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Abatacept, etanercept, infliximab, rituximab and abatacept for the treatment of
rheumatoid arthritis after the failure of a TNF inhibitor.

Submission on behalf of the British Society for Rheumatology Clinical Affairs

committee, chair || GGG

Introduction

In 2007 NICE published a Final Appraisal Determination again concluding that patients
who have failed on their first anti-TNF agent due to lack or loss of response should not be
allowed to have access to a second anti-TNF agent because this was determined not to be
a cost-effective use of NHS resources [1]. The NICE Appraisal Committee accepted that
the reviewed evidence showed that a second anti-TNF agent was clinically effective, but
their health economic analysis suggested that this approach was not cost-effective. This
leaves the original guidance unchanged with regard to a second anti-TNF drug, and leaves
NHS patients who fail on their first anti-TNF agent the choice of either rituximab, or
returning to conventional DMARDs.

Measures of cost effectiveness in relation to switching

Data from the British Society for Rheumatology Biologics Register (BSRBR) has shown
that patients who switch anti-TNF therapy following the failure of their first anti-TNF
therapy show a significantly better improvement in Health Assessment Questionnaire
(HAQ (0.15)) than those who stay on their first anti-TNF therapy (in spite of inadequate
response) or stop the anti-TNF therapy [2]. These data hold true despite the fact that
patients have had disease for 11 years, failed on a mean of 4 DMARDSs, and concurrent
methotrexate was only being used in 47% of patients. Other observational studies show
greater HAQ improvements on switching from a failing first anti-TNF agent to a second
(0.33 t0 0.52 in the ReAct study [3]).

There is therefore clear evidence of a clinical response with a 2" anti-TNF treatment after
failure of primary treatment. Some patients may not respond as well as others and recent
data suggests this may be related to the development of auto-antibodies to the biologic
drugs [4]. Nevertheless, the difficulty is in measuring the clinical benefits for economic
modelling.

Currently, there is not an accepted single measure for evaluating health utility in
rheumatoid arthritis. Direct and indirect measures have been evaluated and the HAQ has
been used most widely in modelling. This approach was criticised by Scott and colleagues
[5] who found a poor correlation between HAQ scores and the indirect utility measure
EuroQol (EQ-5D) in 321 patients with rheumatoid arthritis (RA).

In contrast, Ariza-Ariza and colleagues [6] found a close correlation between HAQ and
EQ-5D in 260 RA patients. They found a poor correlation between EQ-5D and DAS 28 but
a similar correlation between both HAQ and DAS28 and the Time Trade-Off (TTO)
instrument of utility. Interestingly however, there was only a moderate correlation between
the mean change in EQ-5D and HAQ.
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Witney and colleagues [7] also found a stronger correlation between HAQ and EQ-5D and
only a moderate correlation between HAQ and the direct utility measures TTO and
Standard Gamble (SG). One reason for the disparity in these measurements suggested by
the researchers is that patients with established RA report a higher health utility on the
EQ-5D indicating that such patients have a higher acceptance of their illness [8] and less
depression [9].

In relation to the health economic analyses of sequential anti-TNF therapy, the previous
appraisal committee were concerned that the Birmingham Rheumatoid Arthritis Model
(BRAM), modelled predominantly on HAQ changes in the BSRBR, found very high
incremental cost-effectiveness ratios (ICERs) and failed to approve the use of a second
anti-TNF. In our view the HAQ response in these patients significantly underestimates the
clinical response.

In patients with a HAQ in the upper part of the range, the relationship between utility and
HAQ appears to be less well defined. Kobelt and colleagues [10] found that the EQ-5D
was able to discriminate between patients with different HAQ scores but only in ACR
functional class Il. Witney and colleagues found a greater variability in SG, TTO and EQ-
5D utility scores in those with higher HAQ scores. Bansback and colleagues [11] also
found the difference between actual and predicted EQ-5D utility was greater in those with
a HAQ score > 2.5 and concluded that the HAQ is a suboptimal measurement compared
with a direct measurement of health utility.

In the BSRBR the duration of disease is greater and the mean HAQ scores are higher than
in published clinical trials of anti-TNF therapy. For example in the ReACT trial [3] the mean
disease duration prior to first anti-TNF was 11 years with a mean HAQ score of 1.6; HAQ
scores improved by approximately —0.5 and DAS scores by approximately —2.0. In the
DREAM study [12] disease duration was between 6 and 7.7 years and baseline HAQ
scores between 1.3 and 1.4. The HAQ scores improved by approximately —0.4 and DAS
scores by approximately —1.8. In the BSRBR data of second anti-TNF response, the mean
duration of disease is greater than 14 years with a base line HAQ of 2.1. [2,23]. The
clinically significant fall in DAS scores is not reflected in the reduction in HAQ score of only
-0.15.

These data indicate that the clinical response and improved utility following anti-TNF
therapy in those with significant disability is not reflected in the HAQ scores. Patients with
established longstanding disease often have irreversible damage and deformity in their
joints. However, treating active synovitis — reflected in high DAS scores — in this group of
patients will have a significant benefit in utility with little effect in HAQ score.

The importance of including clinical response, as well as disability, is reflected in the study
by Brennan and colleagues [13]. They modelled the clinical response to the disability/utility
improvement rather than using average improvement in HAQ scores. They also differed
from the BRAM in modelling the concept of withdrawal unless an adequate clinical
response was achieved. The result of this study indicated that using a second anti-TNF
after failure of the first drug was cost effective using the current parameters accepted by
NICE.
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Choice of Rituximab after failure of a first anti-TNF agent

The following are concerns about rituximab being the only available biological drug
following the failure of a first anti-TNF agent:

1.

There is a substantial and growing database on the long-term efficacy of anti-TNF
therapy on disease activity, function and quality of life. There is also evidence for
long-term inhibition of radiological progression in responders to anti-TNF therapy,
and early data supporting reduction in work disability, and improvements in
cardiovascular morbidity and mortality.

There is no comparable data for rituximab.

There is a substantial and growing database on the long-term safety of anti-TNF
therapy. Data from the BSRBR has shown that, compared to standard DMARD
therapy, the risk of serious infections may be increased in the first 3-6 months of
treatment but this risk seems to decrease over time [14]. Preliminary data from large
observational studies have not found a significant increased risk of cancer [15].

There are concerns that recurrent infusions of rituximab may lead to persistent
decreases in immunoglobulin levels, and though so far no increased infection risk
has emerged, the concerns remain. The effect of B-cell depletion on future
treatment options is also unknown.

The response of seronegative patients to rituximab may be diminished or even
absent [16,17]. Indeed EULAR guidelines suggest that rituximab should not be used
in seronegative disease [18]. By contrast, serological status does not determine the
response to anti-TNF therapy [19].

The EMEA licence for rituximab states that it must be given in combination with
methotrexate, which leaves methotrexate intolerant individuals with no treatment
option. Adalimumab and etanercept are licensed for use in patients who are unable
to take methotrexate.

Rituximab can only be given in prolonged intravenous infusions in hospital facilities
with resuscitation equipment available. This removes choice from patients who
would like to manage their condition at home.

Choice of supportive care after failure of a first anti-TNF agent

There are concerns about patients returning to conventional DMARDs, steroids or
palliative care following the failure of biological therapies. There is no evidence to show
that this approach is helpful.

The BeSt trial has demonstrated that patients who fail on methotrexate are unlikely
to respond to other conventional DMARDs [20]. All NHS patients will have been
exposed to methotrexate prior to going onto anti-TNF, therefore returning to
conventional DMARDs following the failure of anti-TNF is very unlikely to be helpful.
Data from the British Rheumatoid Arthritis Outcomes Study Group shows that
patients on either symptomatic or aggressive treatment strategies show progressive
deterioration in HAQ over three years of follow up [21].
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e Patients in the BSRBR who switched to a second anti-TNF agent after the failure of
the first showed significant improvements in HAQ over 1 year of follow-up, whereas
those who stopped and returned to conventional DMARDs or palliative treatment
showed no change in HAQ over the year [2].

e Long-term steroid therapy for patients failing biologics is an option where the
advantages are soon heavily outweighed by the disadvantages. The NICE RA
Management Guidelines advise against the use of long-term steroids, and suggest
that a variety of tactics, including the use of biologics, should be employed to try to
avoid this [22].

