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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
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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 money. "' 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

drugs 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. 31 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



examines 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.



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.
"I Eollowing 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.



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-off”” 40% price reduction for those off-patent
products was implemented in February 2010. I 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. 311t is unclear whether further PAS will

be introduced in Ireland.



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 GMS, 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 of 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 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) of 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 Ireland 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 of 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. L4

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
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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 of pharmacoeconomic decision analytical models has increased greatly in

Fk Al They are a key tool for those conducting or appraising

recent years.
technologies by providing an explicit framework to address the decision.'*” They can
combine evidence from a range of sources which allows extrapolation of costs and
outcomes over time.”*' Decision analytical models are recommended for submissions
of economic evaluations in many countries national guidelines, including Ireland. s
#4281 Often a copy of a decision model is also requested to be included for the

submissions.

A Consensus Statement on Decision Analytic Modelling in the Economic Evaluation
of Health Technologies outlined the properties of good decision analytical models '**'.
The model should be:

» Customised for the purposes for which it is to be used,

» Useful in answering the questions which are asked,

» Easily communicated.

A framework for a pharmacoeconomic evaluation is essentially composed of two
main components; the decision analytical model and the evidence pertaining to the
intervention(s). The evidence may be sourced from a number of areas including
natural history, epidemiology, efficacy and effectiveness, costs and other outcomes
such as QOL. This evidence may also be subjected to analytical modelling, as is the
case in evidence synthesis for efficacy and effectiveness, in order to combine different

sources of data for use in the model.

1.2.3 Decision Rules, ICERs and Thresholds

When decision analytical models are used to assess interventions, an estimate of cost-
effectiveness is derived, which is most commonly the Incremental Cost-Effectiveness

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
19732 It was 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. i
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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 makers’ 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 €17,385/LYG. """ 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

time.!'"!

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. With any
assessment, however, there is residual uncertainty as to what the optimal decision is.
Uncertainty arises for two distinct reasons. The first of 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 of Perfect Information

(EVPI)).
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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.
OWSA 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.
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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

T e s . [82,34]
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 QALY

difficult to understand.”*> **!

Higher Cost Ceiling Incremental Cost-
Effectiveress Rafio
Q4 Q1
Lower Higher
Effectivenes Effectivenes
Q3 Q2
Lower Cost

Figure 6: The Cost-effectiveness Plane.

The orange line through the origin represents the threshold for decision makers — this
may increase or decrease (black lines)

Reproduced with permission from Drummond et al. Methods for the Economic
Evaluation of 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 (Q1). 38401 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 Q1 - 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. 1421

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=AXxE-C

A = threshold (WTP), E = Effect (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 Ireland."*"! The 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 for ages 55-64 and FIT and ages 55-74. (Taken from Health

Technology Assessment of 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 WTP equals the willingness to
accept (WTA). In other words cost-effectiveness outcomes in the southwest (Q3) and
northeast (Q1) 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. I 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 of the cost-effectiveness analysis itself
rather than the CEAC which assumes all points in Q1 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 (WTP/ 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. 0

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. 1 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 WTP 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 for ages 55-64 and FIT and ages 55-74. (Taken from Health
Technology Assessment of 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 of 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 of this
wrong decision.*” These consequences are associated with foregoing benefit, due to
a wrong decision. 1221 I 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 of 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 of 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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e 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. Bl

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

. 52-54
later onset of disease. ! ]

2.1.1 Classification of RA

[55]

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. 156 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. 581 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 of different cytokines in inflammation and

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

which is the result of inﬂammation/ 611

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 (IL-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. 131" 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. 166.671 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
s " 9 . "
indicate a worse prognosis. 1991 Several infectious agents have been suggested as

being risk factors for RA including Epstein-Barr virus, rubella virus, parvovirus and

31



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

791 bther studies have not

Despite some studies indicating that RA increases mortality,
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 studies.”””’ The 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. "7 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% CI 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 er al. "

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

subjects). (Naz et al."")

