample. This has been the 

case in a number of large studies and therefore methods have been described to deal
1171 1781with this anom aly .' ' The most commonly used method is the transformation of

WTD responses. Three such transformations have been proposed and used; the 

monotonic transformation put forward by Patrick and used by Dolan, a linear 

transformation proposed by Shaw and truncation or bounding at -1, +1 used by Dolan. 

1147, 178,1791 methods have been challenged considerably in the literature due to

the manner in which they change the actual data. Alternative methods

have also been proposed. These involve changing the estimator and not the data as in 

the episodic random utility model (RUM) described for this study, using directional
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statistics as proposed by Craig and Oppe and finally use of alternative summary 

statistics such as median or mode ratios instead of mean as suggested by Lamers and
11 6 7 , 182-1851

Therefore the literature presents two distinct methods for handling the problem of 

WTD states in TTO valuation; firstly the transformation method which has come 

under considerable scrutiny and challenge and secondly, the episodic estimator which 

is relatively new and may not yet have been subjected to full examination. Both 

methods present shortcomings. In this case episodic RUM is chosen to test because it 

presents a significantly different method from the transformation method. A 

pragmatic approach leads us not to use the revised scoring method exclusively but use 

it as a further tool to highlight the uncertainty associated with TTO derived preference 

based utilities. An alternative approach would be to move away from the TTO 

method entirely and explore the use of methods such as discrete choice analysis or 

ranking as some authors have explored,

4.1.2 Scoring method for the original UK TTO

The preferences for the scoring function were measured using the TTO technique on a 

random sample of 2997 adults of the UK population (MVH study). Dolan et al. 

devised a scoring method which assigned a single index utility value for each health 

state described. Forty five of the health states were scored directly from the 

population using TTO valuation and the values of the remaining states (198) were 

predicted using regression estimates.

To anchor the scale, perfect health and dead were assigned scores of 1 and 0, 

respectively. For states described as beiter-than-dead (BTD) (>0) on the TTO, scores 

were calculated using the formula x/10 where x is the number of years spent in perfect 

health equal to 10 years in the health state. For states scored as WTD (<0) the 

formula given is -x/(10-x) where immediate death equates to a scenario of x years in 

perfect health followed by (10-x) years in the health state. For states BTD, the ratio 

ranges from 1 to 0 but ratios for WTD states lie between 0 and -39 (the WTD x has an 

upper bound at 9.75 years). The asymmetry seen between the positive and negative 

ratios seem to inflate the influence of the WTD responses; therefore Dolan
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transformed the negative ratios to -x/10, replacing 34% of the TTO responses.' By

bounding the negative ratio at -1, the influence of these WTD responses on the mean

slope lessened and improved face validity of mean ratio estimates. An alternative

method of handling these worse than death scores was proposed by Craig et 
1801

4.1.3 Revised Scoring Method for the EQ-5D UK

Craig et al. re-examined the original data using an episodic regression model instead 

of a ratio regression model in the MVH s t u d y . ' T h e  health state valuations have 

been published and these are provided in Appendix 3. The theoretical basis for 

both models was presented in a previous published p a p e r . ' T h i s  theory is based 

around the error that is present for the TTO valuation.

18
I
■a
E
CLoc
<n Years with 

"Some Problems" .a

- 10'

Figure 12: Error associated with Time Trade Off Responses
(based on 838 TTO responses fo r  the ‘some problems’ EQ-5D state (22222) taken 
from the Measurement and Value o f Health (MVH) study in the United Kingdom 
(Dolan 1997)) Figure used with permission from Craig et. al. 2010.
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In the original MVH study, the responses to the questions in relation to WTD states, 

w ere positioned along the line marked ‘B’ in Figure 12. States better than dead are 

positioned along the line marked ‘A ’. The result of this is an over influence of the 

W TD states on the overall mean estimate. The episodic RUM attempts to lessen this 

influence of the WTD states by down weighting them.

The utility of a health state, j ,  over time, t, for an individual, i, is random and can be 

represented by:

+ ff/v Episodic R UM

I ) t  = ^ j t  + In s ta n t  RUM

Figure 13 provides a schematic on how the data is handled for the revised method in 

com parison to the original Dolan method.

Raw TTO
Revised Craig 
Metliod

Dolan
Bound -1, +1

Episodic
RUM

Instant RUM  
(Ranked)Amended

TTOs
Probil
Model

QLR
Model

Original 
EQ-5D TTO

Revised
EQ-5D

Figure 13: A schematic of the Dolan method and the revised scoring method for 
the EQ-5D (TTO).
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4.1.4 Mapping or Cross walking QOL data

A number of models can be used to map QOL instruments to utilities. The method 

here uses a linear statistical model. An alternative approach may be a judgement 

based approach using elicitation from experts. While this approach has been 

criticised in the past, there have been attempts to develop new methods which allow 

measurement of uncertainty, using probabilities, around expert’s judgements. 

Brazier et al. reviewed the different statistical models which can be used to map 

variables to other variables. Details of the alternative specifications of such 

models are given in Table 6.

Table 6. Alternative specifications of mapping functions

Mtylel Dependent 
van able

Diw:rete 
(D) or 
continuous 
(C)

Independent variables

Main
et'fecls

Discrete 
(D) (T  

continuous 
(C)

InleracUons Other measures

1 Index C Overall score C For anv model:
2 Index C Dimension

scores
c Dimensions squared terms, 

t)ther

3 Index c Item levels c Items
health measures, 
clinical measures.

4 Index c Item levels D Items level demographics
5 Dimensicin level c Mixlels 1-4 C/D Models 1 ^

6 Dimensiim level D M(xJels 1—4 C/D McxJels 1-4

The first model (1) is the simplest additive model, which regresses the target measure 

(such as the EQ-5D) onto the total score of the starting measure (e.g. SF-36, HAQDI, 

DAS28 etc.). This is also the most limiting specification since it assumes that the 

dimensions of the starting measure are equally important; all items carry equal 

weight; and response choices to each item lie on a similar interval scale. This is the 

model used for this study due to the limitations of the data available (only the final 

HAQDI score was recorded). Model 2 and 3 model dimension scores and item scores 

respectively and this allows for less rigid assumptions in relation to equality between 

levels. Models 4-6 use item responses and dimension scores as independent variables.
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how ever in models 5 and 6, dimension and item scores will be treated as continuous 

variables and item responses are modelled as discrete dummy variables.

A recent paper created a mapping algorithm for the EQ-5D to an angina disease 

specific measure under a Bayesian framework. The authors concluded that 

despite the theoretical advantages of using the more complex Bayesian models, the 

simple linear model performed best in the validation sample.

4.2 Aims

• To derive patient reported preference based utility scores from patients 

initiating on anti-TNF therapy.

• To calculate the utility scores using different patient reported HRQOL 

questionnaires.

•  To derive a mapping function from the HAQ and the DAS 28 using Irish 

data in both RA and PsA.

4.3 Objectives

• To estimate the change in preference based utility score for patients prior to

starting anti-TNF therapy and at follow up.

• To compare the differences in the results from using three different methods to

measure QOL in both RA and PsA (EQ-5D, SF-6D and EQ-5D using a 

revised population scoring).

• To examine the differences between linear and non-linear models used for the

mapping and to compare the findings with previous mapping studies.

In order to examine these methods for deriving utilities, we used data from an Irish 

cohort of patients on biologic therapy for both rheumatoid and psoriatic arthritis and 

compared the differences in the results from using three different instruments to 

measure QOL. While the focus of this project is on RA patients, we have also
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analysed the PsA patients in light of the paucity of evidence with regard to utility in 

this cohort.

4.4 Methods

4.4.1 Data Source

Utility data was derived from a database of 504 patients from an Irish rheumatology 

referral centre, which records the clinical and QOL outcomes of patients on biologic 

therapy for RA and PsA. Patients included have a diagnosis of either RA (n=345) 

according to the ACR criteria and are commencing on biologic therapy (either anti- 

TNF a, B-cell antagonists or T-cell modulators), or a diagnosis of PsA (n=159) 

according to ClASsification criteria for Psoriatic ARthritis (CASPAR) criteria. While 

many of the patients would have failed two or more DMARDs, this is not a 

prerequisite for starting biologic therapy in Ireland. The demography of this patient 

population is described in table 7.

4.4.2 Instruments used

The QOL instruments used in this cohort are the paper versions of the EQ-5D, SF-36 

(Version 1), and the modified HAQ (Appendix 2). The DAS 28''*’”’' was collected as 

one of the clinical outcomes in monitoring response to treatment and disease activity.

4.4.3 Data Collection

The EQ-5D, SF-36 and HAQ were collected as part of normal clinical practice for 

monitoring the impact of treatment on QOL. Patients attending an outpatient 

biological clinic completed a standard book of questionnaires as part of their clinical 

assessment. When a patient is prescribed a biologic they are referred to this clinic. 

These patients have active disease and usually have a DAS 28 score of 5.0 or more 

although this is not a prerequisite. The majority o f these patients have failed 

methotrexate therapy or are no longer responding. The clinic is attended by patients 

with inflammatory arthritis which cn include RA, PsA and ankylosing spndylitis.
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Only the RA and PsA were used for this analysis. One of the limitations of the 

database is the level of data on patients who have discontinued biological therapy. 

Once patients have discontinued biological therapy they no longer attend the 

biological clinic and therefore there is no information on how their disease progressed 

upon discontinuation. Also because this is a clinical database, patients may not have 

attended at exact timepoints. For example three month patients may have attended at 

14 weeks or not until 20 weeks. For this analysis data for the follow-up visit was 

recorded if it was either one month before or after the 12 month timepoint. This was 

agreed on discussion with clinicians on the basis that the disease outcomes would be 

unlikely to have changed in this time. Patients with missing baseline data were not 

included in this analysis.

The questionnaires were administered to the patients for self-completion and the data 

was entered onto an Excel® database. The SF-36 data was entered as both raw data 

and as composite scores for each domain. Only the HAQDI (final HAQ score and not 

the components of each domain) scores were entered onto the database. All 

questionnaires were measured at baseline prior to the commencement of therapy. The 

HAQ and EQ-5D were then repeated every three months and the SF-36 was 

administered on a yearly basis. The baseline and 12 month data for all instruments 

was analysed.

Demographic data including age, gender, disease duration, laboratory measures of 

inflammation, patient global assessments (VAS), jo in t counts, pain scores (VAS), 

DMARD history, and concomitant use with biological therapy.

4.4.4 Methods used to calculate utilities

Single index scores were calculated for both the EQ-5D and the SF-6D using the 

population scoring methods (original and the revised scoring for the EQ-5D) 

discussed above. The Bayesian estimates of the SF-6D utilities were calculated in 

Excel® (Further details of the analysis method are available at 

http://www.shef.ac.uk/scharr/sections/heds/mvh/sf-6d/bayesian.html). Utility scores 

were calculated using both the original and revised scoring method for the EQ-5D.
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The EQ-5D-3L conversion used for this study is derived from a UK population' 

and was carried out in SPSS version 16 (the SPSS syntax is available from the 

EuroQoL group www.euroqol.org).

Mapping was performed from the HAQ score and DAS 28 to both the EQ-5D (for 

both scoring methods) and the SF-6D.

4.4.5 Mapping EQ-5D and SF-6D scores from HAQDI and DAS 28

The estimated values of SF-6D and EQ-5D obtained using a dependent variable, are 

termed ‘mapped values’. In a study by Bansback et a number of different 

models were used to derive the best fit for a transformation from HAQ to EQ-5D and 

SF-6D scores. Five models were used; the best performing models were models 5 for 

the EQ-5D and models 2 and 4 for the SF-6D. Each of these models included either 

all 42 items or each of the 8 domains of the HAQ. Since only the HAQDI was 

available a similar mapping to model 1 of the Bansback study was performed. A 

mapping function derived from an Irish cohort as described above was fitted and the 

results were compared with the results of the model described by Bansback et al. 

(Appendix 4)."^“̂'

There were two mapping processes performed for this study; the first mapped final 

utility scores of the EQ-5D and SF-6D from the HAQDI and the second mapped the 

final utility score of the EQ-5D and the SF-6D from the DAS 28 score. Although 

many studies do include HAQ as a measure of outcome in inflammatory arthritis 

trials, DAS 28 is often more frequently recorded as a clinical measure o f disease 

activity in clinical practice and is often used for treatment decisions. Both mapping 

processes were carried out in SPSS version 16, for which the final utility score was 

plotted (independent variable) against the final HAQDI (dependent variable) and in 

the second case against the DAS 28 score (dependent variable).
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4.4.6 Statistical Models Used for Mapping

General linear models were fitted for each o f the measures with HAQDI and DAS28. 

A linear regression was performed for both, in order to derive a regression equation 

that could be used to calculate a mapped utility value. For the regression analysis a 

regression line is fitted to bivariate plots of final utility (EQ-5D and SF-6D) against 

final HAQDI and DAS 28 score. Quadratic and higher dimensional models were also 

examined. For each of the regression models standard errors, 95% confidence 

intervals and R are shown.

Descriptive statistics were used to describe the baseline demographics; mean values, 

range, and standard deviation (SD) are given. A paired sample t-test was used to 

compare the mean utility at baseline and at follow-up and the mean change measured 

by the original EQ-5D UK TTO, the revised EQ-5 D UK, and the SF-6D. This 

approach was taken as it has been demonstrated that parametric techniques are robust 

to violation of the normality assumption which is common to many QOL outcomes 

which have discrete, bounded and skewed distributions. Confidence intervals 

(95%) are presented around the change in utility. Statistical analysis was completed 

using SPSS Version 16.

4.5 Results

4.5.1 Demography of the population of interest

At baseline, the mean age at inclusion was 54 years for the RA cohort and 45 years 

for the PsA group (Table 7). The average disease duration was similar (RA=12 years, 

PsA=l 1 years). The mean DAS 28 score was higher in the RA group (5.39 [95% Cl 

5.16, 5.43J) than in the PsA group (4.91 [95% Cl 4.65, 5.05J), as was the mean 

HAQDI (RA 1.3 [95% Cl 1.26, 1.46J vs PsA 0.96 [95% Cl 0.81, 1.08J). (Note: The 

DAS 28 is not validated to be used for PsA patients and therefore these results should 

be considered within this limitation).
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Table 7. Baseline demographics for inflammatory arthritis cohort

Characteristic RA (n=345) PsA (n=159)

Mean ± SD  (range) Mean ± SD  (range)

Female (%) 245 (71%) 82 (52%)
Age at inclusion (yr) 54 ± 12.9 (77,85) 45 ± 12.8(75, 77)
Duration of disease (yr) 12 ± 9 .4  (0,42) 11 ± 10.1 (0, 45)
ESR 35 ±25.8 (2, 140) 22 ±21.1 (7, 720)
CRP 29 ± 29.5 (2, 158) 18 ±22.7  (0, 149)
DAS 28 CRP 5.39±  1.18(7, 9) 1.0(7, 7)
Patient Global Assessment 
(10cm VAS)

6 ± 2.3 (0, 10) 5 ± 2.3 (0, 10)

Pain ( iOcm VAS) 6 ±  2.3 (0. 10) 5 ± 2.3 (0, 10)
Tender Joint Count (Range 0-28) 5 ± 2.3 (0, 28) 8 ± 6 (0, 28)
Swollen Joint Count ( Range 0-28) 10 ± 6 .6  (0,25) 1 ±6 (0, 28)
Fatigue (10cm VAS) 6 ± 2.4 (0, 10) 6 ± 2.6 (0, 10)
Tender Joint Count (Range 0-66) 10 ± 6 .0  (7, 10) 12 ± 9 (0 , 43)
Concomitant MTX (n) 220 (64%) 56 (35%)
Previous DMARDs (n) 292* 118**
HAQDI (0-3) 1.3 ± 0 .7  (0,3) 0.96 ± 0 .7  (0, 2.5)
SF-36 PCS (0-100) 30± 8.5 (72, 57) 34 ±9.5  {13, 58)
SF-36 MCS (0-100) 45 ± 10.4 (77, 72) 46 ± 12.2 (20, 66)
SF-6D utility 0.54 ±0.09 (0.3, 0.7) 0.57 ±0.12 (0.25, 0.80)
EQ-5D UK TTO utility 0.43 ±0.32 (-0.43, 1.0) 0.53 ±0.32 (-0.24, 1.0)
Revised EQ-5D UK TTO utility 0.576 ±0.22 (-0.14, 

0.9954)
0.638 ±0 .19  (0.046, 
0.9954)

a Unless otherwise indicated CRP  = C-reactive protein; DAS 28 = Disease Activity Score 
(28 joint); DMARDs = disease-modifying anti-rheumatic drugs; ESR = erythrocyte 
sedimentation rate; HAQ  = Health Assessment Questionnaire; HAQDI = Health Assessment 
Questionnaire Disease Index; M CS  = mental component summary; PCS = physical 
component summary; PsA = psoriatic arthritis; RA = rheumatoid arthritis; VAS = visual 
analogue scale; * indicates missing data (n = 18 patients); ** indicates missing data (n = 4).

4.5.2 Utility Scores

The mean utility scores and standard deviations (SD) are provided for each of the 

three methods (Table 8). At baseline the SF-6D scores are higher than those 

calculated using the EQ-5D indicating that the SF-6D is scoring patients who are in 

the worst health state at a better health utility (Table 8). The mean difference seen 

before and after biologic treatment is greater with the EQ-5D values than with the SF- 

6D partly because of this anomaly seen at baseline but it is likely that scoring o f the 

EQ-5D may also be contributing to this. This greater change is evident for both RA 

and PsA.
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When the revised scoring method was used, the overall change was less for the 

revised EQ-5D scoring than the original EQ-5D (TTO) but greater than the SF-6D in 

the RA group (Table 8). The change was greater in the PsA group across all three 

methods and a similar trend between the scoring methods as that in the RA group; 

greatest change was produced when using the EQ-5D, less so with the revised method 

and considerably less so with the SF-6D. Overall PsA appears to result in a similar 

decrement in utility to RA.

Table 8. Mean Utility Scores at baseline and follow up

RA PsA
Baseline 
mean ± SD 
(range)

12 month 
mean + SD 
(range)

change in 
utility
(95% Cl)

Baseline 
mean ± SD 
(range)

12 month 
mean ± SD 
(range)

change in 
utility
(95% Cl)

SF-6D 0.54 ± 0.09 
(0.29, 0.75)

0.62 + 0.077 
(0.44,0.83)

0.08
(0.049,0.106)

0.57 + 0.12 
(0.25, 0.79)

0.66 + 0.12 
(0.32, 0.89)

0.09
(0.123,0.052)

EQ-5D 0.43 ± 0.32 
(-0,43, 1.0)

0.65+0.28 
(-0.18, 1.0)

0.22
(0.145.0.302)

0.49 + 0.32 
(-0.24, 1.0)

0.77 ±0.28 
(-0.24, 1.0)

0.28
0.360,0.200)

Revised
EQ-5D

0.56 + 0.22 
(-0.14,0.9954)

0.72 + 0.2 
(0.88,0.9954)

0.16
(0.102,0.214)

0.62 + 0.21 
(-0.14,0.9954)

0.84 ±0.17 
(0.046, 0.9954)

0.22
(0.281,0.167)

States Worse than Death

Seventeen per cent of the RA group has utilities defined as WTD at baseline and 1% 

at follow up. There are fewer patients falling within this utility in the PsA group, 12% 

at baseline, and 2% at follow up. Figure 14 compares the EQ-5D and the SF-6D at 

baseline and follow-up. Patients scoring pain as extreme, thereby being assigned the 

added weighting of what is termed the N3 constant of the EQ-5D scoring system, are 

strongly associated with states WTD. The other scales (mobility, anxiety and 

depression, self-care and usual activity) show less of an association. The change from 

baseline to follow up shows an improvement in pain score and therefore utilities 

overall.
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Figure 14: Observed SF-6D and EQ-5D at baseline and follow-up.

The graphs show the observed association between SF-6D derived utilities and EQ-5D derived utilities. The plotted lines are lines o f equality, and thus the fact that 

the points He mainly above the line shows that SF-6D derived scores are typically larger than EQ-5D fo r  those with poor QOL Overlaid on these plots are the pain 

scores from the EQ-5D as described in the legend. The tick marks on the a.xes show the marginal distribution fo r  each measure.



4.5.3 Distribution of tlie utility scores for different measures

W e present the distribution of the utility score for each instrument for both RA and 

PsA (Figure 15). The distribution of the utility score produced by the two methods of 

scoring for the EQ-5D differs. The marginal distribution of each of these measures is 

provided in Figure 16. The distribution of the scores was narrower with the revised 

scoring system (range -0.143, 0.995) than the original EQ-5D scoring method (range - 

0.429, 1.0) in this cohort. Both disease groups display a similar distribution for both 

the EQ-5D and the SF-6D. It is clear that the discrete jum p in the middle of the EQ- 

5D measured range is present for both disease groups.

RA
PsA

-0.5 0.0 0.5 1.0

EQ5D

0.2 0.4 0.6 0.8

SF6D

Figure 15: Histogram showing the distribution of EQ-5D and SF-6D measures 
overall.
Density plots fo r  RA and PsA are overlaid. The overall distribution o f utility fo r  both 
disease groups is similar.
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4.S.3.2 Mapping

In order to describe the relationship between the measures, regression lines are fitted. 

The estimates of the coefficients (B) of the regression obtained from this cohort are 

shown in Table 9 and the equations are presented in Appendix 5.

Individuals in states WTD have a strong influence on the best fit line with the 

resulting slope being more severe than that for SF-6D. Thus for the RA group, a one 

point reduction in HAQDI is associated with a 0.24 QALY gain per annum if using 

EQ-5D, but only a 0.08 QALY gain per annum using SF-6D (Table 9). In RA a one 

point reduction in DAS 28 is associated with a 0.084 QALY gain per annum if using 

EQ-5D, but only a 0.029 QALY gain per annum using SF-6D (Table 9).

In order to investigate the differences between the Irish population and a similar 

s t u d y ' t h e  best fit regression lines were plotted for comparable models on the same 

graph (Figure 17). The intercepts from the lines shown differ, which is compatible 

with heterogeneity between the studies (with the Irish cohort having lower utility 

overall). When considering each of the instruments separately, the slopes are similar 

for both studies, and it is this that is relevant when examining how a treatment 

impacts on change in utility as derived from HAQDI. Thus the studies are in 

agreement that EQ-5D derived utilities are likely to produce larger QALY gains when 

compared with SF-6D derived utilities for a given change in the disease specific 

measure (HAQDI).
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Table 9. Linear Regression Equations for HAQ in RA and PsA

RA PsA
SF-6D EQ-5D SF-6D EQ-5D

B SE P-value B SE P-value B SE P-value B SE P-value
HAO
HAQ Index -0.084 O.OI <0.001 -0.24 0.02 <0.01 -0.1 0.01 <0.01 -0.267 0.03 <0.01

Constant 0.669 0.01 <0.01 0.79 0.03 <0.01 0.68 0.01 <0.01 0.809 0.03 <0.01

R" 0.395 0.27 0.284 0.333
DAS
DAS Index -0.029 0.02 <0.01 -0.084 0.05 <0.01 -0.037 0.03 <0.01 -0.109 0.06 <0.01

Constant 0.704 0.003 <0.01 0.887 0.01 <0.01 0.748 0.01 <0.01 1.06 0.01 <0.01

R“ 0.237 0.196 0.263 0.333
B= Beta coefficient, SE= Standard Error
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The revised scoring for the EQ-5D lessens the gap between the SF-6D and the original EQ-5D 

(Figure 18). The slope produced by the relationship between the HAQDI and the revised 

scoring is less steep than that produced by the HAQDI with the original scoring.

The results of both measures are plotted on a scatter plot. The line is the line of equality. The 

methods produce different results to the original method for utility scores less than 0.5. The 

magnitude of this difference is approximately 0.25 for scores less than 0.5 (Figure 19).
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4.S.3.3 Non-Linear Mapping

In order to establish the most appropriate mapping to use as regards linear or non linear, both 

models were tested. The results show little difference between the two models and the 

quadratic term was not statistically significant for any of the utility measures (P-values EQ- 

5D(UK) vs. HAQDI p=0.982, SF-6D vs. HAQDI p=0.574 and for the revised EQ-5D vs. 

HAQDI p= 0.906) Figure 19-21)). Therefore the more parsimonious linear mapping was used 

in the economic model although both are again tested. These results are compatible with those 

of Lillegraven et al. from a Swedish observational cohort (n=1041).''^^'
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Figure 20: Fitted lines for the non-linear and linear models for the EQ-5D (original).
EQ-5D(UK) Q -  quadratic model, EQ-5D (UK) L -  Linear model
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Figure 21: Fitted lines for the non-linear and linear models for EQ-5D (Revised) and 
HAQDI.
Revised EQ-5D(UK) Q -  quadratic model, Revised EQ-5D (UK) L -  Linear model
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Figure 22: Fitted lines for the non-linear and linear models for SF-6D and HAQDI.
SF-6DQ  -  quadratic model, SF-6DL -  Linear m odel

Table 10. Mapping Coefficients for EQ-5D (original) against HAQDI

EQ-5D Quadratic
95% Cl P-value Std Error

Coefficient 0.806 (0.730,0.881) <0.001 0.038
HAQ -0.271 (-0.404,-0.137) <0.001 0.068
HAQ- 0.014 (-0.039, 0.068) 0.595 0.027 0.267
EQ-5D Linear
Coefficient 0.792 (0.736,0.848) <0.001 0.028
HAQ -0.236 (-0.277,-0.196) <0.001 0.02 0.27

Table 11 Mapping Coefficients for SF-6D and HAQDI
SF-6D Quadratic

95% Cl P-value Std Error
Coefficient 0.68 (0.657,0.702) <0.001 0.012
HAQ -0.111 (-0.151,-0.07) <0.001 0.021
HAQ- 0.011 (-0.005,0.027) 0.175 0.008 0.399
SF-6D Linear
Coefficient 0.669 (0.652,0.686) <0.001 0.009
HAQ -0.084 (-0.097,-0.072) <0.001 0.006 0.395

Table 12. Mapping Coefficients for EQ-5D (Revised) and HAQDI

EQ-5D (Revised) Quadratic
95% Cl P-value Std Error R̂

Coefficient 0.858 (0.809,0.908) <0.001 0.025
HAQ -0.283 (-0.408,-0.158) <0.001 0.063
HAQ- 0.047 (-0.015,0.109) 0.906 0.031 0.359
EQ-5D (Revised) linear
Coefficient 0.822 (0.783,0.861) <0.001 0.02
HAQ -0.168 (-0.196,-0.140) <0.001 0.014 0.28
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4.6 Discussion

One of the more pertinent results is the quantity of change demonstrated by each method 

following treatment. The greatest change in utility in this cohort is recorded by the EQ-5D 

using the original TTO scoring method. This is significant for researchers carrying out CUA 

and for decision makers. Many HTA agencies recommend the use of a preference-based 

measure such as the EQ-5D or the SF-6D in the calculation of utilities, However,

as our results indicate, use of either of these instruments will give quite different results. A 

CUA using the EQ-5D in RA is likely to produce approximately twice the QALY gain for a 

given change in HAQ score when compared with a CUA using the SF-6D as its outcome 

measure. This difference is consistent across the UK and Irish populations and different 

disease groups. The implications of this difference between measures was also demonstrated in 

an analysis on the British Society of Rheumatology Biologies Register (BSRBR), where the 

incremental QALY gained by TNF-inhibitor therapy is almost halved if the SF-6D-derived 

utility is used rather than the EQ-5D i n s t r u m e n t . T h e  pharmacoeconomic model was very 

sensitive to the measure used. A number of recent articles also discuss the problems associated 

with the EQ-5D health states."^'’'

Previous studies have concluded that the EQ-5D is more responsive to deterioration than the 

SF-6D and that the SF-6D is more responsive to i m p r o v e m e n t . O n e  of the key issues 

highlighted is where utilities are valued less than 0 or WTD. The driver o f this negative utility 

or states WTD is when pain scores are valued at their worst state. While other studies have 

found that there were other components influencing this WTD s t a t e , ' s c o r i n g  the other 

components of the EQ-5D (e.g.

anxiety/depression, mobility, usual activities, and self-care) in this cohort, at the most severe 

state did not result in negative utilities.

The differences in utility scores between the EQ-5D and the SF-6D are not surprising 

considering the different descriptive systems of the instruments. According to the 1996 

Health Survey of England, perfect health is largely absent from the SF-6D system and 

prevalent in the EQ-5D s y s t e m . T h e  instruments have different periods of recall; the EQ- 

5D asks respondents to indicate their responses on the day of completion whereas the SF-6D 

standard version period o f recall is in the last 4 weeks. In examining the utility associated with 

experiencing an adverse effect, using a recall period of 7 days compared to that over 1 day.
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produced lower utilities. The question format of the measures also differs considerably; 

the response options for the EQ-5D for a particular dimension o f health are based on the 

current disease state severity. The SF-6D takes an alternative approach by asking respondents 

to consider duration of impairment for a certain time period or the extent which the impairment 

restricts certain activities.

The lack of concordance between the two main generic QOL instruments: the EQ-5D and the 

SF-6D may introduce heterogeneity into economic analysis because they produce quite 

different results in QALY estimation.

A striking feature of this Irish cohort is that 17% of the RA patients have WTD utilities prior to 

starting biological therapy. This is double what has been reported in a recent UK-based cohort.

Because the demography of the cohorts was very similar, the most plausible reason for this 

was the use of UK population values for the Irish cohort which questions the face validity of 

the utility estimates. We have used the UK population-based scoring system to value the utility 

in this Irish cohort and this may not be ideal. However, there are no population values 

available for Ireland. At present, the EQ-5D has several national value sets or tariffs. 

Nevertheless, utility estimates from foreign studies are often used directly for cost- 

effectiveness estimates, without applying the appropriate national value set. It is unclear if this 

practice is advisable, due to dissimilarities between the national value sets.

In the NCPE most of the economic evaluations using EQ-5D to date have been completed 

using the UK valuation set, as a result of the absence o f an Irish value set. However a number 

of papers have highlighted the problems with using other population values or other societal 

preferences, a  key consideration in regard to any generic HRQoL measure used for

such social decision-making is the origin of its weighting system. It is generally accepted that 

when generic HRQoL measures are used in the computation of QALYs, then the values applied 

should represent the social preferences of the relevant population. Strictly interpreted,

this requirement means that valuation systems developed in other countries should be 

calibrated in terms of the domestic population before being applied by decision-making 

agencies. The general problem faced in the majority of countries where social preferences are 

required for cost-effectiveness analysis is the absence of a value set based on domestic data 

sources.
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The anomalies associated with the population scoring for the EQ-5D TTO have been discussed 

earlier in this chapter. The distribution of scores observed when using the revised EQ-5D 

scoring method is narrower than the original method. The revised scoring method uses an 

episodic RUM which, unlike the instant RUM, does not inflate the error of responses. This in 

turn lessens the influence on the mean preference score and therefore does not pull down the 

estimates as with the conventional approach.''^’ ' The lowest score in this cohort with the 

revised method is -0.143 and with the original method is -0.43. A reasonable assumption is 

that the true estimate of HRQoL (via utility) may lie somewhere between both measures. We 

can see that the revised scoring produces an estimate that lies between the slope of the original 

EQ-5D and the SF-6D (Figure 18) and produces a change that is less than the original EQ-5D 

and more than the SF-6D (Table 8). This new scoring method is useful in corroborating some 

of the reasons for the discrepancies in the scoring of the EQ-5D that have been presented by 

other authors''^^'. Dolan et al. replaced the negative slopes with -x /10  while Shaw et al. (US 

valuation) divided the negative slopes by a constant (i.e., 39). The episodic RUM

reduces dependence on these arbitrary adjustments that have been made to deal with WTD 

valuations and provides a more robust coefficient estimator.

A further method that may deal with the issue of WTD states is the use of a lead-in time. The 

use of a lead-in time was introduced to overcome the discontinuity in values around zero 

evident in conventional methods. However, more research is required to understand the 

implications for states WTD and how to handle those who use up their lead-in time.