Taken together, these data suggest that returning to conventional DMARDs, steroids or
palliative care following the failure of biologics is not a helpful option.

Choice of a second anti-TNF agent after failure of a first anti-TNF agent

There is evidence to show that secondary non-responders (those who have lost response)
show better efficacy on a second anti-TNF agent than primary non-responders (those who
never responded). The ReACT study found that secondary non-responders are more likely
to respond to a second anti-TNF agent compared with a primary non-responder [3]. Data
from the BSRBR demonstrate that patients who fail to respond to their first anti-TNF agent
(primary non-responders) are more likely to have a similar response with their second [23].

A recent study addressing sequential use of the South Sweden Arthritis Treatment Group
Register showed that first time switchers’ response rates are somewhat below that of
biologic naive patients; further, 71% of first time switchers achieving a EULAR good or
moderate response compared with 58% of second time switchers [24]. DAS remission
rates were 16% in first time switchers compared with 6% in second switchers. Baseline
predictors of response to treatment were lower age and HAQ score, high DAS and having
stopped anti-TNF due to adverse events rather than inefficacy. This study suggests a
diminishing response with second and third anti-TNF agents.

The BSR recommends that in RA patients who lack or lose response to their first anti-TNF
agent, a second anti-TNF agent should be made available.

Rituximab in RA non-responders to anti-TNF

Current NICE guidelines [25] state that rituximab should be used
a. with methotrexate
b. in patients who have had an inadequate response to or intolerance of other
DMARD:s, including treatment with at least one anti-TNF therapy.
c. by physicians specialising in rheumatoid arthritis

It should be continued only if patients show an improvement in disease activity of 1.2

points or more. Repeat courses should be given with methotrexate and no more than 6
monthly.
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This raises several questions:
I. Can rituximab be given without other DMARDs, or with alternatives to
methotrexate?
ii. Should the eligibility and response criteria be modified?
iii. Should the suggested frequency of repeat infusions be modified?

i. Can rituximab be given without other DMARDSs, or with alternatives to methotrexate?

The initial pivotal trial [26] included cyclophosphamide or methotrexate as the concomitant
treatment. Although this was the initial open label trial, little difference existed between
those treated with methotrexate and rituximab and those treated with cyclophosphamide
and rituximab. In this trial, rituximab was also used as monotherapy with good efficacy, but
this did not achieve significance versus placebo due to the small numbers in each group.

The percentage figures for efficacy at 24 weeks are summarised in the table below.

Strategy % achieving | % achieving | % achieving | Table 1.
ACR20 ACR50 ACR70 Efficacy

Methotrexate 38 23 5 o of
Rituximab alone | 65 33 15 rituximab
Cyclophosphamide | 76 41 15 when
and rituximab . used
Methotrexate and | 73 43 23 with ~ a
rituximab variety of
other

concomitant medications [19]

Recent data has suggested the possible role for leflunomide in patients intolerant of
methotrexate [27,28]. There is very little data available regarding the combination of
rituximab with other biologic therapies. In a small study with only 18 patients [29], patients
were treated with etanercept and rituximab with good efficacy and no apparent significant
increase in side effects with the etanercept discontinued a week before, and
recommenced a week after the infusions. However, combination of other biologics has
been associated with increased incidence of side effects, particularly infections, without
increase in efficacy and therefore this area requires further research before any
recommendation can be made [30].

ii. Should the eligibility and response criteria be modified?

All rituximab studies have enrolled patients with active RA. Some studies have only
included those who have previously trialled anti-TNF therapy, whilst others have enrolled
patients who have not had previous biologic therapy, with others including both groups of
patients. The eligibility criteria for the major rituximab studies are similar: a swollen and
tender joint count of equal to or more than 8 joints out of 68, an ESR of > 28, and a CRP >
1.5mg/dl. The Edwards et al trial stipulated that patients must be rheumatoid factor
positive [26]. Other studies have not used this as an inclusion criterion but have only had
small numbers of rheumatoid factor negative (seronegative) patients included.

Evidence suggests that seronegative patients do not respond as well to rituximab as
patients who are rheumatoid factor positive (seropositive); however there may be some
benefit in seronegative patients (see Table 10). One study failed to show significant
response compared with placebo — but this study had 52% of patients achieved an ACR
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20 on placebo [16]. Another study showed significant response in both groups but less in
seronegative than seropositive patients (ACR 20 of 41% in seronegative and 54% in
seropositive) [17].

RF pos 79/79 <0.001  [10]
(I):/{OF neg  21/21 41 12 <0.001  [10]
FfF pos  128/128 54 28 <0.003  [9]
RFneg  63/21 48 52 NR [9]

Table 10. The responses of rheumatoid factor positive and negative RA patients to
rituximab in two of the pivotal trials.

Preliminary data have shown that seropositivity to anti-CCP antibodies behaves in a
similar fashion to seropositivity to RF [31], with greater responses in patients who are anti-
CCP antibody positive than negative. Patients who convert to being seronegative for RF
after their first infusion of rituximab appear to have a similar response as those who remain
seropositive after their first infusion [32].

The BSR recommends that Rituximab should be given in patients with active rheumatoid
arthritis who have failed biologics, or who are intolerant, or have contra-indication, to anti-
TNF therapy. It should be borne in mind that patients who are rheumatoid factor positive or
anti-CCP positive are more likely to respond to rituximab than patients who are negative
for these antibodies.

The degree of EULAR responses in the pivotal trials show that a response of at least 1.2
DAS28 points is to be expected. The BSR recommends the use of at least a moderate
EULAR response as the criterion for considering further treatments, for consistency with
the BSR’s recommendations for anti-TNF response criteria [33], and because EULAR
response criteria are validated, whereas a DAS28 decrease of 1.2 irrespective of baseline
DAS28 is not.

A delay of the assessment of response to 16 weeks should avoid the effect of the
methylprednisolone infusion given with the rituximab, which is thought to last up to 8
weeks.

In a small study, patients who did not respond initially to rituximab also did not respond to
further infusions [34]. In another small study, delaying the second treatment predicted a
flare of disease, and gave a similar or enhanced secondary response [35]. An open label
study looking at re-treatment has shown that a fixed re-treatment at 24 weeks and treating
when a flare occurs have similar outcomes [36]. Data from Switzerland [37] suggests that
the median duration of response in 83 RA patients was 12.7 months (inter-quartile range
9.4,22.3). There was some evidence that the efficacy of repeat infusions is cumulative.
This was predicted by a good response to the first infusion.
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The BSR recommends that RA arthritis patients on rituximab should be assessed for
response at an interval of no less than 16 weeks. Patients who do not show at least a
moderate EULAR response to the first treatment course should not be considered for re-
treatment.

iii. Should the suggested frequency of repeat infusions be modified?

In an open follow up study in patients having more than one dose of rituximab [37] the
interval between dosing was stable at 33 weeks (SD 10 weeks) in responders to the first
dose. This was not different when stratified by anti-TNF therapy and non anti-TNF therapy
exposed patients. The BSR recommends that re-treatment with rituximab in RA should be
considered when initial treatment response of at least a moderate EULAR response has
been lost. The frequency of infusion should be no less than 24 weeks.

Abatacept in RA non-responders to anti-TNF

Abatacept is a selective T cell co-stimulation modulator that blocks the CD80:CD28 or
CD86:CD28 co-stimulatory signal that is required for full T cell activation. Abatacept is a
fusion protein comprising the extracellular domain of human CTLA4lg and a fragment of
the Fc domain of human IgG1, produced by recombinant DNA technology in Chinese
hamster ovary cells. CTLA4lg has a greater affinity for CD80 or CD86 than it does for
CD28, and as such it preferentially binds to these receptors, thus preventing normal co-
stimulation via CD28. Abatacept is licensed for use in the UK in combination with
Methotrexate for the treatment of moderate to severe rheumatoid arthritis in adult patients
who have had an insufficient response or intolerance to other DMARDSs including at least
one TNF inhibitor.