First author (country) | Year | Size of | Mean duration SMR | Category
and ref. no. series of follow-up
(years)
Jacobsson (Pima 1993 | 2979 24 1.28 Community
Indians, USA)'SOI
Wolfe 1994 | 3501 9-35 2.26 | Clinic-
(USA/Canada)lxl ' based
Myllykangas 1995 | 1186 5 1.37 Clinic-
(Finland)[ “ based
Wallberg-Jonsson 1997 | 606 15 157 Clinic-
(Sweden)'g'” 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
1.01F
Gabriel (USA) 0% 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
of 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 of 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 Dose Reimbursement | Mode of
Indication Administration
Methotrexate Anti-metabolite | RA, 7.5- GMS, DPS Oral and
Psoriasis 20mg subcutaneous
weekly injection
Leflunomide Immuno- RA, PsA, 10- GMS, DPS Oral
modulatory 20mg
od
Azathioprine Anti-metabolite | RA 1- GMS, DPS Oral
mg/Kg/
day
Gold Unknown RA, JIA 5S0mg | GMS, DPS Intramuscular
(Sodium 4-6 injection
Aurothiomalate) weekly
Ciclosporin Immuno- RA, 3- GMS, DPS Oral
suppressant Psoriasis Smg/kg
daily

JIA - Juvenile Idiopathic Arthritis

2.2.1.1 Review of methotrexate clinical trials in RA

Although MTX is established as one of the most widespread DMARDs used for the

treatment of RA, there is considerable variation in the way in which it is used and

prescribed by rheumatologists. 921’ A number of RCTs have been carried out

examining how it is most effectively used and at what dose. The MASCOT (n=687)

study compared combination therapy with sulphasalazine (SSZ) and MTX with MTX

or SSZ alone using DAS as the primary outcome measure. ">’ The study concluded

that combination therapy was more effective than monotherapy but there was little

significant difference between SSZ and MTX. The COBRA (n=155) study compared

a step-down regime of prednisolone, MTX and SSZ to SSZ alone in early arthritis.

[94]

The study concluded that combination therapy may be more effective than SSZ

monotherapy. The TICORA (n=111) single blinded study compared tight control of

rheumatic drugs to routine practice. > Disease activity, radiographic disease

progression, physical function, and quality of life were all more 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 randomised open-parallel group trial comparing

combination therapy with monotherapy in early RA. %61 The study concluded that

combination therapy as a tight control strategy in patients with early RA aiming 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. 921" A recent Cochrane review of MTX versus combination non-
biological treatment found no advantage in using combination therapy over

monotherapy.l98|

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

Smg 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
DMARD:s 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. Lkl

Radiographic data, physical function and QOL scores all demonstrated improvement
over placebo. In a trial comparing leflunomide to placebo and leflunomide to MTX
(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. N1 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. [A01) e
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.

%21 1n a study examining the safety and pharmacokinetics of leflunomide, the most
common adverse effects were respiratory infection, alopecia, diarrhoea, increased

cough and rhinitis. LX)
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2.2.1.8 Discontinuation rates of leflunomide

Experience with a national cohort in the United States (n=3,325) 33 months after first
approval was published. %41 The overall discontinuation rates of leflunomide in 3
major trials was reported as 20-30%. 1% 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. 1051 Adverse
events and lack of efficacy were also the two main reasons for discontinuation in the
trials. "™ A 2008 systematic review compared the efficacy and harms of RA drugs.
191" 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.

2.2.1.9 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 biologics, physician and patient preference and disease.

There is an evidence base for these agents but it is not as strong as that of MTX. Rlaee
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 withdrawn.!"'”" 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 Mode of | Licence Dose Reimbursement | Mode of
Drug action Indication Administration
Adalimumab | Anti- RA, PsA, | 40mg High technology | Subcutaneous
(Humira) TNF- a AS, every 2 | drugs scheme Injection
Crohns, weeks
Psoriasis
Certolizumab | Pegylated | RA 400mg at | High technology | Subcutaneous
(Cimzia®) Anti- weeks drugs scheme injection
TNF- a 0,2,4 and | (with PAS)
200mg
every 2
weeks
thereafter
Etanercept Anti- RA, PsA, | 50mg High technology | Subcutaneous
(Enbrel®) TNF- a AS, weekly drugs scheme injection
Psoriasis, | Or 25mg
JIA twice
weekly
Golimumab | Anti- RA 50mg High technology | Subcutaneous
(Simponi®) | TNF- a once drugs scheme injection
monthly
Infliximab Anti- RA, PsA, | 3- Hospital funding | Intravenous
(Remicade®) | TNF- a AS, Smg/kg infusion over 2
Crohns, at week hours
Psoriasis, | 0,2,6,
Ulcerative | and 8
colitis weekly
thereafter