In CUA, the QALY, in combining utility and efficacy represents our measure of effect. The 

range of ICERs estimated using three different methods of utility measurement highlights the 

impact that utility has on the overall result. NICE recommends the use of the EQ-5D (either 

directly measured using questionnaires or via mapping) as a pragmatic approach to deal with 

this heterogeneity.'^^' However this raises the possibility that the heterogeneity surrounding 

utility may not be fully explored. The current method of PSA will only explore uncertainty 

within the limits o f the instrument measured. It may be more appropriate to extend the range of 

uncertainty beyond the statistical limits of one instrument alone. While it is feasible to do this 

within a PSA, refitting a cost-effectiveness model using multiple metrics and producing a range 

of ICER estimates would be useful for decision makers.
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Limitations

This analysis was carried out on a rheumatology cohort within a specific geographical area and 

therefore patient heterogeneity is not likely to be included within the cohort. This does present 

limitations for generalisability across a wider cohort of patients. Furthermore, the baseline 

scores presented here may be considerably worse than the general RA or PsA population, as 

this cohort represent a group of patients for whom conventional DMARDs have not been 

successful or who have a particularly aggressive form of the disease, as demonstrated by 

laboratory and disease activity scores. The utility values in this Irish cohort are lower than 

those seen in other studies and therefore results may not be generalisable across

different cohorts, an issue highlighted by Harrison et

The use of the episodic RUM offers an alternative approach; however there remain some 

limitations with the method. The combination of TTO and rank estimates merges responses 

from two different valuation techniques in a single estimate. It is not clear whether the 

variance observed with the rank responses is equal to that of TTO. It could be argued that TTO 

may place a larger cognitive burden on individuals than rank and therefore may result in greater 

errors. The combined estimator used for this rescoring includes a separate variance parameter 

for rank responses which describes differences between the method-specific variances.

A recent paper provides a critique on the episodic RUM as an alternative method by examining 

the non-monotonicity associated with the model. M enzies et al. provides discussion on the 

problems that may arise as a result of using the episodic RUM. The main difference 

between the instant RUM and the episodic RUM is the conceptualisation of the error term in 

the model. The limitation of the episodic RUM, according to Menzies and Salomon may be 

that it violates monotonicity. Monotonicity is a desirable feature for an aggregate measure 

of social preferences. If respondents in health state valuations improve their valuation of a 

health state, the aggregate measure should not decline as a result. If this happens then the 

method displays non-monotonicity. In the case of the EQ-5D TTO, if a respondent scores an 

excessively low (WTD) score, the mean estimate actually gets higher. The authors estimated 

the percentage of observations in the Dolan MVH s t u d y ' w h i c h  failed to meet the 

conditions for monotonicity. In doing so it was found that the method proposed by Craig et al. 

violates monotonicity in 27% of cases. The effect that this has on the results o f the population
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scores may be that the mean estimator is underweighting the effect of the WTD states. This 

may be significant in this cohort considering the high proportion of WTD states.

The area of most concern is the WTD states. The proportion of states considered WTD by the 

original UK EQ-5D values is much higher in this population than in others'^°^' (17% WTD at 

baseline in the Irish cohort). Although the methodology for this rescoring is relatively new, the 

revised results are more concordant with the SF-6D predictions, suggesting convergent validity. 

While we can see how the approach changes the results in this cohort, it would be of interest to 

examine the effect across a number of different geographical populations and for different 

diseases.

The SF-6D valuation study examined standard gamble responses without WTD responses, 

except for one state (i.e. pits). The worse imaginable health state, “pits” was valued in a similar 

manner to the valuations in the Dolan p a p e r . ' I n  future research, it would be prudent to 

rescore the SF-6D values and compare the difference in results overall.

One of the main challenges for those carrying out CUA is deriving utilities where there are no 

generic QOL measures available. While mapping has provided a way around this, our results 

highlight the anomalies associated with this technique. Mapping the HAQDI onto the SF-6D 

does not produce as large a utility gain for a given improvement in disease status as the EQ-5D. 

The main explanation for this lies in the instrument’s construction, rather than the mapping 

technique used. The EQ-5D displays a bimodal distribution in more severe health states in 

both RA and PsA.

Figure 13 highlights the pain component of the EQ-5D as the particular variable that produces 

the scatter below 0. The discontinuous jum p observed is not exclusive to the relationship 

between the HAQDI and EQ-5D; this is also observed between the DAS and the EQ-5D. 

Therefore it is reasonable to say that this artefact is stemming from the instrument to which 

these measures are mapped, the EQ-5D, and not the instruments being mapped (DAS and 

HAQ).

Previous studies have derived utilities from HAQDI scores in order to facilitate CUA in the 

absence of directly derived utilities such as the SF-6D or the EQ-5D. '63.210,2111 

results presented here and elsewhere indicate a number of limitations of this technique.'

The transformation completed here is a simple linear regression where the EQ-5D and the SF-
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6D are inputted against the HAQDI. However, a challenge of this approach is that only the 

impact of the treatment on functional disability is captured, and not the psychological or pain 

components associated with the disease. A more sophisticated method of mapping the generic 

QOL measures would be to input all 42 items of the HAQ with the EQ-5D and the SF-6D as 

described by Bansback et Deriving a mapping function for DAS 28 to the EQ-5D and 

SF-6D may enable us to derive utility values for studies which have not used HAQ or generic 

QoL measures as outcomes. While the mapping from utility onto HAQ has been done in the 

past, mapping onto the DAS 28 is a new method. The impact of these different
f38 1111methods for calculating utility on CUA has recently been discussed. ’ Barton et al. found 

that the mean QALY gains produced by a mapping technique generated consistently lower 

results than actual observed QALY g a i n s . F o r  these reasons, the practice of generating 

utilities from either the HAQDI or the DAS 28 should not be regarded as a substitute for using 

actual scores from generic preference-based utility measures such as the SF-6D or the EQ-5D. 

The use of different statistical models has been discussed in the introduction to this chapter.

For this study two different approaches have been taken; mapping using a simple linear 

regression model and incorporating a quadratic term for the non-linear model. It has been 

proposed that the relationship between the HAQ and utility score is best described using a non

linear model and this has recently been incorporated into a model examining the cost- 

effectiveness of anti-TNF agents in the UK. Both methods have been examined for three 

different utility estimates. The estimates for the non-linear model produce positive coefficients 

for the quadratic term, resulting in downward curved slopes which become less steep as HAQ 

increases. The quadratic coefficient for the revised scoring is more positive than that of both 

the SF-6D and the EQ-5D. In this case, there is a risk that if  the coefficients fall one standard 

deviation above their mean values that the turn in the curve could happen within the range of 

the HAQ score. In this case the utility could actually increase as HAQ deteriorates further.

This anomaly occurs due to the uncertainty associated with the direction of the curve and is 

most likely due to insufficient data to populate the mapping model.
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4.7 Conclusion

The analyses in this chapter indicate that there are considerable flaws in using the EQ-5D for 

patients with severe RA. The UK population scoring methodology is one of the main reasons 

for this. In choosing an alternative method there are currently two choices; either the EQ-5D 

using the revised scoring methodology or using the SF-6D. While both of these methods still 

have shortcomings they offer an approach which at least displays face validity.

The methods described in this chapter may offer alternatives in the absence of a generic utility 

measure, as may be the case in older studies. In the future, a key question should be how best 

to handle the level of uncertainty around the estimates produced by these instruments, and 

further research may be required to reduce this level of uncertainty. In choosing just one QOL 

measure to produce a single ICER estimate we may be restricting our ability to fully explore 

the uncertainty within the final estimate of a cost-effectiveness analysis. The impact of 

decision uncertainty and the application of EVPI methods may allow consideration of whether 

further evidence about a parameter is needed.

Decision makers using utility measures should be aware of the impact that the instrument and 

its scoring has on the estimate of cost-effectiveness. In the context of inflammatory arthritis 

the work presented here demonstrates that choice of utility measure may have a significant 

effect on this estimate which may therefore impact on the reimbursement decision.

4.8 Future Developments in HRQoL

Considerable debate has taken place as regards the most suitable measure to use, the most 

appropriate methods for eliciting preferences and feasibility of instruments; in light o f this a 

number of developments are ongoing.

The EQ-5D-5L instrument has been developed by the EuroQOL group and the population 

scoring is currently in the pilot stages. A cross walk from the 3 level instrument to the 5 level 

instrument has also been published and allows the 5 level to be used straight away rather than 

await the population scoring studies which will not be available for 2 to 3 years. The 5 level 

was developed to reduce the ceiling effects associated with the EQ-5D.
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Different techniques are being explored for preference elicitation; discrete choice modeling and 

conjoint analysis are the current areas of interest in this field. Discrete choice experiments 

(DCE) are set within a strong theoretical measurement framework and offer relatively simple 

judgm ent tasks. Discrete choice valuation was compared to TTO and it was found that the 

DCE method produced higher values than the TTO. The pattern of response was broadly 

similar to the TTO and because of this comparability; the authors suggested that DCE could be 

substituted for TTO valuation. However, there are some problems with DCE and these 

have also been discussed in the literature. DCEs produce a valuation based on a worst

and best health state rather than a full health-dead scale which is used for QALY estimation.

Conjoint analysis presents hypothetical scenarios to individuals. Preferences for these 

scenarios are elicited from respondents using ranking, rating, or DCE. These responses can 

then be used to determine utilities. It can be useful in deciding what factors influence a patient 

or decision m aker’s preferences and for valuing the different attributes of a preference.

A new measurement tool has been developed in the United States, under a project called the 

Patient Reported Outcomes Measurement Information System (PROMIS). This project was 

funded by the National Institutes of Health (NIH) and aims to develop a measure which would 

provide access to clinicians, patients and researchers to efficient, precise, valid, and responsive 

adult- and child-reported measures of health and w ell-being. The instruments are generated 

from item banks and measure concepts such as pain, fatigue, physical function, depression, 

anxiety, and social function. The studies are ongoing with the instrument and a population 

scoring has not yet been completed.
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Chapter 5.0 Clinical Effectiveness of anti-TNF Drugs

In order to establish the clinical effectiveness of anti-TNF agents in RA, all available evidence, 

including RCT data, open label trial data and observational data, was reviewed for established 

RA. This chapter will describe how the evidence synthesis was performed to calculate 

estimates for overall efficacy and adverse effects of one anti-TNF against another. It will also 

describe methods and results used to combine long and short term discontinuation data for anti- 

TNF agents.

5.1 Efficacy of anti-TNF agents in RA from RCT

All of the published trials discussed here have achieved their primary outcomes. All used ACR 

outcomes to measure response to treatment. A general trend seen across the RCTs is response 

rates for ACR 20 of approximately 60%, ACR 50 40% and ACR 70 20%; placebo response is 

approximately 20% for ACR 20. The individual trial data for each of the anti-TNF agents is 

detailed.

5.1.1 Adalimumab

Adalimumab (Humira®) is a human-derived recombinant IgGl monoclonal antibody 

engineered by gene technology. It binds to TNF-a and has a half-life of approximately 2 

weeks. It was approved for use by the Federal Drugs Agency (FDA) in patients with RA in 

December 2002. The European Medicines Agency (EMA) licensed Humira for use in RA in 

September 2003. Abbott Laboratories are the license holders for Humira®.

The ARMADA trial evaluated the efficacy and safety of adalimumab in patients taking 

concomitant MTX (N=27I). This was a 24 week double blind multicentre RCT 

comparing adalimumab 20mg every other week, 40mg every other week, 80mg every other 

week and placebo in patients already receiving MTX therapy. Patients were required to be
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taking a stable dose of MTX (10-25mg weekly) 4 weeks before study entry and be on MTX for 

at least six months prior to study entry. Patients had failed at least one DMARD besides MTX. 

The primary outcome was ACR 20 at 24 weeks. Secondary outcomes included ACR 50, ACR 

70, significant differences in QOL score and fatigue scores. The primary endpoint was 

reached; the treatm ent groups reached a statistically significant difference over the placebo 

group. In the placebo group 21% reached an ACR 20 response; 52% of 20mg group, 70% of 

the 40mg group, and 62% of the 80mg group achieved an ACR 20 response. The absolute 

change in HAQ score in the placebo group was -0.27, in the 20mg group -0.54, in the 40mg 

group was -0.62 and the 80mg group was -0.59 (p<0.001).

Keystone et al. investigated the ability of adalimumab and MTX to inhibit the progression of 

joint damage, reduce the signs and symptoms of RA and improve physical function in patients 

who previously had an inadequate response to MTX (N=619). The primary efficacy 

outcomes were radiographic progression at week 52, ACR 20 response at week 24 and HAQ 

score at week 52. Radiographic scores (Total Sharp scores) and joint erosion scores showed a 

statistically significant improvement in the treatment group over the placebo group. ACR 20 

response rates for the treatment groups, 40mg every other week and 20mg weekly, were 63.3% 

and 60.8% respectively versus 29.5% in the placebo group (p<0.001). ACR 50 response rates 

were 39.1% and 41% respectively versus 9.5% in the placebo group and ACR 70 response rates 

were 20.8% and 17.5% respectively versus 2.5% in the placebo group. The absolute changes in 

HAQ scores at week 52 were -0.59 and -0.61 for the treatment groups and -0.25 for the placebo 

group.

Van de Putte et al. evaluated the efficacy and safety o f adalimumab monotherapy, in patients 

who had failed previous DMARD therapy, in a 26 week trial (n=544). The primary 

efficacy outcome was ACR 20 and secondary efficacy endpoints included ACR 50, ACR 70, 

EULAR response and HAQ. Patients treated with adalimumab 20mg every other week, 20mg 

weekly, 40mg every other week and 40mg weekly had better response rates than those in the 

control group. The ACR 20 response rates were 35.8%, 39.3%, 46% and 53.4% respectively 

for the treatment groups versus 19.1% in the placebo control arm (p< 0.01). ACR 50 response 

rates were 18.9%, 20.5%, 22.1% and 35% respectively in the treatment arms versus 8.2% in the 

placebo arm (p<0.05). ACR 70 response rates were also significant better than placebo; 8.5%, 

9.8%, 12.4% and 18.4% respectively versus 1.8% in the placebo arm (p<0.05). Mean HAQ

improvements were -0.29, -0.39, -0.38 and -0.49 respectively versus -0.07 in the placebo group.
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The CHANGE study examined the efficacy and safety of adalimumab monotherapy in patients 

who had failed at least one DMARD previously (N=352). Patients were discontinued from 

MTX 28 days prior to trial entry. The primary endpoint was ACR 20 at week 24; secondary 

endpoints included ACR 50 and ACR 70 and HAQ. The three treatment groups compared 

were adalimumab 20mg, 40mg and 80mg administered every other week versus placebo. ACR 

20 response rates at 24 weeks were 28.7%, 44%, and 50.6% versus 12.6% respectively. ACR 

50 response rates were 16.1%, 24.2%, and 32.2% versus 5.7% respectively and ACR 70 

response rates were 10.3%, 12.1%, and 14.9% versus 1.1% respectively. The HAQ scores for 

the 40mg and 80mg groups did not show a statistically significant change from placebo; 

changes in HAQ scores for the treatment groups were -0.2, -0.2 and -0.4 respectively versus 0.1 

in the placebo group.

Two smaller RCTs compared the efficacy and safety of adalimumab in patients treated with 

MTX. Kim et al. carried out a 24 week RCT Phase III study in Korean RA patients (n=128).
\'y77\ The primary efficacy endpoint was ACR 20 at week 24 and secondary endpoints included 

ACR 50, ACR 70 and individual ACR components. An ACR 20 response was achieved by 

61.5% of the adalimumab group versus 36.5% of the placebo group. An ACR 50 and ACR 70 

response was achieved by 43.1% and 21.5% of the treatment group versus 14.3% and 7.9% of 

the placebo group. HAQ scores were recorded using the Korean HAQ (KHAQ) and changes at 

24 weeks were -0.5 in the treatment group and -0.2 in the placebo group (p=0.002).

Chen et al. compared adalimumab in combination with MTX with MTX alone in Taiwanese 

patients with RA in a 12 week RCT (N=47). Primary endpoints were ACR 20, ACR 50 and 

ACR 70 at 12 weeks. ACR 20, 50 and 70 response rates were 54.3%, 34.3% and 14.3% in the 

treatment group versus 33.3%, 16.7% and 0% in the placebo group. HAQ scores for the 

treatment group decreased from 1.7 to 1.1 and for the placebo group from 1.8 to 1.6. The 

change for the treatment group was statistically significant (p<0.05) but this was not the case 

for the placebo group which failed to show statistical significance from baseline to follow-up.
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Open label extension studies of the adalimumab trials in MTX non-responders

At four years, 62% of patients had remained in the ARMADA study. Seventy eight per 

cent, 57%, and 31% had achieved ACR 20/50/70; 43% achieved clinical remission (DAS28 

<2.6); and 22% had no physical function abnormalities (HAQ=0).

5.1.2 Certolizumab

Certolizumab pegol (Cimzia®) is a pegylated humanised antibody FAB fragment against TNF- 

alpha. The FAB fragment attached to the PEG chain increases its half life to 14 days. This 

anti-TNF agent was licensed by the FDA in April 2008 and by the EMA in October 2009.

UCB are the current license holders for Cimzia®.

The efficacy of certolizumab has been demonstrated in three main trials, RAPID RAPID 

2 '̂ ^ '̂ and FAST4WARD.'^^*' Both RAPID 1 and RAPID 2 are combination therapy 

(certolizumab + MTX) trials and FAST4WARD is a monotherapy trial. All three trials had a 

similar patient demographic with a mean age of 52 years; patients had active disease and had 

failed 1 or more previous DMARDs. The combination therapy trials (RAPID 1 and 2) differed 

from the monotherapy trial for disease duration which was shorter (6yrs) in the combination 

studies than the monotherapy study (9yrs).

RAPID 1 (N=982) was a 52 week, randomised, double-blind, placebo controlled, parallel group 

trial. The objective of the trial was to evaluate the efficacy and safety of two dosage regimes of 

certolizumab (400mg at weeks 0,2,4 followed by 200mg (n=393) or 400mg every 2 weeks 

(n=390) as adjunctive therapy to MTX) in patients who had an inadequate response to MTX 

alone. These were compared to placebo + MTX (n=199). RAPID 2 (N=619) was a 24 week 

randomised double-blind placebo controlled, parallel group study. This trial evaluated the 

safety and efficacy of certolizumab + MTX with the same regimes used as RAPID 1.

The primary endpoint of the studies were ACR 20 at 24 weeks. ACR50 and ACR70 were 

secondary endpoints in the trials. The primary endpoints were reached in both studies. In 

RAPID 1, at week 24, 58.8% and 60.8% of patients achieved ACR 20 for certolizumab 200mg 

and certolizumab 400mg respectively, compared with 13.6% in the placebo - I -  MTX arm
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(P<0.001). The response for the treatment groups at 52 weeks dropped sHghtly to 

approximately 53.1% and 54.9%, for 200mg and 400mg respectively and and remained 

significant (P<0.001). The ACR 50 at 24 weeks was 7.6% for the placebo + MTX group,

37.1% for 200mg certolizumab and 39.9% for the 400mg certolizumab group. There was little 

change to these rates at 52 weeks. ACR 70 at 24 weeks was 3% for the placebo + MTX group, 

21.4% for 200mg certolizumab and 20.6% for 400mg certolizumab. There was also little 

change to these values at 52 weeks except a slight increase in the rate for 400mg certolizumab 

to 23.2% and the placebo + MTX group to 3.5%. All were significant at 52 weeks (P<0.001).

In RAPID 2, at week 24, 8.7% of the placebo + MTX group achieved an ACR 20 response 

compared with 57.3% and 57.6% of the certolizumab 200mg and 400mg group respectively.

For ACR 50, at 24 weeks, 3.1% of the placebo + MTX group, 32.5% of the certolizumab 

200mg group and 33.1% of the certolizumab 400mg group achieved a response. For ACR70, 

0.8%, 15.9% and 10.6% for the placebo + MTX, certolizumab 200mg and certolizumab 400mg 

achieved a response. All responses achieved statistical significance (P<0.01).

Within the RAPID trials, patients that failed to achieve an ACR 20 at week 12 and week 14 

were designated treatment failure and were withdrawn from the study at week 16. Some but not 

all were then entered onto an open-label study at a higher dose o f 400mg 2 weekly. The 

number of withdrawals at week 16 in RAPID I for the placebo group was 62.8%, the 

certolizumab 200mg group 21.1% and the certolizumab 400mg group 17.4%. In the RAPID 2 

trial, 79.5% of the placebo group were non-responders and withdrawn, 19.9% of the 

certolizumab 200mg group and 18.7% of the certolizumab 400mg group were withdrawn.

These withdrawal rates in the placebo groups are considerable higher than those seen in other 

anti-TNF RCTs. One of the reasons for this may have been due to the MTX dose being 

relatively low in the trials (RAPID 1; mean MTX dose 13.5mg, RAPID 2: mean dose of 

I2.4mg) which may have led to greater drop out rates or lower response rates in the placebo 

group. Therefore we may be seeing an inflated response to the study drug.

The FAST4W ARD trial was a 24-week, randomised, double-blind, placebo-controlled study 

comparing certolizumab 400 mg (n = 111) to placebo (n = 109) every 4 weeks. The primary 

endpoint was ACR 20 response at week 24. Secondary endpoints included ACR50 and ACR70 

response.
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At week 24, 45.5% of patients in the treatment group and 9.3% in the placebo group reached 

the primary endpoint, an ACR 20 response. Twenty two point seven per cent of the treatment 

group achieved ACR50 response compared to 3.7% in the placebo arm and for ACR70, 5.5% 

of the treatment group showed a response compared to 0% of the placebo arm. Results were 

significant for ACR 20 and ACR50 rates (P<0.001) and for ACR70 (P=0.0I3).

A further unpublished trial was considered in the EMA review process. This trial (C87014) 

assessed efficacy and safety of certolizumab 400mg once a month plus MTX as compared with 

MTX alone in the treatment of RA. The ACR 20 response rate for the treatment group 

(certolizumab + MTX) at week 24 showed a statistically significant improvement over placebo 

+ MTX. (45.9% vs. 22.9%) The ACR 50 response rates were 18% for the treatment group 

versus 5.9% in the placebo group. No patients in the treatment group achieved an ACR 70 

response versus 1.7% in the placebo group. Both the ACR 20 response rate in the treatment 

group (45.9%) and the observed difference with the placebo group (23%) is notably lower than 

those achieved in other trials of anti-TNF agents. Due to the results of this trial, the monthly 

dosing application was not accepted for inclusion in the Summary of Product Characteristics 

(SPC).

5.1.3 Etanercept

Etanercept binds to, and neutralises the biological activity of TNF and lymphotoxin, 

competitively inhibiting the binding of both soluble and membrane bound TNF to cell surface 

receptors. Enbrel® was licensed by the FDA in November 1998 and by the EMA in February 

2000. The current licence holders of Enbrel® are Pfizer Healthcare.

Two main studies have been completed in RA patients who had an inadequate response to 

MTX. Weinblatt et al. compared etanercept plus MTX with MTX alone over 24 weeks 

(N=89). The primary endpoint was ACR 20 at 24 weeks; secondary endpoints included 

ACR 50 and ACR 70. Seventy one per cent of the treatment group achieved an ACR 20 

response versus 27% in the control group (p<0.001). The ACR 50 and 70 responses rates were 

39% and 15% for the treatment group versus 3% and 0% for the control group respectively. 

HAQ scores were also measured as one of the components of the ACR response. The absolute
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median HAQ score at baseline for both groups was 1.5. At 24 weeks the median HAQ score in 

the treatment group was 0.8 (improvement of -0.7) and for the control group was 1.1 

(improvement of -0.4). Both results were statistically significant.

Moreland et al. carried out a phase III randomised placebo controlled double blind trial 

(N=234). The groups compared were etanercept monotherapy ( lOmg and 25mg dose) and 

placebo. The primary endpoints were ACR 20 and ACR 50 at 12 and 24 weeks. Secondary 

endpoints included ACR 70 and individual components of the ACR response index. At 24 

weeks, an ACR 20 response was achieved by 51 % and 59% of the lOmg and 25 mg treatment 

groups versus 11% in the control group. An ACR 50 response was achieved by 24% and 40% 

of the treatments groups respectively versus 3% in the placebo group. At 12 weeks the ACR 

20 response was 45% and 62% for the treatment groups versus 25% in the placebo group. The 

ACR 50 response was 13% and 41% for the treatment groups and 11% in the placebo group 

and the ACR 70 was 9% and 15% in the treatment groups and 1% in the placebo group. The 

mean change in HAQ from baseline at 24 weeks was 0.58 and 0.62 for the treatment groups 

and 0.03 for the placebo group (p<0.05).

Open label trials for etanercept

Klareskog et al. carried out a 5 year open label study into the efficacy and safety of etanercept 

monotherapy in patients who had had an inadequate response to MTX (N=549). The 

study is an extension study of two RCTs. Approximately 80% of patients achieved an ACR 20 

at 6 months and maintained this up to 3 years. ACR 50 and 70 were also maintained at 3 years; 

approximately 50% and 25% of patients achieved ACR 50 and ACR 70 at 12 months and 

maintained this up to 3 years. HAQ data at 6 months had improved from a mean score of 1.8 at 

baseline to 1.0 at 6 months which was maintained up to 2 years; there was a slight 

disimprovement at 3 years to 1.1. Mean DAS score reduced from 5.2 at baseline to 2.6 at 9 

months which was maintained up to 3 years.

Etanercept in MTX naive

Two large trials have been completed in MTX naive patients. The TEMPO trial compared 

etanercept plus MTX with MTX alone and etanercept alone (N=686). The primary 

endpoint was ACR-N at 24 weeks and radiographic scores at 52 weeks. Secondary endpoints
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included ACR 20, ACR 50, ACR 70 and HAQ. Primary endpoints were achieved; at week 52 

the ACR 20 response rate for the combination group was 85% versus 75% in the MTX group 

and 76% in the etanercept group. The ACR 50 scores were 69% for the combination group, 

43% in the MTX group, and 48% in the etanercept group. ACR 70 scores showed a similar 

relative improvement of 43% in the combination group compared with 19% in the MTX group 

and 24% in the etanercept group. The mean HAQ scores improved from 1.8, 1.7 and 1.7 to 0.8, 

1.1 and 1.0 for the combination, MTX, and etanercept groups respectively.

The COM ET trial was the first trial to include remission as a primary endpoint when 

comparing MTX to etanercept and MTX. It was a randomised double blind parallel treatment 

trial in early, moderate to severe RA patients (N=542). Co-primary endpoints included 

remission measured with DAS 28 and radiographic non-progression (using total Sharp score) at 

52 weeks. Remission was defined as DAS 28 <2.6. Secondary endpoints included ACR 20, 50 

and 70 and HAQ. Patients were both treatment naive and had early RA (average disease 

duration 9 months). At 52 weeks 50% of patients in the combination treatment group had 

achieved remission compared with 28% of the control group (effect difference of 22% 

p<0.0001). Radiographic non-progression was achieved in 80% of the combination group 

compared with 59% in the control group (effect difference 21% p<0.0001). The mean HAQ 

score improved from 1.7 to 0.7 in the combination group compared with 1.6 to 0.9 in the 

control group (p<0.0001).

5.1.4 Golimumab

Golimumab is a human immunoglobulin G I k (IgGlK) monoclonal antibody. It received a 

license from the FDA in April 2009. It received marketing authorisation in the European 

Union on 1®‘ October 2009 for the treatment of rheumatoid arthritis, psoriatic arthritis and 

ankylosing spondylitis. Merck Sharp & Dohme are the current license holders for Simponi®.

There are three primary RCT’s; GO-BEFORE conducted in a MTX naive cohort, GO-AFTER 

which was conducted in anti-TNF experienced cohort and GO-FORW ARD, The GO-

FORW ARD trial was a multi-centre, randomised, double blind, placebo controlled trial of 

golimumab administered to patients with active severe RA despite MTX therapy (N=444).

The mean duration of disease for this cohort was 8.6 years and the mean age of the cohort was



51 years. As is the case for many of the current or recently completed clinical trials in RA, 

disease severity and disease duration tend to be less than older trials for some of the 

comparators.

The primary outcomes of the study were ACR 20 response at week 14 and improvement from 

baseline in HAQ at week 24. Secondary endpoints included ACR50, ACR70, EULAR 

response, and DAS28 remission. Safety, effects of golimumab on structural damage and 

HRQOL (SF-36) were also assessed. There were 4 arms; Arm 1: Placebo + MTX (n=133).

Arm 2: Golimumab lOOmg + placebo (n=133), Arm 3: Golimumab 50mg + MTX (n=89), Arm 

4: Golimumab lOOmg +MTX (n=89). Both primary endpoints were reached. At week 24, 60% 

and 28% achieved ACR 20 response for golimumab + MTX (Arm 3) and placebo + MTX 

respectively. At week 24, 37% of the golimumab + MTX group (Arm 3) and 13.5% of the 

placebo + MTX group had an ACR50 response (statistical significance was reached in all cases 

p<0.001). The high response rate in the placebo + MTX group may be attributed to the Latin 

American subgroup of patients. When data from this group were removed, the ACR 20 

responses were 26.1% at week 14 in the placebo group vs. -55%  in the combined golimumab + 

MTX groups. The mean HAQ improvement in the treatment group was -0.38 and -0.13 

(p<0.001) in the placebo group.

The GO-BEFORE study, assessed MTX-naive patients with RA (N=637). Patients were 

randomised to placebo -l- MTX (group 1), golimumab lOOmg -i- placebo (group 2), golimumab 

50mg (group 3) or golimumab lOOmg -i- MTX (group 4). The primary endpoint was ACR50 at 

week 24. A significant difference was not shown for ACR 50 between groups 1 and 4. (29.4% 

group 1 vs. 29.4% in group 4 (p=0.053). Group 3 did show a significant difference to group 1 

(40.3% vs. 29.4% p<0.05). A significant difference was found in HAQ improvement for group 

4 but not for group 3.

The GO-AFTER study included patients who had an inadequate response to anti-TNF therapy 

(N=.461). Patients were assigned to one of three groups; placebo; golimumab 50mg; or 

golimumab lOOmg. DMARD therapy was permitted and approximately 70% of patients were 

on concomitant therapy. The primary endpoint was ACR 20 at week 14. A statistically 

significant proportion of patients in the golimumab 50mg and lOOmg groups (35% and 38% 

respectively) achieved the primary outcome compared to the placebo group (17%). The result 

appeared to be significant for patients who had failed less than three prior anti-TNF agents. A
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difference was not observed for patients who had failed three prior anti-TNF agents. A 

significant improvement in HAQ scores was noted in the golimumab groups at week 14 and 24.

5.1.5 Infliximab

Infliximab is a chimeric IgG lk  monoclonal antibody which neutralizes the biological activity 

of TNF a  by binding with high affinity to the soluble and transmembrane forms of TNF a  and 

inhibits binding of TNF a  with its receptors. The FDA first licensed it in November 1999 

followed by the EMA in August 1999. Merck Sharp & Dohme is the current license holder for 

Remicade®.

The ATTRACT study was a randomized placebo controlled trial comparing different doses of 

infliximab in patients who had active RA despite MTX treatment (N=428). The primary 

outcome was ACR 20 at week 30 without requiring a surgical intervention. Secondary 

outcomes were ACR 50, ACR 70, HAQ, and general health assessment. The primary outcome 

was met; 20% of patients in the placebo group achieved an ACR 20 versus 50%, 54%, 52% and 

57% in the treatment groups (3mg/kg 8 wkly, 3mg/kg 4 wkly, lOmg/kg 8 wkly and lOmg/kg 4 

wkly) (p<0.001). The ACR 50 and ACR 70 responses were 5% in the placebo group versus 

27%, 29%, 31% and 26% in treatment groups and 0% versus 8%, 11%, 18% and 11% 

respectively. There was a statistical difference in HAQ scores from baseline to follow-up in all 

but one group (3mg/kg 8 wkly).

The START study compared safety of two doses of infliximab (3mg/kg and lOmg/kg) with 

placebo in patients with active RA despite MTX treatment (N=1084). Relative risks of 

developing a serious adverse effect at week 22 were presented with ACR response rates. At 

week 22, 25.5% of patients in the placebo group achieved an ACR 20 vs 58% in the 3mg/kg 

group (p<0.001) and 61% in the lOmg/kg group (p<0.001). A significant difference was 

demonstrated between placebo and treatment groups for both ACR 50 and ACR 70. HAQ data 

was not available in the published paper.

Two smaller studies were carried out in Japan and China comparing infliximab + MTX with 

placebo + M TX (N=147 and N= 173). Both studies demonstrated a statistically

significant improvement in the infliximab groups over the placebo groups.
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Early RA patients

There are two main studies evaluating the efficacy and safety of infliximab in early RA.

The treatment group in the ASPIRE trial achieved a higher ACR-N (primary outcome), at 54 

weeks, for both MTX + infliximab doses (3mg/kg and 6mg/kg) versus MTX + placebo (38.9% 

and 46.7% versus 26.4%). ACR 20, ACR 50, ACR 70 and ACR 90 were achieved in both 

treatment groups versus the placebo group.