NICE Technology Appraisal Guidance 141 [38] has not recommended abatacept for the
treatment of patients with RA, on grounds of not being a cost effective use of NHS
resources. This includes those in whom rituximab has failed or in whom rituximab is
contra-indicated or not tolerated. The Summary of Product Characteristics does not
recommend abatacept in combination with TNF blocking drugs because of an increase in
overall and serious infections.

RA patients who have failed to tolerate or respond to TNF inhibitors have a limited
therapeutic choice, between

e rituximab; or

e a return to non-biologic DMARDs alone or in combination;

e or corticosteroids.
RA patients who do not respond to therapies have a well documented poor outcome with
respect to damage within the musculoskeletal system, and effects on cardiovascular and
bone health, overall quality of life and life expectancy. In this context any treatment with
proven efficacy is attractive, not least abatacept given the unique mechanism of action.

NICE did not dispute the fact that abatacept was efficacious in the treatment of RA. In
order to move this debate on, it would therefore be important to focus on the following
issues:

i. Is there any new evidence to show that the efficacy of abatacept may have been
under-estimated in the treatment of RA?
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i. Is there any new evidence to show that abatacept might have advantages over
other comparators (conventional DMARDs, anti-TNF therapies or rituximab) in
treating all RA, or sub-groups of disease?

i. Evidence that the efficacy of Abatacept may have been under-estimated

1. Randomised, double blind, placebo controlled dose ranging add-on to methotrexate
non-responders study [39-41].

339 patients with active RA despite methotrexate were randomised to placebo (with
methotrexate), abatacept 2mg/kg or 10 mg/kg (days 1, 15, 30 then every 30 days)
up to 1 year, then all switched to open label abatacept 10mg/kg every 30 days.
Significant improvement was seen at 1 year in ACR 20/50/70, L-DAS, HAQ and SF-
36 (6 months data only) in 10mg/kg but not 2mg/kg compared with placebo. At 5
years, abatacept remained well tolerated and provided sustained benefits, with a
higher proportion of patients achieving L-DAS and DAS-R at year 5 than year 1.

2. ‘AIM’: Randomised, double blind, placebo controlled add-on to MTX non-
responders study [42-48].

652 patients with active disease despite 15 mg or more of methotrexate were
randomised to continue methotrexate and either have placebo, or abatacept 10
mg/kg (days 1, 15, 30 then every 30 days), then all placebo patients were switched
to abatacept 10mg/kg.

Significant improvement was seen in ACR 20/50/70, L-DAS, DAS-R, HAQ and
radiographic outcome at 1 year versus placebo and sustained improvements at
year 2 and 3 in all outcomes with suggestion of further incremental benefit on L-
DAS, DAS-R and radiographic outcome, whereas the ACR20/50/70 had a plateau
effect at year 2, and HAQ / SF-36 outcome had a plateau effect at year 1, with
maintained responses at year 2.

3. ‘ATTAIN’: Randomised, double blind, placebo controlled switch to Abatacept in
anti-TNF non-responders study [45,46,48-52]

391 patients with active RA despite DMARDs and either current or prior anti-TNF
(infliximab and etanercept) were included. DMARDS (75% on methotrexate) and
oral prednisolone up to 10mg (70%) were continued but the dose was stable for 3
months. Anti-TNF therapy was stopped (former users 62%, current users 38%,
washout etanercept 28 days and infliximab 60 days). Abatacept 10 mg/kg or
placebo was given on days 1, 15, 30 then every 28 days, then all placebo patients
were switched to abatacept 10mg/kg on day 141 ABA. A significant improvement
was seen in ACR 20/50/70, L-DAS, DAS-R, HAQ and all SF-36 domains at 6
months. In the long term extension phase at year 2 and 3 incremental increases
were seen in ACR 20/50/70, L-DAS, DAS-R, whereas no further improvements
were observed in SF-36 and HAQ after 6 months. Placebo treated patients in the
first 6 months showed similar benefit when switched to abatacept. The numbers of
patients with greater L-DAS or DAS-R were higher if previously they had failed one
anti-TNF agent as opposed to 2 anti-TNF agents. No difference in outcome was
seen if the reason for stopping anti-TNF therapy was primary versus secondary
non-response.
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In conclusion, three large cohorts of patients have all shown that the maximum benefit
from abatacept may be seen after the first year of treatment. The BSR recommends that
abatacept should be available to RA patients who have failed to respond to other biological
agents. Health economic analyses of abatacept should take into account the increase in
efficacy that takes place after the first year of treatment.

ii. Evidence of advantages of abatacept over other comparators

Rituximab may be more effective in seropositive RA than seronegative disease. The only
data the BSRBG have been able to find for this on abatacept is that presented by Bristol-
Myers Squibb to the US Food and Drugs Administration. This covers efficacy in
seronegative patients compared to seropositive patients in AIM (20% RF negative) and
ATTAIN (27% RF negative) (see page 57 (AIM) and page 74 (ATTAIN)) [52]. In summary,
ACR response rates were greater for abatacept than placebo in both seropositive and
seronegative patients in both studies, with no obvious differences between the groups.

The ATTAIN study extension has shown that there is no difference in efficacy for patients
demonstrating primary or secondary non-response on anti-TNF therapy, in contrast to the
data for a second anti-TNF agent which may not be as effective under in primary
compared with secondary non-responders.

If NICE eventually approves abatacept, it is likely that the drug would be used after the
failure of rituximab in the UK. Genovese et al [49] report safety outcome in 185 patients
with active RA despite rituximab therapy, who were then treated with another biologic drug
over a median follow up period of 11 months. Of these 150 received an anti-TNF drug and
25 received abatacept. At the time of commencing the post-Rituximab biologic the majority
had a CD19 count below the lower limit of normal. There is no report of an increase in the
incidence of serious infections during post-Rituximab biologic exposure compared to
during-Rituximab treatment. Also there were no opportunistic or fatal infections in the post-
Rituximab biologic period. This is reassuring for the group of patients most likely to gain
access to abatacept in the UK.
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Abatacept, etanercept, infliximab, rituximab and abatacept for the treatment of
rheumatoid arthritis after the failure of a TNF inhibitor.

Submission on behalf of the British Society for Rheumatology Clinical Affairs
Committee, chair Dr Chris Deighton

Introduction

In 2007 NICE published a Final Appraisal Determination again concluding that patients
who have failed on their first anti-TNF agent due to lack or loss of response should not be
allowed to have access to a second anti-TNF agent because this was determined not to be
a cost-effective use of NHS resources [1]. The NICE Appraisal Committee accepted that
the reviewed evidence showed that a second anti-TNF agent was clinically effective, but
their health economic analysis suggested that this approach was not cost-effective. This
leaves the original guidance unchanged with regard to a second anti-TNF drug, and leaves
NHS patients who fail on their first anti-TNF agent the choice of either rituximab, or
returning to conventional DMARDs.

Measures of cost effectiveness in relation to switching

Data from the British Society for Rheumatology Biologics Register (BSRBR) has shown
that patients who switch anti-TNF therapy following the failure of their first anti-TNF
therapy show a significantly better improvement in Health Assessment Questionnaire
(HAQ (0.15)) than those who stay on their first anti-TNF therapy (in spite of inadequate
response) or stop the anti-TNF therapy [2]. These data hold true despite the fact that
patients have had disease for 11 years, failed on a mean of 4 DMARDSs, and concurrent
methotrexate was only being used in 47% of patients. Other observational studies show
greater HAQ improvements on switching from a failing first anti-TNF agent to a second
(0.33 t0 0.52 in the ReAct study [3]).

There is therefore clear evidence of a clinical response with a 2" anti-TNF treatment after
failure of primary treatment. Some patients may not respond as well as others and recent
data suggests this may be related to the development of auto-antibodies to the biologic
drugs [4]. Nevertheless, the difficulty is in measuring the clinical benefits for economic
modelling.

Currently, there is not an accepted single measure for evaluating health utility in
rheumatoid arthritis. Direct and indirect measures have been evaluated and the HAQ has
been used most widely in modelling. This approach was criticised by Scott and colleagues
[5] who found a poor correlation between HAQ scores and the indirect utility measure
EuroQol (EQ-5D) in 321 patients with rheumatoid arthritis (RA).