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 | Interventions Comparator Appraisal Type | Guidance / Recommendations Year
appraisal Included completed
NICE
Adalimumab, Conventional DMARD MTA Rituximab is most cost-effective following 2010
abatacept, sequence beginning with inadequate response to DMARDs including
TA 195 etanercept, leflunomide at least 1 anti-TNF agent.
infliximab,
rituximab
Certolizumab Adalimumab and STA Certolizumab pegol is cost-effective when a | 2010
etanercept (Monotherapy PAS* is in place
scenario)
Adalimumab, etanercept,
TA 186 infliximab, rituximab and
tocilizumab +
methotrexate
(Combination therapy
scenario)
Adalimumab, DMARD sequence MTA Agents are cost-effective if patients have 2007
etanercept, DAS >5.1 and have had an inadequate
TA 130 infliximab response to 2 or more DMARDs. Treatment
should not be continued if inadequate
response at 6 months
TA 225 Golimumab TNF-inhibitors + STA Golimumab is cost-effective if used as N/A

Methotrexate

described in TA 130 and TA 195 in
combination with a PAS**




Technology | Interventions Comparator Appraisal Type | Guidance / Recommendations Year
appraisal Included completed
Abatacept, N/A Therapeutic In adult patients with rheumatoid arthritis 2010
adalimumab, Review Panel with an inadequate response on optimal
certolizumab, (TRP) doses of DMARDs, one of the following
etanercept, biologics: abatacept, adalimumab,
golimumab, etanercept, golimumab, or infliximab could
infliximab, be used in combination with methotrexate or
rituximab other DMARDs. Anakinra and certolizumab
were not recommended. Rituximab is
restricted for patients who have failed an
anti-TNF agent.
CADTH
Issue 85 Etanercept, N/A Clinical Review | Agents are not cost-effective at a lower than | 2007
infliximab C$100,000 willingness to pay threshold
S0174 Golimumab N/A Common Drug Golimumab + methotrexate be listed in a 2010

Review: Cost
minimisation
analysis

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.
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Technology | Interventions Comparator Appraisal Type | Guidance/ Recommendations Year
appraisal Included completed
Certolizumab N/A Common Drug Was not listed for reimbursement 2010
Review: Cost
minimisation
analysis
S0175
SMC
Adalimumab N/A STA Accepted for restricted use within NHS 2003
Scotland for the treatment of rheumatoid
81/03 arthritis by specialist physicians in
accordance with guidance by the British
Society for Rheumatology.
305/06 Etanercept N/A STA abbrevialed Accepted for use within NHS Scotland 2006
submission
Certolizumab Anti-TNF therapy STA Accepted following resubmission under the | 2009
590/09 (Infliximab, adalimumab same indications as for NICE submission in

and etanercept) +
methotrexate

combination with PAS only.

*Patient Access Scheme: manufacturer provides the initial 12 week supply of drug free of charge.

** Patient Access Scheme: manufacturer supplies golimumab 100mg dose for 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 used. '"''" The 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 DMARD:s.
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
Biologics Registry as part of the NICE review'*”. The lifetime cost of anti-TNF
therapy was £57,919 per 5.15 QALYSs versus £20,706/ 3.59 QALY for conventional
DMARD:s. 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 of cost-effectiveness at either WTP threshold. The
impact of disability progression (HAQ score) whilst on DMARD:s (in the absence of
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 WTP £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. 1121 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 of 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 company’s dossier; independent modelling is not performed.

TA 186

The most recent of these STAs was for certolizumab (Cimzia®) (TA 186). (1141 The
review group stated that ‘the cost-effectiveness of certolizumab relative to other
biologic DMARD:s 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
DMARD:s; and ignored the potential influence of differences between biologic
DMARD:s 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
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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 IL-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 £11,601/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 DMARD:s 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 RADIATE)."" 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 TNF-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 TNF-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 infliximab.""'”" 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 DMARD:s 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 of 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
of 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 = €0.72(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 Biologics 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 SOmg 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 of 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 of 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. 121 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 122l 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 of strategies aimed at
inducing remission in early RA. 121 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 of life (HRQOL) and reduction in joint damage demonstrated

radiologically.

Note: Quality of life data is presented in this thesis for both RA and PsA but economic

modeling and associated analysis is performed for 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 of outcome measures in an attempt to
evaluate interventions used both in clinical trials and in clinical practice. b 551 Cine
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. 1126l 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. 1126l 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

e Atleast a 20% improvement in 3 out of the following 5:
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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 of 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.
1129 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, ACRS50 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 of the ACR-N

and it not been through the OMERACT filter, as has the ACR 20. L

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)

Improwement > 12 improwement = 1.2 and > 0.8 improvement 0 8
Final Score
DAS28 <32 Good Response
Moderate Response
DAS28>32and =51
No Response
DAS28>51

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 28"

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. 1321 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 of 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. 11341351 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 of 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 of 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 of 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).