The BeST study evaluated four different strategies in patients with early RA (N=508); 

sequential DMARD therapy, step up combination DMARD therapy, initial combination 

therapy with tapered steroid dose and initial combination therapy with infliximab. Both ACR 

and DAS were measured as outcomes. Patients treated with combination therapy with tapered 

steroid dose and combination therapy with infliximab showed more rapid improvement than 

the other groups in both ACR responses and DAS 44. After 5 years, 48% of patients were in 

clinical remission (DAS <1.6) and 14% in drug-free remission, irrespective of initial treatment.
12441

5.2 Observational/Registry Data on anti-TNF agents and leflunomide in 

RA

5.2.1 Anti-TNF agents

While clinical efficacy has been established from RCTs, uncertainty remains with regard to 

short and long term safety and long term clinical effectiveness. In order to establish longer 

term efficacy and as a pharmacovigiliance tool national registries have been set up in many 

countries in Europe. Sweden was one of the first countries to establish a biologic register and 

many other countries followed suit.

The initial publications on biologies included etanercept and infliximab and later studies 

included adalimumab. Effectiveness data from registries on golimumab and certolizumab is 

not yet available. M any of the original publications were from the Southern Swedish registries. 

One of the earliest registry reports on efficacy was for etanercept and etanercept + MTX from 

the STURE database. For the majority o f the outcomes measures (ACR response 

components, DAS 28, HAQ) there was no significant difference between the groups. A further
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registry report from Southern Sweden on etanercept, infliximab and leflunomide presented the 

treatment efficacy as measured by the ACR 20, 50, 70 responses. Etanercept was significantly 

better than infliximab at three months (p<0.02) and six months (p<0.05) when the number of 

patients reaching the ACR 20 response were compared. For the ACR 50 response only the 

three m onths’ registration reached significance in favour of etanercept compared with 

infliximab (p<0.05). The study found that the performance of both etanercept and infliximab 

complied with results in published clinical trials, albeit with a somewhat lower response rate.

The DANBIO registry in Denmark in 2010 was established to measure the rates of treatment 

response, remission, and the drug survival rate in patients with RA, and to identify clinical 

prognostic factors for response. Etanercept, infliximab and adalimumab were included 

(N=2326). The crude treatment responses were highest for adalimumab, followed by 

etanercept and then infliximab. A corrected response rate showed that 19% of adalimumab 

patients and 17% etanercept patients received an ACR 70. There were no clinically relevant 

differences in the distribution of age, sex, disease activity, and disease duration between the 

patients the treatment groups. There were fewer patients treated with etanercept who received 

concomitant MTX, and more patients receiving infliximab who received concomitant MTX 

and prednisolone.

The Dutch DREAM registry showed significant differences in the DAS 28 course over 12 

months between infliximab and both adalimumab and etanercept patients (p<0.001) and 

between adalimumab and etanercept patients (p=0.031). Both adalimumab and etanercept 

showed greater improvement in DAS and HAQ than infliximab.

5.2.2 Registry Evidence in relation to leflunomide

Two of the registries examined in this thesis included a control arm for the observational data. 

Geborek et al. included leflunomide as a control arm in comparison to etanercept and 

infliximab. All patients included in the registry had failed at least two DMARDs, including 

methotrexate. The demography of the patients was similar; leflunomide patients were older 

(61.3 years) than the etanercept (54 years, p<0.0001) and the infliximab group (55.4 years, 

p<0.001). There was a statistically significant difference in the mean number of DMARDs 

continued in the leflunomide group (0.1) compared to the etanercept group (0.7, p<0.001) and 

the infliximab group (1.0, p<0.001).



The published study reports no difference as measured by percentage improvement in HAQ 

20% or 50%, between etanercept, infliximab and leflunomide at three and six months. The 

actual values were not shown in the published report. The ACR 20 and ACR 50 did show a 

significant difference (etanercept was more effective between leflunomide and etanercept at 

both three months (p<0.001) and six months (p<0.05) and a significant benefit was also present 

for infliximab over leflunomide at three months (p<0.01) but not at six months. While the 

study examined data up to 12 months, the number of observations for leflunomide at 12 months 

made statistical comparison unreliable.

Zink et al. examined two subgroups for the control group. The first was leflunomide alone 

and the second was leflunomide in combination with methotrexate. While the demography of 

the patients was broadly similar, the control group did have less erosive disease at baseline, a 

shorter disease duration and DAS 28 scores were also lower (control group 5.4 vs the anti-TNF 

groups -6 .0). The majority (-90% ) of all patients had failed methotrexate. Less than 10% of 

patients had previous biological therapy in the etanercept and control group compared to 16.4% 

in the infliximab group and 30% in the anakinra group. Efficacy was not reported in this study 

but drug continuation rates were; these are discussed under the section 5.4.3.1.

5.3 Evidence Synthesis

5.3.1 Background

In the absence of head-to-head trials of relevant comparators, it is often necessary to combine 

evidence from placebo controlled trials o f different treatments and thereby derive an estimate 

of effect of one treatment against another. A comparison of relevant data for all drugs within 

one model which maintains randomization allows the decision-maker to examine the relative 

effect of all alternatives. Pooling of direct and indirect evidence from trials can produce an 

estimate of the relative effect of a treatment against all other treatments in a particular network. 

Combining evidence in this way is increasingly used in health technology assessments around 

the world.

5.3.1.1 Methods available to combine evidence

Network meta-analysis (NMA) or mixed treatment comparison (MTC) is considered a logical

extension of the meta-analysis method. It enables treatment effects that are not directly

measured to be estimated through the use of direct evidence of linked treatments, or a network
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of treatments. Bayesian meta-analysis provides more flexibility than classical methods to 

include more data and handle more complex modelling structures.

Lu and Ades described the statistical method for performing MTC in a Bayesian framework.

This can deal with the uncertainty between multiple treatment groups when included in the 

network meta-analytic model. The method used hierarchical models, for borrowing strength 

from indirect comparisons when direct information from a specific comparison does not 

provide sufficient data for a substantial statistical analysis. An application of this in RA was 

described by Nixon et al. using different models which allowed for explicit modelling of
[2571

concurrent treatments, multiple treatment arms and study level covariates.

With the exception of one trial comparing abatacept and infliximab there are no head-to-head 

trials comparing any of the biological DMARDs. Therefore it is necessary to perform 

evidence synthesis to derive estimates of efficacy of one biological agent against another.

In the case o f no direct comparisons between treatment A and B (in this case between the anti- 

TNF treatments), one can perform an indirect comparison which will also include treatment C 

(in this case placebo). Treatment C is the link between A and B and is therefore the common 

comparator. This allows a comparison of AB (indirect evidence) using trials of AC and BC 

(direct evidence).

An unadjusted indirect comparison compares the individual arms of trials (the results in the A 

arm o f the AC trials with the B arm of the BC trials). However this method ignores trial 

randomisation and is therefore not recommended. Bucher offers a widely used approach in 

considering indirect treatment comparisons in meta-analyses of trials for discrete data.

The model was developed with the odds ratio (OR) as the measure of treatment effect. While 

the Bucher model is a more correct method of indirect comparison than the unadjusted method 

where trial randomisation is not maintained, it does present with some limitations. The Bucher 

method is applicable when there is no correlation between the pairwise comparisons and 

therefore can only be applied to two arm trials. Only a simple three treatment comparison can 

be made (A vs. B, B vs. C) and only the OR was considered as an effect measure.

In order to handle all available data, relevant to the question (therefore not just those involving 

three treatments), we can use a NMA to perform an MTC. This type of meta-analysis allows 

comparison of one or more treatments through more than one common comparator. In NMA
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more than one treatment path can be used to compare two treatments and these paths are then 

part of a larger network. A weighting is then assigned to these pathways and a level of 

agreement is obtained between the effect estimates of the paths. This agreement between the 

effect estimates is known as the incoherence of the network.

The NMA method offers an advantage over the Bucher method in providing a method of 

comparing more than one comparator to produce an indirect treatment effect estimate through 

the use of a network of pathways. NMA does not however account for correlations that may 

exist between different effect estimates when they are obtained from a single multi-armed trial. 

A random effects model is used when a certain degree of heterogeneity exists and this 

heterogeneity is not fully explained by exploration of covariates. The Bayesian modelling 

framework, while complex, allows for this uncertainty between multiple treatment groups when 

included in the NMA model and makes full use of all available data (Figure 23).

Figure 23: Network Diagram of evidence.
Solid lines show pair-wise direct pathways and the dotted lines represent indirect pair-wise  
comparisons.

The most sophisticated method to date for this has been presented by Nixon et alP^~^\ The 

analysis followed a Bayesian framework and was carried out in WinBugs software. The NCPE 

has assessed the cost-effectiveness of two biological agents (golimumab and certolizumab) for 

the treatment of RA; both of these submissions combined evidence using indirect comparison 

methods. There was considerable uncertainty surrounding these estimates, with wide 

confidence intervals. In the critical review of these submissions, the areas of concern were the 

appropriateness of the studies chosen for inclusion in the analysis, the measurement, and 

handling of heterogeneity and the models used for the analysis. In order to include the newer 

drugs, golimumab and certolizumab in a complete MTC, a new analysis was performed.
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The economic model, for which the relative effects calculated in this chapter will be used, 

examines the cost-effectiveness of anti-TNF agents versus the cost effectiveness of 

leflunomide. In order to take into consideration all data within a formal evidence syhthesis 

model, data for both the anti-TNF agents and the leflunomide should be included. However 

there was limited data available for leflunomide efficacy following non-response to 

methotrexate and therefore there was no common comparator which would allow leflunomide 

to be incorporated into the MTC network. While this is not a limitation to the work presented 

in this chapter, it is a limitation to the use of relative efficacy estimates for use in the cost- 

effectiveness model.

5.3.1.2 Literature review of previous meta-analyses in RA

A number of papers have performed evidence synthesis using a formal meta-analytical 

framework. >257,26i-267| j2)
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Table 13. Summary o f meta-analyses o f biological therapy

Author and Date Drugs Included Outcomes Used Methods Model Measure of Effect Study Type
Kristensen et al.
2007I268I

Adalim um ab, etanercept, infliximab ACR 50 Frequentist None NNT,
OR

RCT

Venkateshan et 
al. 2009'^®'"

Adalim um ab, etanercept, infliximab, rituximab, 
abatacept

ACR 20, ACR 
50, ACR 70

Frequentist DerSimonian and Laird 
random effects

OR RCT

Kristensen et al. 
2o i ] I 2MI

Abatacept, certolizum ab, golim um ab, rituximab, 
tocilizum ab

ACR 50 
Adverse Effects

Frequentist None NNT, RR, RD RCT

Salliot et al.
2011'-“ '

Adalim um ab, etanercept, infliximab, abatacept, 
golim um ab, certolizum ab, rituximab, 
tocilizum ab

ACR 50 Frequentist DerSimonian and Laird 
random  effects

OR RCT

Launois et al. 
201112611

Adalim um ab, etanercept, infliximab, abatacept, 
golim um ab, certolizum ab, anakinra, tocilizumab

ACR 20, ACR 
50, ACR 70

Frequentist and 
Bayesian

MTC random  effects 
using non-inform ative 
prior

OR RCT

Lee et al. 
20()8'2“ I

A dalim um ab, etanercept, infliximab ACR 20 
ACR 50 
ACR 70

Frequentist DerSimonian and Laird 
random effects

RR RCT

Alonso-Ruiz et
al. 2008 '^"'

A dalim um ab, etanercept, infliximab ACR 20, ACR 
50, ACR 70 
Adverse events

Frequentist DerSimonian and Laird 
random effects

RR RCT

Lloyd et al. 
2010'^“ '

A dalim um ab, etanercept, infliximab ACR 20, 
EULAR 
Response, 
DAS 28, HAQ

Frequentist Random Effects and fixed 
effects (subgroups) 
M eta-regression

Percentage change 
from  baseline

Observational

Nixon et al.
2 0 0 7 1 2 5 3.257, Adalim um ab, etanercept, infliximab ACR 50 Bayesian Bayesian M TC, M eta

regression
OR RCT

Devine et al. 
201 112701

Infliximab, etanercept, adalim umab, 
golim um ab, certolizum ab, tocilizumab, 
rituximab, abatacept, anakinra

ACR 50 Bayesian Bayesian M TC, M eta
regression

OR RCT

Janssen et al. 
2008'^''"

MTX, Anti-TNFa,
(Adalim um ab, etanercept, infliximab)

HAQ Frequentist and 
Bayesian

Frequentist fixed effects 
and random  effects. 
Bayesian fixed effects 
and random  effects model

HAQ change from 
baseline

RCT

Bergman et al.
2010' '̂' '̂

Tocilizum ab, abatacept, rituxim ab, anti-TNF 
inhibitors

ACR 20, ACR 
50, ACR 70

Bayesian Bayesian M TC fixed 
effects

RR RCT

NNT= Number N eeded to Treat, 0 R =  O dds Ratio, RCT=Random ised Controlled Trials, RR= Relative Risk. RD =Risk Difference. H AQ= Health

Assessm ent Questionnaire



[257 261 267Five of these studies have used a Bayesian method to combine the evidence; ’
270 2721 the remaining studies used a frequentist approach to meta-analysis. Jansen et 

al. did not carry out a full MTC but used RA as a case example to demonstrate the 

methods described. Devine et al. used the methodology described by Nixon et al. 

and compared all biological therapy indicated in RA.

Almost all of the studies concluded that there was no difference between the anti-TNF 

agents in the treatment of RA. Some of the studies included the anti-TNF agents as a 

group in the network assuming similar efficacy, 2721 combined a

different patient population such as MTX naive patients or early RA patients with 

treatment experienced or established RA patients. 1257, 262-266, 270,2721

Evidence Synthesis 

5.3.2. Aim

• To perform a systematic review of the evidence to identify relevant 

studies.

• To estimate the relative effect of the anti-TNF agents against each other, 

using different outcome measures (both continuous and categorical).

• To establish if the use of different models for a MTC produces different 

results and whether using the results of different models for a MTC will 

change the result of a cost-effectiveness model.

• To combine evidence for drug continuation rates from long term 

observational studies.

• To combine evidence for short term discontinuation from anti-TNF agents
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5.3.4. Methods

A systematic review of the literature was performed in order to identify the relevant 

data for extraction. Data extracted was checked by a second person (SS). The criteria 

used for this are given in Appendix 6. The outcomes chosen for the MTC were ACR 

20, ACR 50 and percentage HAQ improvement at 6 months. These outcomes were 

chosen in order to establish an overall effectiveness using a well validated instrument 

(ACR) which was common to all the RCTs and HAQ in order to model the disease 

benefit for establishing an estimate of cost-effectiveness.

The literature search included published randomised controlled studies up to and 

including October 2010 in PubMED, EMBASE and the Cochrane Database. A 

number of search terms were used using papers published in the English language. 

(Appendix 6) Rheumatological inflammatory diseases, other than RA, such as 

ankylosing spondylitis, psoriatic arthritis and connective tissue diseases were 

excluded from the search. This analysis examined a patient cohort with established 

RA; therefore early RA and MTX naive patients were excluded.

Inclusion criteria:

1. Patients with an established diagnosis of RA according to the American 

College of Rheumatology diagnostic criteria.

2. Patients with an inadequate response to MTX

3. Published RCTs, where patients were treated for 24 weeks (in the case where 

24 week data was not available, data within 6 weeks either before or after 24 

weeks was used).

4. M onotherapy and combination therapy were included.

5. All doses used in clinical trials were included.

The outcomes chosen were the ACR 20 and ACR 50 and the percentage improvement 

in HAQ response. The following data was extracted for the analysis; total number of 

patients, number of respondents achieving ACR response and the mean quantity of 

improvement and standard deviations (SDs) in the case of the HAQ, were extracted.
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Authors were contacted in cases where the required data was not reported in the 

published study. In cases where no access was allowed to the required data, for 

studies where the mean was not reported, the median was used. In the absence of 

SDs, interquartile ranges (IQRs) where used to estimate SDs using a normal 

approximation. In all remaining cases, the maximum of clinical trial SDs was used. 

The doses of biological agents included are those included in the RCTs. 

Demographic data including age, gender, mean disease duration, baseline HAQ score, 

and previous number of DMARDs were recorded and a weighted mean for all studies 

for each drug was calculated.

5.3.4.1 Statistical Analysis

A Bayesian MTC model was fitted for each of the outcome measures. A different 

model was fitted for the ACR outcomes and HAQ improvement due to the nature of 

the outcomes. The ACR 20 and ACR 50 are binary, categorical outcomes and the 

HAQ improvement is a continuous outcome measure. The method used to analyse 

the binary data is described by Nixon et al.

5.3.4.2 Nixon methodology

Nixon allows for explicit modelling of concurrent treatments (in this case anti-TNF 

and MTX), multiple treatment arms, and study level covariates. A meta-regression 

was also performed and included disease duration and baseline HAQ score as 

covariates. Five models were used, with models 1-4 using either univariate random 

effects or bivariate random effects. Two of the models were MTC models; model 1 

assumed exchangeability between trial arms (both within and between studies), and 

model 3 assumed exchangeability between studies, and also allowed the MTX effect 

to vary between studies. Model 2 and 4 complimented the MTC models by including 

study level covariates as meta-regression. Model 5 assumed different random effects 

for two different groups of agents; anti-TNF and interleukin 1 (anakinra). Model 5 is 

not relevant to the analysis for this thesis because anakinra is not included as a drug 

for analysis. Odds ratio (OR) were published of an ACR50 event at six months if 

treated with a biologic in comparison to control. All models were fitted using Markov 

Chain Monte Carlo techniques (MCMC) using the computer package Win BUGS. 

Vague normal priors were used.
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5.3.4.2 Adaptation of Nixon model

The N ixon et al. m odel was adapted by Susanne Schm itz in Trinity College, 

Dublin (A ppendix 10 gives further details o f w ork perform ed by Susanne Schm itz for 

the thesis). The code for m odel 4 was given in the published Nixon paper and this 

was adapted for the analysis perform ed here. A m ethodology described by W arn et 

al. was used to calculate risk ratio (RR) instead o f OR Four m odels were fitted 

initially and one m odel was chosen for the final analysis (bivariate random  effects). 

Further exploration o f the im pact o f using different M TC m odels is given below. The 

effect o f M TX is included in m odels so that this effect can be separated from  the 

effect o f interest (anti-TN F agent). The effect size o f the M TX is only inform ed by 

studies where M TX is given in either the control arm  or the treatm ent arm. If it is 

given in both arm s, no inform ation on this effect is provided.

HAQ im provem ent is m odelled differently to the ACR 20 and ACR 50 and this was 

not included in the N ixon m odel. The HAQ im provem ent is dependent on the 

baseline HAQ score or the patien t’s disease severity. This is based on previous 

studies which have shown that the effect size of the anti-TN F depends on disease 

severity. The m ethodology for this model was developed by Susanne Schm itz, 

D epartm ent o f Statistics, Trinity College Dublin (A ppendix 10).

All m odels were extended to a m eta-regression to include the covariates duration of 

disease, num ber o f previous D M A RD s and HAQ score at baseline. None o f these 

were found to have a significant impact.

D em ographic o f the trial populations is presented with w eighted m ean values. The 

results o f the M TC are presented as relative risks with 80% credible intervals.

5.3.4.3 Exploration of structural uncertainty and model choice

M any m ethods o f  evidence synthesis exist; but usually only one is chosen. W hile this 

is a pragm atic approach, the decision-m aker is left with some uncertainty as to how an 

alternative m ethod m ay have im pacted on the end result and ultim ately the decision. 

M odel uncertainty has been discussed in a num ber o f publications on structural 

uncertainty. 132,276,2771 uncertainty around the m odel chosen for the decision

analysis is often explored, the m odel estim ating the data for the param eters is often
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not. In order to inform the uncertainty associated with the model, an overview of 

structural uncertainty is given with possible approaches to handling it appropriately. 

The method chosen and the rationale for the choice are detailed.

Brief Overview of Structural Uncertainty

Structural uncertainty may be described as the uncertainties associated with structural 

aspects of the model; these may be in relation to how aspects of the disease are 

handled or how aspects of the intervention are handled. For example in the case of 

evidence synthesis models, does the model allow for additive effects of more than one 

intervention or are they handled independently? Structural uncertainty has also been 

described as the uncertainty that is not handled under methodological or parameter
1341uncertam ty .' '

Various approaches have been suggested for managing this uncertainty. One such 

approach averages the model outputs depending on the confidence in each model.
1^781 However this approach has not been used commonly. Model averaging has been 

described extensively using both frequentist and Bayesian frameworks. it

offers an alternative to model selection where an average result is used from all 

models. This method offers the advantage of including different results instead of 

discarding a set of results from a potentially plausible model which is the case with 

model selection. However model averaging is a computationally challenging method 

and one could argue that the result is still associated with considerable uncertainty.

The model selection method chosen for this work is a pragmatic one but also allows 

the impact of using a different model each time to be explored. Four different 

models were used; Model 1 was a random effects model for MTX treatment effect 

and anti-TNF treatment effects. Model 2 used a fixed effect model for both MTX and 

anti-TNF treatment effects. Model 3 was a fixed effect for MTX and random effects 

for anti-TNF treatment effects and model 4 used a random effects model for the MTX 

treatment effect and fixed effect model for the treatment effects of the anti-TNF drug. 

The analysis using the models described was performed using W inBUGs software as 

described above (analysis in WinBUGs was carried out by Susanne Schmitz). The 

results of the model were then used to fit a cost-effectiveness RA model. We 

estimated a cost per QALY for each of the treatments and presented them on a cost-
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effectiveness plane (Figure 24). The willingness to pay thresholds at €20,000 /QAL"^ 

and €30,000 /QALY is given to illustrate the impact of the change for the decision

maker.
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Figure 24: Cost-effectiveness plane showing estimates for each treatment from 
each model.
Each colour represents a drug and each shape represents a different model. A 
willingness to pay (WTP) threshold o f €20,000/QALY and €30,000/QALY are also 
shown.

On the cost-effectiveness plane the estimates for each drug differs slightly for the four 

different models. However, the relative positioning on the cost-effectiveness plane 

does not differ greatly. On the CEAC (not presented), the net monetary benefit of the 

base case was approximately 15% lower for the RE model than for the other models 

used for the meta-analysis.

The model chosen in this case was model 3 above. This was chosen over model 1 due 

to the limited trial information informing the MTX effect.
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5.3.5 Results

Sixteen RCTs were selected for the analysis examining ACR 20 and ACR 50 as the 

outcome. Five studies met the inclusion criteria for adalimumab, four for infliximab, 

two for etanercept, two for golimumab, and three for certolizumab. MTX was 

included in all arms of 11 of the studies MTX

was not given in four of the s t u d i e s . O n e  trial contained arms of 

combination and arms of monotherapy. The network diagram illustrates the 

networks involved and the number of patients included for each pairwise comparison 

(Figure 24). A number of trials were excluded based on the inclusion criteria 

(Appendix 6).

5 ( n = 1 9 1 4 )

2 ( n = 5 48 )  
[1 (n=444) l

C o n t r o l

Gol

Ada

Eta

Figure 25: Network Diagram of Evidence.
Lines are labelled with the number o f studies and the total number o f patients 
included in these studies. Numbers in squared brackets refer to HAQ evidence where 
this differs from ACR evidence.

While the demographics of those included across the studies was broadly similar, 

there was some heterogeneity and in particular in relation to the severity of the disease 

(baseline mean HAQ score ranged from 1.3 to 1.9), dose of MTX (mean ranging from 

13mg in the certolizumab trials to 18.5mg in the etanercept trials) (Table 13) and trial 

design. The mean age of the trial cohorts is 52 years and most are women (80.5%). 

The mean disease duration was 8.7 years. The disease duration appears lower for the 

newer anti-TNF agents (certolizumab and golimumab) but this is likely explained by 

differences in practice such as early referral and difficulty in recruiting anti-TNF 

naive patients into trials. The rate of adverse effects was the same for the placebo and
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treatment groups across the trials (5%) and there was a higher number of patients 

withdrawing due to lack of response in the placebo groups (19.6%) than the treatment 

groups (8%).

The ACR 20, ACR 50, and HAQ were examined to establish comparative efficacy of 

the anti-TNF agents in the treatment of RA. The data extracted from the literature 

following a systematic review is presented (Table 15).
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Table 14. Mean Demographic of trial populations of RCTs for anti-TNF agents

Study

Total number 

in trial arms 

used (N)

Age

(Yrs)

Disease

Duration

(Yrs)

Number of 

Previous 

DMARDs

Baseline

HAQ

Score

Dose of 

MTX

(mg)

W einblatt et al. 2003 

(ARM ADA )'^'*'
271 56 12 3 1.6 17

K eystone et al. 2004 '" '''' 619 56 11 2 1.5 17

Van de Putte et al. 

2004 '--“'
544 53 11 4 1.9 n/a

M iyasaka et al. 2008 

(CHA NGE)'^^"
352 55 7 n/a 1.6 n/a

Kim et al. 200 7 '-“ ' 128 49 7 n/a 1.4 16

Mean Demographic 

adalimumab trials
55 10 3 1.6 17

M aini et al. 1999 

(A TTR A C T)'^’"'
428 53 8 3 1.7 15

W esthovens et al. 2006 

(ST A R T )* '-’""
1,084 52 7 n/a 1.5 15

Zhang et al. 2006'--*’' 173 48 8 n/a n/a n/a

Schiff et al. 2008 

(A T T E ST )* '” *'
275 49 8 n/a 1.7 16

Mean Demographics 

infliximab trials
52 8 3 1.6 15

M oreland et al. 1999'"*" 234 52 12 3 1.7 n/a

W einblatt et al. 1999'-'"' 89 50 13 3 1.5 19

Mean Demographics 

etanercept trials
52 12 3 1.6 19

Keystone et al. 2009 '"’'’' 444 51 6 n/a 1.3 15

Kay et al. 2008*'-''*' 104 53 7 n/a 1.5 n/a

Mean Demographics 

golimumab trials
52 6 n/a 1.4 15

Keystone et al. 2008 

(RAPID 1)'^^^'
982 52 6 1 1.7 14

Sm olen et al. 2009 

(RAPID 2)'^^’ '
619 52 6 1 1.6 13

Fleischm ann et al. 2009 

(FAST4WARD)'^^*'
220 54 10 2 1.5 n/a

Mean Demographics 

certolizumab trials
52 7 1 1.6 13
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Table 15. Responders for ACR 20 and ACR 50

Study Arm ACR 20 ACR 50

Number
in
control
arm

Number
in
treatment
arm

Number of 
responders in 
control arm

Number of 
responders in 
treatment arm

Number of 
responders in 
control arm

Number of 
responders in 
treatment arm

Weinblatt el al. 2003 ARMADA Placebo + MTX EOW 62 9 5
Adalimumab 20mg+ MTX 
EOW 69 33 22

Adalimumab 40mg+ MTX 
EOW 67 45 37

Adalimumab 80mg+ MTX 
EOW 73 48 31

Keystone et al. 2004 Placebo OW + MTX 200 59 19
Adalimumab 40mg 
EOW+placebo EOW +MTX 207 131 81

Adalimumab 20mg OW +MTX
212 129 87

Van de Putte et al. 2004 Placebo 110 21 9
Adalimumab 20mg OW 112 44 23
Adalimumab 20mg EOW 106 38 20
Adalimumab 40mg OW 103 55 36
Adalimumab 40mg EOW 113 52 25

Miyasaka et al. 2008 CHANGE Placebo EOW 87 12 5
Adalimumab 20mg EOW 87 25 14
Adalimumab 40mg EOW 91 40 22

Adalimumab BOmg EOW 87 44 28



study Arm ACR 20 ACR 50

Number
in
control
arm

Number
in
treatment
arm

Number of 
responders in 
control arm

Number of 
responders in 
treatment arm

Number of 
responders in 
control arm

Number of 
responders in 
treatment arm

Kim et al. 2007 Placebo +MTX 63 23 9
Adalimuniab 40mg EOW + 
MTX 65 40 28

Maini et al. 1999 
(ATTRACT)

Placebo + MTX
88 18 7

Infliximab 3mg/kg Bwkly + 
MTX 86 45 22

Infliximab 3mg/kg 4wkly + 
MTX 86 47 25

Infliximab lOmg/kg Bwkly 
+MTX 87 51 26

Infliximab lOmg/kg 4wkly + 
MTX 81 49 21

Westhovens et al. 2006 
(START)

Placebo + MTX
363 87 33

Infliximab 3mg/kg +MTX 360 199 110
Infliximab lOmg/kg+MTX 361 205 119

Zhang et al. 2006 Placebo + MTX 86 42 22
Infliximab 3mg/kg + MTX 87 66 38

Schiff et al. 2008 (ATTEST) Placebo + MTX 110 46 22
Infliximab 3mg/kg Bwkly + 
MTX 165 98 61

Moreland et al. 1999 Placebo BO 9 4
Etanercept lOmg BW 76 39 18
Etanercept 25mg BW 78 46 31



Study Arm ACR 20 ACR 50

Number
in
control
arm

Number
in
treatment
arm

Number of 
responders in 
control arm

Number of 
responders in 
treatment arm

Number of 
responders in 
control arm

Number of 
responders in 
treatment arm

Weinblatt a/. 1999 Placebo + MTX 30 8 1

Etanercept BW+ MTX various 59 42 23
Keystone et al. 2009 (GO-FORWARD) Placebo+ MTX 133 37 18

Golimumab lOOmg 4 wkly + 
Placebo

133 47 26

Golimumab 50mg 4 wkly + 
MTX

89 53 33

Golimumab lOOmg 4 wkly + 
MTX 89 53 29

Kay et al. 2008 Placebo +MTX* 35 13 2
Golimumab 50mg 4 wkly 
+MTX

35 21 13

Golimumab lOOmg 4 wkly 
+MTX 34 19 10

Keystone et al. 2008 
(RAPID 1)

Placebo + MTX 199 27 15

CZP 200mg EOW* +MTX 393 231 146

CZP 400mg EOW* +MTX 390 237 156

Smolen et al. 2008 
(RAPID 2)

Placebo + MTX 127 11 4

CZP 200mg EOW* +MTX 246 141 80

CZP 400mg EOW* +MTX 246 142 81

Fleischmann et al. 2009 FAST4WARD Placebo 109 10 4

CZP 400mg 4 wkly 111 51 25



Table 16: Data inputs for MTC model for HAQ Improvement

Study Name Arm Number
in
control
arm

Number
in
treatment
arm

Baseline 
HAQ in 
control 
arm

Baseline 
HAQ in 
treatment 
arm

HAQ
improvement 
in control 
arm

SD
improvement 
in control arm

HAQ
improvement 
in treatment 
arm

SD
improvement 
in control arm

SD delta

Weinblatt et a i  2003 
(ARMADA)

Placebo + MTX EOW
62 1.64 0.27 0.57

Adalimumab 20mg+ MTX 69 1.52 0.54 0.58 0.10
Adalimumab 40mg+ MTX 67 1.55 0.62 0.63 0.11
Adalimumab 80mg + MTX 73 1.55 0.59 0.53 0.10

Keystone et al. 2004 Placebo + MTX OW 207 1.45 0.24 0.52
Adalimumab 40mg EOW + 
Placebo + MTX 212 1.44 0.56 0.52 0.05

Adalimumab 20mg OW + 
MTX 200 1.48 0.6 0.53 0.05

Van de Putte et al. 
2004

Placebo
110 1.88 0.07 0.49

Adalimumab EOW 20mg 112 1.88 0.39 0.62 0.07
Adalimumab 20mg OW 106 1.88 0.29 0.63 0.08
Adalimumab 40mg EOW 103 1.84 0.49 0.54 0.07
Adalimumab 40mg OW 113 1.83 0.38 0.6 0.07

Miyasaka et al. 2008 
(CHANGE)

Placebo
87 1.39 -0.1 0.6

Adalimumab 20mg EOW 87 1.57 0.2 0.5 0.08
Adalimumab 40mg EOW 91 1.64 0.2 0.6 0.09
Adalimumab BOmg EOW 87 1.77 0.4 0.6 0.09

Kim e/ al. 2007 Placebo + MTX 63 1.3 0.2 0.5
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Study Name Arm Number
in
control
arm

Number
in
treatment
arm

Baseline 
HAQ in 
control 
arm

Baseline 
HAQ in 
treatment 
arm

HAQ
improvement 
in control 
arm

SD
improvement 
in control arm

HAQ
improvement 
in treatment 
arm

SD
improvement 
in control arm

SD delta

Adalimumab 40mg EOW + 
MTX 65 1.4 0.5 0.55 0.09

Maini et al. 1999 
(ATTRACT)

Placebo + MTX 88 1.8 0.3 0.5

Infliximab 3mg/kg 8wkly + 
MTX 86 1.8 0.3 0.5 0.08

Infliximab 3mg/kg 4wkly + 
MTX 86 1.8 0.5 0.5 0.08

Infliximab lOmg/kg Bwkly + 
MTX

87 1.8 0.5 0.6 0.08

Infliximab lOmg/kg 
4wk+MTX 81 1.5 0.4 0.5 0.08

Zhang et al. 2006 Placebo + MTX 86 1.6 0.45 0.9
Infliximab 3mg/kg + MTX 87 1.61 0.76 0.9 0.14

Moreland eta l. 1999 Pbo 80 1.7 0.03 0.9
Etanercept lOmg 76 1.7 0.58 0.9 0.14

Etanercept 25nig 25 1.6 0.62 0.9 0.21

Weinblatt et al. 1999 Placebo + MTX 30 1.5 0.4 0.9
Etanercept + MTX various 59 1.5 0.7 0.9 0.20

Keystone et al. 2004 
GO-FORWARD

Placebo+ MTX
133 1.25 0.13 0.38

Golimumab lOOmg 4 wkly + 
Pbo 133 1.375 0.13 0.66 0.07

Golimumab 50mg 4 wkly + 
MTX 89 1.375 0.38 0.46 0.06

Golimumab lOOmg 4 wkly + 
MTX

89 1.375 0.5 0 46 n 0 6



Study Name Arm Number
in
control
arm

Number
in
treatment
arm

Baseline 
HAQ in 
control 
arm

Baseline 
HAQ in 
treatment 
arm

HAQ
improvement 
in control 
arm

SD
improvement 
in control arm

HAQ
improvement 
in treatment 
arm

SD
improvement 
in control arm

SD delta

Keystone et al. 2008 
RAPID 1

Placebo + MTX 199 1.7 0.15 0.51

CZP 200mg EOW + MTX 393 1.7 0.55 0.85 0.06
CZP 400mg EOW + MTX 390 1.7 0.58 0.61 0.05

Smolen 2008 RAPID 2 Placebo + MTX 127 1.6 0.14 0.45
CZP 200mg EOW + MTX 246 1.6 0.5 0.47 0.05
CZP 400mg EOW + MTX 246 1.6 0.5 0.47 0.05

Fleischmann 2009 
FAST4WARD

Placebo 109 1.55 -0.07 0.44

CZP 400mg 4 wkly 111 1.43 0.39 0.66 0.08
CZP^certoIizumab, M TX=M TX  * Patients received loading doses at 0, 2, and 4 weeks.
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Table 17. Relative risks for each pair-wise comparison

(mean estimate with the 80% credible intervals). A relative risk o f  1.0 can be 
interpreted as no difference between the drugs, i f  RR<1.0 drug A is less effective than 
drug B and i f  RR>].0 Drug A is more effective than drug B.