In contrast, Ariza-Ariza and colleagues [6] found a close correlation between HAQ and
EQ-5D in 260 RA patients. They found a poor correlation between EQ-5D and DAS 28 but
a similar correlation between both HAQ and DAS28 and the Time Trade-Off (TTO)
instrument of utility. Interestingly however, there was only a moderate correlation between
the mean change in EQ-5D and HAQ.
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Witney and colleagues [7] also found a stronger correlation between HAQ and EQ-5D and
only a moderate correlation between HAQ and the direct utility measures TTO and
Standard Gamble (SG). One reason for the disparity in these measurements suggested by
the researchers is that patients with established RA report a higher health utility on the
EQ-5D indicating that such patients have a higher acceptance of their illness [8] and less
depression [9].

In relation to the health economic analyses of sequential anti-TNF therapy, the previous
appraisal committee were concerned that the Birmingham Rheumatoid Arthritis Model
(BRAM), modelled predominantly on HAQ changes in the BSRBR, found very high
incremental cost-effectiveness ratios (ICERs) and failed to approve the use of a second
anti-TNF. In our view the HAQ response in these patients significantly underestimates the
clinical response.

In patients with a HAQ in the upper part of the range, the relationship between utility and
HAQ appears to be less well defined. Kobelt and colleagues [10] found that the EQ-5D
was able to discriminate between patients with different HAQ scores but only in ACR
functional class Il. Witney and colleagues found a greater variability in SG, TTO and EQ-
5D utility scores in those with higher HAQ scores. Bansback and colleagues [11] also
found the difference between actual and predicted EQ-5D utility was greater in those with
a HAQ score > 2.5 and concluded that the HAQ is a suboptimal measurement compared
with a direct measurement of health utility.

In the BSRBR the duration of disease is greater and the mean HAQ scores are higher than
in published clinical trials of anti-TNF therapy. For example in the ReACT trial [3] the mean
disease duration prior to first anti-TNF was 11 years with a mean HAQ score of 1.6; HAQ
scores improved by approximately —0.5 and DAS scores by approximately —2.0. In the
DREAM study [12] disease duration was between 6 and 7.7 years and baseline HAQ
scores between 1.3 and 1.4. The HAQ scores improved by approximately —0.4 and DAS
scores by approximately —1.8. In the BSRBR data of second anti-TNF response, the mean
duration of disease is greater than 14 years with a base line HAQ of 2.1. [2,23]. The
clinically significant fall in DAS scores is not reflected in the reduction in HAQ score of only
-0.15.

These data indicate that the clinical response and improved utility following anti-TNF
therapy in those with significant disability is not reflected in the HAQ scores. Patients with
established longstanding disease often have irreversible damage and deformity in their
joints. However, treating active synovitis — reflected in high DAS scores — in this group of
patients will have a significant benefit in utility with little effect in HAQ score.

The importance of including clinical response, as well as disability, is reflected in the study
by Brennan and colleagues [13]. They modelled the clinical response to the disability/utility
improvement rather than using average improvement in HAQ scores. They also differed
from the BRAM in modelling the concept of withdrawal unless an adequate clinical
response was achieved. The result of this study indicated that using a second anti-TNF
after failure of the first drug was cost effective using the current parameters accepted by
NICE.
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Choice of Rituximab after failure of a first anti-TNF agent

The following are concerns about rituximab being the only available biological drug
following the failure of a first anti-TNF agent:

1.

There is a substantial and growing database on the long-term efficacy of anti-TNF
therapy on disease activity, function and quality of life. There is also evidence for
long-term inhibition of radiological progression in responders to anti-TNF therapy,
and early data supporting reduction in work disability, and improvements in
cardiovascular morbidity and mortality.

There is no comparable data for rituximab.

There is a substantial and growing database on the long-term safety of anti-TNF
therapy. Data from the BSRBR has shown that, compared to standard DMARD
therapy, the risk of serious infections may be increased in the first 3-6 months of
treatment but this risk seems to decrease over time [14]. Preliminary data from large
observational studies have not found a significant increased risk of cancer [15].

There are concerns that recurrent infusions of rituximab may lead to persistent
decreases in immunoglobulin levels, and though so far no increased infection risk
has emerged, the concerns remain. The effect of B-cell depletion on future
treatment options is also unknown.

The response of seronegative patients to rituximab may be diminished or even
absent [16,17]. Indeed EULAR guidelines suggest that rituximab should not be used
in seronegative disease [18]. By contrast, serological status does not determine the
response to anti-TNF therapy [19].

The EMEA licence for rituximab states that it must be given in combination with
methotrexate, which leaves methotrexate intolerant individuals with no treatment
option. Adalimumab and etanercept are licensed for use in patients who are unable
to take methotrexate.

Rituximab can only be given in prolonged intravenous infusions in hospital facilities
with resuscitation equipment available. This removes choice from patients who
would like to manage their condition at home.

Choice of supportive care after failure of a first anti-TNF agent

There are concerns about patients returning to conventional DMARDs, steroids or
palliative care following the failure of biological therapies. There is no evidence to show
that this approach is helpful.

The BeSt trial has demonstrated that patients who fail on methotrexate are unlikely
to respond to other conventional DMARDs [20]. All NHS patients will have been
exposed to methotrexate prior to going onto anti-TNF, therefore returning to
conventional DMARDs following the failure of anti-TNF is very unlikely to be helpful.
Data from the British Rheumatoid Arthritis Outcomes Study Group shows that
patients on either symptomatic or aggressive treatment strategies show progressive
deterioration in HAQ over three years of follow up [21].
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e Patients in the BSRBR who switched to a second anti-TNF agent after the failure of
the first showed significant improvements in HAQ over 1 year of follow-up, whereas
those who stopped and returned to conventional DMARDs or palliative treatment
showed no change in HAQ over the year [2].

e Long-term steroid therapy for patients failing biologics is an option where the
advantages are soon heavily outweighed by the disadvantages. The NICE RA
Management Guidelines advise against the use of long-term steroids, and suggest
that a variety of tactics, including the use of biologics, should be employed to try to
avoid this [22].

Taken together, these data suggest that returning to conventional DMARDs, steroids or
palliative care following the failure of biologics is not a helpful option.

Choice of a second anti-TNF agent after failure of a first anti-TNF agent

There is evidence to show that secondary non-responders (those who have lost response)
show better efficacy on a second anti-TNF agent than primary non-responders (those who
never responded). The ReACT study found that secondary non-responders are more likely
to respond to a second anti-TNF agent compared with a primary non-responder [3]. Data
from the BSRBR demonstrate that patients who fail to respond to their first anti-TNF agent
(primary non-responders) are more likely to have a similar response with their second [23].

A recent study addressing sequential use of the South Sweden Arthritis Treatment Group
Register showed that first time switchers’ response rates are somewhat below that of
biologic naive patients; further, 71% of first time switchers achieving a EULAR good or
moderate response compared with 58% of second time switchers [24]. DAS remission
rates were 16% in first time switchers compared with 6% in second switchers. Baseline
predictors of response to treatment were lower age and HAQ score, high DAS and having
stopped anti-TNF due to adverse events rather than inefficacy. This study suggests a
diminishing response with second and third anti-TNF agents.

The BSR recommends that in RA patients who lack or lose response to their first anti-TNF
agent, a second anti-TNF agent should be made available.

Rituximab in RA non-responders to anti-TNF

Current NICE guidelines [25] state that rituximab should be used
a. with methotrexate
b. in patients who have had an inadequate response to or intolerance of other
DMARDs, including treatment with at least one anti-TNF therapy.
c. by physicians specialising in rheumatoid arthritis

It should be continued only if patients show an improvement in disease activity of 1.2

points or more. Repeat courses should be given with methotrexate and no more than 6
monthly.
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This raises several questions:
I. Can rituximab be given without other DMARDs, or with alternatives to
methotrexate?
ii. Should the eligibility and response criteria be modified?
iii. Should the suggested frequency of repeat infusions be modified?

i. Can rituximab be given without other DMARDSs, or with alternatives to methotrexate?