61



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
of 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).

32211 Health Assessment Questionnaire

The HAQ was developed as a systematic measure of outcome in patients with a wide
variety of rheumatic diseases, including RA. 1381 The usual form of the HAQ used is
the physical disability scale (Modified HAQ) which measures function in relation to

the degree of 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
disability."**" 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

i e 43 38,39,
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.

3.2.2.2 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. MAUT
instruments have a generic ‘descriptive system’ which is capable of 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. 121" 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 inflammatory arthritis.'4% 14
"I 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
population."*" The 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, 147148

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.

32223 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 UK.""! 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

1521 and the

the parametric model can over predict the value of better health states
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 (HUI3). The HUI3 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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While it has been used in RA, it is not used as commonly as the SF-6D or the EQ-

5D.!I133I

Table 5. Overview of Multi-Attribute Utility Theory (MAUT) Instrument

Properties i
Instrument | Dimensions/domains/attributes | No. of Valuation Boundaries
possible Technique
Health
states
HUI2 Sensation (vision, hearing, 24,000 Standard -0.03 to 1.00
speech) mobility, emotion, Gamble
cognition, self-care, pain
-0.36 to 1.00
HUI3 Vision, hearing, speech, 972,000 Standard
ambulation, dexterity, emotion, Gamble
cognition, pain
SF-6D Physical function, role 18,000 Standard 0.2 to 1.00
limitation, social function, pain, Gamble
mental health, vitality
EQ-5D Mobility, usual activities, self- 243 Time Trade -0.59 to 1.00
care, pain, anxiety off

3.3 Selecting an outcome measure for CUA of anti-TNFs

3.3.1 Choice of instrument for RA

A number of methods are used to measure disease severity and the impact of 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 E -5D"*! or the SF-36!"*"! or a disease specific
g p

instrument, such as the HAQ[ 136 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 both."””! Seymour e 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 effect) , 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 ‘map’
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 utility.”®** """ 191 NICE have now included
mapping in their guide to technology appraisals if the EQ-5D has not been used in the
trial. "' A number of 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 disease.''®> ' In
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 of 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 for judging the merits of a utility measure has been published by Brazier

et. al."®! 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
SE-6D. *°! This discrepancy between the measures has been the subject of a number

. . S, 167, 172-175
of recent publications ' 107 172173

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. !'"* "7l 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
with this anomaly. """ '”®" 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.
(1471781791~ These methods have been challenged considerably in the literature due to
the manner in which they change the actual data. '®"'7* "*¢%21" 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
L 1167, 182-185]

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). 471 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 better-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 O 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 er al..!"®"

180]

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 study.""®”! The 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 paper.''®”" This theory is based

around the error that is present for the TTO valuation.
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Figure 12: Error associated with Time Trade Off Responses

(based on 838 TTO responses for the ‘some problems’ EQ-5D state (22222) taken
from the Measurement and Value of 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,
were 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
WTD 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, ¢, for an individual, i, is random and can be

represented by:

Ht+ ey Episodic R UM

Uﬁ.{t} =
(,u_}- + &y ] = ,u),-t + e{}-t‘ Instant RUM

Figure 13 provides a schematic on how the data is handled for the revised method in

comparison to the original Dolan method.
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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. (190} st
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.

. . . . . 192
Table 6. Alternative specifications of mapping functions ''”*!
Model Dependent Discrete Independent variables
vanable (D) or = . ) X
Santintionk M‘z}m Discrete Interactions  Other measures
(©) effects (D) or
continuous
(C)
1 Index o Overall score C For any model:
2 Index C Dimension ¢ Dimensions squared terms,
scores other
health measures,
3 Index C Item levels G Items A K
clinical measures,
4 Index = Item levels D Items level demographics
5 Dimension level C Models 14 C/D Models 1-4
6 Dimension level D Models 14 Cc/D Models 14

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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however 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. 1931 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

e To derive patient reported preference based utility scores from patients
initiating on anti-TNF therapy.

e To calculate the utility scores using different patient reported HRQOL
questionnaires.

e To derive a mapping function from the HAQ and the DAS 28 using Irish
data in both RA and PsA.