Comparison 

(A vs. B)

ACR 20

80% credible interval 

Mean lower upper

ACR 50

80% credible interval 

Mean lower upper

Ada vs. Placebo 2.34 1.94 2.84 3.47 2.78 4.36

Inf vs. Placebo 1.88 1.56 2.26 2.44 1.98 2.96

Eta vs. Placebo 3.60 2.41 5.16 5.71 3.00 9.70

Gol vs. Placebo 1.88 1.40 2.52 2.85 1.93 4.12

Cert vs. Placebo 4.92 3.79 6.30 5.90 4.18 7.93

Inf vs. Ada 0.80 0.62 1.06 0.70 0.53 0.99

Eta vs. Ada 1.54 0.98 2.30 1.65 0.85 2.88

Eta vs. Inf 1.91 1.26 2.94 2.35 1.21 4.17

Gol vs. Ada 0.80 0.57 1.14 0.82 0.54 1.28

Gol vs. Inf 1.00 0.72 1.44 1.17 0.75 1.73

Gol vs. Eta 0.52 0.32 0.84 0.50 0.27 1.00

Cert vs. Ada 2.11 1.51 2.85 1.70 1.17 2.54

Cert vs. Inf 2.62 1.91 3.67 2.42 1.65 3.47

Cert vs. Eta 1.37 0.89 2.27 1.03 0.57 2.09

Cert vs. Gol 2.62 1.79 3.95 2.07 1.22 3.35

o 0.26 0.12 0.36 0.24 0.04 0.35

All anti-TNF agents achieved a significant ACR response over placebo (the 80% 

credible intervals are higher than and do not include 1) (Table 17). The RR for 

certolizumab achieving ACR 20 and ACR 50 indicated improved efficacy over 

adalimumab, infliximab, and golimumab. The outcomes also provide evidence that 

etanercept is superior to infliximab and golimumab. For ACR 50, etanercept 

appeared approximately equal in efficacy to certolizumab (Cert vs. Eta RR 1.03) and 

adalimumab shows improvement over infliximab.
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Table 18. Percentage HAQ improvement for each pair-wise comparison.

(Mean with 80% credible intervals). Positive mean values indicate a superiority of drug A 
and negative values indicate deterioration in comparison to drug B; o is the between trial 
variance parameter.______________________________________________________________

Comparison 

(A vs. B) Mean

80% credible interval 

lower upper

Ada vs. Placebo 0.20 0.17 0.23

Inf vs. Placebo 0.10 0.06 0.15

Eta vs. Placebo 0.31 0.25 0.37

Gol vs. Placebo 0.23 0.17 0.29

Cert vs. Placebo 0.25 0.22 0.29

Inf vs. Ada -0.10 -0.15 -0.05

Eta vs. Ada 0.11 0.04 0.17

Eta vs. Inf 0.21 0.13 0.28

Gol vs. Ada 0.02 -0.05 0.08

Gol vs. Inf 0.12 0.05 0.20

Gol vs. Eta -0.09 -0.17 0.00

Cert vs. Ada 0.05 0.00 0.09

Cert vs. Inf 0.15 0.10 0.21

Cert vs. Eta -0.06 -0.13 0.01

Cert vs. Gol 0.03 -0.04 0.09

a 0.03 0.01 0.05

The model detected some heterogeneity across the trials, which was captured in the 

between trial variance parameter (a = 0.26 for ACR 20 and 0.24 for ACR 50); the 

heterogeneity is likely to be attributed to demographic characteristics such as 

background MTX dose and trial design.

For HAQ response, again, all anti-TNF agents show significant improvement over 

placebo, etanercept reaching the highest improvement (m = 0.31) (Table 18). All 

anti-TNF agents provide evidence of improvement over infliximab. Certolizumab and 

etanercept appear superior to adalimumab. Golimumab shows slight improvement in 

efficacy over adalimumab but the result is not significant. The between trial standard 

deviation in the HAQ model is estimated to be a  = 0.02. Both ACR outcomes and 

HAQ are illustrated in a forest plot (Figure 26).
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Figure 26: Pairwise log risk ratios (LRRs) for ACR 20 and ACR 50 outcome and estimated HAQ improvement multiplier of anti-TNF 
against placebo and one another.



5.4.1.6 Discussion

1253 261 262 266 "1.̂ 1There have been a number of indirect comparisons performed to date i ■

this analysis adds to this evidence base by examining the HAQ multipUer in a 

Bayesian framework. The value of MTC in evidence based healthcare evaluations 

was recently h i g h l i g h t e d . I t  is acknowledged that the MTC framework allows 

inclusion of evidence that may not be possible using classical methods; the inclusion 

o f such evidence could in turn reduce the uncertainty around the estimates of 

effectiveness.

In accordance in what was found in the individual trials, all anti-TNF agents show a 

significant improvement over placebo across all outcome measures. Etanercept and 

certolizumab show high efficacy throughout; other indirect comparisons have found a 

similar result in relation to e t a n e r c e p t . I m p r o v e d  outcomes with etanercept and 

certolizumab may relate to a reduced immunogenicity as compared to the antibody 

therapies. It may also be affected by RCT attributes such as the early withdrawal 

rates in the placebo arms of the RAPID trials. With certolizumab, it may be the 

pegylated formulation which allows less exposure of the molecule and less 

opportunity for an immune response. The HAQ outcome data provide evidence that 

all anti-TNF agents show improvement over infliximab. This effect is not found with 

the ACR outcomes for adalimumab and golimumab. Furthermore, the HAQ model 

indicates a superiority of etanercept over adalimumab. The evidence of certolizumab 

providing improvement over golimumab, which can be found in the ACR outcomes, 

is not apparent in the HAQ outcomes. This may be attributed to the fact that only one 

of the golimumab trials was included for this model. Therefore there is not enough 

power to detect these differences.

This enhanced significance for the continuous outcome measure (HAQ) underlines 

the lack of sensitivity to change in binary outcome measures (ACR). One of the key 

problems highlighted previously with the ACR response, is its binomial nature. It 

estimates the proportion of patients achieving a certain percentage improvement, and 

hence provides an adequate measure for a clinical trial. However, no difference is 

made between different response levels. For instance, using the ACR 20 response, no 

difference is made between patients with a 20% improvement and patients with 80%
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im provem ent. It may be the case, in M TCs, where the goal is to detect differences, an 

outcom e measure w hich is sensitive to change is more appropriate. The HAQ  

m ultiplier provides one such measure, but other continuous m easures m ay also be 

suitable (e.g. ACR hybrid m e a s u r e ' o r  D A S 28).

In this application the differences due to m odel choice are sm all, the relative 

positioning o f  the estim ates remains and hence the decision  on cost-effectiveness is 

robust to m odel choice. This m ay not alw ays be the case; the impact o f  m odel choices  

changes in different applications and different m odels can also change the decision  on 

cost-effectiveness. A  sim ilar conclusion  w as reached in a recent study by Oppe et  al.

In chronic obstructive airways d isease, Oppe et al. found that the Bayesian  

random effects m odel led to m ost change in the cost-effectiveness estim ates both in 

the point estim ates and the uncertainty around them.

Diversity or heterogeneity can exist across studies clin ically  and m ethodologically . 

Statistically, the heterogeneity in this analysis is partially represented by a", the 

betw een trial variance. The betw een trial variance on ly  captures heterogeneity  

betw een study populations o f  the sam e drug; variation betw een drugs is not captured. 

It is likely, that there is som e heterogeneity betw een trials o f  different drugs; these  

trials w ere conducted over a 10 year time scale (publications dates range 1999-2009). 

D ifferences betw een trial design  and statistical analysis o f  the data exist. Statistical 

m ethods for handling m issing data differed over this time; recent certolizum ab trials 

used non-responder imputation for som e o f  the analyses w hereas earlier trials used  

last observation carried forward. There were also som e differences in the manner in 

which non-responders were handled betw een the earlier and latest trials.

The dem ographic o f  the patients also differs (Table 13). W hile this study does not 

include other clin ical outcom es, such as radiographic scores, it should be 

acknow ledged that higher radiographic scores at baseline m ay im pede the degree o f  

im provem ent that can be achieved in H AQ  scores. This is likely  to apply to the 

earlier studies where effective  treatment strategies were new ly  developed. In a m eta

regression the impact o f  different trial dem ographics including year o f  publication  

was exam ined and found not to be significant. There has also been som e discussion  

in the literature about the problem s o f  com paring trials o f  anti-TNF agents. i26'-286,287i
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Doses across treatments and treatment arms varied, which has not been accounted for 

in this analysis. The aim of this analysis was to compare the overall efficacy of one 

anti-TNF against another and therefore all doses were included in the analysis. 

Generalizing the model to include a meta-regression for dose would raise difficulties 

of comparability; doses across treatments are hard to compare as well as within one 

treatment when the same dose is given, but in different instances.

A MTC allows for the added effect of an additional medication, which in this case is 

MTX. The estimation of MTX efficacy could have been improved by including trials 

comparing MTX against placebo, however the inclusion criteria for the analysis 

meant that many of these study types were excluded. Comparing trials where patients 

were MTX naive would have led to confounding issues. Since the interest was in 

estimating relative efficacy o f anti-TNF agents only, the MTX parameter was treated 

as an explanatory variable, and not as an actual effect estimate.

5.4 Withdrawal Rates

Since the previous NICE assessment using the BRAM 2006, a considerable amount of
[ 94.*7 9 8 8  78Q Iregistry data has been published. i ■ ■ ■ - ' Also when assessing the newer anti-

TNF drugs in the NCPE, altering withdrawal rates had a considerable impact to the 

estimates of cost-effectiveness. A Bayesian survival analysis for the long term data 

was fitted in WinBUGs and a frequentist approach was used for the short term data. 

Observational data was not available for golimumab or certolizumab; therefore a pooled 

estimate is calculated from all drugs and this is used.

5.4.1 Meta-analysis of long term withdrawal and adverse effects

The length of time a patient remains on a biological agent can be one of the key drivers of 

the cost-effectiveness of the agents. Observational studies were chosen as they 

would be considered a truer estimate of clinical practice and these studies have a longer 

duration.
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5.4.1,1 Aims

■ To perform a literature review of long term observational studies on the use of 

anti-TNF agents.

■ To combine the data extracted, using evidence synthesis methods.

■ To estimate a long term withdrawal rate for each anti-TNF agent, leflunomide and 

an overall withdrawal rate for anti-TNF agents as a group.

■ To estimate short term withdrawal rates for each drug

5.4.1.2 Methods

A literature review was carried out, to identify observational studies on the use of anti- 

TNF agents. Studies included had to report recorded numbers of patients remaining on 

drugs at specific time points, data for individual drugs and data beyond 6 months. These 

were in the form of published registry data. Data was extracted in numeric form if given 

and otherwise was extracted from survival plots given in the published paper. The data 

was extracted at six weeks, three months and at three monthly intervals from Kaplan 

Meier plots up to five years. The number of patients remaining in the study at each time 

point was recorded. In the cases where treatments were broken down into groups such as 

etanercept, etanercept and MTX and etanercept and DMARDs, a weighted average was 

used.

The data was combined within a Bayesian framework and was done in WinBUGs 

(technical analysis carried out in collaboration with Susanne Schmitz, Trinity College 

Dublin (Appendix 10)). A Weibull curve was then fitted to the extracted data. The 

Weibull distribution has 2 parameters; shape or lambda (A.) and either scale (gamma) or 

rate (1/gamma). The WinBUGs outputs specify beta, mu and r. The BRAM uses shape 

and scale parameters. For the model these are the ‘a’ (shape) and ‘b ’ (scale) parameters. 

In order to parameterize these for the model; a=r and b=l/m u.

Data for short term withdrawal rates was also extracted (read from Kaplan M eier plots).

A meta-analysis using a frequentist framework was used to combine this data. The 

analysis was done in R® software. Both a random effects and fixed effect model were 

fitted and heterogeneity was assessed using the I  ̂statistic.
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There are a number of formal methods used for measuring statistical heterogeneity; 

Cochrane’s Q and the f  statistic. The Q statistic leads to a P  value and a P value of 0.10 

is used as a threshold for significance. The f  statistic leads to a percentage and describes 

the variability in effect estimates due to heterogeneity rather than to chance (sampling 

error). The Cochrane Handbook gives the following values to classify the inconsistency 

of the effect measures across studies: 0-40%: might be important, 30-60%: may represent 

moderate heterogeneity, 50-90%: may represent substantial heterogeneity, 75-100%: 

considerable heterogeneity.

The significance of the /  statistic depends on the magnitude and direction of the effects; 

if the f  is > 50%, all the studies are in the direction o f benefit, and the random effect 

meta-analysis gives highly significant benefit, then we are uncertain about the amount of 

benefit but not about its existence. In this case it is safe to assume that the treatment is 

beneficial. If the f  statistic is indicating substantial heterogeneity and wide confidence 

intervals there are three possible solutions: (a) avoid meta-analysis (b) explore 

heterogeneity further (via subgroup analysis) (c) perform a random effect meta

analysis.

For this analysis, where heterogeneity was present, the estimates from the random effect 

model were chosen. Confidence intervals (95%) are also given.

5.4,13 Results

The data extracted for the analysis is shown in table 19. Five studies were included from 

four different countries. The length of the studies ranged from 1 year to 8 years. Data 

was only available on the older anti-TNF agents (etanercept, infliximab and adalimumab) 

as the newer agents’ golimumab and certolizumab did not yet have long term data.

Summary of the demographic of the registries

The demographics of the registry data is given in table 18.
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Zink 2002 et al.

The analysis for this study included 924 patients who were on etanercept, infliximab or 

anakinra. The patients were included in the German registry between May 2001 and 

September 2003. The registry did include a control group (n=599). The control groups 

included patients who were on leflunomide alone (n=120) or leflunomide with MTX 

(n=141). Patients were aged 18-75 years and all met the ACR criteria for diagnosis of 

RA. Entry into the database required patients to be initiated on etanercept, infliximab or 

anakinra for the treatment group and a new DMARD treatment was begun after failure of 

at least one previous therapy for the control group. A number of outcomes were 

measured at baseline, and at each visit; the minimum dataset required was baseline 

characteristics, the start and end of DMARD or biological treatment, reasons for 

treatment termination and details on adverse events. Kaplan Meier plots are presented in 

the published paper as well as numbers of patients remaining on treatment at 6 months. 

Data from this registry indicates that patients remained on anti-TNF therapy longer than 

leflunomide. Continuation rates after 12 months were 81.3% for infliximab, 87.4% for 

etanercept, leflunomide 67.8% and leflunomide plus methotrexate 62.4%.

Kristensen et al. 2006^^^^^

This study, from a six year observational Swedish cohort (n=l,161) examined the impact 

of concomitant DMARD therapy on adherence to anti-TNF agents (infliximab and 

etanercept). Entry onto the registry database was determined by the clinical judgm ent of 

the treating physician. Patients were treated at eight hospital centres, between March 

1999 and December 2004. While no formal disease activity measurement was required, 

patients should have received at least two DMARDs one which was MTX. Only biologic 

naive patients were enrolled. Patients were followed up every 6 months and 2% of 

patients remained with unknown status on retrieval of data. Kaplan Meier plots were 

presented in the study. Numbers of patients remaining on treatment were not presented 

separately and therefore these were read exclusively from the graphs.

Du Pan et al. 2009'^^^^

This study reported on a Swiss longitudinal, population-based cohort (n=2,364) to 

compare drug retention rates and causes of discontinuation between anti-TNF agents.

The registry follows patients with a diagnosis of RA; it was estimated that the registry 

included 70-80% of all RA patients receiving biological agents in Switzerland. Data
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included in the publication was collected between January 1997 and December 2006. 

The study did not consider drug interruptions of less than 6 months a drug 

discontinuation. Data was presented in the form of Kaplan Meier plots for etanercept, 

infliximab and adalimumab up to 3 years.

Hetland et al.

The results of the DANBIO Danish registry were published in 2010. This was a 

nationwide study which collected data on rheumatology patients receiving routine care. 

The data used for the published study included patients who were biologic naive at 

baseline (n=2,326). Adalimumab, etanercept and infliximab were included and data was 

collected between October 2000 and December 2007. The study reported treatment 

responses, remission rates and drug adherence. Drug adherence was reported in Kaplan 

Meier plots and number of patients remaining on each drug was also recorded.

Geborek et al. 2002'̂ ^̂ ^̂

This study presented the clinical experience o f treatment with etanercept, infliximab and 

letlunomide over a 2 year period in a Swedish registry (n=404). Patients were treated at 

seven centers and were required to have an inadequate response to two or more 

DMARDs including MTX and a diagnosis of RA according to the treating doctor. 

Similar to the Kristensen study, no formal disease activity level was required for 

inclusion. Patients were included between March 1999 and November 2000. Kaplan 

Meier plots were presented and the data extracted was read exclusively from these.

Kievit et al. 200S‘^̂ ‘̂

The Dutch Rheumatoid arthritis Register (DREAM) was established to evaluate the 

effects of adalimumab, etanercept and infliximab on disease activity, functional ability, 

QOL and medication costs in a real life setting (n=916). Patients were reviewed every 

three months and the outcomes were DAS 28, HAQ, EQ-5D and SF-36. The data was 

collected for one year; survival curves are extended to three years and data was extracted 

up to three years from the Kaplan M eier plot.
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Table 19. Baseline demographic of registry populations

Study Drugs Control
Arm

Mean 
age in 
biologic 
group
(years)

Mean
Disease
duration
(years)

Number
of
Previous
DMARDs

DAS at 
baseline

Concomitant
MTX*

Zink Etanercept Yes 54 9 3.9 6.1 33%*
2005'^” ' Infliximab (LEF or 54 8.5 3.7 6.0 64%*

LEF +
MTX)

Kristensen Etanercept Not 55 13.8 3.9 5.7 41%*
2006'^**' Infliximab reported 58 13.6 3.8 5.6 69%*
Du Pan Etanercept No 54 10 n/a 4.23 55%
2oo9'289I Infliximab 53 10 4.27 74%

Adalimumab 55 10 4.14 61%
Hetland Etanercept Not 58 8 3 5.4 61%
2010'-"^' Infliximab reported 57 9 3 5.4 87%

Adalimumab 56 9 3 5.3 70%
Geborek Etanercept Yes 54 14.9 4.5 5.8 Not reported
2002'-"'" Infliximab (LEE) 55.4 14.1 4.0 5.6
Kievit Etanercept No 54.6 6 3 5.5 78%**
2008'-“**' Infliximab 57.8 7.7 3 5.2 85%**

Adalimumab 55.1 7.7 3 5.3 87%**
L E F  Leflunomide M T X  M ethotrexate D A S D isease A ctivity  Score

*Indicates percentage of the individual anti-TNF group (e.g. etanercept or infliximab) rather than 

a percentage of the group combined (etanercept + infliximab) ** Only the adalimumab includes 

specifically concomitant MTX, figures for etanercept and infliximab are concomitant DMARDs 

in general and not specifically MTX.

W eibull curves, illustrating the long term  discontinuation rates o f each anti-TN F agent 

are presented (Figure 27). Inflixim ab dem onstrates the shortest discontinuation rate and 

adalim um ab the longest, indicating that patients are m ore likely to rem ain on adalim um ab 

longer than if  they are on inflixim ab. The black line on the graph represents the average 

continuation rates o f the three anti-TN F agents. Each point on the line indicates the 

num ber o f patients rem aining on the drug at that tim e point. For all anti-TN F agents 

there are less patients rem aining on the drug at five years.
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Table 20. Data for meta-analysis of observational data for long term drug survival

Drug Study Months
N um ber o f  Patients rem aining on drug

Length of Study Study Type

Zink 2005

0 3 6 9 12 24 36 48 60

1 year Germ an Observational Registry

Etanercept 254 n/a 181 n/a 164 n/a n/a n/a n/a

Etanercept + MTX 167 n/a 137 n/a 120 n/a n/a n/a n/a

Etanercept + other DM ARD 90 n/a 76 n/a 67 n/a n/a n/a n/a

Total Etanercept 511 460 394 358 351 n/a n/a n/a n/a
Infliximab 36 n/a 24 23 16 n/a n/a n/a n/a

Infliximab + MTX 219 n/a 169 n/a 145 n/a n/a n/a n/a

Infliximab + other DM ARD 88 n/a 70 n/a 63 n/a n/a n/a n/a

Total Infliximab 343 292 263 233 224 n/a n/a n/a n/a
Etanercept + MTX

Kristensen 2006

179 175 172 161 159 152 141 134 122

6 year Swedish O bservational Registry

Etanercept + O ther DM ARDs 68 65 64 59 58 55 54 48 46

Etanercept 193 185 170 154 145 131 122 106 97

Infliximab + MTX 501 471 431 401 351 281 251 210 190

Infliximab + O ther DM ARDs 116 102 93 80 67 51 37 35 n/a

Infliximab 104 92 79 62 52 31 26 18 n/a

Adalimumab

Du Pan 2009

882 838 820 785 759 591 485 n/a n/a

3 year Swiss Observational RegistryInfliximab 595 565 536 518 476 357 274 n/a n/a

Etanercept 887 843 825 789 745 585 444 n/a n/a

Adalimumab
Hetland 2010

544 522 457 408 403 348 316 283 272
8 Years Danish Observational Registry

Etanercept 425 412 366 357 349 306 272 242 221

Infliximab

G eborek 2002

908 854 699 636 590 472 409 381 345

20 months Swedish O bservational RegistryEtanercept 166 161 156 146 141 n/a n/a n/a n/a

Infliximab 135 123 117 108 101 n/a n/a n/a n/a

Adalimumab

Kievit 2008

267 246 224 214 211 195 179 n/a n/a

3 years

D utch Observational Study

Etanercept 289 260 237 225 225 194 188 n/a n/a

Infliximab 151 121 112 107 104 94 94 n/a n/a
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Figure 27: Weibull curve for discontinuation rates of anti-TNF agents and 
leflunomide up to 5 years.
Each colour represents a different drug and each square represents a different study 
at individual time points (adalimumab (blue), infliximab (green), etanercept (red), 
leflunomide (turquoise) and mean anti-TNF (black)).
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5.4.2 Meta-Analysis of short term withdrawal rates

5.4.2.1 Aims

■ To extract short term discontinuation data from observational studies.

■ To identify the reasons for withdrawal

■ To combine data using classic meta-analytical techniques.

5.4.2.2 Methods

Data was extracted from Kaplan Meier plots or from tables if available in the 

published papers. The number of patients withdrawing from treatment due to toxicity 

was recorded up to six weeks and between 6 and 24 weeks. The number of patients 

withdrawing due to lack of response between 6 and 24 weeks only was recorded; up 

to six week data was not recorded for inefficacy as it was deemed unlikely that 

patients would withdrawn at such an early stage due to lack of response.

Data was combined using the R software package. The R function used for the 

analysis was ‘m etaprop’ which can calculate an overall proportion from studies 

reporting a single proportion. The syntax for the analysis is provided (Appendix 7). 

Forest plots were also produced in R. Both fixed and random effects models are 

fitted; both estimates are provided.

There was no registry data available for golimumab and certolizumab at the time of 

the analysis; therefore data is combined for an overall estimate of the anti-TNF agents 

and this estimate is used for certolizumab and golimumab in the model. Data is also 

combined for an overall estimate of all short term discontinuation (due to toxicity and 

lack of response) for each drug.
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S.4.2.3 Results

The extracted data is presented in Table 21. The results indicate that there are some 

differences between the drugs as regards short term withdrawal rates. Specific data 

on withdrawal was not presented in the DREAM study and therefore this was 

excluded. This is particularly the case for withdrawal due to toxicity from 6 weeks 

and 24 weeks. One of the studies (Zink 2005) consistently has higher probabilities of 

withdrawal from treatment in all three categories for drugs included in the study 

(infliximab and etanercept). It is not clear why this is the case. This is presented 

graphically on the forest plots (Figure 26-29).

Withdrawal from anti-TNF therapy up to six weeks

The number of patients withdrawing up to six weeks was assumed to be due to 

toxicity and was broadly similar for all drugs (Figure 28). The overall probability of 

withdrawing from anti-TNF agents (adalimumab, etanercept and infliximab) is 0.02. 

When the individual drugs are examined, the result is 0.02 for adalimumab, 0.03 for 

etanercept and 0.03 for infliximab (Figure 28-30). Significant heterogeneity was 

present for all analysis and therefore the random effects estimates are used.
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Table 21. Data for meta-analysis of observational data for short term drug discontinuation

Drug Study
Number withdrawing due 

to toxicity 
6 week

Number withdrawing due 
to toxicity 
6-24 weeks

Number 
withdrawing due 

to inefficacy 
6-24 weeks

Length of Study Study Type

Etanercept

Zink 2005

n/a 23 47

1 year
German

Observational
Registry

Etanercept + MTX n/a 18 18

Etanercept + other DM ARD n/a 7 7

Total Etanercept n/a 44 72

Infliximab n/a 6 8

Infliximab + MTX n/a 32 21

Infliximab + other DM ARD n/a 9 11

Total Infliximab n/a 47 40

Etanercept+ MTX

Kristensen 2006

2 4 5

6 year
Swedish

Observational
Registry

Etanercept + O ther DM ARDs 1 5 3

Etanercept 4 19 15

Inflixim ab+M TX 0 50 15

InfliximabH- O ther DM ARDs 5 19 3

Infliximab 4 23 8

Adalimumab
Du Pan 2009

4 44 9
3 year

Swiss
Observational

Registry
Infliximab 3 30 6

Etanercept 4 27 9

Adalim um ab

Hetland 2010

22 n/a 15

8 years
Danish

Observational
(Danbio)

Etanercept 21 n/a 19

Infliximab 54 n/a 29

Etanercept Geborek 2002 8 8 3 20 months Swedish
Observational

Registry
Infliximab 7 12 7



Study Events Total i proportion 95%-CI W(fixed) W(random)
Kristensen 2006 16 11610 0.01 [0.01:0.02] 18.9% 254%
Du Pan 2009 11 2364Q 0.00 [0.00:0.01] 38.4% 25.8%
Hetland 2010 97 2326 ^ 0.04 [0.03; 0 05] 37.8% 25.8%
Geborek 2002 15 301 »

I
0.05 [0.03; 0.08] 4,9% 23%

Fixed effect model
C

139 6152 1 0.02 [0.02; 0.02] 100% —

Random effects model 0.02 [0.01; 0.05] — 100%
r  I I I I I
0 0.2 04 0.6 0.8 1

Figure 28: Forest Plot of proportion of patients withdrawing from drug 
treatment at six weeks, due to toxicity, for all drugs.
(pooled data fo r  etanercept, infliximab and adalimumab). f  = 97%

Study
Du Pan 2009 
Hetland2010

Events Total ;
4 8821 

22 544\
proportion 95%-CI W(fixed) W(random)

0.00 [0.00; 0.01] 61.8% 50.5%
0.04 [0.03:0.06] 38.2% 49.5%

Fixed effect model 
Random effects model

26 U26 0.01  [0 .0 1 ; 0 .02] 100%

0.02 [0.00; 0.07] ~  100%

02 0.4 06 0.8 1

Figure 29: Forest Plot of proportion of patients withdrawing at six weeks due to 
toxicity for adalimumab.

95.8%

Study Events Total i proportion 95%-CI W(fixed) W(random)
Kristensen 2006 7 440 9 0.02 [0.01; 0 03] 22.9% 25.5%
Du Pan 2009 4 8870 0.00 [0 00:0.01] 46 2% 26,7%
Hetland 2010 21 425 p 0.05 [0.03; 0 07] 22.2% 25.4%
Getxjrek 2002 8 166 *( 0.05 [0.02; 0 09] 8.7% 22.4%

Fixed effect model 40
(

1918 i 0.02 [0.01; 0.02] 100% —

Random effects model 0.03 [0.01; 0.06] — 100%
r ------ 1------- 1------- 1------- 1------- 1
0 0.2 0.4 0.6 0.8 1

Figure 30; Forest Plot of proportion of patients withdrawing at six weeks due to 
toxicity for etanercept.
/  = 91.3%
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Study Events Total i proportion 957o-CI W(flxed) W(random)
Kristensen 2006 9 721B 0.01 [0.01; 0.02] 30.6% 26%
Du Pan 2009 3 595Q 0.01 [0.00; 0 01] 25.2% 25.8%
Hetland 2010 54 908 P 0.06 [0.04; 0.08] 38.5% 26.2%
Geborek 2002 7 135 • -  

1
0.05 [0.02; 0.10] 5.8% 21.9%

Fixed effect model 73
1

2359 1 0.03 [0.02; 0.03] 100% —

Random effects model 0.03 [0.01; O.OG] — 100%

0 0.2 0.4 0.6 0.8 1

Figure 31; Forest Plot of proportion of patients withdrawing at 6 weeks due to 
toxicity for infliximab.

=  94.4%

Withdrawal due to toxicity between 6 and 24 weeks

There are greater differences between the anti-TNF drugs in terms of withdrawals due 

to toxicity between 6 and 24 weeks. When data for each of the three anti-TNF agents 

(adalimumab, etanercept and infliximab) is pooled, the probability of withdrawal due 

to toxicity is 0.08 (random effects) (Figure 32). Etanercept shows the lowest 

probability (0.03) for withdrawal due to toxicity followed by adalimumab (0.05) and 

infliximab shows the highest probability of withdrawal (0.10) (Figure 33-35). Only 

one study informs the estimate for adalimumab (Du Pan).