The initial pivotal trial [26] included cyclophosphamide or methotrexate as the concomitant
treatment. Although this was the initial open label trial, little difference existed between
those treated with methotrexate and rituximab and those treated with cyclophosphamide
and rituximab. In this trial, rituximab was also used as monotherapy with good efficacy, but
this did not achieve significance versus placebo due to the small numbers in each group.

The percentage figures for efficacy at 24 weeks are summarised in the table below.

Strategy % achieving | % achieving | % achieving | Table 1.
ACR20 ACR50 ACR70 Efficacy

Methotrexate 38 23 5 o of
Rituximab alone | 65 33 15 rituximab
Cyclophosphamide | 76 41 15 when
and rituximab . used
Methotrexate and | 73 43 23 with ~ a
rituximab variety of
other

concomitant medications [19]

Recent data has suggested the possible role for leflunomide in patients intolerant of
methotrexate [27,28]. There is very little data available regarding the combination of
rituximab with other biologic therapies. In a small study with only 18 patients [29], patients
were treated with etanercept and rituximab with good efficacy and no apparent significant
increase in side effects with the etanercept discontinued a week before, and
recommenced a week after the infusions. However, combination of other biologics has
been associated with increased incidence of side effects, particularly infections, without
increase in efficacy and therefore this area requires further research before any
recommendation can be made [30].

ii. Should the eligibility and response criteria be modified?

All rituximab studies have enrolled patients with active RA. Some studies have only
included those who have previously trialled anti-TNF therapy, whilst others have enrolled
patients who have not had previous biologic therapy, with others including both groups of
patients. The eligibility criteria for the major rituximab studies are similar: a swollen and
tender joint count of equal to or more than 8 joints out of 68, an ESR of > 28, and a CRP >
1.5mg/dl. The Edwards et al trial stipulated that patients must be rheumatoid factor
positive [26]. Other studies have not used this as an inclusion criterion but have only had
small numbers of rheumatoid factor negative (seronegative) patients included.

Evidence suggests that seronegative patients do not respond as well to rituximab as
patients who are rheumatoid factor positive (seropositive); however there may be some
benefit in seronegative patients (see Table 10). One study failed to show significant
response compared with placebo — but this study had 52% of patients achieved an ACR
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20 on placebo [16]. Another study showed significant response in both groups but less in
seronegative than seropositive patients (ACR 20 of 41% in seronegative and 54% in
seropositive) [17].

RF pos 79/79 <0.001  [10]
(I):/{OF neg  21/21 41 12 <0.001  [10]
FfF pos  128/128 54 28 <0.003  [9]
RFneg  63/21 48 52 NR [9]

Table 10. The responses of rheumatoid factor positive and negative RA patients to
rituximab in two of the pivotal trials.

Preliminary data have shown that seropositivity to anti-CCP antibodies behaves in a
similar fashion to seropositivity to RF [31], with greater responses in patients who are anti-
CCP antibody positive than negative. Patients who convert to being seronegative for RF
after their first infusion of rituximab appear to have a similar response as those who remain
seropositive after their first infusion [32].

The BSR recommends that Rituximab should be given in patients with active rheumatoid
arthritis who have failed biologics, or who are intolerant, or have contra-indication, to anti-
TNF therapy. It should be borne in mind that patients who are rheumatoid factor positive or
anti-CCP positive are more likely to respond to rituximab than patients who are negative
for these antibodies.

The degree of EULAR responses in the pivotal trials show that a response of at least 1.2
DAS28 points is to be expected. The BSR recommends the use of at least a moderate
EULAR response as the criterion for considering further treatments, for consistency with
the BSR’s recommendations for anti-TNF response criteria [33], and because EULAR
response criteria are validated, whereas a DAS28 decrease of 1.2 irrespective of baseline
DAS28 is not.

A delay of the assessment of response to 16 weeks should avoid the effect of the
methylprednisolone infusion given with the rituximab, which is thought to last up to 8
weeks.

In a small study, patients who did not respond initially to rituximab also did not respond to
further infusions [34]. In another small study, delaying the second treatment predicted a
flare of disease, and gave a similar or enhanced secondary response [35]. An open label
study looking at re-treatment has shown that a fixed re-treatment at 24 weeks and treating
when a flare occurs have similar outcomes [36]. Data from Switzerland [37] suggests that
the median duration of response in 83 RA patients was 12.7 months (inter-quartile range
9.4,22.3). There was some evidence that the efficacy of repeat infusions is cumulative.
This was predicted by a good response to the first infusion.
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The BSR recommends that RA arthritis patients on rituximab should be assessed for
response at an interval of no less than 16 weeks. Patients who do not show at least a
moderate EULAR response to the first treatment course should not be considered for re-
treatment.

iii. Should the suggested frequency of repeat infusions be modified?

In an open follow up study in patients having more than one dose of rituximab [37] the
interval between dosing was stable at 33 weeks (SD 10 weeks) in responders to the first
dose. This was not different when stratified by anti-TNF therapy and non anti-TNF therapy
exposed patients. The BSR recommends that re-treatment with rituximab in RA should be
considered when initial treatment response of at least a moderate EULAR response has
been lost. The frequency of infusion should be no less than 24 weeks.

Abatacept in RA non-responders to anti-TNF

Abatacept is a selective T cell co-stimulation modulator that blocks the CD80:CD28 or
CD86:CD28 co-stimulatory signal that is required for full T cell activation. Abatacept is a
fusion protein comprising the extracellular domain of human CTLA4lg and a fragment of
the Fc domain of human IgG1, produced by recombinant DNA technology in Chinese
hamster ovary cells. CTLA4lg has a greater affinity for CD80 or CD86 than it does for
CD28, and as such it preferentially binds to these receptors, thus preventing normal co-
stimulation via CD28. Abatacept is licensed for use in the UK in combination with
Methotrexate for the treatment of moderate to severe rheumatoid arthritis in adult patients
who have had an insufficient response or intolerance to other DMARDSs including at least
one TNF inhibitor.

NICE Technology Appraisal Guidance 141 [38] has not recommended abatacept for the
treatment of patients with RA, on grounds of not being a cost effective use of NHS
resources. This includes those in whom rituximab has failed or in whom rituximab is
contra-indicated or not tolerated. The Summary of Product Characteristics does not
recommend abatacept in combination with TNF blocking drugs because of an increase in
overall and serious infections.

RA patients who have failed to tolerate or respond to TNF inhibitors have a limited
therapeutic choice, between

e rituximab; or

e a return to non-biologic DMARDs alone or in combination;

e or corticosteroids.
RA patients who do not respond to therapies have a well documented poor outcome with
respect to damage within the musculoskeletal system, and effects on cardiovascular and
bone health, overall quality of life and life expectancy. In this context any treatment with
proven efficacy is attractive, not least abatacept given the unique mechanism of action.

NICE did not dispute the fact that abatacept was efficacious in the treatment of RA. In
order to move this debate on, it would therefore be important to focus on the following
issues:

i. Is there any new evidence to show that the efficacy of abatacept may have been
under-estimated in the treatment of RA?
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i. Is there any new evidence to show that abatacept might have advantages over
other comparators (conventional DMARDs, anti-TNF therapies or rituximab) in
treating all RA, or sub-groups of disease?

i. Evidence that the efficacy of Abatacept may have been under-estimated

1. Randomised, double blind, placebo controlled dose ranging add-on to methotrexate
non-responders study [39-41].

339 patients with active RA despite methotrexate were randomised to placebo (with
methotrexate), abatacept 2mg/kg or 10 mg/kg (days 1, 15, 30 then every 30 days)
up to 1 year, then all switched to open label abatacept 10mg/kg every 30 days.
Significant improvement was seen at 1 year in ACR 20/50/70, L-DAS, HAQ and SF-
36 (6 months data only) in 10mg/kg but not 2mg/kg compared with placebo. At 5
years, abatacept remained well tolerated and provided sustained benefits, with a
higher proportion of patients achieving L-DAS and DAS-R at year 5 than year 1.

2. ‘AIM’: Randomised, double blind, placebo controlled add-on to MTX non-
responders study [42-48].