4.3 Objectives

e To estimate the change in preference based utility score for patients prior to
starting anti-TNF therapy and at follow up.

e 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 of 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), joint 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

11541 4 number of different

termed ‘mapped values’. In a study by Bansback et al.
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 | 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 er 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 of 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 of 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=11 years). The mean DAS 28 score was higher in the RA group (5.39 [95% CI
5.16, 5.43]) than in the PsA group (4.91 [95% CI 4.65, 5.05]), as was the mean
HAQDI (RA 1.3 [95% CI 1.26, 1.46] vs PsA 0.96 [95% CI1 0.81, 1.08]). (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 (17,85) 45+ 12.8 (15, 77)

Duration of disease (yr) 12+9.4 (0,42) 11+ 10.1(0, 45)

ESR 35+ 25.8 (2, 140) 22:E20.101,.120)
CRP 29+29.5(2, 158) 18 £22.7 (0, 149)
DAS 28 CRP 5.39+1.18(1, 9) 1011, 7)

Patient Global Assessment 6+23(0, 10) 5+2.3(0, 10)
(10cm VAS)

Pain (10cm VAS) 6+23(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) 716 (0, 28)
Fatigue (10cm VAS) 61240, 10) 6+2.6(0, 10)
Tender Joint Count (Range 0-66) 10+£6.0 (1, 10) 12 +9(0,43)
Concomitant MTX (n) 220 (64%) 56 (35%)
Previous DMARDs (n) 202% ]18**

HAQDI (0-3) 1.3::0.7.(0:3) 0.96 £0.7 (0, 2.5)

SE-36 PCS (0-100)

30 8.5 (12,57

34+£9.5 (13, 58)

SE-36 MCS (0-100)

45+10.4 (17, 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; MCS = 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 of 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 12 month change in Baseline 12 month change in

mean = SD mean + SD | utility mean * SD mean + SD utility

(range) (range) (95% CI) (range) (range) (95% CI)
SF-6D | 0.54 £0.09 0.62 £0.077 | 0.08 0.57 £0.12 0.66 £0.12 0.09

(0.29, 0.75) (0.44,0.83) | (0.049,0.106) | (0.25, 0.79) (0.32,0.89) (0.123,0.052)
EQ-5D | 0.43 +0.32 0.65+0.28 0:22 0.49 £0.32 0.77 £0.28 0.28

(-0.43, 1.0) (=0.18, 1.0) | (0.145,0.302) | (-0.24,1.0) (-0.24, 1.0) 0.360,0.200)
Revised | 0.56 +0.22 072402 0.16 0.62 +0.21 0.84 £0.17 0.22
EQ-5D | (-0.14,0.9954) | (0.88,0.9954) | (0.102,0.214) | (-0.14,0.9954) | (0.046, 0.9954) | (0.281,0.167)

States Worse than Death

Seventeen per cent of the RA group has utilities defined as WTD at baseline and 7%

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 of equality, and thus the fact that
the points lie mainly above the line shows that SF-6D derived scores are typically larger than EQ-5D for 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 axes show the marginal distribution for each measure.



4.5.3 Distribution of the utility scores for different measures

We 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 jump in the middle of the EQ-

5D measured range is present for both disease groups.

— PsA

=
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EQ5D SFeD

Figure 15: Histogram showing the distribution of EQ-5D and SF-6D measures
overall.

Density plots for RA and PsA are overlaid. The overall distribution of utility for both
disease groups is similar.
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Figure 16: Histograms of the EQ-5D and revised EQ-5D
Plot shows the marginal distribution for each of these measures for this cohort. Of
note in the revised version is the impact on individuals with values less than 0.
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4.5.3.2 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 SE-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
study''®!, the 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
HAQ
HAQ Index [-0.084 |0.01 <0.001 -0.24 002 [<001 [-0.1 001 [<001 [-0267 [0.03 |<0.01
Constant 0.669 0.01 <0.01 0.79 0.03 [<0.01 [0.68 001 [<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 [005 [<001 [-0037 [0.03 [<0.01 [-0.109 [0.06 |[<0.01
Constant 0.704 0.003 [ <0.01 0.887 001 [<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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Figure 17: Comparison between the fitted lines associating the Health Assessment
Questionnaire Disability Index (HAQDI) with SF- 6D and EQ-5D-derived utilities from
this study and from Bansback et al. '*"
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Figure 19: Scatter plot of utilities derived from the revised EQ-5D scoring and original
EQ-5D scoring. A line of equality is fitted.

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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4.5.3.3 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)."""!

HAQ

— EQ-5DQ
——EQ-5DL

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 mode!