Study Events Total proportion 95%-CI W(fixed) W(random)
Zink 2005 91 854 ;■ 0.11 [0.09:0.13] 18.3% 25.3%
Kristensen 2006 120 1161 ' B 0.10 [0.09; 0.12] 24.8% 25,6%
Du Pan 2009 101 2364 B 0.04 [0.03; 0.05] 50.5% 26.2%
Getx)rek 2002 20 301 0.07 [0.04; 0.10] 64% 23%

Fixed effect model 332 4660 \ 0.07 [0.06; 0.08] 100% —

Random effects model 0.08 [0.04; 0.12] — 100%

0 0.2 0.4 0.6 0.8 1

Figure 32.- Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to toxicity for all drugs.
(pooled data fo r  etanercept, adalimumab and infliximab), f  =  95.3%
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Stutfy Events Total ' proportion 95%-CI W(fixed) W(random)
Du Pan 2009 44 882 ^  0.05 [0.04;0.07| 100% 100%

I

Fixed effect model 44 882 |  0,05 [0.04; 0.07] 100%
Random effects model  ̂ 0.05 [0.04; 0.071 — 100%

r — I------1------1----- -̂----- 1

0 0.2 0.4 0.6 0.8 1

Figure 33.- Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to toxicity for adalimumab.
/  = N/A

study Events Total i proportion 95%-CI W(fixed) W(random)
Zink 2005 7 440 P 0.02 [0.01; 0.03] 22 9% 25 5%
Kristensen 2006 4 8 B 7 q 0.00 [0.00; 0.01] 46.2% 26 7%
Du Pan 2009 21 425 p 0.05 [0.03; 0 07] 22.2% 254%
Geborek 2002 8 166 0.05 [0.02; 0 09] 8.7% 22.4%

Fixed effect model 40
i

1918 i 0.02 [0.01; 0.02] 100% —
Random effects model 0.03 [0.01; 0.06] — 100%

r - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - 1- - - - - - - - - - - - - - 1- - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - 1

0 0.2 04 0.6 0.8 1

Figure 34.- Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to toxicity for etanercept.
/  = 85.8%

Study Events Total 1
1 proportion 95%-CI W(fixed) W(random)

Zink 2005 47 343 ;* 0.14 [0.10; 0.18] 19.1% 25.2%
Knstensen 2006 92 721 p 0.13 [0.10; 0.15] 40.2% 26.8%
Du Pan 2009 30 595 H: 0.05 [0.03; 0 07] 33.1% 265%
Get»rek 2002 12 135

1
0.09 [0.05; 0.15] 76% 21.5%

Fixed effect model 181 1794
1

0.10 [0.08; 0.11] 100% —

Random effects model 0.10 [0.06; 0.15] — 100%

0 0.2 0,4 0.6 0.8 1

Figure 35; Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to toxicity for infliximab.
f  = 90.4%
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Withdrawal from anti-TNF agents due to inefficacy between 6 and 24 weeks

W ithdrawal due to inefficacy is similar between the drugs. The pooled estimate of 

probability for anti-TNF’s (etanercept, infliximab and adalimumab) is 0.04 (random 

effects model) (Figure 36). The probability of withdrawal for inefficacy is lowest for 

adalimumab (0.02) and but higher for both etanercept and infliximab (0.05). As with 

the previous analyses for short term withdrawal, adalimumab is informed by the least 

number of trials.

Study Events Total proportion 95%-CI W(fixed) W(random)
Zink 2005 112 854 ■ 0.13 [0,11; 0.16] 12,2% 20%
Kristensen 2006 49 1161 0.04 [0 03; 0,06] 16,6% 20,2%
Du Pan 2009 24 2364P 0,01 [0,01; 0,02] 33,7% 20.4%
Hetland 2009 63 23261; 0.03 [0,02; 0,03] 33,2% 20.4%
Getx>rek 2002 10 301 1 0,03 [0 02; 0,06] 43% 18.9%

Fixed effect model 258 7006 1 0.03 [0.03; 0.04] 100% —

Random effects model <> 0.04 [0.01; 0.08] — 100%

0 0 2  0 4  0 6  0.8 1

Figure 36.- Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to inefficacy for all drugs.
(pooled data fo r  etanercept, adalim umab and infliximab), f  =  97.9%

Study
Du Par 2009 
Hetland 2010

Events Total
9 882 

15 544

I

\
proportion 95% -CI W(fixed) W(random)

0.01 [0.00:0.02] 61.8% 52%
0.03 [0.02; 0.05] 38.2% 48%

Fixed effect model 
Random effects model

24 1426 0.02  [0 .01 ; 0 .02] 

0.02 [0.01; 0.04]
100%

100%

0 0.2 0.4 0.6 0.8 1

Figure 37.- Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to inefficacy for adalimumab.
f  = 82.7%
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Study Events Total ( proportion 95%-CI W(fixed) W(random)
Zink 2005 72 511 < ■ 0.14 [0.11:0.17] 21% 20.3%
Kristensen 2006 23 440 ^ 0.05 [0.03; 0.08] 18.1% 20.1%
Du Pan 2009 9 8 8 7 0 0.01 [0.00; 0.02] 36.5% 20.5%
HeUand 2010 19 425 ■ 0.04 [0.03; 0.07] 17 5% 20,1%
Get»rek 2002 3 166 m

I
0.02 [0.00:0.05] 69% 18,9%

Fixed effect model 126
I

2429 1 0.04 [0.04; 0.05] 100% —

Random effects model , 1 I 0,05 [0.01; 0.10] ~ 100%

0 0.2 0.4 0.6 0.8 1

Figure 38: Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to inefficacy for etanercept.
/  = 96.3 %

Study Events Total i: proportion 95%-CI W(fixe<l) W(random)
zmk 2005 40 343 0,12 [0,08; 0,16] 15,5% 20 1%
Kristensen 2006 26 721 B 0,04 [0,02; 0,05] 32,5% 20.9%
Du Pan 2009 6 595Q 0,01 [0,00; 0 02] 26,8% 20.8%
Hetland 2010 29 425 ■ 0,07 [0,05:0 10] 19,2% 20.4%
Get»rek 2002 7 135 - i -i; 005 [0,02; 0 10] 6 1% 17.9%

Fixed effect model 108
i;

2219 i 0.04 [0.04; 0.05] 100% —

Random effects model <> 0.05 [0.02; 0.09] — 100%

0 0.2 04 0.6 0.8 1

Figure 39; Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks due to inefficacy for infliximab.

= 93.4 %

Total withdrawals between 6 and 24 weeks (any reason)

The BRAM handles the data as total withdrawals between 6 and 24 weeks for any 

reason and the proportion of these due to toxicity is also a data input. Therefore the 

withdrawals due to toxicity and inefficacy were combined (Figure 40). The results for 

the individual drugs are presented (Figure 41-44).
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study Events Total 1: proportion 95%-CI W(fixed) W(random)
Zink 2005 203 854 • 0.24 [0.21; 0.27] 12.2% 20%
Krlstensen 2006 170 1161 0.15 [0.13; 0.17] 16.6% 20.1%
Du Pan 2009 124 2364 D 0.05 [0.04; 0.06] 33.7% 20.2%
Hetland 2010 63 2326 B ; 0.03 [0.02; 0.03] 33.2% 20.2%
Getxsrek 2002 31 301 1; 0.10 [0.07; 0.14] 4.3% 19,5%

Fixed effect model 591 7006
1

0.07 [0.07; 0.08] 100% —

Random effects model o -
1 1 1 , , 0.10 [0.04; 0.19] — 100%

T r
0 0.2 0.4 0.6 0.8 1

Figure 40; Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks for any reason for all drugs.
(pooled data fo r  etanercept, adalimumab and infliximab). /  = 99%

I
)

study Events Total ‘ proportion 95%-CI W(flxed) W(random)
Du Pan 2009 53 882 H 0.06 [0.05; 0.08] 61.8% 51.4%
He«and2010 15 544 H

J
0.03 [0.02; 0.05] 38.2% 48.6%

Fixed effect model 68
1

1426 ^ 0.05 [0.04; 0.06] 100% —

Random effects model
I I 1 1 1

0.04
1

[0.02; 0.08] — 100%

0 0.2 0.4 0.6 0.8 1

Figure 41; Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks for any reason for adalimumab.

=  88.2 %

Study Events Total
1.

i: proportion 95%-CI W(flxed) W(random)
Zink 2005 116 511 0.23 [0.19:0.27] 21% 20.2%
Kristensen 2006 52 440 ;> 0.12 [0.09; 0.15] 18.1% 20.1%
Du Pan 2009 35 887 B |: 0.04 [0.03; 0.05] 36.5% 20.4%
Hetland2010 19 425 0.04 [0.03; 0.07] 17.5% 201%
Geborek 2002 12 166

i:
0.07 [0.04; 0.12] 6.9% 19.1%

Fixed effect model 234 2429
i:

0.09 [0.08; 0.10] 100% ------

Random effects model <b>I , 0.09 [0.04; 0.17] — 100%
I  I - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - 1

0 0.2 0.4 0.6 0.8 1

Figure 42; Forest Plot of proportion of patients withdrawing between 6 and 24 
weeks for any reason for etanercept.
f  = 97%
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Study Events Total 1

Zink 2005 87 343 !
Kristensen 2006 118 721 1a
Du Pan 2009 36 595 B,
Hetland 2010 29 908 B'
GeboreR 2002 19 135 -  

1
• —

Fixed effect model 289
1

2702 ^
Random effects model < >

r
0 02  04 Oi

proportion 95%-CI W(fixed) W(random)
0.25 [0.21; 0.30] 12.7% 20%
0.16 [0.14; 0.19] 26.7% 20.3%
0.06 [0.04; 0.08] 22% 20.3%
0.03 [0.02; 0.05] 33.6% 20.4%
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5.4.3 Discussion

In the real world use of anti-TNF agents, non-response (both primary non-response 

and secondary drug resistance) and drug related adverse events are common issues. 

1294. 295 ] Kj-Jsjensen et al. examined the possible predictors of premature treatment 

termination of these agents and found that patients on monotherapy and patients not 

receiving MTX were at increased risk of terminating therapy earlier.’̂ **'

There appears to be a difference between the drug retention rates of the anti-TNF 

agents. Patients on infliximab therapy appear to be at a higher risk of earlier 

treatment termination as compared with adalimumab or etanercept. A number of 

reasons have been proposed for this difference in retention rates. These include 

chimeric autoantibody formation and infusion related reactions. Adverse effects and 

non-response are the most common reasons for drug discontinuation. Du Pan 

specifically examined the differences between anti-TNF agents and found little 

difference between the treatments when non-response was the reason for 

discontinuation. However, when adverse effects were the reason given, 

differences were found between the agents. More patients on infliximab in the Du 

Pan study discontinued due to adverse events than etanercept and adalimumab (HR 

1.4, 99% Cl 1.003-1.96). Infusion related reactions associated with infliximab may
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be explained by the chimeric nature of the molecule or the presence o f human 

chimeric auto antibodies.

The reasons for early withdrawal were not the focus of this analysis but would be 

relevant to a cost-effectiveness study examining sequential therapy from anti-TNF 

agents. Primary non-responders may be more susceptible to poor response to follow 

on therapy than those withdrawing due to adverse effects. There is limited data 

on adalimumab withdrawal because of its later entry into the market and no data 

available on golimumab and certolizumab.

5.5 Conclusion

Evidence synthesis indicates that etanercept is the most effective drug for improving 

HAQ scores and certolizumab is the most effective drug at producing an ACR 

response. Long term discontinuation data indicates that patients remain on infliximab 

for the least amount of time and adalimumab the longest. The number of short term 

withdrawals is small overall but is greatest for infliximab.

Of particular interest in examining the effectiveness of these agents is whether the 

highly effective results seen in clinical trials are reproducible in clinical practice. A 

number of studies have examined this issue and have found that response rates are not 

as high in clinical practice. There are many reasons suggested for these

including eligibility criteria (in general RCT eligible patients have higher response 

rates than ineligible patients due to selection towards high disease activity) and the 

use of co-medication in RCTs. When using RCT trial data for modelling chronic 

disease, clinical efficacy data from RCT’s will be an ongoing source of uncertainty. 

The practice of combining observational data with RCT data in a Bayesian 

framework, where observational data is used as a prior is one solution to this. While 

such analyses have been done the methods are still being developed.
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Chapter 6.0 Modelling the cost-effectiveness of anti-TNF 

drugs in RA

The cost-effectiveness of the anti-TNF agents has been the subject of many HTAs, 

which inform decision making, usually from payers perspective. A review of these 

assessments indicates that these agents are cost-effective under certain thresholds, but 

not all. This chapter draws from the analysis presented in previous chapters 

(primarily chapters four and five) in order to perform an analysis of the cost- 

effectiveness of these agents for the treatment of RA patients in Ireland.

The assessment differs from previous work in so far as it includes all the anti-TNF 

agents currently reimbursed in Ireland. Previous assessments have been in the form 

of single technology appraisals, where company dossiers for golimumab and 

certolizumab have been critically reviewed. An independent economic evaluation 

multiple treatment assessment has not been performed to date in Ireland. This 

assessment examines the use of each anti-TNF agent followed by a sequence of 

DMARD therapy, once there is an inadequate response. The comparator arm is a 

stand alone DMARD (leflunomide) followed by a sequence of DMARDs, once there 

is an inadequate response.

6.1 Research question and objectives

Research Question:

Are each o f these anti-TNF agents cost-effective when used in RA, fo r  patients who 

have not adequately responded to MTX compared to an alternative DMARD 

treatment in the Irish setting ?

Objectives of the assessment:

■ To calculate the ICER of each anti-TNF agent in comparison to leflunomide.

■ To estimate the comparative effectiveness of these agents in the treatment of 

established RA in MTX non-responders.
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■ To calculate the gross health gain and resource use associated with the use of 

anti-TNF agents.

■ To present the relative cost-effectiveness of the anti-TNF agents on a cost- 

effectiveness plane.

■ To explore the uncertainty associated with the assumptions made for the 

model and how analysis from previous chapters has impacted on this.

Note: Sequential bio logical DM ARD therapy is not assessed in this work.

6.1 RA Model Overview

The Birmingham Rheumatoid Arthritis Model (BRAM) was chosen for this analysis 

as the model has now been used for three different assessments for NICE and has 

undergone considerable review since its original development. The

BRAM was initially developed for the cost-effectiveness evaluation of etanercept and 

anakinra in rheumatoid arthritis. The initial model (Birmingham Preliminary 

Model (BPM)) was built in TreeAge Data 3.5. The model was run over a patient’s 

lifetime in line with the chronic nature of RA. Patients first entered the model from 

the time of initiating DMARD therapy; DMARD therapy was not confined to one 

drug, rather a sequence of treatments, as would be the case in clinical practice. The 

model differed from Markov models in that it used tracker variables to alter the time 

spent on a particular drug, influenced by clinical course of their disease and medical 

history. The tracker variables also allowed events to occur at any time and not at a 

fixed cycle time as is the case in Markov models.

Anti-TNF therapy was included in the sequence of DMARD therapies and the patient 

can either have a sequence of including anti-TNF or not. This represents the two 

pathways compared; treatment with DMARD therapy, failure o f DMARD therapy and 

addition of anti-TNF or treatment with DMARD therapy, failure of DMARD therapy 

and switch to alternative DMARD therapy. The patient pathway is presented in 

Figure 44.
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Figure 44: Patient Pathway in the BPM

S SZ  Sulphasalazine, M T X  MTX, G S T  Gold, A ZA  Azathioprine, D  Pen Penicillam ine, H C Q  

H ydroxychloroquine, L E F  Leflunomide, CyA Cyclosporin, C om b Combination DM ARD, 

P A L L  P allia tive care

There were a number of limitations to the BPM broadly divided into structural and 

data limitations. The model assumed that the effect pattern on QOL by DMARDs 

was fixed and therefore possible effects of DMARDs on mortality were not accounted 

for. It did not account for influence of DMARDs on joint replacement, 

hospitalisation, or disease progression.

The Birmingham Rheumatoid Arthritis Model (BRAM)

The BRAM is an individual sampling model, which assesses the cost-effectiveness of 

adding a TNF-alpha inhibitor to a sequence of DMARDs when compared with the 

same sequence of DMARDs without a TNF-alpha inhibitor. In the model, the initial 

age and sex distributions, as well as the starting distribution of HAQ scores, were 

based on observational data from the Norfolk Arthritis Register, a primary-care-based 

cohort of patients with inflammatory polyarthritis. Change in HAQ score was 

modeled as a multiplier of the starting HAQ score and both were sampled from 

distributions rather than being constant. Utilities were estimated based on a mapping
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process whereby HAQ scores in the trial were mapped via an algorithm to EQ-5D 

scores in order to derive estimates of utility. The model included a proportion of 

people stopping treatment at 24 weeks due to toxicity and lack of efficacy. Joint 

replacement and associated costs were included in sensitivity analyses.

RA is a chronic disease characterized by periods of response to treatment followed by 

unpredictable loss of therapeutic effect and switches to alternative treatments. The 

model, therefore, compared sequences of treatments rather than single agents. The 

individual patient simulation model follows a structure described by Bansback, with 

individual patients’ outcomes sampled at 6-month intervals. For the analysis,

1000 patients were randomly simulated to experience several alternative sequences of 

therapies. Patients were entered into the model at a baseline degree of disability, 

represented by a score o f 1.5 on the HAQDI, which was the mean baseline score of 

patients in the adalimumab PREMIER trial. The PREMIER trial was the first 

head-to-head trial of MTX-naive patients with early RA (< 3 yrs). PREMIER 

evaluated a TNF antagonist plus MTX versus the TNF antagonist alone and versus 

MTX alone. As patients progress through sequenced therapy, the HAQ score was 

modelled to deteriorate over time, with periods of response to treatment bringing the 

benefit of a slower rate o f disease progression. At each initiation of a new therapy, 

patients who responded were modelled to also receive a one-time reduction in HAQ 

score, a benefit that was retained until loss of efficacy occurred.

6.1.1 The BRAM 2009

The BRAM 2009 has been updated to incorporate a non-linear function for the 

relationship between HAQ and utility and also further coding has been added to allow 

for probabilistic sensitivity analysis. The model simulates virtual patient histories and 

these are associated with differing costs and QALYs.

The BRAM has been used in a number of assessments for RA by NICE. The BRAM 

offers a number of advantages. It does not have defined cycles in which a patient 

must remain once a responder or non-responder. This alleviates the problem of a 

patient remaining in a cycle of non-response with associated accrual of cost and utility 

decrement. The use of a continuous measure such as the HAQ to assign disease
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change is more sensitive to changes than a categorical measure such as the ACR 

response. The incorporation of the HAQ as a multiplier, thereby ‘w eighting’ the 

disease response against their baseline disease activity incorporates the influence of 

this variable into the disease response estimate. As regards adapting the model, it is a 

relatively easy model to adapt. As mentioned the BRAM has been subjected to much 

review through the assessments commissioned by NICE; as a result improvements 

have been made through practical testing of the model.

The BRAM has also been subjected to criticism. This has mainly been in relation to 

the design and transparency of the model for those who are not familiar with it. The 

model is not intuitive and requires considerable explanation as to the workings. In 

this case I was fortunate to have been able to visit the models developer, Dr. Pelham 

Barton, for training on the BRAM.

6.2 Methods 

6.2.1 The Model

The model was used with the permission of Dr. Pelham Barton, University of 

Birmingham, who developed it. While the inputs for the model were derived from 

local Irish data, the basic structure was retained (Figure 45). The model assumes that 

patients entering will have a certain sequence of treatments. The patient initiates 

therapy, remains on it for a certain amount of time and then either dies or is a non

responder; in which case, they may then start on an alternative treatment. Patients 

enter the model following non-response to previous DMARD therapy. The final 

treatment sequence of the model is palliative care.
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entr>'
Start new treatment
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On
treatment

Death

Qiut treatment

Select next 
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events taking no time

acti\'ity taking a variable amount of tune

Figure 45: Structure of the BRAM 2009
(taken from  Fig. 95, pg .207  o f  the HTA report)

Model Adaptation:

The BRAM model code is written in Delphi programme language and is run by 

selecting parameter inputs from a series of comma separated value (CSV) files 

through a model interface. The interface of the model is used to select the number of 

iterations, size of patient cohort, number of options to be compared and alternative 

settings such as inclusion of offset costs or setting the model to disallow negative 

utility values. This version of the BRAM has been adapted to the Irish setting (Table 

23).
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Strategies used:

The current practice in Ireland is to use DMARD therapy first line and the preferred 

choice is MTX. If a patient stops responding to MTX or cannot tolerate it, the patient 

may be tried on an alternative DMARD treatment, or they may be started on a 

biologic agent such as an anti-TNF. The question of interest for this economic 

evaluation is whether anti-TNF agents (adalimumab, etanercept, certolizumab, 

golimumab, and infliximab) are cost-effective as compared to an alternative DMARD 

(leflunomide) following treatment failure with MTX. Leflunomide was chosen as a 

reasonable alternative following the failure of MTX. The population for the analysis 

includes patients who have had an inadequate response to conventional DMARD 

therapy (conventional DMARD therapy is considered to be MTX). The scope of this 

evaluation does not include sequential anti-TNF therapy. The patient enters the model 

following inadequate response to MTX. The patient then follows a sequence of 

treatments as described in Figure 46.

Table 22. Treatment sequences used in the model.

Strategy

Name

ADA ETN IFX GOL CZP LEF

l'*‘ i ADA + 

MTX

ETN + 

MTX

IFX + 

MTX

GOL + 

MTX

CZP-t-

MTX

LEF

2"‘*i LEF LEF LEF LEF LEF GST

S'-**! GST GST GST GST GST CyA

4“’i CyA CyA CyA CyA CyA AZA

AZA AZA AZA AZA AZA Pall

6th Pall Pall Pall Pall Pall

(ADA adalimumab, ETN  etanercept, IF X  infliximab, GOL golimumab, CZP certolizumab, 

LEF leflunomide, GST Gold (injectable), CyA ciclosporin, AZA azathioprine, Pall palliative  

care)

The sequence follows that used for the NICE assessment using BRAM 2009.'^°^' The 

sequences were maintained the same for all anti-TNF treatments and therefore the 

efficacy of the agents beyond the anti-TNF treatment should be the same. It was 

difficult to establish a defined sequence of treatments which would be used in the
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Irish setting as many rheumatologists will switch between anti-TNF treatments. 

Therefore a pragmatic decision was made to use the same non-biological DMARDs 

for all sequences. Sulphasalazine is excluded as it was established as the most 

commonly used 1*' or 2"̂ * line DMARD in RA and therefore patients would already 

have failed on sulphasalazine prior to starting on anti-TNF therapy. MTX is used in 

combination with anti-TNF only and is not used in DMARD cycles following failure 

of anti-TNF therapy or in the comparator cycle which starts with leflunomide. 

Leflunomide was not considered before anti-TNF therapy for this thesis as the current 

practice would be to choose an anti-TNF agent following the failure of MTX. In 

order to assign a comparator for these sequences leflunomide was chosen as the next 

most effective non-biological treatment after methotrexate. It has not been possible to 

adapt the model to include leflunomide before anti-TNF treatment. This would have 

required additional coding which would need to be carried out by the models 

developer, Dr. Barton.
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Table 23. Comparison of BRAM 2006, 2009 and Irish adaptation

Parameters BRAM 2006 BRAM 2009 BRAM 2009 for Irish Setting

C om parator DM ARD sequence
DM ARDs sequence (initiating with 

letlunom ide) and each other

DM ARD sequence (initiating with letlunom ide) 

and each other

Utility M apped HAQ to EQ-5D utility (UK cohort) M apped HAQ to EQ-5D utility (UK cohort)
M apped HAQ to EQ-5D, SF-6D and a revised EQ- 

5D (Irish cohort)

M odel for M apping Linear Linear incorporating quadratic term Linear (sensitivity analysis with quadratic)

U tility M easure EQ-5D EQ-5D EQ-5D (original and revised scoring) and SF-6D

HAQ change on 

initiation of 

biologic

Data from  individual RCTs -  HAQ 

im provem ent modelled as a m ultiplier o f the 

baseline HAQ.

DM ARD data from  observational studies.

Data from observational studies -  HAQ 

improvement modelled as for 2006. DM ARD 

efficacy data from 2006 model used but halved 

due to differing patient cohort

M TC o f HAQ im provem ent data from  R C T’s with 

inclusion of baseline HAQ in the M TC model. 

Estim ate for letlunom ide from  Kremer 2002; other 

DM ARD used as for BRAM 2009

HAQ change on 

treatment

0.03 on biologic treatm ents (as for general 

population)

0.045/year on conventional DM ARDs 

0.06/yr on PC

0 on biologic treatments 

0.045/year on conventional DM ARD 

0.06/year on PC

0 on biologic treatm ents 

0.045/year on conventional DM ARD 

0.06/year on PC

Long term 

discontinuation

Data from  observational cohort (either 

Geborek 2002 or the GPRD database)

Data for anti-TNF from BSRBR NICE 

submission (observational UK cohort)

M TA of W eibull estim ates from  observational data 

from 5 observational cohorts (Sweden, Germany, 

Denmark, Switzerland)

Short term 

discontinuation

Observational data (Geborek 2002) used for 

etanercept and infliximab; adalim um ab 

assumed same as infliximab. Observational 

data used for DM ARD estim ates

Observational data (combined 2 studies for 

etanercept only 

Observational data u.sed for DM ARD estim ates

MTA of registry data for each anti-TN F agent



Anti-TNF
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(DMARD)
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Leflunomide
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and MTX and 

start leflunomide
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start gold

Patient stops 
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gold

Stop gold and 
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Patient stops 
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Patient stops 
responding

Stop
azathioprine

Palliative
Care

Figure 46: Treatment Sequence for patients
For the anti-TNF strategies, a patient starts on anti-TNF MTX ( V  cycle); and 
fo llow ing fa ilu re  o f F ' cycle patient moves onto leflunomide cycle) and so on.

171



6,2.2 Outcomes

The model uses HAQ scores as an indicator of disease activity. Patients with more 

severe RA will have higher HAQ scores, and response to treatment can be assessed by 

a decrease in this score. The scale for HAQ is 0 to 3, 0 meaning no disability and 3, 

most disability. The score moves up and down in blocks of 0.125. When a patient in 

the model starts treatment and responds, the HAQ score can improve and then remain 

stable or it can decline slowly over time; for anti-TNF therapy the former is assumed, 

and for DMARDs the latter. When a patient stops responding to therapy the HAQ 

score will drop back to the original starting HAQ score (prior to starting therapy). 

Figure 47 illustrates the trajectory of HAQ for a patient.

Exam ple of patient c h a n g e  in HAQ over time

0.5

2,5 GSTBIOLOGIC LEF

T im e

Figure 47: Trajectory of HAQ change while on treatment.
Initial improvement on a biological agent (AB) is lost on quitting the treatment (CD). 

A smaller improvement (DE) on starting LEF is similarly lost on quitting (FG) and 

followed by a gain (GH) on starting GST. In this case the patient dies o f other causes 

(J) while still responding to GST. There is a gradual deterioration in HAQ from  E to 

F and from H to J, but not from B to C in the reference case analysis. In some cases, 

the time spent on a conventional DMARD is not long enough fo r any deterioration in 

HAQ to occur.

(Source: N ational Institute fo r  C lin ical E.xcellence. A dalim um ab, etanercept, infliximab, ritu.ximab and  

ab a ta cep t fo r  the treatm ent o f  rheum atoid arthritis after the fa ilu re  o f  a TNF inhibitor. N ICE  

techn ology a p p ra isa l guidance 195. 2010)
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6.2.3 Data Inputs

6.2.3.1 Utility Estimates

Disease changes are driven by changes to patients’ HAQ scores, and therefore it is the 

HAQDI and utiHty mapping coefficients that were used as inputs (See chapter 4). The 

utihty estimates were calculated using a mapping coefficient from HAQ to utility.

The model incorporated a linear equation to model the utility change as mapped from 

the HAQ. The 2009 BRAM used a quadratic equation to describe the relationship 

between utility and HAQ. In the Irish case, there was no significant statistical 

difference between the quadratic model and the linear model in this analysis (chapter 

4). The quadratic model was used in the sensitivity analysis and the coefficient 

estimates are presented (Table 24).

The mapping coefficients were derived from a cohort (n=345) in which EQ-5D, SF- 

6D and HAQ were recorded as part of clinical monitoring of disease response to 

t r e a t m e n t s . ' T h e  cohort has been described in detail in chapter 4. Three different 

utility measures were used against HAQ (EQ-5D preference based estimates, a 

revised EQ-5D scoring method and SF-6D e s t i m a t e s ) . T h e  mapping coefficients 

for the Irish biologic cohort are shown in Table 24.

Table 24. Linear Regression models between HAQ and Utility in RA

Mean 95% Cl P-value Std. Error R̂

EQ-5D Linear

Coefficient 0.792 (0.736, 0.848) <0.001 0.028

HAQ Constant -0.236 (-0.277,-0.196) <0.001 0.020 0.270

SF-6D Linear

Coefficient 0.669 (0.652,0.686) <0.001 0.009

HAQ Constant -0.084 (-0.097, -0.072) <0.001 0.006 0.395

Revised EQ-5D Linear*

Coefficient 0.822 (0.783,0.861) <0.001 0.020

HAQ Constant -0.168 (-0.196, -0.140) <0.001 0.014 0.280

* Basecase

This mapping study is based on a cohort o f 345 patients with RA. Data was collected in a biologic 

clinic fo r  all patients prior to starting a biologic and at follow-up. Patients had high disease activity- 

mean DAS28 score o f  5.39 at baseline, mean HAQ 1.3.
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6.2.3.2 Initiating patient data

The demographics of the Irish rheumatology cohort (used for describing the initial 

patient cohort) were similar to those used for the UK model, and therefore they were 

deemed appropriate to use (Table 25). The initial patient cohort describes 

patients as they enter the model i.e. immediately prior to starting anti-TNF therapy. A 

distribution of initiating HAQ scores was obtained from the Irish cohort and this was 

used in the model (Table 26).

Table 25. Initial age and gender distribution

Age
(yrs)

15-24 25-34 35-44 45-54 55-64 65-74 75-84 Total
%

Male 1% 2% 3% 5% 9% 7% 0% 27

Female 3% 3% 9 % 19% 24% 12% 3% 73

Total 4% 5% 12% 24% 33% 19% 3% 100%

Table 26. HAQ distribution of starting HAQ scores

HAQ 0 0.125 0.250 0.375 0.5 0.625 0.75 0.875 1.0

% - 2.4 3.5 3.8 4.7 6.8 6.8 2.6 5.6

HAQ 1.125 1.250 1.375 1.5 1.625 1.75 1.875 2.0 2.125

% 5.6 5.6 8.2 6.1 4.9 6.6 4.7 3.5 4.0

HAQ 2.25 2.375 2.5 2.625 2.75 2.875 3.0

% 2.4 0.5 1.9 0.7 n/a 0.2 0.2

6.2.3.3 HAQ Multiplier

The response to each treatment is incorporated via the use of a HAQ multiplier.

To account for this the HAQ improvement outcome is modelled as a multiplier (m) to 

the baseline HAQ score on study arm level. If, for example, this multiplier is 

estimated to be m=0.23, the estimated improvement in HAQ score for a patient with 

an initial HAQ score of 2 is therefore calculated as follows:

HAQ improvement = m x Baseline HAQ = 0.23*2 -  0.46
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This method of estimating the HAQ multiplier represents the percentage improvement 

from baseline disease severity. A full description on the calculation of the HAQ 

m ultiplier using mixed treatment comparison methods, and subsequent results is given 

in chapter 5. For the purposes of PSA the beta distribution is fitted to the intervals 

obtained from this analysis (Table 27). The estimate used to calculate the HAQ 

multiplier for leflunomide was from one published paper. Due to limited data being 

available for leflunomide in patients who have failed methotrexate or in anti-TNF 

RCTs, it was only possible to use this estimate. Using a single estimate which has 

not been incorporated into the MTC is treating it as an estimate from unadjusted meta

analysis (randomisation has not been maintained). This in turn could either under or 

overestimate the effect of leflunomide. For this reason the HAQ multiplier has been 

varied to a mean estimate of 0.25 for leflunomide to reflect the uncertainty around this 

parameter. W hile the efficacy evidence from the registry did not indicate that anti- 

TNF agents were significantly more effective than leflunomide, it was pragmatic to 

explore some reduction in benefit.

Table 27. Beta distributions for HAQ multipliers (point estimates)

Treatment a P Mean Source

Adalimumab 57.81 225.46 0.20 MTC Random Effects

Infliximab 5.69 49.66 0.10 MTC Random Effects

Etanercept 24.91 55.15 0.31 MTC Random Effects

Golimumab 14.75 50.62 0.23 MTC Random Effects

Certolizumab 50.66 148.98 0.25 MTC Random Effects

Leflunomide 25.05 58.46 0.3 Kremer 2002

*calculated from 95% Cl from published paper

Gold

(Injectable)

0.225 0.925 0.20

Taken from NICE report 2009 -  effectiveness 

halved from values used in 2006 report

Cyclosporin 0.065 0.325 0.17

Azathioprine 0.10 0.9 0.10

For probabilistic sensitivity analysis, the values a and b are drawn from  normal distributions with 

standard deviation 0 .1 times the point estimate.
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6.2.2)A  Continuation times on treatments

Short term (early quitting)

Short term quitting is defined as stopping treatment before 24 weeks. This may be 

due to either toxicity or inefficacy. Patients may fall into one of four categories 

defined as; stopping before 6 weeks due to toxicity; stopping 6-24 weeks due to 

inefficacy; stopping between 6-24 weeks for toxicity; or remaining on therapy. The 

proportion of patients in each category is derived from a meta-analysis of the 

registries up to 24 weeks (see chapter 5) and is presented (Table 27).