652 patients with active disease despite 15 mg or more of methotrexate were
randomised to continue methotrexate and either have placebo, or abatacept 10
mg/kg (days 1, 15, 30 then every 30 days), then all placebo patients were switched
to abatacept 10mg/kg.

Significant improvement was seen in ACR 20/50/70, L-DAS, DAS-R, HAQ and
radiographic outcome at 1 year versus placebo and sustained improvements at
year 2 and 3 in all outcomes with suggestion of further incremental benefit on L-
DAS, DAS-R and radiographic outcome, whereas the ACR20/50/70 had a plateau
effect at year 2, and HAQ / SF-36 outcome had a plateau effect at year 1, with
maintained responses at year 2.

3. ‘ATTAIN’: Randomised, double blind, placebo controlled switch to Abatacept in
anti-TNF non-responders study [45,46,48-52]

391 patients with active RA despite DMARDs and either current or prior anti-TNF
(infliximab and etanercept) were included. DMARDS (75% on methotrexate) and
oral prednisolone up to 10mg (70%) were continued but the dose was stable for 3
months. Anti-TNF therapy was stopped (former users 62%, current users 38%,
washout etanercept 28 days and infliximab 60 days). Abatacept 10 mg/kg or
placebo was given on days 1, 15, 30 then every 28 days, then all placebo patients
were switched to abatacept 10mg/kg on day 141 ABA. A significant improvement
was seen in ACR 20/50/70, L-DAS, DAS-R, HAQ and all SF-36 domains at 6
months. In the long term extension phase at year 2 and 3 incremental increases
were seen in ACR 20/50/70, L-DAS, DAS-R, whereas no further improvements
were observed in SF-36 and HAQ after 6 months. Placebo treated patients in the
first 6 months showed similar benefit when switched to abatacept. The numbers of
patients with greater L-DAS or DAS-R were higher if previously they had failed one
anti-TNF agent as opposed to 2 anti-TNF agents. No difference in outcome was
seen if the reason for stopping anti-TNF therapy was primary versus secondary
non-response.
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In conclusion, three large cohorts of patients have all shown that the maximum benefit
from abatacept may be seen after the first year of treatment. The BSR recommends that
abatacept should be available to RA patients who have failed to respond to other biological
agents. Health economic analyses of abatacept should take into account the increase in
efficacy that takes place after the first year of treatment.

ii. Evidence of advantages of abatacept over other comparators

Rituximab may be more effective in seropositive RA than seronegative disease. The only
data the BSRBG have been able to find for this on abatacept is that presented by Bristol-
Myers Squibb to the US Food and Drugs Administration. This covers efficacy in
seronegative patients compared to seropositive patients in AIM (20% RF negative) and
ATTAIN (27% RF negative) (see page 57 (AIM) and page 74 (ATTAIN)) [52]. In summary,
ACR response rates were greater for abatacept than placebo in both seropositive and
seronegative patients in both studies, with no obvious differences between the groups.

The ATTAIN study extension has shown that there is no difference in efficacy for patients
demonstrating primary or secondary non-response on anti-TNF therapy, in contrast to the
data for a second anti-TNF agent which may not be as effective under in primary
compared with secondary non-responders.

If NICE eventually approves abatacept, it is likely that the drug would be used after the
failure of rituximab in the UK. Genovese et al [49] report safety outcome in 185 patients
with active RA despite rituximab therapy, who were then treated with another biologic drug
over a median follow up period of 11 months. Of these 150 received an anti-TNF drug and
25 received abatacept. At the time of commencing the post-Rituximab biologic the majority
had a CD19 count below the lower limit of normal. There is no report of an increase in the
incidence of serious infections during post-Rituximab biologic exposure compared to
during-Rituximab treatment. Also there were no opportunistic or fatal infections in the post-
Rituximab biologic period. This is reassuring for the group of patients most likely to gain
access to abatacept in the UK.
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1. The British Society for Rheumatology Biologics Ragter
— Background and Recruitment Update

The British Society for Rheumatology Biologics Regr (BSRBR) was launched in
October 2001. The primary aim of this study wasineestigate the long-term
outcome of patients with RA treated with biologgents with particular reference to
safety. The study was organised under the ausmtete British Society for
Rheumatology and based at the Arthritis Researchp@en Epidemiology Unit (arc
EU) at The University of Manchester. Funding fhist study comes from the
pharmaceutical companies that market anti-TNF a&gamdl other biologics in the UK
to the BSR. To date these companies have includedef, Abbott Laboratories,
Biovitrum, Roche Schering-Plough, and Wyeth. Eadmpany has a separate
contract with the BSR, which in turn has awarded #ic Epidemiology Unit a
research grant for the running of the study. lmnmmgt The University of Manchester
provides the pharmaceutical companies with a “plaaowigilance service” which
includes expedited reporting of serious adversatsvand 6 monthly SAE incidence
rate comparisons and periodic safety update refjB&&Rs) according to an agreed
template. Decisions on analyses and publicationaéademic purposes rest solely
with the University of Manchester and the BSR.

The register runs in parallel with other Europeangistries, in particular registers
established in Germany and Sweden, which are furledimilar routes and are
collecting the same core data. Representatives these registers meet on an annual
basis to discuss progress of the registers asasefisues related to the collection and

analysis of data.
Sample Size and Patient Recruitment

The original sample size calculation for the BSRB&S based on the ability to detect
a two-fold increase in lymphoma. This equated t@QZ0 person years in both a
treated and untreated cohort. For ease, this waated) to a sample size of ~4,000
patients with a follow-up of 5 years each, for eaéhthe three currently available

NICE approved anti-TNF drugs (etanercept, inflixbonand adalimumab) and a
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similarly sized DMARD treated control group. Pat®ron biologics have been
recruited from 251 hospitals across the UK. Theanmiy have very active disease
(DAS28 > 5.1) which has been resistant to at I2aSMARDS, in accordance with

the current national guidelines on the use of treggnts (1). In 2005, the target of
4000 etanercept treated patients was reached amditneent to this cohort was

closed. The last of 4000 infliximab treated pasewas recruited in early 2007 and
recruitment to the adalimumab cohort came to antewards the end of 2008. The
register has also recruited a parallel cohort @idgic-naive patients with active
disease (guide DAS28 >4.2) who are receiving tiaaltl disease modifying therapy
(DMARDSs). Recruitment to this cohort, also set ataeget of 4000 patients, was
completed in March 20009.

Study Design and Patient Follow-up

All patients (anti-TNF treated and DMARD controlshave six-monthly
guestionnaires completed by the rheumatologisheumatology nurse specialist for
the first 3 years of the study and then annual tiu@saires thereafter. In addition,
patients completed a diary recording all hospiditss and other adverse events six-
monthly for 3 years. All patients are also “flagyedith the national NHS
Information Centre, which provides ongoing informoaton all patients who die or
develop a malignancy within the UK. Despite thigemsive program, the follow-up
rates have been excellent, with 90% of availabkpltial follow-up returned to the arc
EU. Patient response rates have also been very, gathd75% of all diaries returned.
Regular feedback to patients and health care mioiesls via newsletters and results
presented at national rheumatology meetings hgetieéb maintain the momentum of

this study.

2. Measuring Treatment Effectiveness using Data fromite
BSR Biologics Register

The BSRBR was primarily set up to capture long-teabcomes with reference to
safety in patients starting anti-TNF and other dmgi¢ therapies. However, disease

activity and severity is one of the most importaonfounders in the relationship
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between treatment and outcome and therefore, ii@udo details of adverse events,
regular collection of disease activity markers hals been collected. These have
primarily included the 28-joint count disease atfivscore (DAS28), the Health

Assessment Questionnaire (HAQ), the Short-FormS¥636) and most recently, the
addition of the Euroqol-5D (in patients registergidce 2006). The measures are
collected at the start of therapy and then at 6thigrintervals thereafter for three

years. These scores are not necessarily colledtdte time that patients stop their

therapy and/or start a subsequent biologic therapy.

With these data, we have been able to determineptbportion of patients who
respond to their first anti-TNF therapy with muataracy and have also been able to
look at predictors (clinical and genetic) of thesponse (2-10).