Table 10. Mapping Coefficients for EQ-5D (original) against HAQDI

EQ-5D Quadratic

95% CI P-value Std Error R’
Coefficient 0.806 (0.730,0.881) <0.001 0.038
HAQ -0.271 (-0.404,-0.137) <0.001 0.068
HAQ2 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% CI P-value Std Error R’
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% CI P-value Std Error R’

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. > ** '* 7l 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 Biologics 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 instrument.””’ The 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.''*" "7+ 1%

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 improvement.'>* """ '*I One of the key issues
highlighted is where utilities are valued less than O or WTD. The driver of this negative utility
or states WTD is when pain scores are valued at their worst state. While other studies have

741 scoring the other

found that there were other components influencing this WTD state,
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 system."”"! The 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 of 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. 2021 The question format of the measures also differs considerably;
the response options for the EQ-5D for a particular dimension of 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

. . . s [200]
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. kb3 P SN

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.
1741 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. (2041

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 of an Irish value set. However a number
of papers have highlighted the problems with using other population values or other societal

[2

preferences. 04.2051° 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. 1252061 Srictly 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 of 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

[164, 174]

those seen in other studies and therefore results may not be generalisable across

different cohorts, an issue highlighted by Harrison et al.'""

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. '***' Menzies et al. provides discussion on the
problems that may arise as a result of using the episodic RUM. 2081 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. e 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

“%I, which failed to meet the

the percentage of observations in the Dolan MVH study
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 of 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 paper.'"*’! In 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 jump 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. BE S st gilhall The

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 al.!'®! 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. [163, 1641 'The impact of these different
methods for calculating utility on CUA has recently been discussed. 38111 Barton et al. found
that the mean QALY gains produced by a mapping technique generated consistently lower
results than actual observed QALY gains. !''"" For 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 of 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
judgment 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

e " . 2 % 2
or decision maker’s preferences and for valuing the different attributes of a preference. Lo

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 well-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 IgG1 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=271). (218] 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 treatment 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). (219 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 of adalimumab monotherapy, in patients
who had failed previous DMARD therapy, in a 26 week trial (n=544). (2201 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).
2 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. 4] 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. 12231 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 1'**°), RAPID
2'%*"l 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. ACRS50 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 + MTX arm
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(P<0.001). The response for the treatment groups at 52 weeks dropped slightly 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 of 400mg 2 weekly. The
number of withdrawals at week 16 in RAPID 1 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. S
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

12.4mg) 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 FAST4WARD 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.

108



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 ACRS0 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 ACRS50 rates (P<0.001) and for ACR70 (P=0.013).

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

(AP

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). P! The groups compared were etanercept monotherapy (10mg 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 10mg 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). 12331 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 COMET 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). 12341 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 G1x (IgG1x) 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-FORWARD. (2353371 The GO-
FORWARD 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). sl

The mean duration of disease for this cohort was 8.6 years and the mean age of the cohort was
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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 100mg + placebo (n=133), Arm 3: Golimumab 50mg + MTX (n=89), Arm
4: Golimumab 100mg +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 ACRS50 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. (23%] 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 + MTX (group 1), golimumab 100mg + placebo (group 2), golimumab
50mg (group 3) or golimumab 100mg + MTX (group 4). The primary endpoint was ACRS50 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 100mg. 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 100mg 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 IgG1k monoclonal antibody which neutralizes the biological activity
of TNF a by binding with high affinity to the soluble and transmembrane forms of TNF o 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). (2391 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, 10mg/kg 8 wkly and 10mg/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 10mg/kg) with
placebo in patients with active RA despite MTX treatment (N=1084). 124901 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 10mg/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 + MTX (N=147 and N= 173). [241.2421 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. 17 **!
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.
[244]

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 biologics included etanercept and infliximab and later studies
included adalimumab. Effectiveness data from registries on golimumab and certolizumab is
not yet available. Many 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 of 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 months’ 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. el Etanercept, infliximab and adalimumab were included
(N=2326). **"I 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. e

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).
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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 of 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. 1'%

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. SR

Lu and Ades described the statistical method for performing MTC in a Bayesian framework.
12361 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

concurrent treatments, multiple treatment arms and study level covariates. Lo

With the exception of one trial comparing abatacept and infliximab there are no head-to-head
trials comparing any of the biological DMARD:s. 12581 Therefore it is necessary to perform

evidence synthesis to derive estimates of efficacy of one biological agent against another.