Table 28. Probability of short term withdrawal for anti-TNF agents

Treatment

Withdrawal 
< 6 weeks 
(Toxicity)

(95% Cl)

Total 
withdrawals 
between 6 

and 24 weeks

(95% Cl)

Withdrawal 
6-24 weeks 
(Toxicity)

(95% Cl)

Withdrawal 
6-24 weeks 
(Inefficacy)

(95% Cl)

Source

Adalimumab
0.0187

(0.0000;
0.0701)

0.0435

(0.0175;
0.0806)

0.0499

(0.0365;
0.0664)

0.0182

(0.0051;
0.0393)

Meta-analysis 
(random 

effects) of 
observational 

studies*

Infliximab
0.0275

(0.0059;
0.0642)

0.1188

(0.0493;
0.2131)

0.0994

(0.0572;
0.1516)

0.0515

(0.0210;
0.0945)

Etanercept
0.0257

(0.0064;
0.0571)

0.0924

(0.0361;
0.1712)

0.0564

(0.0314;
0.0882)

0.0464

(0.0122;
0.1011)

Golimumab 0.0236
(0.0060,
0.0522)

0.1022
(0.0414;
0.1859)

0.0781
(0.0439;
0.1211)

0.0420
(0.0148;
0.0823)

Pooled
estimate for all 
drugs

Certolizumab 0.0236
(0.0060,
0.0522)

0.1022
(0.0414;
0.1859)

0.0781
(0.0439;
0.1211)

0.0420
(0.0148;
0.0823)

Pooled
estimate for all 
drugs

*See chapter 5 for methodology and results
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Table 29. Beta distributions for short term withdrawal

Withdrawal 
at 6 weeks

Adalimumab Infliximab Etanercept Golimumab Certolizumab

Mean 0.0187 0.0275 0.0257 0.0236 0.0236

SD 0.018 0.015 0.013 0.012 0.012

Beta 361.07 107.57 146.86 160.27 160.27

Alpha 83.05 3.04 3.87 3.87 3.87

Withdrawal 6-24 weeks fo r  all reasons

Mean 0.0435 0.1188 0.0924 0.1022 0.1022

SD 0.016 0.040 0.034 0.036 0.036

Beta 143.68 53.72 65.54 59.20 59.20

Alpha 6.53 7.24 6.67 6.74 6.74

Withdrawal 6-24 weeks due to toxicity

Mean 0.0499 0.0994 0.0564 0.0781 0.0781

SD 0.01 0.024 0.014 0.019 0.019

Beta 653.99 147.68 272.71 192.41 192.41

Alpha 34.34 16.30 16.30 16.30 16.30
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Long term Withdrawal

The length of time on treatments was gathered from observational studies. A full 

description of the methods and results of this analysis are also given in Chapter 5.

Table 30. Long term continuation on treatment (yrs)

Treatment a b Overall Mean
(.yrs) Source

Etanercept 0.83 4.71 5.20 MTA of observational studies

Infliximab 0.76 3.05 3.59 MTA of observational studies

Adalimumab 0.84 5.23 5.73 MTA of observational studies

Golimumab 0.79 3.97 4.54 Overall estimate used

Certolizumab 0.79 3.97 4.54 Overall estimate used

Overall

anti-TNF

0.79 3.97 4.54 MTA of observational studies

MTX 0.51 15.73 30.35
GPRD database (NICE 2006 
appraisal)'^^'

Leflunomide 1 5.98 5.98
GPRD database (NICE 2009 
appraisal)'^'^'

Gold
(injectable) 0.48 1.81 3.91

GPRD database (NICE 2009 
appraisal)'^'^'

Azathioprine 0.39 4.35 15.53
GPRD database (NICE 2009 
appraisal)'^'^'

Normal distributions used fo r  shape parameter a; lognormal fo r  scale parameter b. I f  

a< 1 the hazard decreases with time and if  a > I the hazard increases with time. The 

MTA is described in chapter 5.
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6.2.3.S Costs

Costs are attached to each drug treatment and include drug acquisition costs and 

associated costs with the drug. The associated costs include screening and monitoring 

of treatment. The costs are initially higher for each of the drugs because of the 

additional screening that is undertaken prior to starting anti-TNF therapy and also for 

some drugs there are loading doses (Appendix 8). Therefore the costs are divided into 

two sections; start-up costs and on-going costs. This is calculated by estimating the 

costs in the first year and the second year separately and using the difference as the 

start-up cost.

The drugs included in the analysis are reimbursed under different reimbursement 

schemes and therefore the methods used to cost them are provided separately.

6.2.3.6 Treatment costs

6.2.3.7 Drug Costs

Doses

Where a range of doses is available the average dose is used for DMARDs; or in the 

case of MTX, the dose most commonly used in practice (based on a recent audit of 

MTX prescriptions from community pharmacies). If the dose of the drug is weight 

based, the dose for a 70 kilogram patient is used. Loading doses only apply to the 

anti-TNF agents and these are costed within the start up costs.

HTDS

Drugs reimbursed under this scheme included adalimumab, certolizumab, etanercept, 

golimumab and ciclosporin. Drug costs are calculated using the reimbursement price 

from the payer to the wholesaler. This price includes the ex-wholesale price (i.e. price 

to the wholesaler plus wholesale margin (10%) and a set patient care fee of €62.03 per 

patient per month (12 fees are included per year). Value added tax (VAT) is not 

included in the cost utility analysis. Dose escalations are not included in the model.
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Reimbursement for certolizumab was granted in 2010 and the conditions of this 

reimbursement included a patient access scheme (PAS). The details and conditions of 

this scheme are not publicly available, and therefore the PAS has not been included in 

the basecase analysis. However a scenario is included in the results, which describes 

a PAS where the first three months (10 injections) of the drug are free to the payer.

GMS and DPS

Drugs reimbursed under these schemes include MTX (tablets and injection), 

azathioprine, leflunomide, prednisolone, and diclofenac. If generic brands are also 

available for a drug, then the average price of branded and generic is taken as the 

price for the model. These drugs include a dispensing fee which is paid to the 

pharmacist. The dispensing fee changed in 2009 to a sliding scale of fees which is not 

possible to apply as it based on number of items dispensed in individual pharmacies. 

For this reason a fee of €4.50 per item is added to the cost of the drug (average 

dispensing fee paid between September and December 2009).

There are differences between the GMS and DPS, in fees paid by the payer; the 

pharmacy reimbursement price for the GMS is determined from the pharmacy 

purchase price + dispensing fee and for the DPS the pharmacy reimbursement price 

comprises the pharmacy purchase price + 20% mark-up + dispensing fee.

6.2.3.S Other Treatment Costs

Palliative care is calculated based on treatment with an anti-inflammatory (diclofenac 

75mg twice daily), a corticosteroid (prednisolone 5mg once daily), and 7 days 

inpatient stay per year. There is only one inpatient rheumatology rehabilitation unit in 

the country, and this is the Bone and Joint Unit at Our Lady’s Hospice, Dublin. A 

weekly cost for Our Lady’s Hospice, is available under the Public Nursing Home 

costs available from the HSE. A one week rehabilitation stay was agreed in 

consultation with consultant rheumatologists (St. V incent’s University Hospital).
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6.2.3.9 Screening and monitoring costs

All patients must be screened before either a conventional DMARD or a biological 

DMARD can be initiated. A number of countries have guidelines for screening and 

monitoring of DMARD therapy (both non-biological and biological). The Irish 

Society for Rheumatology produced guidelines in 2006. Screening measures 

before initiating biological therapies are outlined in Table 30.

Table 31. Screening and monitoring for anti-TNF therapy

Unit
Cost
per
test

Year 1 Year 2

Test Pre
initiation 

(Screening) 
(No of 
tests)

Frequency 
first year

Total
Cost
for
first
year

Frequency
for

subsequent
years

Cost for 
subsequent 

years

Source

FBC 9.26 1 3 37.04 2 18.52

ESR 8.32 1 3 33.28 2 16.64

U&E 7.85 1 3 31.40 2 15.70
LFT 12.20 1 3 48.80 2 24.40
CRP 12.74 1 3 50.96 2 25.48 Dublin

Urinalysis 0.51 1 3 2.04 2 1.02 teaching

Hepatitis B 
screen 26.00 1 0 26.00 0 0

hospital
(SVUH)

2011Tuberculosis
screen

22.21 1 0 22.21 0 0

Chest x-ray* 112.40 1 0 112.40 0 0
X-ray * 

(limbs, hip 
&shoulder)

146.12 1 0 146.12 0 0

GP visit 25.10 0 4 100.40 4 100.40
M adden

Report''°^'

Outpatient
visit

168.60 1 3 674.40 2 337.20
Ready

Reckoner
2009**

Education
(CNS) 36.33 1 0 36.33 0 0

1
hour
CNS
***

*Cost includes cost o f  reporting. * *  average co s t p e r  case  o f  ou tpa tien t a ttendan ce  * * *  M id-poin t 

o f  C N S (c lin ica l nurse spec ia lis t) (D oH & C  2008) including 70/30 p a y  non p a y  rule an d  budget 

2010  dedu ctions fo r  pu b lic  sec to r p a y  (37 .5  hours p e r  week) F B C  Full B lood  Count, E SR  

E rythrocyte Sedim entation Rate C R P  C  reactive  protein , U & E  U rea an d  E lectro lytes L F T s L iver  

Function Tests
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Table 32. Drug Costs (initial 12 months base case)

Drugs Costs
Mode of 
Administra 

lion

Unit 
cost (€)

Number 
of doses 

per 
year

Annual
Costs (€)

Pharmacy 
Fee (€)

Total cost 
Monotherapy

(€)

Anti-
TNF+
MTX

(€)

Adalimumab
Subcutaneous

injection
562.59 26 14627.34 62.03 15371.7 15482.39

Etanercept
Subcutaneous

injection 257.93 52 13412.23 62.03 14156.59 14267.28

Golimum ab
Subcutaneous

injection
1105.5 12 13266 62.03 14010.36 14121.05

Certolizum ab
Subcutaneous

injection
515.9 29 14961.1 62.03 15705.46 15816.15

Infliximab 
3mg/kg (3 

vials)
Infusion 2071.29 9 18641.61 0 22568.86 22679.55

Leflunomide
10-20mg
tablets

Oral 2.26 365 823.56 4.3 875.16 -

Azathioprine 
50mg 

(150mg 
dose)

Oral 0.876 365 319.74 4.3 371.34 -

MTX tablets 
2.5mg 

(Lederle) 
15mg

Oral 0.82 52 59.09 4.3 110.69 -

Gold IM 
injection 

(M yocrisin)
Oral 4.61 52 239.51 4.3 291.11 -

Cyclosporin 
200mg 

(Neoral®) 
(based on 

3 mg/kg dose 
for 60-70kg)

Oral 5.99 365 2184.89 4.3 2236.49 -
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Table 33. Drug Costs (Subsequent 12 months base case)

Drug and 
Dose Form Unit 

cost (€)

No.
doses
per
year

Annual
Costs

(€)

Pharmacy
Fee (€)

Total
Costs

(€)

Anti-
TNF+
MTX

(€)

Source/

Brand

Adalimumab
40mg PFS 562.59

26 14627.34 62.03 15371.70
15482.39

PCRS
April
2011

Etanercept
50mg PFS 275.89

52
14346.28

62.03 15090.64
14267.28

PCRS
April
2011

Golimumab
50mg PFS 1,182.48

12
14189.76

62.03 14934.12
14121.05

PCRS
April
2011

Certolizumab
200mg PFS 515.90

26
13413.40

62.03
14157.76

14268.45
PCRS
April
2011

Infliximab 
3mg/kg 
(3 vials) Vial 690.43

6.5
13463.39 0 13463.39

13463.40
MIMS
2011

Leflunomide
10-20mg
tablets Tab 2.26

365 823.56 4.30 875.16 -
PCRS
May
2011

Azathioprine 
50mg 

(150mg 
dose)

Tab
0.88

365 319.74 4.30 371.34 -
PCRS 
May 
2011

MTX tablets 
15mg Tab

0.82
52

42.68
4.30

94.28 -

PCRS 
May 
2011 

Lederle
Gold IM 
injection 

(Myocrisin) Vial 4.61 52 239.51
4.30

291.11 -
PCRS
May
2011

Cyclosporin 
200mg 

(Neoral®) 
(based on 

3 mg/kg dose 
for 60-70kg)

Oral 5.99 365 2184.89 4.3 2236.49 -
PCRS
May
2011
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Table 34. Start-up and annual costs associated with treatment

Treatment Start-up (€) Annual Use (€) Source

Adalimumab 573.79 15956.15 PCRS 2011

Infliximab
11715.61 15938.73 MIMS 2010

Etanercept
573.79 15675.09 PCRS 2011

Golimumab
573.79 15518.57 PCRS 2011

Certolizumab
2121.49 15938.73 PCRS 2011

MTX
573.79 94.28 PCRS 2011

Leflunomide
573.79 875.16 PCRS 2011

Gold 573.79 291.11 MIMS 2009

Cyclopsorin 573.79 2820.94 PCRS 2011

Azathioprine 573.79 371.34 PCRS 20! 1

Palliative Care 0
2887.3

Nursing home 
costs + drug Tx 

costs

6.2.4 Sensitivity Analysis

Two forms of sensitivity analysis were carried out; one way sensitivity analysis and 

probabilistic sensitivity analysis. Scenarios varied were; length of time on anti-TNF 

therapy (use the same time for all agents), HAQ change while on anti-TNF therapy 

and when stopping therapy, mapping function from HAQ to utility using a quadratic 

term, mapping to the SF-6D and the EQ-5D original scoring method. The cost 

parameters varied were; inclusion of offset costs and inclusion of hospital discounts 

for hospital administered drugs.
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6.2.4.1 Probabilistic Sensitivity Analysis

The PSA involved running the model for 1000 parameter sets for 5000 patients. For 

each simulation, the model selected a value for each parameter from its probability 

distribution. Standard deviations or standard errors are used as inputs to the model for 

the uncertainty associated with the point estimate. The model uses beta, normal and 

log-normal distributions. The choice of the appropriate distribution depended on the 

properties of the parameters. Beta distributions were calculated for Weibull 

distribution and short term discontinuations due to the binomial nature of the data. 

Lognormal was chosen for skewed distributions; the parameters of the beta 

distribution. The distribution on costs was fixed. Parameters were not correlated in 

the model.

6.2.4.2 One Way Sensitivity Analysis (OWSA)

The OWSA involves fixing all results other than the parameter being tested in the 

sensitivity analysis. The analysis here changed the parameters individually (Table 40) 

and the deterministic model results were recorded. The deterministic model uses only 

the point estimates of the inputs.

6.2.5 D iscounting

Both costs and utilities are discounted at an annual rate of 4% for all patients in the 

model. This discount rate is based on an estimate of the Social Rate of Time 

Preference in Ireland and is recommended in the Economic Evaluation of Health 

Technologies in Ireland Guidelines.''^' Discounting varies from country to country 

and from time to time depending on the economic status of the country; therefore this 

rate is varied in the sensitivity analysis to a rate of 0% and 6% for both costs and 

outcomes.
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6.3 Results

Results are presented for the basecase model (Table 35 and Table 36). Both the 

deterministic and mean of the PSA are presented. The BRAM uses a cohort of 5000 

patients for the deterministic and probabilistic models. However there is considerable 

variation in the results produced by the deterministic model at this sample size. In 

order to reduce this variation, the cohort size was increased to one million patients to 

give a confidence interval width for the ICER of approximately €3,000. For the 

probabilistic model the cohort was maintained at 5000 as the uncertainty associated 

with the patient cohort is less than that associated with the parameters. In order to 

establish congruency for the PSA results, five PSAs were compared by calculating a 

standard deviation between the mean results of the each of the PSAs. As the BRAM 

uses random numbers to select a parameter set, a fixed seed setting is included in the 

interface to ensure consistency in the results from the PSA. For the comparison 

between PSAs this fixed seed was varied for each of the five PSAs. This comparison 

is shown in Appendix 9.

Results were obtained for each strategy set described. An ICER is calculated for each 

drug against leflunomide. The lifetime discounted costs and QALYs for each drug 

from the deterministic model are presented (Table 374); Table 36 shows the mean 

costs and QALYs for each drug calculated from the mean of the PSA model; the mean 

difference in costs and QALYs between the anti-TNF agents and DMARDs are 

shown in table 36.

All anti-TNF agents were associated with QALY gains when compared to the 

alternative DMARD, leflunomide. The DMARD option incurs the least cost and the 

least benefit. Adalimumab incurs the most incremental costs of the anti-TNF agents, 

followed by etanercept. Infliximab accrues the least number of QALYs of the five 

anti-TNF agents. The credible intervals for the mean QALY are wide, representing 

uncertainty in the quantity of benefit of these agents.
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Table 35. Basecase Deterministic Results (1 million patients)

Comparison Diff Cost (€) Diff Utility

ICER

(95% Credible 
Interval)

ETN - DMARD 56323 0.54
104000

(102000,105000)

CZP - DMARD 48593 0.41
118000

(117000,120000)

GOL- DMARD 49784 0.38
130000

(130000,132000)

ADA-DM ARD 64195 0.44
145000

(143000,147000)

IPX - DMARD 53855 0.19
277000

(269000,285000)

Table 36. Basecase results o f mean costs and QALYs (taken as a mean of results

of PSA)

Treatment Mean 
Cost (€) 95 % Credible Interval Mean

OALY 95 % Credible Interval

Adalimumab 94570 74388 119118 8.246 7.117 9.368

Etanercept 86259 72137 101410 8.345 7.269 9.489

Infliximab 83625 78945 88226 7.996 6.816 9.128

Certolizumab 78459 73524 82867 8.212 7.061 9.336

Golimumab 79576 74846 83973 8.182 7.034 9.342

DMARD
(leflunomide)

29775 26862 32621 7.795 6.599 8.976
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Table 37. Basecase results of mean difference in costs and QALYs (mean results 

of PSA)

Anti-TNF 
treatment 

Vs. DMARDs

Mean Diff 
Cost (€) 95% Credible Interval

Mean
Diff

QALY
95 % Credible Interval

Etanercept 56500 43100 71800 0.55 0.365 0.767

Adalimumab 64800 45200 89600 0.45 0.285 0.643

Certolizumab 48700 44500 51700 0.42 0.31 0.52

Golimumab 49800 50000 53100 0.39 0.28 0.49

Infliximab 53900 50000 57000 0.20 0.111 0.289

The mean PSA ICERs for the basecase are presented in Table 38. All the ICERs are 

above the willingness to pay threshold of €20,000 and €40,000 per QALY.

Table 38. ICERs of anti-TNF agents against DMARD base case 

(Mean PSA results)

Comparison ICER

95 % Credible Interval Probability of 
cost- 

effectiveness 
at threshold 

€40,000

Probability of 
cost- 

effectiveness 
at threshold 

€20,000Lower Upper

ETN -  DMARD 102700 85300 131200 86% 22%

CZP -  DMARD 117000 94500 155500 12% 61%

GOL- DMARD 129000 101200 175800 2% 14%

ADA -  DMARD 143700 115400 185100 0% 2%

IPX -  DMARD 268300 187200 480700 0% 0%

Each incremental value com pares value o f  each anti-TNF to an alternative D M A R D  (L eflunom ide). 

D iscount applied o f  4 %.
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The probability of cost-effectiveness for the basecase is presented in Figure 48. At a 

W TP up to €20,000, certolizumab has the highest probability of cost-effectiveness, 

followed by golimumab, adalimumab, and infliximab. At a W TP above 

approximately €40,000, etanercept has the highest probability of cost-effectiveness 

(Table 38).

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

u

1200000 40000 80000

COST(€)/QALY

 E T N   IFX AD A  Gol i   C Z P

Figure 48: CEAC of each anti-TNF vs. all other anti-TNFs. The origin is 
represented by the leflunomide.

The cost-effectiveness plane for the basecase is presented both as a scatterplot and as 

mean estimates, represented by an ellipse on the plane (Figure 49 and Figure 50).

Each of the agents overlaps; showing that the costs and benefits are similar for each of 

the anti-TNF drugs (Figure 49). Comparison of the mean does indicate there are some 

differences (Figure 50). The scatter around adalimumab and etanercept are greater 

than other agents which may be due to the longer amount of time patients remain on 

these drugs (Weibull estimates).
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Figure 49: Results of PSA on CE Plane showing overlap of the anti-TNF agents.
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Figure 50: Cost-effectiveness Plane (Mean estimates of PSA).
Infliximab and adalimumab are dominated.
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The cost-effectiveness frontier plots the probability that the optimal option is cost- 

effective at different W TP thresholds (Figure 51). The CEAF shows that at a 

willingness to pay up to €30,000, certolizumab presents the highest probability of 

being the optimal cost-effective option. At a W TP threshold above €30,000, 

etanercept is the optimal cost-effective option. If leflunomide is included in the 

CEAC, leflunomide presents the highest probability of cost-effectiveness.

0.9

0.7

0.6

P(CE)
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Threshold (€)

ET N - * - I F X  A D A  G O L  — CZ P — CE F r o n t i e r

Figure 51: CEAF of anti-TNF agents (basecase).
The frontier indicates that certolizumab presents the optimal effectiveness at a 
threshold up to €30,000 and at a threshold above this etanercept is the optimal cost- 
effective option.
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Figure 52: CEAC of anti-TNF agents and leflunomide versus no treatment 
(origin).
Leflunom ide is the treatm ent o f  choice a t a w illingness to p a y  up to approxim ate € 100,000/Q A LY

The CEAC presented in figure 52 is relevant if the choice of treatment also includes 

leflunomide and all are compared to no treatment which would be represented by the 

origin. The CEAC demonstrates that at a willingness to pay of up to approximately 

€100,000/QALY leflunomide would be the most cost-effective strategy to use.
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6.4 Results of sensitivity analysis

A number of sensitivity analyses were carried out by running the BRAM with 

different parameter sets (Table 39).

Table 39. Parameters for Basecase

Model Parameters

Utility: Linear Relationship between HAQ and EQ-5D (using a revised scoring 
________________________________ method)________________________________

___________ Efficacy: HAQ multiplier estimates calculated from MTC____________

Long term Discontinuation: MTC of Observation studies for each anti-TNF -  mean 
estimates from other anti-TNF agents used as estimate for certolizumab and 

_________________________________ golimumab_________________________________

___________________________ Mortality: SMR of 1.33___________________________

___________________Time to effect and loss of effect (0.2 year)___________________

Irish life tables

Drug costs: Reimbursement price (discounts, rebates, PAS not included), loading
doses included

Screening, monitoring costs included
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Table 40. Parameter sets for sensitivity analysis

Parameter
Set Parameters Varied

1 Basecase: Revised scoring utility coefficients using linear term

2
Linear Utility M apping coefficients from original EQ-5D scoring methods

(Irish Cohort)

3 Linear mapping coefficients from SF-6D (Irish cohort)

4 Quadratic mapping coefficients from original EQ-5D (Irish cohort)

5 Quadratic mapping coefficients from SF-6D (Irish cohort)

6 Linear mapping coefficients from EQ-5D mapping study (UK cohort)"'*^'

7
Linear mapping coefficients from EQ-5D mapping study (UK alternative

cohort)'"”'

8
Same time is spent on the treatments 

(W eibull distributions same for all treatments)

9 HAQ change on anti-TNF treatment

10 Drug price reduction (50%)

11 Include offset costs

12 Setting utility estimates to zero

13 Discount rate varied from 0% to 6% for both costs and outcomes

14 Price Reductions on individual drugs

15 L o w er efficacy  o f  le flu n o m id e  (H A Q  m u ltip lie r 0 .25)

16
L ong te rm  d isco n tin u atio n  rate increased  fo r le flu n o m id e  (pa tien ts  

rem ain  on le flu n o m id e  fo r a sh o rte r tim e period )
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Table 41. ICERs for One Way Sensitivity Analysis

Parameters ETN IFX ADA GOL CZF

Basecase 104000 277000 145000 130000 118000

Linear mapping EQ-5D (Orig. TTO) (Irish 
Cohort) 78700i 2130001 1110001 998001 901001

Linear mapping SF-6D (Irish cohort) 184000T 480000T 255000t 229000T 210000T

Quadratic mapping EQ-5D (Irish cohort) 58100i 1530001 810001 730001 660001

Quadratic Mapping SF-6D (Irish cohort) 112000T 282000T 153000T 138000T 126000T

Linear Mapping EQ-5D (UK cohort)^'"^' 58500i 1600001 830001 745001 671001

Quadratic mapping equation (UK 
cohort)’̂ '̂ ' 492001 1210001 666001 606001 550001

Linear mapping EQ-5D (UK biologic 
cohort)'-"' 856001 2310001 1210001 1080001 980001

Same long term discontinuation rate for all 
anti-TNF 118000T 351000T 177000T 168000T 146000T

HAQ change on treatment (0.03 
delerioration) 390000t 5040000t 812000t 6380001 532000!

Drug Price reduction 50% 474001 1700001 712001 597001 600001

Offset costs included 971001 2710001 1390001 1240001 1120001

Utility estimates to zero 104000= 277000= 145000= 130000= 118000=

Lower efficacy o f leflunomide 
(HAQ multiplier 0 .25)

1010001 2590001 1390001 1250001 1140001

Long term discontinuation rate for 
leflunomide increased

970001 2410001 1330001 1200001 1090001

Discount rate for cost and outcomes
0% 635001 1190001 796001 729001 677001

6% 126000T 433000T 190000T 168000T 150000T
* t indicates an increase from the basecase ICER. J, indicates a decrease from the basecase ICER,

= indicates no change to the basecase ICER. Parameters mariced in bold are those that bring the ICER 

within range of cost-effectiveness.

The results o f the deterministic OW SA indicate that the model is sensitive to a 

number o f parameters (Table 41). The individual results o f the sensitivity analaysis 

are presented in Appendix 11. The greatest change occurred when assumptions
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regarding HAQ progression while on anti-TNF therapy are altered. The basecase 

assumes that there is no progression of HAQ while on treatment. However, if this 

assumption is challenged to a HAQ progression of 0.03 while on treatment, the ICER 

increases three fold. The relationship between utility and mapping also changes the 

ICER considerably. It appears that if a quadratic model rather than a linear model, is 

used to describe the relationship, the ICERs appear lower and the credible intervals 

wider. This is consistent for the Irish and UK data. More notable is the mapping 

relationship used from different cohorts. If mapping coefficients derived from a 

biologic cohort are used as inputs for the model, the ICERs increase from estimates 

using a general RA population for the model. If the model does not include utility 

estimates below zero or WTD states, there is no change from the basecase. This is an 

expected result in line with the revised scoring method for the EQ-5D. A reduction in 

costs by 50% does decrease the ICERs by almost 50%. Inclusion of offset costs in the 

model did not change the ICERs greatly; however the credible intervals are very wide 

and therefore there may be considerable uncertainty associated with this. The efficacy 

and the long term discontinuation rate were varied for leflunomide due to the 

uncertainty around the inputs for this parameter. While the change did reduce the 

ICER, it did not bring it within range of cost-effectiveness (Table 40). The results of 

the PSA using different parameter sets are also presented (Appendix 9 Table 41-49).
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6.4.1 Cost-effectiveness with Price Reduction
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Figure 53: Cost-effectiveness plane with price decrease

(Golinuimab ([12%). adalimwnab ([26%) and certolizumab ([8% + initial 10 doses 
free o f charge)}.

In order to bring other anti-TNF agents on the HTDS in line with etanercept, a price 

reduction is necessary in the range of 26% for adalimumab, 12% for golimumab, and a 

further 8% from certolizumab in addition to a scheme where the first three months of the 

drug would be free of charge to the payer (Figure 53). The CEAC and the CEAF are 

shown in Figure 54; at a willingness to pay below €20,000 golimumab would be the 

optimal choice; at a threshold of €20,000 to €50,000 certolizumab would be optimal and 

above this etanercept would be the optimal option.
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Figure 54: Cost-effectiveness Acceptability Curves and Cost-effectiveness 
Frontier for anti-TNF agents with price reduction
(Golimumab ([12%), adalimwnab ([26%), and certolizumab ([8%  + first 10 syringes 
free o f  charge)).

6.5 Discussion

The aim of this economic evaluation is to assess whether the anti-TNF agents are a 

cost-effective option following failure of conventional DMARD therapy. This is a 

fundamental question to establish a baseline for cost-effectiveness of these agents in 

RA in Ireland. To date a multiple treatment assessment has not been performed in the 

Irish setting.

The basecase results of this analysis show that the anti-TNF agents are not cost- 

effective at a willingness to pay threshold of less than €100,000. Previous
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assessments using this model which asked a similar question, have found these drugs 

to be cost-effective under £30,000 threshold, approximately €45,000.

The research work before this analysis was performed identified many of the areas of 

uncertainty in previous models and attempted to improve on this; however limitations 

remain. Some of the limitations stem from the model structure itself, some from the 

parameters chosen and some due to lack of robust long term data. The results o f the 

economic analysis, improvements to the modelling process and the remaining 

limitations are discussed.

Incremental Cost-effectiveness

The incremental cost-effectiveness of these agents in comparison to an alternative 

DMARD (leflunomide) is well above what has been an acceptable willingness to pay 

threshold. The basecase results from the deterministic model indicate that the lowest 

ICER is for etanercept at €102,700/QALY; the highest ICER is for infliximab at 

€268,300/QALY. The ICERs for adalimumab, golimumab, and certolizumab are 

€143,700/QALY, €129,000/QALY, and €117,000/QALY respectively. These ICERs 

are considerably higher than those estimated in other HTA assessments using the 

BRAM. In 2006, NICE estimated the ICER for etanercept -i-MTX to be

£23,800/QALY, for adalimumab + MTX to be £29,700/QALY and infliximab to be 

£37,900/QALY. These ICERs were calculated on the basis that the anti-TNF 

agent was used last in the sequence. The Irish assessment differs considerably from 

the UK 2006 assessment and these differences, including the utility mapping, inputs 

for long term discontinuation and costs have had a strong influence on the results of 

the model.

Certolizumab and golimumab have not as yet been included in a MTA for anti-TNF 

drugs in RA; however the ICERs for STA’s are also very different from what is 

presented here. In 2010, the NCPE assessed a company model for golimumab and 

recommended that golimumab was not cost-effective for the treatment of RA. The 

ICER for golimumab plus MTX versus MTX alone was estimated at €31,212/QALY.

Following price review the drug is now reimbursed by the payer. This model was 

based on the HAQ response mapped to utility and built in Excel®. The mapping 

equation used was that of Hurst et al. and other inputs such as long term
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discontinuation and costs also differed greatly from the Irish MTA assessment.

Also in 2010, certolizumab was assessed by the NCPE through the STA process.

The company model estimated the ICER to be approximately €27,900/QALY in 

comparison to placebo + MTX. The main ICERs presented were compared to the 

other anti-TNF agents; certolizumab vs. etanercept € 1 16,000/QALY, certolizumab vs. 

adalimumab €17,606/QALY and certolizumab vs. infliximab €25,545/QALY. This 

Excel® model used ACR response to model response to treatment. The model 

assumes that the initial response to treatment is maintained in the long term. The 

NCPE did not recommend certolizumab as cost-effective. Reimbursement was 

granted following a price review and incorporation of a PAS.

In other jurisdictions, CADTH examined etanercept and infliximab and deemed them 

not to be cost-effective at a threshold of CA$50,000 and estimated ICERs to be in 

excess of CA$125,000/QALY. The result was only sensitive to QOL. A follow- 

up review of these drugs’ long term effectiveness and toxicity suggested that they 

were only cost-effective if used with MTX, and if society was willing to pay more 

than CA$100,000/QALY.

Uncertainty associated with cost-effectiveness estimates

Uncertainty was explored using both OWSA and PSA. Assumptions in relation to 

QOL had the most impact on the ICERs. The long term progression of HAQ had 

most influence on the ICER with most influence on the ICER for golimumab, 

increasing from the basecase of €130,000 to €638,000 when ongoing progression of 

0.03 while on treatment is assumed.

The relationship between utility and utility preferences also has a significant influence 

on the ICER estimates. In this case, using a quadratic model reduces the ICERs when 

compared with ICERs presented using a linear mapping model in this model. This 

was demonstrated in both the Irish cohort and the UK cohort, Chapter 4

provides a rationale for using the linear model over a quadratic model. The choice of 

population clearly influences the ICER estimates and this is shown when both the 

Irish and UK cohort are compared and when the UK general RA population is 

compared with a UK severe disease population.
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The reduction in drug costs by 50% reduced the ICERs considerably, but did not 

reduce the ICERs below a threshold of €45,000/QALY. Discounting both costs and 

outcomes at 0% and 6% influenced the ICER greatly.