Analysis of response to a second or further bialaggent (with the exception of
rituximab) has proven more difficult. However, we dollect the dates of treatment
starts and stops as well as the dates of the @ismasvity/disability scores and so
have had the opportunity among the large numbeaténts enrolled in this study
(n=19,198), to do subset analyses of those patieritsre these 2 events do
correspond (drug start/stop and measurement ohsksactivity) albeit in smaller
numbers. Our data analyses have focused primarilthe HAQ score, as this is the
outcome measure can be mapped to the EQ5D andXhu¥’s (11;12) and so can
be used in health economic analyses. This apprsaobt without its limitations. The
most important of these is the limitations of usiH§Q as a measure of treatment
response in patients with long-standing RA (13;14).early RA, HAQ has been
shown to correlate closely with disease activityevdas, in late disease; the score may
reflect permanent joint damage and so have anarsgéde component. As a result,
patients can have a significant improvement in paid swelling and therefore quality
of life, yet this may not be reflected in large obas in their HAQ scores. Indeed, in
the original clinical trials of anti-TNF therapiés patients with long-standing RA
(mean 12 years), improvements in the range of QAR Hunits were seen (after
adjusting for a placebo effect), which is similar that seen with a first anti-TNF
therapy in the BSRBR.
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We have not included an analysis of rituximab is teport. The BSRBR has recently
added the collection of patients starting rituxinb@hits study protocol. However, this
collection only started in May 2008 and so is leditin size and follow-up.
Therefore, it has not yet been evaluated.

3. The BSR Biologics Register — Published Data on the
Sequential Use of Anti-TNF Therapies

To July 2009, the BSRBR had published 5 papersithgpkpecifically at treatment

effectiveness in RA.

1. Hyrich KL, Symmons DP, Watson KD, Silman AJ; t&f Society for
Rheumatology Biologics Registe€€omparison of the response to infliximab or
etanercept monotherapy with the response to cothepy with methotrexate or
another disease-modifying antirheumatic drug in paents with rheumatoid
arthritis: Results from the British Society for Rheumatology Biologics Register.
Arthritis Rheum. 2006 Jun;54(6):1786-94.

2. Hyrich KL, Watson KD, Silman AJ, Symmons DP; tiath Society for
Rheumatology Biologics RegistePredictors of response to anti-TNF-alpha
therapy among patients with rheumatoid arthritis: results from the British

Society for Rheumatology Biologics RegisterRheumatology (Oxford). 2006
Dec;45(12):1558-65.

3. Hyrich KL, Lunt M, Watson KD, Symmons DP, Silm&d; British Society for
Rheumatology Biologics Registegdutcomes after switching from one anti-tumor
necrosis factor alpha agent to a second anti-tumarecrosis factor alpha agent in
patients with rheumatoid arthritis: results from a large UK national cohort

study. Arthritis Rheum. 2007 Jan;56(1):13-20.

4. Hyrich KL, Lunt M, Dixon WG, Watson KD, Symmor3P; BSR Biologics

Register.Effects of switching between anti-TNF therapies oHAQ response in
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patients who do not respond to their first anti-TNFdrug. Rheumatology (Oxford).
2008 Jul;47(7):1000-5.

5. Brennan A, Bansback N, Nixon R, Madan J, Hamris Watson K, Symmons D.
Modelling the cost effectiveness of TNF-alpha antagists in the management of
rheumatoid arthritis: results from the British Society for Rheumatology
Biologics Registry.Rheumatology (Oxford). 2007 Aug;46(8):1345-54.

The first 2 papers deal with predictors of respotws¢he first course of anti-TNF
therapy. The next 2 papers present analyses oeseguuse of anti-TNF therapies.
The third paper above included data to April 2088 the fourth paper to July 2006.
The final paper (Brennan et al) presents an arsalyisthe cost-effectiveness of anti-
TNF therapies, using data from the BSRBR. The pgepaf this current report is to
present an updated analysis on the sequentialfumaiol NF therapies (publications
3 and 4 above) with data current to 2 July 200%9s report is not meant to be read

in isolation but to be read along side the originalpublications (attached in

Appendices), with the accompanying statistical metidology and discussion.

3.1. Outcomes after switching from one anti-TNF agent
to a second anti-TNF agent in patients with
rheumatoid arthritis — Updated Analysis

The primary aim of this analysis was to study ttsi 10f recurrent inefficacy and
adverse events in patients who were switched targ course of anti-TNF therapy.

Our original publication can be found in Appendix 1

Inefficacy and adverse events were determined Byttbating physician and the
outcome was drug discontinuation for the listedsomafor stopping treatment. The
analysis, stratified according to the reason thigepastopped the first drug, compared
the rate of stopping a second drug for either ioafly or adverse events to the rate of

stopping the first drug for either inefficacy or adverse event in the whole cohort.
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Our original publication included data up until A@2005. This included a total of
6739 patients (856 (13%) received a second anti-abnt). This updated analysis
includes an additional four years of data; a tahl12626 patients (2876 (23%)
patients with sequential anti-TNF use). Compareduiooriginal analysis, the follow-
up per person is significantly longer (max 96 mandersus 61 months). Given this
longer follow-up time, we have seen a higher proporof patients who have now
discontinued their first anti-TNF agent (51% vers3&96). However, as we have
previously observed, the proportion of patients \stap for either an adverse event or

inefficacy remain the same (Table 3.1-1).

Table 3.1-1 Details of treatment with the first ant TNF agent (Data up to 2 July 2009)

Total cohort Adalimumab Etanercept Infliximab

Total starts, no. 12,626 4,120 4,393 4,113

Still taking agent at 2/7/2009, n (%) 6,167 (49) 293 (56) 2,314 (53) 1,560 (38)

Mean/maximum duration of therapy, months* 28/96 722/ 32/96 29/84

Mean/maximum duration of follow-up, 35/96 25179 38/96 41/88

months

Discontinuations, n (%) 6,459 (51) 1,827 (44) 2,0147) 2,553 (62)

Stopped first agent for inefficacy, n (%) 2,544)20 786 (19) 787 (18) 971 (24)
I 0,

Switched to second agent, n (% of those who 1881 (74) 530 (67) 575 (73) 776 (80)

stopped)

Stopped first agent for adverse event, n (%) 2(203 728 (18) 905 (21) 940 (23)
I 0,

Switched to second agent, n (% of those who 995 (39) 232 (32) 265 (29) 498 (53)

stopped).

* First anti-TNF only

Table 3.1-2 shows the differences in baseline dbaratics among the entire cohort
(n=12626) and among those subgroups of patientsdigoontinued treatment, based
on whether or not they commenced a second anti-d@dnt. Overall, there were no
significant differences between the groups.
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Table 3.1-2 Baseline characteristics of the entireohort and the groups which stopped the first
biologic agent, according to reason for stopping ahwhether or not a second agent was started

Total cohort  Stopped first agent for  Stopped first agent for

(all starts) inefficacy adverse event
No switch  Switch No switch  Switch

No. of patients 12,626 661 1,881 1,577 995
Age, meant SD years 56+ 12 58+ 12 54+ 12 60+ 11 55+ 12
Female sex, no. (%) 9,622 (76) 521 (79) 1,508 (80) 1,174 (74) 807 (81)
Disease duration, meart SD years 13+ 10 13+ 10 12+ 9 15+ 10 14+ 10
DAS28, meant SD 6.6+1.0 6.6+ 1.0 6.7+ 1.0 6.6+ 1.0 6.7+ 1.0
HAQ, mean % SD score 2.0+0.6 2.1+ 0.5 2.1+ 0.5 2.1+ 0.5 2.1+ 0.5

Table 3.1-3 shows the patterns for switching betwaeti-TNF therapies. More
patients switched from than to infliximab. This miaypart be explained by the fact
that infliximab was the first available anti-TNF etlapy, with etanercept use
increasing significantly after 2003 and adalimunedter 2004. However, patients
whose first drug was etanercept or adalimumab weoee likely to switch to the

alternative injectable medication rather than xftiab.