In the case of 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 of 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. e
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 al.”™’"". 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., %7 261-2671 (Table 12)
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Table 13. Summary of meta-analyses of biological therapy

Author and Date | Drugs Included Outcomes Used | Methods Model Measure of Effect | Study Type
Kristensen et al. Adalimumab, etanercept, infliximab ACR 50 Frequentist None NNT, RCT
2007 OR
Venkateshan et Adalimumab, etanercept, infliximab, rituximab, | ACR 20, ACR Frequentist DerSimonian and Laird OR RCT
al. 2009'** abatacept 50, ACR 70 random effects
Kristensen et al. Abatacept, certolizumab, golimumab, rituximab, | ACR 50 Frequentist None NNT, RR, RD RCT
1) 8 L tocilizumab Adverse Effects
Salliot er al. Adalimumab, etanercept, infliximab, abatacept, | ACR 50 Frequentist DerSimonian and Laird OR REE
2011 golimumab, certolizumab, rituximab, random effects
tocilizumab
Launois et al. Adalimumab, etanercept, infliximab, abatacept, | ACR 20, ACR Frequentist and | MTC random effects OR RCT
20111261 golimumab, certolizumab, anakinra, tocilizumab | 50, ACR 70 Bayesian using non-informative
prior
Lee et al. Adalimumab, etanercept, infliximab ACR 20 Frequentist DerSimonian and Laird RR RET
2008 ACR 50 random effects
ACR 70
Alonso-Ruiz et Adalimumab, etanercept, infliximab ACR 20, ACR Frequentist DerSimonian and Laird RR RCT
al. 2008'%% 50, ACR 70 random effects
Adverse events
Lloyd et al. Adalimumab, etanercept, infliximab ACR 20, Frequentist Random Effects and fixed | Percentage change | Observational
201012 EULAR effects (subgroups) from baseline
Response, Meta-regression
DAS 28, HAQ
Nixon et al. Adalimumab, etanercept, infliximab ACR 50 Bayesian Bayesian MTC, Meta- OR RCT
2007=%=4 regression
Devine er al. Infliximab, etanercept, adalimumab, ACR 50 Bayesian Bayesian MTC, Meta- OR RCT
201 149 golimumab, certolizumab, tocilizumab, regression
rituximab, abatacept, anakinra
Janssen er al. MTX, Anti-TNFa, HAQ Frequentist and | Frequentist fixed effects HAQ change from | RCT
2008 (Adalimumab, etanercept, infliximab) Bayesian and random effects. baseline
Bayesian fixed effects
and random effects model
Bergman er al. Tocilizumab, abatacept, rituximab, anti-TNF ACR 20, ACR Bayesian Bayesian MTC fixed RR RCT
20107 inhibitors 50, ACR 70 effects

NNT= Number Needed to Treat, OR= Odds Ratio, RCT=Randomised Controlled Trials, RR= Relative Risk, RD=Risk Difference, HAQ= Health

Assessment Questionnaire




. . : . ; 257, 261, 267,
Five 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 ez al. used the methodology described by Nixon et al.
and compared all biological therapy indicated in RA. ety

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. '*****"?*l Some combined a
different patient population such as MTX naive patients or early RA patients with

treatment experienced or established RA patients. VT AEnRE0. 20, =28

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).

e 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. Monotherapy 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 ez 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 ACRS50 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 Nixon et al. model "' was adapted by Susanne Schmitz in Trinity College,
Dublin (Appendix 10 gives further details of work performed by Susanne Schmitz for
the thesis). The code for model 4 was given in the published Nixon paper and this
was adapted for the analysis performed here. A methodology described by Warn et

R ¥, Four models were fitted

al. was used to calculate risk ratio (RR) instead of O
initially and one model was chosen for the final analysis (bivariate random effects).
Further exploration of the impact of using different MTC models is given below. The
effect of MTX is included in models so that this effect can be separated from the
effect of interest (anti-TNF agent). The effect size of the MTX is only informed by

studies where MTX is given in either the control arm or the treatment arm. If it is

given in both arms, no information on this effect is provided.

HAQ improvement is modelled differently to the ACR 20 and ACR 50 and this was
not included in the Nixon model. The HAQ improvement is dependent on the
baseline HAQ score or the patient’s disease severity. This is based on previous
studies which have shown that the effect size of the anti-TNF depends on disease
severity. 12751 The methodology for this model was developed by Susanne Schmitz,

Department of Statistics, Trinity College Dublin (Appendix 10).

All models were extended to a meta-regression to include the covariates duration of
disease, number of previous DMARDs and HAQ score at baseline. None of these

were found to have a significant impact.