One of the main arguments for promoting the use of anti-TNF agents, is in relation to 

the savings that can be made or the costs that be offset; however when costs are offset 

in this model there are only small reductions in the ICERs.

The influence of negative or WTD utilities was also explored and this had no effect on 

the ICER. The basecase does use the revised scoring for the EQ-5D which reduces 

the influence of WTD.

The PSA was run for a total of 1,000 iterations. The results of the PSA were 

compared with the deterministic model which was run for a total of one million 

patients. There was very little difference in the results from each of the models. The 

probability of cost-effectiveness is given relative to each of the other anti-TNF agents, 

as there would be zero probability of cost-effectiveness in comparison to a DMARD 

at a threshold below €50,000. For the basecase the highest probability of cost- 

effectiveness is for certolizumab followed by etanercept if the willingness to pay is 

above €30,000/QALY.

Relative efficacy of treatments

The inputs for the relative efficacy of the anti-TNF agents are in the form of HAQ 

multipliers. These were calculated from a MTC of the five anti-TNF agents in a 

Bayesian framework. The advantage of modelling efficacy in this way allows the 

improvement in HAQ score to be influenced by the baseline disease state (as 

measured by HAQ). A study of the BSRBR found that patients with worse baseline 

HAQ scores have a greater HAQ response to treatment with anti-TNF agents.

Previous assessments have used the HAQ multiplier but have not combined data from 

various studies in the framework used here. The estimates for HAQ multiplier are 

different to those used in the BRAM 2006 for adalimumab, etanercept, and 

infliximab. In this analysis, the HAQ multiplier for etanercept was higher (more 

effective), for infliximab was lower (less effective) and was not greatly different for 

adalimumab. The possible reasons for infliximab being so low are described in
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chapter 6, and relate to the differing disease states of the trial cohorts. Most data was 

included for infliximab and adalimumab and the least amount of data was available 

for etanercept. A number of the larger etanercept studies (TEM PO'^"' and 

COMET'^^'^') included either DMARD naive patients or early RA patients. These 

were excluded due to possible confounding issues.

The efficacy of leflunomide is taken directly from a clinical trial as it was the only 

trial which used leflunomide following the failure of MTX. Ideally leflunomide 

should have been included in the MTC of the anti-TNF drugs in order to derive an 

estimate of relative efficacy without breaking randomisation. However, due to a lack 

of efficacy data and in particular a link to the network diagram for the MTC (chapter 

6) it was not possible to do this. In order to allow for this uncertainty observational 

data were used to inform an estimate of effectiveness for sensitivity analysis and long

term discontinuation rates. The result of this sensitivity analysis indicates that this 

was not a key driver for the results of the cost-effectiveness analysis and therefore had 

little impact on the results.

The consideration of long term effectiveness takes into account the question of 

discontinuation. In the model this is estimated from registry data from five different 

countries. Unfortunately, Ireland was not included due to the lack of registry data 

available here. A survival analysis was used to combine this data and an estimate was 

calculated for adalimumab, etanercept, and infliximab. Previous assessments did not 

have this quantity of registry data available and therefore the analysis presented here 

is more comprehensive due to the additional data. A limitation for the model is the 

lack of data for certolizumab and golimumab and the use of a mean estimate from the 

other anti-TNF agents. The assessments on these newer agents undertaken by the 

NCPE highlighted this as a key driver of the models. For this reason the mean 

Weibull assessment has been used in the scenario analysis for all anti-TNF agents. 

Under the assumption that there is no difference between the long term 

discontinuation rates, the ICERs all increased from baseline (etanercept increased 

from €104,000 to €118,000).

Toxicity is included in the model in the form of short term discontinuations. Data was 

extracted from observational studies and pooled using meta-analysis. A general

202



assumption has previously been made in company submissions that there is no 

significant difference in adverse effects between the anti-TNF agents. However 

this may not be the case. The analysis presented in chapter 5 demonstrates this. The 

rate of discontinuation due to toxicity from 6-24 weeks is largely similar for 

adalimumab and etanercept but is greater for infliximab. An assumption is made for 

very short term withdrawal (< 6 weeks) that it is due to toxicity only; as it is too soon 

to identify that it is due to inefficacy from a clinical perspective. Evidence indicates 

that anti-TNF agents are well tolerated in the short term; clinical trial data indicates 

increased adverse effects in the treatment groups but with relatively few withdrawals 

due to toxicity (chapter 5). There is concern about the long-term safety with respect 

to infections, lymphomas, autoimmunity, and demyelination. While some studies 

have indicated that the rates for these are low, a number of meta-analyses show an 

increased hazard ratio for serious infections and cancer over the untreated RA 

population. a  distinction is not made in the model between different adverse

effects and while this may be a limitation, the RCT, and observational data indicates 

that the type of adverse effects experienced, are largely similar for each of the agents.

HAQ and Utility Assumptions

The fundamental driver of this model is the relationship (mapping) between utility 

and HAQ. Data used for the mapping model from HAQ to utility differs considerably 

from that used for both the BRAM 2006 and the BRAM 2009. When compared, the 

economic model using the Irish mapping estimates produces higher ICERs than those 

produced when the data by Hurst et al. was used (BRAM 2006 and BRAM 2009).

The cohort for the Irish mapping study has been described previously (chapter 4) and 

represents the cohort in which anti-TNF agents are initiated in Ireland. Other than a 

description of the functional class of the RA patients used for the Hurst paper 

(n=224), there is very little detail on the demographic of the cohort. The paper was 

published in 1997 and it could be argued that the management of the RA patient has 

changed considerably since then with an emphasis on early diagnosis and aggressive 

DMARD treatment. More recently an independent report was carried out by the 

University of Sheffield, on the British Society of Rheumatology Biologies Register 

(BSRBR). For this report a mapping exercise was carried out on patients with RA. 

The description of the cohort is very similar to the cohort described in the Irish study. 

When the estimates for model 1 of this study were used in the economic model, the
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ICER results were considerably higher than those produced when using the Hurst 

equation. This supports the hypothesis that there are considerable differences in the 

patient population used and it may be more appropriate to use estimates from a 

mapping study in patients suitable for biologic therapy as is pertinent here.

The differences produced in decision model estimates due to the use of different 

instruments for QOL measurement have been the subject of much discussion in the 

literature (chapter 4). These differences are also evident in this analysis. The ICER 

estimates between the EQ-5D and the SF-6D are not surprising due to the differing 

descriptive of each measure and the differing methods used to obtain preferences 

(TTO or SG). The large quantity of WTD states is a concern due primarily to the 

manner in which the data was handled in the original valuation study. The 

revised scoring method of the EQ-5D presented in chapter 4, offers an alternative 

method of handling these states. The ICER estimates produced using this mapping 

equation are greater than that produced by the original EQ-5D scoring and less than 

that produced when the SF-6D preferences are applied. This is in agreement with the 

coefficients of the mapping exercise which indicates that less QALYs are produced 

per unit change in HAQ with the revised scoring method than the original. In light of 

the possible overestimation of benefit produced by the EQ-5D and the 

underestimation produced by the SF-6D, a pragmatic choice was made to use the 

revised EQ-5D, which lies somewhere between the over and underestimation, for the 

basecase.

HAQ progression on treatment

Following the initial increase in HAQ or response, an assumption is made for the 

basecase that no further improvement or worsening occurs in the HAQ score. In order 

to explore this further, a scenario is presented where there is an ongoing 

disimprovement in HAQ equal to that experienced by the general population. This 

scenario increases the ICERs significantly and is one of the main areas o f uncertainty 

in the model. While it remains unclear from the literature if patients maintain zero 

HAQ progression, it would seem a more likely assumption.

One of the main limitations of this cost utility analysis is the lack of data on the long 

term effectiveness of these agents for the treatment of RA. This has also been an
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issue with other HTA undertaken in this speciahty. A report examining the

cost-effectiveness of the anti-TNF agents infliximab and etanercept concluded that 

while these drugs were moderately effective at 1 year, they were not cost-effective 

under a threshold of CAN$ 100,000. The majority of the clinical trials report six 

monthly data showing greater efficacy over placebo. The assumption made by the 

company assessments submitted to the NCPE has been that much o f this effect is 

maintained. However both the CADTH review and registry data provide

evidence that this may not be the case.

The two primary reasons for discontinuation cited from both long term and short term 

studies has been adverse effects and loss of efficacy. In the model short term 

withdrawal is based on toxicity and inefficacy. The long term discontinuation 

analysis performed for this model indicates that there are differences between the 

agents.

Model Limitations

The BRAM models disease response through improvement or deterioration in HAQ. 

Other models have used ACR response for modelling i m p r o v e m e n t . T h e  ACR 

does not include baseline severity as an indicator as does the HAQ multiplier and 

therefore may overestimate the benefit of the drugs. The goal of treatment for RA is 

to stop progression of the disease and thereby halt ongoing damage and long term 

complications. Long term progression and damage can lead to joint replacement and 

chronic pain. If radiological evidence supports halting progression, there may be an 

argument for incorporating radiological progression in a decision model for RA.

The model coding does not incorporate correlation between parameters. In the case of 

HAQ, there is likely to be some interdependence between HAQ and age; this is a 

limitation of the model.
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Chapter 7.0 Implications of Research for Practice and 
future recommendations

Previous analyses in other jurisdictions on the treatment of RA with anti-TNF agents 

have indicated that they are cost-effective. However in Ireland cost-effectiveness has 

not been proven. The work presented here has added to the evidence base and 

highlights a number of methodological issues associated with carrying out such an 

evaluation. The results of the analysis imply that the payer is not getting value for 

money in this area; however there are challenges as to how this could be improved 

upon.

7.1 Methodological Recommendations

7.1.1 Utilities

The results of this thesis provide some interesting evidence to a number of key areas. 

The utility analyses presented in chapter 4 and 5 indicate that there are significant 

concerns associated with using the EQ-5D and the TTO population scoring in its 

current format. The evidence presented in this thesis and published scientifically 

indicates that the use of the EQ-5D and the original scoring deflates the ICERs in 

economic analysis for RA. The revised scoring presented here attempts to correct 

some of this deflation by changing the manner in which worse than death states are 

handled. The EuroQOL group have produced a five level EQ-5D which is currently 

undergoing population scoring studies. While it is hoped that this work will correct 

some of the methodological flaws in the original EQ-5D population scoring, 

recommendations should be put in place for HTA agencies using the EQ-5D to allow 

for potential underestimation of ICERs and therefore potentially incorrect decisions 

being made.

208



7.1.2 Evidence Synthesis

The analysis presented in chapter 5 and the subsequent pubHcation in the Annals o f 

the R heum atic D iseases used an M TC to allow  ranking o f the anti-TN F treatm ents. 

Previous indirect com parisons o f these agents concluded that there was no statistical 

d ifference betw een the anti-TN F agents at 5% significance level which had led some 

ju risd ic tions to conclude that there was no difference betw een the anti-TN F agents 

and therefore cost-m inim isation analyses are sufficient for econom ic analysis. 

Incorporating the full distribution o f the evidence from  the M TC , despite lack o f a 

significant d ifference at the 5% level, dem onstrated differences in the effect through 

cost-effectiveness analysis; this w ould not be the case for cost-m inim isation analysis. 

The w ork in this thesis refutes this and caution is therefore advised w ith such an 

approach.

Finally the w ork produced in chapter 6 where the cost-effectiveness o f anti-TN F 

agents is m odelled provides a num ber o f recom m endations for practice. This are 

outlined below .

7.1.3 Strategy Choice 

7.1.3.1 DMARD Choice

The strategy choice should reflect clinical practice in the population to be m odelled. 

The current treatm ent pathw ay in Ireland recom m ends M TX  as first line treatm ent for 

new ly diagnosed RA patients unless contraindicated. For established RA patients 

M TX is also recom m ended if not previously tried. O nce patients are deem ed no 

longer responsive to M TX  an anti-TN F agents can be introduced. The population 

m odelled in this case (established RA patients), therefore, cannot be com pared to 

M TX as it w ould previously have been used unsuccessful. Leflunom ide is therefore 

used as a com parator strategy to anti-TN F therapy. It could be argued that 

leflunom ide is not a realistic com parator in the Irish healthcare setting. H ow ever it is 

realistic to consider leflunom ide as a com parator in this patient population. The 

question for the Irish healthcare payer is w hether anti-TN F agents are cost effective in 

com parison to non biologic therapy in an established population. The cost- 

effectiveness o f these agents (as a m ultiple technology assessm ent) had not previously
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been assessed in Ireland and therefore establishing a baseline for the use of these 

agents was crucial to the overall assessment.

7.1.3.2 Anti-TNF therapy choice

Currently five anti-TNF agents are reimbursed in Ireland; adalimumab, certolizumab. 

etanercept, golimumab and infliximab. For this analysis each anti-TNF agent has 

been compared as a starting point of a treatment sequence. The sequence following 

the failure of the anti-TNF agent includes only non-biological DMARDs. Therefore, 

the anti-TNF agents are not included as sequential i.e. this analysis does not consider 

etanercept followed by adalimumab or vice versa. Clinical practice has been to use an 

alternative anti-TNF agent following the failure of the initial anti-TNF. Recent 

guidance indicates that this practice may not be cost-effective and it is more cost- 

effective to move to an alternate treatment group such as B-cell therapy (rituximab) 

following the failure of the first anti-TNF agent. In order to inform best choice 

for the initial anti-TNF therapy, the relative cost-effectiveness of the anti-TNF agents 

when used first line was estimated. By comparing identical sequences starting with 

different anti-TNF agents the estimate of cost-effectiveness for each of the anti-TNF 

agents can be compared. By placing leflunomide at the origin rather than a do 

nothing strategy the probability of cost-effectiveness given the choice of only anti- 

TNF agents can be calculated.

7.1.3.3 Sequences

This model assumes divergence after the failure of MTX which is in line with the 

patient population. Other scenarios are possible; the most likely one to consider 

would be assuming that patients in the anti-TNF strategies also fail leflunomide 

before starting anti-TNF therapy. However, in order to consider a comparator for the 

patient population, leflunomide needs to be a viable treatment option for all arms. A 

further consideration might be to remove leflunomide from the treatment sequence 

after anti-TNF therapy. The result of including the leflunomide in the anti-TNF 

sequences are that consequences associated with leflunomide are included in these 

arms and therefore the difference between the anti-TNF arms and the comparator arm
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will not be large. A counter argument to this would be that the difference between the 

arms is due solely to the anti-TNF agent and not to additional DMARD therapy 

following failure of treatment. The approach taken here answers the questions of 

interest for the decision maker; what is the cost-effectiveness of anti-TNF agents in 

comparison to a non-biologic and what the relative effectiveness of these agents is, 

against each other. The question in relation to sequencing of anti-TNF agents may be 

appropriate to ask following these initial questions. However considering anti-TNF 

agents have not been proven to be cost-effective against non-biological therapy, the 

question of sequencing of treatments becomes less important.

7.1.3.4 Choice amongst anti-TNF agents

The question which arises in addition to the baseline cost-effectiveness of these anti- 

TNF agents is whether there are differences in cost-effectiveness between them. 

Chapter 5 details the differences in both efficacy and discontinuation rates. The 

analysis in chapter 6 indicates that there are also differences between the cost- 

effectiveness. Under the assumption that anti-TNF drugs present the only treatment 

option, etanercept is likely to be most cost-effective. The ICERs are all above current 

willingness to pay thresholds so this choice can only be considered relative to the 

other anti-TNF agents.

7.1.3.5 Use of real world data

The efficacy parameters for this thesis were drawn from six month RCTs. One of the 

main drivers for cost-effectiveness of anti-TNF agents in RA patients is in relation to 

disease progression in the long term. Short term clinical trial data does not inform on 

this and in a recent publication indicates that the short term benefit does not appear to 

be maintained in the long term. Many countries have developed biological 

registries to gather real world outcomes and monitor adverse effects (UK, Germany, 

Sweden, Netherlands, and Switzerland). In the Netherlands a registry was specifically 

established to monitor clinical outcomes and costs associated with anti-TNF therapy 

and reimbursement was dependent on this. Data from this registry demonstrated 

that real life outcomes were less than those outcomes achieved in RCTs. When 

considering the cost-effectiveness of a technology, the effectiveness of the technology 

is as important as the efficacy data. For this reason it is vital that cost-effectiveness
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studies consider real world data. This study included real world data for 

discontinuation rates and also to inform the effectiveness of leflunomide in this 

cohort. Incorporating real world data within the MTC analysis would give a more 

robust estimate of effectiveness for the anti-TNF agents. However as stated 

previously there are methodological challenges in incorporating such data.

Data available from the Irish setting was not registry data and was only from one 

source. The establishment of a formal registry for RA patients, providing outcome 

data on a national level, would strengthen the cost-effectiveness estimates calculated 

for Ireland.

7.2 Implications for Reimbursement of anti-TNF agents in Ireland

All of these agents are now reimbursed by the Irish healthcare payer. The results 

indicate that these are not cost-effective under a willingness to pay threshold of less 

than €100,000/QALY. These drugs are currently under review by the Irish payer 

mainly due to the current spending on these drugs reaching approximately €100 

million per year. However almost 10.000 patients are currently on biological drugs 

for RA in Ireland and therefore the options available for cost containment may be 

limited to pricing. Strategies for this might include schemes such as risk sharing in 

the form of PAS, service provision, fair price strategy, price reductions or tendering 

for a preferred drug for use. An assessment of the options available is presented.

7.2.1 Risk Sharing via PAS

Risk sharing has been the subject of much discussion among healthcare payers and 

pharmaceutical companies over the past number of years. A risk sharing practice 

allows payers and pharmaceutical companies to build clinical experience with new 

medicines which might not otherwise have been eligible for reimbursement. The 

practice is already in place in a number of European countries including Netherlands, 

Belgium, UK, and other jurisdictions. In the Netherlands a time scale of three years is 

granted to gather evidence to answer questions from a cost-effectiveness review. If 

the evidence gathered proves benefit with an acceptable ICER, the drug is funded 

indefinitely. If the corollary occurs, funding is withdrawn. This system has been in
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place since 2006 and 23 drugs have been subject to the practice. A biologies review 

o f the DREAM database found that the effectiveness of the anti-TNF agents for RA 

was less in clinical practice than that observed in clinical trials.

Belgium established a conditional reimbursement system which leads to a 

reassessment after 18-36 months. The additional data collection is often undertaken 

by a sponsoring pharmaceutical company. When identifying a drug eligible for this 

system, factors such as effectiveness in clinical practice, pharmacoeconomics in 

clinical practice, number of eligible patients, sales volume and reimbursement 

elsewhere are taken into account. If data does not demonstrate added value, changes 

may be recommended such as restricting to certain subgroups or restricting to certain 

prescribers. By 2007, 18 drugs were re-appraised and only one was withdrawn.

One of the first risk-sharing schemes in the UK was for multiple sclerosis (MS). The 

study aimed to gather data on the long term benefits of MS drugs in clinical practice. 

The study was launched in 2002 and was reviewed in 2008. The interim analysis did 

not meet the pre-defined cost-effectiveness level. However, the methodological 

difficulties of undertaking an observational cohort study were highlighted and in 

particular the question of historical comparator. A slightly different risk sharing 

scheme was introduced for bortezomib for multiple myeloma. In this case a ‘response 

rebate’ scheme was established where patients who showed no or minimal response 

were taken off treatment, and drug costs were refunded by the manufacturer.

The details of risk sharing schemes in Ireland are not in the public domain, and 

discussion is beyond the scope of this thesis. However, recently a PAS was agreed 

upon for certolizumab.

A risk sharing scheme, can provide an innovative solution to the problem of assessing 

long term benefits or risks of new drugs. The issues around governance and 

methodologies of such schemes remain a challenge. Risk sharing in the form of a 

PAS does have implications for European pricing. The agreement of PAS can often 

maintain a high reimbursement price which is then considered for the European 

basket pricing system. The undisclosed details of PAS’ in Ireland, has further 

implications for future H TA ’s in choosing comparator prices. In order to maintain
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transparency in the process of cost-effectiveness evaluation and pricing, it would 

seem reasonable that details of PAS should be made publicly available.

7.2.2 Pricing

Value based pricing sets prices based on the value achieved to the customer or in this 

case the payer rather than the price set by competitor drugs or market prices.

Value based pricing has been introduced formally in the UK. This method of price 

setting has been in place in an informal way in Ireland for some time. Value based 

pricing is to be introduced in the UK in a formal mannerin 2014.

In pharmaceutical reimbursement, price premiums are usually only given if there is 

evidence to indicate that the drug offers more benefit than those it is competing with. 

A system like this is formally in place in Germany where a price premium is awarded 

based on the additional benefit the drug delivers. A drug which delivers less benefit 

will not be reimbursed and a drug which delivers equal benefit will be priced equally. 

In the case of the anti-TNF agents, a price premium exists for all anti-TNF agents 

over conventional DMARDs which are fair, due to the additional benefit they provide. 

There are currently five anti-TNF agents in use and this analysis indicates that they do 

not deliver equal benefit. In the case of adalimumab a price premium is paid for a 

drug which is less effective than its comparator; etanercept. Equally a price premium 

is paid for golimumab despite its inferior efficacy to certolizurnab and finally 

infliximab has a price premium over both certolizumab and golimumab despite 

displaying the least benefit. A reasonable approach would be to offer a price relative 

to the benefit shown. In this case a decrease in price of the less effective agents to a 

price below the next most effective one. This could be illustrated by bringing all of 

the points on the cost-effectiveness plane onto a line drawn from etanercept to the 

origin. This is presented in Figure 53.

7.2.3 Price Parity

A further strategy, employed in for cost containment, would be price parity. In this 

case the payer assumes equal efficacy across agents and prices all agents the same.
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The challenge with this system in this case is the differing efficacy of the agents 

which has been demonstrated in chapter 5 and in Figure 53 of this chapter.

7.2.4 Programme Preferred Drugs Schemes

Programme preferred drug strategies have been used most commonly in the US under 

the M edicaid and Medicare health insurance schemes. A review o f the literature on 

programme preferred drugs appears to indicate many different choices involved in 

such programmes ranging from choosing the cheapest drug from a group of similar 

efficacy to choosing the most cost-effective drug for use for a condition. A 2006 

American review o f drug formulary policies asked whether these policies reflected 

value for money. In theory the choice of a programme preferred drug should be 

based on a drugs overall value or cost-effectiveness, however this is not always and 

the case. In practice it is often the cost of the drug which drives the choice. A 

programme preferred drug in the case of anti-TNF agents may be of benefit if 

considered in terms of most cost-effective drug rather than cheapest drug. The results 

presented in this thesis demonstrate differences in efficacy and therefore this must be 

taken into consideration.

7.3 Conclusion

All five of these drugs are currently reimbursed by the HSE, four of these through the 

HTDS and one through the hospital system. The results of this project demonstrate 

that disparity exists in the pricing strategy chosen for these drugs, where less effective 

drugs are paid a price premium. A further challenge exists in that these drugs have 

not demonstrated, in this analysis, to be cost-effective in a willingness to pay 

threshold of less than €100,000.

7.4 Future Research

The results of this economic analysis are influenced greatly by the effect parameters; 

both utility estimates and relative effectiveness. The uncertainty surrounding the 

longer term use of anti-TNF agents stems from two main aspects. The first is
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concerned with the impact on the HAQ scores following the initial improvement. It is 

not clear whether disimprovement in HAQ is halted or slowed. There are significant 

implications of assuming that there is ongoing damage while on anti-TNF treatment. 

Ongoing collection and analysis of this data is required for the Irish population.

The results of the MTC, while useful, are limited to the initial response to anti-TNF 

agents. The incorporation of observational data through a Bayesian MTC, where the 

observational results are used as the prior estimate would aid the estimation of 

effectiveness in the long term. The lack of an appropriate control group is often the 

challenge when analysing observational data. The methodologies required to perform 

such an analysis without introducing confounding are still in development.

This research examined closely the methods used to calculate utility values for the 

QALY. The results are in agreement with other research in this area. The EuroQOL 

group has also recognised that there may be problems with the original methodology 

used to elicit preference based utilities and are developing protocols using alternative 

methodologies such as DCE and lead time. Ireland as yet has not valued population 

health using direct techniques. Utility weighting for Irish economic evaluations has 

predominately used the preferences of the United Kingdom. The results presented 

here demonstrate that this is not ideal. While the area of HTA has undergone 

substantial development in the past decade in Ireland, relatively little work has been 

done in health state valuation. Such a study would allow Irish citizens, through health 

valuations, to influence decision-making.

The model presented in this evaluation uses the HAQ score to model response to 

treatment over time. There is an argument that HAQ scores may not fully 

demonstrate the impact of these treatments both positively and negatively. 

Radiographic scores have been suggested as a more predictive outcome measure, 

however there are challenges in the use of radiographic data; considerable resources 

to assign validated scores are required.

This research question posed in this research was tailored to the current situation in 

Ireland. All anti-TNF agents are reimbursed but only two have been assessed through 

a formal process. In order to assess all of these agents it was pertinent to examine
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them as they are used primarily: initial anti-TNF in patients who no longer respond to 

MTX. The manner in which these agents are reimbursed currently does not 

distinguish between second line or third line use or sequential use. However this is an 

important question and it would be useful to examine the sequential use which would 

include all biological drugs including rituximab, tocilizumab, and abatacept.

The results of this economic evaluation indicate that these agents are not cost effective 

under a willingness to pay threshold of €100,000. The analysis includes an aggregate 

of all patients treated in Ireland. Some o f these patients may have more aggressive 

disease than others or more permanent joint damage. Restricting access to these 

agents for all RA patients would not be appropriate for this reason. Irish guidelines 

on the use of anti-TNF agents for patients with RA were produced in 2005. These 

guidelines should be updated and could be guided by subgroup analysis to identify 

which group these agents demonstrate most cost-effectiveness.
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Appendices

Appendix 1: Literature Review of Economic Evaluations in RA 

Searcli strategy for literature review.

Literature Search strategies

All strategies were tried and the search revealing the greatest number of results was 

chosen. Duplicates were removed.

PubMed, EMBASE, Cochrane 

Keyword search

Limits Activated'. Humans, Randomized Controlled Trial, English, All Adult: 19+ 

years

1. Rheumatoid arthritis

2. anti-tumor necrosis factor alpha {tw} OR anti-tumour necrosis factor alpha 

{tw} OR anti-tnf{tw} OR TNFR-Fc{tw} OR Tumor Necrosis Factor- 

alpha{tw} OR etanercept {tw} OR enbrel {tw} OR infliximab {tw} OR 

remicade {tw} OR adalimumab{tw} OR humira {tw} OR golimumab{tw} 

OR simponi{tw} OR certolizumab {tw} OR certolizumab pegol{tw} OR 

cimzia{tw}

3. Economic evaluation {tw} OR health technology assessment {tw} OR 

technology appraisal {tw} OR cost-effectiveness {tw} OR cost-utility {tw}

4. #1 AND #2 AND #3

Alternative Search Strategy - without tag

Limits Activated: Humans, Randomized Controlled Trial, English, All Adult: 19-1- 

years

5. Rheumatoid arthritis

6. anti-tumor necrosis factor alpha OR anti-tumour necrosis factor alpha OR 

anti-tnf OR TNFR-Fc OR Tumor Necrosis Factor-alpha OR etanercept OR
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enbrel OR infliximab OR Remicade OR adalimumab OR humira OR 

golimumab OR simponi OR certolizumab OR certolizumab pegol OR cimzia

7. Economic evaluation OR health technology assessment OR technology 

appraisal OR cost-effectiveness OR cost-utility

8. #1 AND #2 AND #3

Results 112 records

TUFTS Database (CEA Registry)

Limits: Pharmaceutical, musculoskeletal disease: Results 164 records 

Limits: Pharmaceutical, musculoskeletal disease, lifetime: 71 records 

Limits: Pharmaceutical, musculoskeletal disease, lifetime.

Relevant Records (Include either a DMARD or biological for RA): 31
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Appendix 2: Quality of Life Questionnaires used for data collection

E0-5D

Note: (VAS is not given here as was not used in the calculation of utility)

F igure 1: EQ-5D {UK E ng lish  v ers io n )

By placing a tick in one t>ox in each  group below, p lease  indicate which sta tem ents 
best describe your ov/n health sta te  today.

Mobility
I have no problem s in walking about □

I have som e problem s in walking about 
I ann confined to bed

Self-C are
I have no problem s with self-care 
I have som e problem s w ashing or dressing myself 
I am  unable to w ash or d re ss  myself

U sual A ctiv ities (e.g. work, study, housework, family or 

leisure activities)

I have no problem s with performing my usual activities 
I have som e problem s with performing my usual activities 
I am  unable to perform my usual activities

P ain /D iscom fort 
I have no pain or discomfort 
I have m oderate pain or discomfort 
I have extrem e pain or discomfort

A nx ie ty /D ep ressio n  
I am not anxious or d ep ressed  
I am  m oderately anxious or d ep ressed  
I am extremely anxious or d ep ressed
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Short Form-36 (SF-36) Version 1

SHORT FORM 36 HEALTH SURVEY

MRN: [ ][ ][ ][ ][ ][ ][ ] initials: [ ] [ ] [ ]  Date: [ ] [ ! / [ ] [  M ][ ]

Instructions: This survey asks for your views about your health. This 

infonvaVon will help keep track of how well you fell and how well you are able 

to do your usual activities.

Answer every question by marking the answer as indicated If you are unsure 

about how to answer a question, please give the best answer you can.

1 In general, would you say your health is;

(cirde one)

Excellent 1

Very good 2

Good 3
Fair 4

Poor 5

2 Compared to one year aao. how would you rate your health now?

(cirde one)

Much better now than one year ago 1
Somewhat better now than one year ago 2

About the same as one year ago 3

Somewhat worse now ttian one year ago 4

Much worse now than one year ago 5
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SHORT FORM 36 HEALTH SURVEY
MRN; [ ][ ][ ][ ][ ][ ][ ] Initials: [ )[ ][ ] Date; [ ][ J/[ ][ ]![ ][ ]

3 The foJIowing questions are about activities you might do dunng a 

typical day. Does your health now limit you in these activities? If so 

how much?

(circle one number on each line)

ACTfVmES
Yes, 

Limited 
A Lot

Yes, 
Limited 
A Little

No, Not 
Limited 
At All

a. Vigorous activities, such as running, lifting 
heavy objects, participating in strenuous 
sports.

1 2 3

b Mo<Jerate activities, such as moving a table, 
pushing a vacuum cleaner, bowling, or 
playing golf

1 2 3

c. Lifting or carrying grocenes 1 2 3

d Climbing several flights of stairs 1 2 3

e Climbing one flight of stairs 1 2 3
f- Bending, kneeling, or stooping 1 2 3
g Walking more than half a mile 1 2 3

h Walking half a mile 1 2 3
I. Walking one hundred yards 1 2 3

j . Bathing or dressi ng you rself 1 2 3

4. During the past 4 weeks, have you had any of the foltowing problems 

with your work or otfier regular daily activities as a result of vour 

physical health?

(circle one number on each line)

YES NO
a Cut down on the amount of time you 

spent on worX or other activities. 1 2

b. Accomplished less than you woutd like 1 2
c. Were limited in the kind of work or otf>er 

activities
1 2

d. Had difficulty performing the work or other 
activities (for example, it took extra effort) 1 2
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SHORT FORM 36 HEALTH SURVEY
MRN: [ ][ ][ ][ ][ ][ ][ 1 initials: [ ] [ ] [ ]  Date: [ ] [ ] / [ ] [  M  ][ ]

5. During the past 4 weeks, have you had any of the following problems 

wtth your work or other regular daily activities as a result of any 

emotional problems (such as feeling depressed or anxious)?

(circle one number on each line)

YES NO
a. Cut down on the amount of time you spent 

on work or other activities 1 2

b Accomplished less than you would like 1 2
c. Didn’t do work or other activities as carefully 

as usual 1 2

6 During the past 4 weeks, to what extent has your physical health or 

emotional problems interfered with your nomial social activities with 

family, friends, neightwurs, or groups?

(circle one)

Not at all 1

Slightly 2

Moderately 3

Quite a bit 4

Extremely 5

( How much bodiiv pain have you had during the past 4 weeks?

None

(circle one) 

1

Very mild 2

Mild 3

Moderate 4

Severe 5

Very severe 6
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SHORT FORM 36 HEALTH SURVEY

MRN: [ ][ 11 K ][ ][ ][ 1 mrtials: [ ! [ ] [ ]  Date; [ ][ )/[ ][ ] / [  ][ ]

8 During the past 4 weeks, how much did pain interfere with your nomrial 

work (Including both wofK outside the home and housework)?

(circle one)

Not at all 1

A little bit 2

Moderately 3

Quite a bit 4

Extremely 5

9. These questions are about how you feel and how things have been with 

you dunnq the past 4 weeks. For eacfi question, please give the one 

answer that comes closest to the way you have been feeling How much 

of the time dunng the past 4 weeks-

(circle one number on each line)

All
of

the
Time

Most
of

the
Time

A 
Good 
Bit of 
the 

Time

Some 
of the 
Time

A
Little

of
the

Time

None
of

the
Time

a Did you feel full of life? 1 2 3 4 5 6
b Have you been a very 

nervous person? 1 2 3 4 5 6

c. Have you felt so down in 
the dumps that nothing 
coukJ cheer you up?

1 2 3 4 5 6

d. Have you felt calm and 
peaceHil? 1 2 3 4 5 6

e. Did you have a lot of 
energy? 1 2 3 4 5 6

f. Have you felt 
downhearted and low? 1 2 3 4 5 6

g Did you feei wom out? 1 2 3 4 5 6
h. Have you been a happy 

person? 1 2 3 4 5 6

i. Did you feel tired? 1 2 3 4 5 6
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SHORT FORM 36 HEALTH SURVEY
MRN; [ ]( ][ ][ ][ ][ ][ ] Initials: [ ] [ ) [ ]  Date; [ ][ J/[ ][ ]/[ ][ ]

10. During the past 4 weeks, how much of the time has your physical health 

Of emotional problems interfered with your social activities (like visiting 

v^th friends, relatives, etc.)?

(circle one)

All Of the time 1

Most of the time 2

Some of the time 3

A little of the time 4

Nor>e of the time 5

11. How TRUE or FALSE is each of the following statements for you?

(circle one number on each line)

Definitely
True

Mostly
True

Don’t
Know

Mostly
False

Definitely
False

a. 1 seem to get ill 
more easily tTian 
other people.

1 2 3 4 5

b. 1 am as healthy as 
anybody 1 krx)w. 1 2 3 4 5

c. 1 expect my health 
to get w«rse 1 2 3 4 5

d. My health is 
excellent 1 2 3 4 5
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Health Assessment Questionnaire (HAO)

Health Assessment Questionnaire (HAQ)

In this section we are interested in learning how your illness affects your ability 

to function in daily life. Please feel free to add any comments on the back of this 

page.

Please tick the response which best describes your usual abilities OVER THE PAST W EEK

(2 ) ( 3 )

With M UCH UNABLE 

Difficulty To Do

1. DRESSING & GROOMING

Are you able to : __________  __________  __________  _________

Dress yourself, including 

tying shoelaces and 

doing buttons?

Shampoo your hair? __________  __________  __________  _________

(0 )

W ithout ANY 

Difficulty

( 1 )

With SOME 

Difficulty

2. ARISING

Are you able to :

Stand up from a straight 

chair?

Get in & out of bed?
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3. EATING

Are you able to :

Cut your meat?

Lift a full cup or 

glass to your mouth?

Open a new milk carton?

4. WALKING

Are you able to : 

W alk outdoors on flat 

ground?

Climb up five steps?

Please tick any AIDS OR DEVICES that you usually use for any of these activities:

Devices used for dressing _______________  Walker

(button hook, zipper pull, long-handled shoe horn etc) Crutches

Built up or special utensils _______________  Wheelchair

Special or built up chair _______________  Cane
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Other (specify)

Please tick any categories for which you usually need H E L P  FR O M  A N O TH ER  

PER SO N .

Dressing & Grooming __________  Eating _________

Arising __________  Walking _________

5. HYGIENE

Are you able to:

Wash & dry your body?

Take a bath?

Get on & off the toilet?

6. REACH

Are you able to :

Reach & get down a 

5 pound object 

(such as a bag of sugar) 

from just above your head?

Bend down to pick up 

clothing from the floor?__

7. GRIP

Are you able to :
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Open car doors?

Open jars which have 

been previously opened?

Turn taps on & off?

8. ACTIVITIES

Are you able to :

Run errands & shop?

Get in & out of a car?

Do chores such as

vacuuming or yard work? __________ __________ __________ _______

Please tick any AIDS or DEVICES that you usually use for any of these activities; 

Raised toilet seat _________  Long-handled appliances in bathroom

Bathtub seat   Long-handled appliances for reach

Bathtub bar   Jar opener (for jars previously opened)

Other (specify) _________

Please tick any categories for which you usually need HELP FROM ANOTHER 

PERSON

Hygiene   Gripping & opening things ______

Reach __________  Errands & Chores ______
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Appendix 3: Revised Valuations for EQ-5D Health States

(Combined Rank and TTO)

State
Revised
Estimate

State
Revised
Estimate

State
Revised
Estimate

11111 0.9954 21211 0.837 22322 0.431
11112 0.835 21212 0.765 22323 0.276
11113 0.573 21213 0.503 22331 0.273
11121 0.823 21221 0.753 22332 0.201
11122 0.751 21222 0.682 22333 0.046
11123 0.489 21223 0.42 23132 0.188
11212 0.803 21231 0.417 23222 0.386
11231 0.454 21232 0.345 23232 0.156
11321 0.616 21312 0.59 23313 0.246
11322 0.544 21321 0.578 23321 0.389
11331 0.386 21322 0.507 23332 0.088
12131 0.411 21323 0.352 31222 0.344
12211 0.798 21331 0.349 32211 0.423
12212 0.727 21332 0.277 32222 0.269
12221 0.715 21333 0.122 32223 0.113
12222 0.644 22112 0.721 32231 0.11
12223 0.382 22121 0.71 32232 0.039
12231 0.379 22122 0.638 32313 0.128
12321 0.54 22123 0.376 32331 0.042
13212 0.507 22211 0.761 33212 0.238
13311 0.51 22221 0.678 33232 -0.075
13332 0.125 22222 0.606 33321 0.159
21111 0.869 22223 0.344 33323 -0.068
21121 0.785 22231 0.341 33331 -0.071
21122 0.714 22232 0.269 33332 -0.143
21123 0.452 22233 0.114 33333 -0.298
21131 0.449 22311 0.586
21133 0.222 22321 0.503
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Appendix 4: Bansback Mapping Model

Model 1 from Bansback et al.

Model 1 regressed the HAQ DI onto the EQ-5D and SF-6D.

EQ-5D Index SF-6D Index

B SE P B SE P

HAQ Index -0.21 0.01 <0.01 -0.10 0.01 <0.01

Constant 0.86 0.01 <0.01 0.79 0.01 <0.01

Regression Equations:

SF-6D transformation equation: -0.10 x HAQDI + 0.79

EQ-5D transformation equation: -0.21 x HAQDI + 0.86
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Appendix 5: Regression Equations for mapping from HAQDI and DAS28 to 
EQ-5D and SF-6D for the Irish Cohort

Mapping from HAQDI in RA

Original EQ-5D transformation equation: 
Revised EQ-5D transformation equation: 
SF-6D transformation equation:

Mapping from HAQDI in PsA

Original EQ-5D transformation equation: 
Revised EQ-5D transformation equation: 
SF-6D transformation equation:

Mapping from DAS 28 in RA

Original EQ-5D transformation equation; 
Revised EQ-5D transformation equation: 
SF-6D transformation equation:

-0.236 X HAQ + 0.792 
-0.168 X H A Q + 0.822 
-0.084 X HAQ + 0.669

-0.259 X HAQ + 0.794 
-0.194 X H A Q + 0.837 
-0.098 X HAQ + 0.676

•0.084 X DAS28 + 0.887 
0.059 X DAS28 + 0.888 
0.029 X DAS28 + 0.704
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Appendix 6: Systemic Literature Review for Mixed Treatment Comparison 

1. Search strategy and inclusion criteria for literature review.

Literature Search strategies
All strategies were tried and the search revealing the greatest number of results was 
chosen. Duplicates were removed.

PubMed
Keyword search
Limits Activated'. Humans, Randomized Controlled Trial, English, All Adult: 19+ 
years

1. Rheumatoid arthritis {tw }
2. anti-tumor necrosis factor alphajtw} OR anti-tumour necrosis factor 
alpha{tw} OR anti-tnf OR TNFR-Fc{tw} OR Tumor Necrosis Factor-alpha{tw} 
OR etanercept{tw} OR enbrel {tw} OR infliximab {tw} OR remicade {tw} OR 
adalimumab {tw} OR humira{tw} OR golimumab{tw} OR simponi{tw} OR 
certolizumab{tw} OR certolizumab pegol{tw} OR Cimzia {tw}
3. #1 AND #2

Alternative Search Strategy - without tag
1. Rheumatoid arthritis
2. Anti-tnf OR anti-tumor necrosis factor alpha OR anti-tumour necrosis factor 

alpha OR TNFR-Fc OR Tumor Necrosis Factor-alpha OR etanercept OR 
enbrel OR infliximab OR remicade OR adalimumab OR humira OR 
golimumab OR simponi OR certolizumab OR certolizumab pegol OR cimzia 
OR anti tumour necrosis factor alpha

3. #1 AND #2

Results: 243 records

Subject Heading / MeSH Search
Limits Activated: Humans, Randomized Controlled Trial, English, All Adult: 19+ 
years

1. "Arthritis, Rheumatoid"[Mesh]
2. "Tumor Necrosis Factor-alpha"[Mesh] OR "TNFR-Fc fusion protein" 

[Supplementary Concept] OR "infliximab" [Supplementary Concept] OR 
"adalimumab" [Supplementary Concept] OR "golimumab" [Supplementary 
Concept] OR "CDP870" [Supplementary Concept]

3. # 1 A N D # 2

Results: 238 records
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EMBASE
Keyword
Limits activated: Randomized controlled trial, Human, Only in English, Adult: 18 to
64 years, Aged; 65+ years

1. Rheumatoid arthritis
2. Anti-tnf OR anti-tumor necrosis factor alpha OR anti-tumour necrosis factor 

alpha OR TNFR-Fc OR Tumor Necrosis Factor-alpha OR etanercept OR 
enbrel OR infliximab OR remicade OR adalimumab OR humira OR 
golimumab OR simponi OR certolizumab OR certolizumab pegol OR cimzia

3. Combine #1 and #2 using the and operator

Subject Heading / Emtree Search
Limits Activated: Randomized controlled trial. Human, Only in English, Adult: 18 to
64 years, Aged: 65-1- years

1. 'rheumatoid arthritis'/exp
2. 'tumor necrosis factor inhibitor'/exp OR 'tumor necrosis factor alpha 

inhibitor'/exp OR 'tumor necrosis factor alpha antibody'/exp OR 
'adalimumab'/exp OR 'golimumab'/exp OR 'certolizumab pegol'/exp

3. Combine #1 and #2 using the and operator

Results: 104 records

The keyword search was repeated for the Cochrane Database.
Clinical trials results were chosen and screened (note it was not possible to specify
randomised clinical trial)
Results: 366 records

Inclusion Criteria

• Study design included randomised controlled trials.
• Population includes patients with established rheumatoid arthritis (in 

accordance with the American College of Rheumatology) (ACR) criteria 
(early RA was not included)

• The drugs to be assessed are: infliximab, etanercept, adalimumab, golimumab 
and certolizumab pegol

• Doses included were those that were used in the trials.
• Comparators: Non-biological Disease Modifying Agents (DMARDs) 

specifically MTX (primary comparator), against each anti-TNF individually.
• Outcomes: ACR criteria (ACR20 and 50) and quality of life outcome; Health 

assessment questionnaire (HAQ)
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2. Reasons for exclusion of trials from second screen

Year

2006

2006

2004

2003 

2006 

2000 

2006

2005

2004 

2004 

2004

2004

2009

2008

2000

2007

2005

2004

2006 

2006 

2006

2004

2008 
2008 
2009

2009

Drug

Adalim um ab

Adalim um ab

Adalim um ab

Adalim um ab

Adalim um ab

Inflixim ab

Inflixim ab

Inflixim ab

Inflixim ab
Etanercept
Infliximab
Etanercept

Inflixim ab

Infliximab

Inilixim ab

Etanercept

Etanercept

Etanercept

Etanercept

Etanercept

Etanercept

E tanercept

Etanercept

Etanercept

Etanercept
Etanercept

Golim um ab

Golim um ab

Author(s)
B reedeveld et 

al.
Schiff et al. 
Torrance et 

al.

Furst et al.

Abe et al.

Lipsky et al.

Smolen et al.
Goekoop- 

Ruiterm an et 
al. 

Gomez- 
Puerto et al. 
Yazici and 

Erkan

Durez et el.

W illiam  St. 
C lair et al. 

Van 
Vollenhoven 

et al. 
L isbona et al.

Bathon et al.

Wei.sman et 
al.

Chen et al.

Klareskog et 
al.

Van der 
Heijde et al. 

K laresekog et 
al.

Com be et al.

Lan et al.

Kekow et al. 
Em ery et al. 
Emery et al.

Smolen et al.

Citation/DOI

10.1002/art.21519

10.1136/ard.2005.043166

10.1093/rheum atology/keh 153

J Rheumatol 2003; 30(12): 2563- 
2571

J Rheumatol 2006; 33(1 ):37 

10.1056/nejm 200011303432202 

10.1002/art.21678

10.1002/art.21405

Ann Rheum Dis 2004;63:896

Ann Rheum Dis 2004;63:607- 
612

10.1136/ard.2003.012914

10.1002.art.20565

10.1016/SO 140-6736(09)60944-2

J Rheum 2008;35(3):394-7 

NEJM  2000;343(22): 1586-1593

10.1093/rheum atology/kem 033

10.1136/ard.2005.038851

Lancet 2004;363:675-681 

10.1002/art.21655 

10.1136/ard.2005.038349

10.1136/ard.2005.049650

J Formos Med Assoc 
2 004 :103(8);618-623 

10.1136/ard.2008.102509 
10.1016/SO 140-6736(08)61000-4 

10.1002/art.24638

10.1016/SO 140-6736(09)60506-7

Reason for exclusion

M TX naive population

Review paper on safety 
Duplicate (ARM ADA 

trial)
Included DM ARDs other 
than and including MTX 

14 week study 
54 week data of 

ATTRACT study 
M TX naive population

Early RA

A nti-TNF experienced 
population 

Anti-TNF experienced, 
Observational data 

Com pared to intravenous 
methylprednisolone

M TX naive population

Included DM ARDs other 
than and including MTX

6 week data only 
M TX  naive population, 
no baseline HAQ score 

16 week safety study, 
efficacy data unavailable 
ACR data not reported. 

Included DM ARDs other 
than and including MTX 

Included MTX naive 
patients 

2 year data o f Klareskog 
2006

Open label study

Included DM ARDs other 
than and including MTX

12 week data only

Early RA population 
Early RA population 

M TX naive population 
A nti-TNF experienced 

population________
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3. Selection Process

Flow Diagram for anti-TNF therapy in RA

Final S tud ies  included  
(n = 16 ACR r es p on se )  
n=13 HAQ res p on se )

Full- text  a r t i cles  exc luded ,  
o n  initial s c ree n in g  

(n =201)

Full- text  ar t i cles  a s se ss ed  
for  eligibility 

(n = 243)

Full t e x t  a r t i cles  exc lud ed  
a f t e r  s e c o n d  sc ree n  

( r e as o n s  given) 
(n=26)
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Appendix 7: R Syntax for Analysis on all drugs

(The individual syntax on each drug has not been presented, due to length; however 
the method is identical)

6 week toxicity

> metaprop(c( 16,11,97,15),c(l 161,2364,2326,301)) 
proportion 95%-CI %W(fixed) %W(random)

1 0.0138 [0.0079; 0.0223] 18.88 25.35
2 0.0047 [0.0023; 0.0083J 38.42 25.82
3 0.0417 [0.0339; 0.0506J 37.80 25.82
4 0.0498 [0.0282; 0.0809] 4.91 23.01

Number of trials combined: 4

proportion 95%-CI z p.value 
Fixed effect model 0.0191 [0.0158; 0.0226] NA 
Random effects model 0.0236 [0.0060; 0.0522] NA

Quantifying heterogeneity:
tau^2 = 0.0232; H = 5.74 [4.29; 7.67]; 1^2 = 97% [94.6%; 98.3%]

Test of heterogeneity:
Q d.f. p.value 

98.76 3 <0.0001

Forest Plot:
> secl<-metaprop(c( 16,1 l,97,15),c(l 161,2364,2326,301 ),c("Kristensen 2006","Du 
Pan 2009","Hetland 2010","Geborek 2002"))
> forest(secl)

6-24 week toxicity

6-24 week toxicity all drugs
Error: unexpected symbol in "6-24 week"
> metaprop(c(91,120,101,20),c(854,l 161,2364,301)) 

proportion 95%-CI %W(fixed) %W(random)
1 0.1066 [0.0867; 0.1292] 18.25 25.25
2 0.1034 [0.0864; 0.1223] 24.81 25.62
3 0.0427 [0.0349; 0.0517] 50.49 26.16
4 0.0664 [0.0411; 0.1008] 6.45 22.96

Number of trials combined: 4

proportion 95%-CI z p.value 
Fixed effect model 0.0684 [0.0613; 0.0758] NA
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Random effects model 0.0781 [0.0439; 0.1211] NA

Quantifying heterogeneity:
tau^2 = 0.0203; H = 4.63 [3.33; 6.44]; 1^2 = 95.3% [91%; 97.6%J

Test of heterogeneity;
Q d.f. p.value 

64.32 3 <0.0001

Method: Inverse variance method
Freeman-Tukey double arcsine transformation used for proportions 

Forest Plot:
> secl<-metaprop(c(91,120,101,20),c(854,l 161,2364,301),c("Zink 2005","Kristensen 
2006","Du Pan 2009","Geborek 2002"))
> forest(sec 1)

6-24 week inefTicacv

metaprop(c(l 12,49,24,63,10),c(854,1161,2364,2326,301)) 
proportion 95%-CI %W(fixed) %W(random)

1 0.1311 [0.1092; 0.1556] 12.20 20.02
2 0.0422 [0.0314; 0.0554] 16.57 20.19
3 0.0102 [0.0065; 0.0151] 33.73 20.43
4 0.0271 [0.0209; 0.0345J 33.19 20.43
5 0.0332 [0.0160; 0.0602] 4.31 18.93

Number of trials combined: 5

proportion 95%-CI z p.value 
Fixed effect model 0.0311 [0.0272; 0.0353J NA 
Random effects model 0.0420 [0.0148; 0.0823] NA

Quantifying heterogeneity:
tau^2 = 0.0359; H = 6.86 [5.47; 8.59]; 1^2 = 97.9% [96.7%; 98.6%]

Test of heterogeneity:
Q d.f. p.value 

187.97 4 <0.0001

Method: Inverse variance method
Freeman-Tukey double arcsine transformation used for proportions 

Forest Plot:

> sec I <-metaprop(c( 112,49,24,63,10),c(854,l 161,2364,2326,301),c("Zink 
2005","Kristensen 2006","Du Pan 2009","Hetland 2009","Geborek 2002"))
> forest(secl)
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Total withdrawals all drugs at 6 months

> metaprop(c(203,170,124,63,31 ),c(854,1161,2364,2326,301)) 
proportion 95%-CI %W(fixed) %W(random)

1 0.2377 [0.2095; 0.2677] 12.20 20.01
2 0.1464 [0.1266; 0.1681] 16.57 20.10
3 0.0525 [0.0438; 0.0622] 33.73 20.21
4 0.0271 [0.0209; 0.0345] 33.19 20.21
5 0.1030 [0.0711; 0.1430] 4.31 19.46

Number of trials combined: 5

proportion 95%-CI z p.value 
Fixed effect model 0.0736 [0.0676; 0.0798] NA 
Random effects model 0.1022 [0.0414; 0.1859] NA

Quantifying heterogeneity:
tau^2 = 0.0743; H = 9.81 [8.21; 11.73]; 1^2 = 99% [98.5%; 99.3%]

Test of heterogeneity:
Q d.f. p.value 

385.21 4 <0.0001

Method; Inverse variance method
Freeman-Tukey double arcsine transformation used for proportions 

Forest plot:

> sec I <-metaprop(c(203,170,124,63,31 ),c(854,1161,2364,2326,301 ),c("Zink 
2005","Kristensen 2006","Du Pan 2009","Hetland 2010","Geborek 2002"))
> forest(secl)
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Appendix 8: Costs for RA Model

Item costed Unit

cost

(source

price

year)

Unit Cost 

(IRL€ 

2010)

Price

year

Source

Healthcare Visits

Day case (infusion suite 8hrs) 1077.00 1164.00 2011 HSE Casemix

Day case 587.00 661.76 2005 HSE Casemix

In-patient stay 4637.00 5227.57 2005 HSE Casemix

O/P visit 150.00 168.60 2010 HSE Casemix

A&E visit 227.00 255.15 2010 HSE Casemix

Gp Visit 25.10 25.10 2010 GP surgery fee in 

Ireland *

Outpatient Visit 168.60 HSE Casemix

Cost per bed day 689.00 776.75 HSE Casemix

Tests

FBC 9.26 10.00 2011 SVUH Laboratory

FBC+ESR 17.34 18.73 2011 SVUH Laboratory

ESR 8.32 8.99 2011 SVUH Laboratory

Urea and electrolytes 7.85 8.48 2011 SVUH Laboratory

LFT 12.20 13.18 2011 SVUH Laboratory

CRP 12.74 13.76 2011 SVUH Laboratory

Urinalysis 0.51 0.55 2011 Based on Multistix 

SG**

H epB 26.00 28.09 2011 National Virus 

Reference Lab 

(UCD)

TB Screen 22.21 2008 Test cost. 6 mins 

nurse time+ 15min 

dr. time) Inflated to 

2009

Imaging/ Diagnostics

CT C Spine/ S spine/ L spine/knee 268.00 2008 SJH

MRI C Spine/ S spine/ L spine/knee 268.00 2008 SJH
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CX R 112.40 2010 SJH

X ray lim bs, hips, shoulder 146.12 2008 SJH

U S (hands, ankles, shoulder, wrists) 223.00 2008 SJH

Biopsy 123.00 2007 VHI

A rthroscopy (Day case) 1194.00 2007 D RG  124 Casemix 

2009

Medication Costs Pack

Size

Pack

Cost

Unit Cost

A dalim um ab pen/syringe 2 1125.1

8

562.59 2011 H SE  reim bursem ent 

price April 2011

Etanercept 50m g pen/syringe 4 1031.7

1

257.93 2011 H SE reim bursem ent 

price April 2011

G olim um ab 50m g syringe 1 1105.5

0

1105.50 2011 H SE  reim bursem ent 

price April 2011

C ertolizum ab 200m g 2 1031.8

0

515.90 2011 H SE reim bursem ent 

price April 2011

Intlixim ab lOOmgvial 1 690.43 2071.29 2010 M IM s N ov 2009

R ituxim ab 500m g vial 1 1632.8

3

1632.83 2011 C lin iscip t 2011

A batacept 250m g vial 1 359.61 359.61 2010 HSE Price 

R ealignm ent Nov 

2010

R ituxim ab 500m g vial 1 1632.7

9

1632.79 2009 M IM s N ov 2009

M TX tablets 2.5m g (Lederle) 28 3.83 0.82 2010 H SE  reim bursem ent 

p rice (PCRS Nov 

2010)

M TX syringe (M etoject) lOmg/ml 1 18.84 18.84 2011 H SE  reim bursem ent 

price (PCRS Nov 

2010)

M TX syringe (M etoject) IO/1.5mlmg 1 23.12 23.12 2011 H SE reim bursem ent 

p rice (PCRS Nov 

2010)

M TX syringe (m etoject) 10/2ml 1 25.11 25.11 2011 H SE reim bursem ent 

price (PCRS Nov 

2010)

M ethothrexate Subcut Average 1 22.36 22.36 2011 Average o f  three 

doses

L cflunom ide 10-20mg tablets 30 67.69 2.26 2011 H SE  reim bursem ent 

price (PCRS Nov 

2010)

Azathioprine 50m g 100 29.20 0.88 2011 H SE reim bursem ent 

price  (PCRS Nov
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2010)

H ydroxychloroquine 200mg 60 19.80 0.33 2011 HSE reim bursem ent 

price (PCRS Nov 

2010)

Salazopyrin EN 112 12,28 0.11 2011 HSE reim bursem ent 

price (PCRS Nov 

2010)

C yclosporin Caps lOOmg (Neoral) 30 89.79 2.99 2011 PCRS April 2011

Gold IM injection (M yocrisin) 10 46.06 4.61 2009 M IM s Nov 2009

Prednisolone 5m g EC (D eltacortril) 100 10.73 0.11 2011 HSE reim bursem ent 

price (PCRS Nov 

2010)

Triam cinolone (Adcortyl) lOmg/mi 5 6,52 1.30 2011 HSE reim bursem ent 

price (PCRS Nov 

2010)

M ethylprednisolone 500m g Injection 

(Solu-m edrone)

1 10.38 10.38 2011 M IM s April 2011

Diclofenac (D ifene) 75mg 56 14.55 0.26 2011 HSE reim bursem ent 

price (PCRS Nov 

2010)

Other Drug Related Costs Unit Cost (or 

Hourly in 

ease of 

infusion cost)

C om pounding (excl

VAT2

1%)

40.00 2008 SV U H  

2009(cost o f 

rituxim ab 

com punding in 

pharm acy)

Patient care fee - High Tech Drug 

Scheme

per

m onth

62.03 2010 2008

D ispensing Fee (Average o f  3 fees 

from  sliding scale)

4.30 2010 H SE Pharm acy 

Fees

Cost o f  Infusion 134.63 2010 SJH 

C hem otherapy 

Infusion Suite 

D aily  Rate 

€1077/ 

8hrs

Palliative Care Costs

Palliative Care Yearly
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Diclofenac 75mg bd 73.22 HSE 

reimbursement 

price (PCRS 

Nov 2010)

Prednisolone 5mg od 45.38 HSE 

reimbursement 

price (PCRS 

Nov 2010)

1 week Rheumatology Rehabilitation 

( I X year)

2518.00 Cost of Care in 

Public Nursing 

Homes

Total Palliative C are  Cost 2636.60

Staff Costs

Staff costs (www.dohc

Annual 
salary 

(midpoint 
of scale)

Budget
2009
deduction 

s (5% on 

first
€3C,0C0;7.5 
% on next 
€40,000;10 
% on next 
€55,000

Salary
following
deductions

70:30 
pay:non- 
pay rule Salary per \

Hours per 
w eek (SJH 

personnel 

) Salary per 1Source

Senior staff nurse 48,870 2,915 45,955 65650 1258 37.50 €33.55 Dohc
Staff Nurse 39,431.81 2,207.39 37,224 53178 1019 37.5 €27.18 DoHC
Public Health Nurse 52,989.66 3,224.22 49,765 71093 1362 37.5 €36.33

Senior Pharmacist 69,200 4,440 64,760 92514 1773 35.00 € 50.66 Dohc

Category 1 Consultant 168,844 14,384 154,459 220656 4229 33 €128.14 DoHC (avera

*28% o f patients are medical card and private patients will be out o f pocket (€55-€60) and therefore not 
a cost to the HSE
**Urinalysis is based on cost o f M ultistix 10 SG (100 pack) €51.52 (inc. 21% VAT) (M IM S Dec 2009) 
1 test = €0.51
*** Nursing Home Support Scheme, Our Lady’s Hospice, Harolds Cross Effect from July 2010 to July 
2011 €2518 per week
SJH St Jam es Hospital, SVUH St. Vincents University Hospital, PCRS Prim ary care Reim bursem ent 
Service, HSE Health Service Executive

265



Appendix 9: Comparison of PSAs for BRAM

Table (i): Mean and Standard Deviation of the NMB of each anti-TNF compared to 
DMARD from the results of five PSA

PSA

Run

Fixed

Seed

Etanercept

NMB

Infliximab

NMB

Adalimumab

NMB

Golimumab

NMB

Certolizumab

NMB

1 0.1 -86259.27 -83624.87 -94569.51 -79575.61 -78459.16

2 0.2 -86502.66 -83536.90 -95060.96 -79605.54 -78377.')8

3 0.3 -86659.38 -83651.79 -94319.96 -79646.08 -78492.21

4 0.4 -86396.56 -83752.82 -95045.27 -79577.99 -78445.72

5 0.5 -85988.21 -83561.20 -94888.37 -79629.41 -78344.74

Std Dev 288.75 53.22 334.80 30.11 68.03
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Appendix 10: Collaborative Work

The technical work in chapter 5 has been carried out as stated throughout the chapter 

w ith Susanne Schmitz who is a PhD student in statistics. Her PhD focuses on the 

methods o f evidence synthesis and in particular mixed treatment comparisons. The 

work required for this thesis required new models to be developed (in particular for 

the HAQ multiplier) and required the use of WinBUGs. This thesis examines the 

cost-effectiveness of anti-TNF drugs in RA, which requires decision to be made in 

relation to the cost-effectiveness model and compiling the inputs for this model. The 

inputs for clinical efficacy were best calculated by combining data from many 

different sources. The most appropriate method to use was mixed treatment 

com parison which uses a Bayesian methodology. While an understanding of the 

methodology is known by the candidate, the computation required in W inBUGs was 

seen as outside the expertise required for this thesis. The collaborative work is 

highlighted in the relevant chapter (Ch. 5).

■ The background work, systematic review, data extraction, author contact, and 

calculation of weighted baseline estimates. 100% Roisin Adams

■ Decisions surrounding the assumptions for the model, in particular for the 

methotrexate effect and inclusion/ exclusion criteria 80% Roisin Adams, 20% 

Susanne Schmitz.

■ Development of MTC model for HAQ multiplier: 100% Susanne Schmitz

■ Adaptation of the Nixon model from OR to RR: 100% Susanne Schmitz

■ The computation of relative effects in WinBUGS: 100% Susanne Schmitz

■ Writing of the paper published in Annals of Rheumatic Disease: Roisin Adams 

30% Susanne Schmitz 70%
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Survival Analysis

■ The background work, systematic review, data extraction 100% Roisin Adams 

-fo r  completion these were verified by Susanne Schmitz as the data was 

extracted from graphs.

■ The computation of Weibull distribution and fitting of curves in WinBUGS 

100% Susanne Schmitz
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Appendix 11: Results of One Way Sensivity Analysis

Table 42. PSA Results of Linear utility mapping using original EQ-5D scoring 

(Irish cohort)

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 78200 65400 98300

CZP - Base 88500 80300 105000

GOL- Base 97600 87000 107000

ADA - Base 110700 90600 138100

IFX - Base 209500 155600 326900

Table 43. Parameter Set 3 Linear Utility mapping using SF-6D measure (Irish 

cohort)

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 181700 141600 256300

CZP - Base 205000 153900 313300

GOL- Base 225000 163200 363200

ADA - Base 249600 184300 369600

IFX - Base 456200 275000 1369000

269



Table 44. Parameter Set 4 Linear Utility mapping using original EQ-5D scoring 

(UK cohort)

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 58300 47600 75500

CZP - Base 66700 62100 73900

GOL- Base 73000 68400 79000

ADA - Base 82900 66800 105700

IFX - Base 158000 116500 244700

Table 45. Parameter Set 5 Quadratic mapping for the SF-6D

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 133200 92600 238300

CZP - Base 151000 107300 245000

GOL- Base 170000 117600 307700

ADA - Base 202700 141200 373800

IFX - Base 411800 254900 1144300

Table 46. Parameter Set 6 Same time on all anti-TNF treatment

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 117300 92600 157000

CZP - Base 144300 133000 163200

GOL- Base 163000 152300 190000

ADA - Base 172600 132300 254500

IFX - Base 347100 229200 707600
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Table 47. Parameter Set 7 HAQ Change on anti-TNF treatment

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 405500 192200 -3254500

CZP - Base 484000 231500 4970000

GOL- Base 620000 265000 -2570000

ADA - Base 869400 338600 -1265100

IFX - Base 5630000 597000 -730800

Note: The negative ICER values fo r  the upper C l are higher than the positive values. 

These values are dominated.

Table 48. Parameter Set 8 Drug price reduction 50%

Comparison ICER

95% Credible Interval

Lower Upper

ADA - Base 71200 70300 72100

ETN - Base 47400 46900 47900

IFX - Base 170000 165000 175000

GOL- Base 59700 58800 60600

CZP - Base 60000 59100 60900
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Table 49. Parameter Set 9 Offset costs included

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 96500 60100 273000

CZP - Base 110000 70000 310000

GOL- Base 121500 72400 299000

ADA - Base 138200 87600 380800

IPX - Base 264200 159600 1076800

Table 50. Parameter Set 10 Utility estimates set to zero

Comparison ICER

95% Credible Interval

Lower Upper

ETN - Base 102700 85300 131200

CZP - Base 115900 101300 139700

ADA - Base 143700 115400 185100

GOL- Base 151800 111300 138900

IPX - Base 268300 187200 480700
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