Demographic of the trial populations is presented with weighted mean values. The

results of the MTC are presented as relative risks with 80% credible intervals.
5.3.4.3 Exploration of structural uncertainty and model choice

Many methods of evidence synthesis exist; but usually only one is chosen. While this
is a pragmatic approach, the decision-maker is left with some uncertainty as to how an
alternative method may have impacted on the end result and ultimately the decision.
Model uncertainty has been discussed in a number of publications on structural
uncertainty. B2.270: 217 3While the uncertainty around the model chosen for the decision

analysis is often explored, the model estimating the data for the parameters 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

uncertainty. el

Various approaches have been suggested for managing this uncertainty. One such
approach averages the model outputs depending on the confidence in each model.
12781 However this approach has not been used commonly. Model averaging has been
described extensively using both frequentist and Bayesian frameworks. '*’* 2" 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. 2811 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 WinBUGs 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 /QALY
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 of €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. 78]

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 [2'% 1% 222. 226,227, 230, 239, 240, 242, 238, 282]; MTX

[220; 221, 228, 231}

was not given in four of the studies. One trial contained arms of

combination and arms of monotherapy. E

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).
Ada

5(n=1914)

Cert Control l Inf
3(n=1821) 4 (n=1960)
[2 (n=601)]

2(n=323)

2 (n=548)
[1 (n=444)]

Figure 25: Network Diagram of Evidence.

Lines are labelled with the number of studies and the total number of 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

Total number i Disease Number of Baseline Dose of
ge
Study in trial arms (Yrs) Duration Previous HAQ MTX
rs
used (N) (Yrs) DMARDs Score (mg)
Weinblatt et al. 2003
s 271 56 12 3 1.6 17
(ARMADA)?'8!
Keystone et al. 2004"™ 619 56 11 2 5 17
Van de Putte et al.
5 544 33 11 4 1.9 n/a
2004!220
Miyasaka et al. 2008
551 352 55 7/ n/a 1.6 n/a
(CHANGE)*?!l
Kim et al. 2007 128 49 7 n/a 1.4 16
Mean Demographic
55 10 3 1.6 17
adalimumab trials
Maini et al. 1999
- 428 53 8 3 1.7 15
(ATTRACT)?!
Westhovens et al. 2006
540 1,084 52 7 n/a 1.5 15
(START)*24!
Zhang et al. 20067 173 48 8 n/a n/a n/a
Schiff et al. 2008
5o 275 49 8 n/a 1.7 16
(ATTEST)**®
Mean Demographics
52 8 3 1.6 15
infliximab trials
Moreland et al. 1999/ 234 52 12 1.7 n/a
Weinblatt et al. 1999771 89 50 13 3 1.5 19
Mean Demographics
52 12 3 1.6 19
etanercept trials
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
52 6 n/a 14 15
golimumab trials
Keystone et al. 2008
o 982 52 6 1 1.7 14
(RAPID 1)2%!
Smolen et al. 2009
o5 619 52 6 1 1.6 13
(RAPID 2)1")
Fleischmann et al. 2009
- 220 54 10 2 1.5 n/a
(FASTAWARD)!?®!
Mean Demographics
52 7 1 1.6 13

certolizumab trials
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Table 15. Responders for ACR 20 and ACR 50

Study Arm ACR 20 ACR 50
Number | Number | Number of Number of Number of Number of
in in responders in | responders in responders in responders in
control | treatment | control arm treatment arm | control arm treatment arm
arm arm
Weinblatt e al. 2003 ARMADA Placebo + MTX EOW 62 9 5
gge;l&mumab 20mg+ MTX 69 33 2
Sg:;l&mumab 40mg+ MTX 67 45 37
ggz;l&mumab 80mg+ MTX 7 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 er 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 er al. 2008 CHANGE Placebo EOW 87 12 5
Adalimumab 20mg EOW 87 25 14
Adalimumab 40mg EOW 91 40 22
Adalimumab 80mg EOW 87 44 28




Tel

Study Arm ACR 20 ACR 50
Number | Number | Number of Number of Number of Number of
in in responders in | responders in responders in responders in
control | treatment | control arm treatment arm | control arm treatment arm
arm arm
Kim er al. 2007 Placebo +MTX 63 23 9
Adalimumab 40mg EOW +
MTX 65 40 28
Maini et al. 1999 Placebo + MTX 88 18 7
(ATTRACT)
Infliximab 3mg/kg 8wkly +
MTX 86 45 22
Infliximab 3mg/kg<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>