Table 3.1-3 Pattern of anti-TNF switches, based ahe reason for discontinuation of the first
anti-TNF agent*

Second anti-TNF agent

First anti-TNF agent Etanercept Infliximab Adalimuab Total
Etanercept
Reason for stopping
Inefficacy NA 163 412 575
Adverse event NA 57 208 265
Infliximab
Reason for stopping
Inefficacy 481 NA 295 776
Adverse event 332 NA 166 498
Adalimumab
Reason for stopping
Inefficacy 451 79 NA 530
Adverse event 206 26 NA 232
Total 1470 325 1081 2876

* Values are the number of patients.

Page 9 of 30



Table 3.1-4 shows the proportion of patients stogpheir second anti-TNF therapy,
with reason. Again, the total period of observatias increased and the proportion of
patients who have now stopped their second anti-fibi-also increased. The mean
and maximum observed duration of treatment witleeosd anti-TNF agent are 18
and 64 months respectively (In April 2005 the eglent times were 6 and 32 months
respectively). We observed a similar pattern ta tieserved in April 2005, whereby
those patients who stop a first anti-TNF for inedfiy are more likely to stop a second
drug for inefficacy, but no more likely to stop fan adverse event (compared to the
risk on their first anti-TNF) (Table 3.1-5 and Figa 1a and 1b). The opposite was
true for adverse events, where a person was tveidikely to stop a second drug for
an adverse event (compared to the overall riskogisng the first drug for an adverse
event) if their first drug was also stopped foraaverse event. We have now observed
that patients who switched for an adverse evenewsiightly less likely to stop a
second drug for inefficacy than the whole cohorttbeir first anti-TNF (HR 0.86
(95% C10.75, 0.98)).

Table 3.1-4 Outcomes of treatment with the secondddogic agent*

Outcome with second biologic agent

Reason for switch Still taking agent at 2/7/09  Stqeed for inefficacy Stopped for AE
Inefficacy (n = 1,881) 1138 (60) 482 (26) 261 (14)
AE (n = 995) 541 (54) 174 (17) 280 (28)
Total switches (n = 2,876) 1630 (57) 656 (23) 541 (19)

*values are number (%) of patients; AE = adversnev
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Table 3.1-5 Risk of Stopping Second Anti-TNF Baseoh Reason for Switching Therapy

Hazard Ratio (95% CI)

Stopped first drug for inefficacy

Risk of Stopping Second Drug for Inefficacy 1.71 (155, 1.90)

Risk of Stopping Second Drug for Adverse Event 1.03 (0.89, 1.19)

Stopped first drug for adverse event

Risk of Stopping Second Drug for Inefficacy 0.86 (075, 0.98)

Risk of Stopping Second Drug for Adverse Event 1.96(1.76, 2.18)
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Figure la. Drug discontinuation due to inefficacy. Continuation rates are
shown for patients receiving their first course of therapy (solid line) as
compared with the second course in patients who discontinued their first
course due to inefficacy (dashed line) and those who discontinued their first
course due to an adverse event (dotted line).

Survival to stopping for Adverse Events
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Figure 1b. Drug discontinuation due to adverse events. Continuation
rates are shown for patients receiving their first course of therapy
(solid line) as compared with the second course in patients who
discontinued their first course due to inefficacy (dashed line) and
those who discontinued their first course due to an adverse event
(dotted line).
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3.2. Effects of switching between anti-TNF therapies on
HAQ response in patients who do not respond to thei
first anti-TNF drug — Updated Analysis

One of the greatest challenges in using obsenadltidata to measure treatment
effectiveness is that disease activity assessnwiiisiitted to the register may not
always coincide with treatment starts and stopswéier, the size of the BSRBR
permits us to identify subgroups of patients whenmeasure of disease activity has
been captured near to a time of treatment chanigerefore, this second switching
analysis, aimed to measure the effect of switclantg-TNF therapy on HAQ scores
over a 12 month period, was performed in a subspatents who had HAQ scores
recorded within 3 months of non-response to thest inti-TNF therapy (defined as
stopping due to inefficacy or a EULAR non-respobgeDAS28 within the first 12
months of treatment) and a second HAQ score meddZrenonths later. The original

publication can be found in Appendix 2.

Patients who were classified as non-responders dieided into three groups based
on subsequent therapy over the next 12 monthstaeiddhange in HAQ score over

this 12 month period was measured.

Group 1—'Stoppers’: discontinued anti-TNF therapy within the first d®nths and
did not start a subsequent anti-TNF agent or otiopgic drug during the next 12

months.

Group 2—'Stayers’: continued on their original anti-TNF agent despiteing
classified as a non-responder and remained onpipenatil at least within 90 days of

the final HAQ measurement (i.e. for a minimum atifier 9 months).

Group 3—'Switchers’: stopped their first anti-TNF therapy within thesti 12

months of therapy for non-response but starteccanskanti-TNF therapy during the
subsequent 12 months. To capture the full expegienfc patients who switched
between anti-TNF therapies, Group 3 included dilepés who started a second anti-

TNF at any time during the next 12 months. As tinsup was quite varied (i.e. the
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group may have included a proportion of patient® whitched towards the end of
this 12 month period), we also identified a subgrof patients within Group 3 who
switched early (within 90 days of being classifeeia non-responder) and remained
on the second anti-TNF therapy at least until witBD days of the second HAQ
measurement‘Early Switchers’) to ensure at least 6 months treatment with the

second anti-TNF therapy.

The original analysis was performed using datauly 2006 and included outcomes
on 856 patients. This updated analysis (to July@20fow includes 1345 patients. For
86% of patients, non-response was determined bpr@thm, with the remaining 14%
determined by 12 months. It is not known how mamyigmts had primary non-
response and what proportion may have had an atigesponse and then had a

secondary failure.

In total, there were 202 patients who discontintnegdk first anti-TNF and received no
further anti-TNF therapy during the subsequent y&ioppers), 609 patients who
continued the drug for the duration of the nexiniéhths despite being classified as a
non-responder (Stayers) and 534 patients who discad their first anti-TNF and
started a second anti-TNF within the next 12 mor({Bwitchers). Of these, 279
fulfilled the criteria as an early switcher (Ea8witchers). Characteristics of the
patients at the start of their first anti-TNF th@rare shown in Table 3.2-1. Details of
anti-TNF treatments prescribed during the first @edond course are presented in
Table 3.2-2.
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Table 3.2-1 Characteristics of Patients at Start ofirst Anti-TNF Therapy*

Stoppers Stayers All Switchers Early Switchers
(202) (609) (534) (279)

Age, years 61 (53, 68) 58 (50, 66) 58 (50, 65) 58 (50, 65)
Female, n (%) 158 (78.2) 491 (80.6) 430 (80.5) 219 (78.5)
Disease duration, years 12 (7, 19) 12 (6, 19) 10 (5, 17) 10 (5, 17)
DAS28' 6.5(5.9,7.3) 6.2(5.5,6.8) 6.7 (6.0, 7.3) 6.0(6.3)
Previous DMARDS 4 (3,5) 4 (3,5) 4 (3,5) 4(3,5)
DMARD, n (%) 117 (57.9) 409 (67.2) 353 (66.1) 191 (68.5)
MTX, n (%) 96 (47.5) 323 (53.0) 270 (50.6) 147 (52.7)
Oral Steroid, n (%) 105 (52.0) 279 (45.8) 239 (44.8) 122 (43.7)
NSAID, n (%) 114 (56.4) 366 (60.1) 30 (61.8) 177 (63.4)

*All results Median IQR unless statedifference between Stoppers, Stayers and All Switsh

significant at p<0.05.

Table 3.2-2 Proportion of Patients Starting Each Ati-TNF Therapy (First and Second Course)

Anti-TNF Agent

First Course (n=1345)

Second Cours@g=534)

Etanercept 35 51
Infliximab 31 17
Adalimumab 34 32

Table 3.2-3 shows the presenting HAQ score, HAQese first failure, HAQ score

12 months following first failure and the change HIAQ score according to the

therapy received during the 12 months following -nesponse. A negative change in

HAQ score indicates an improvement and a posito@es indicates deterioration.

Compared to patients who stopped their anti-TNF wewetived no further biologic

therapy over the next 12 months, patients who dtayethe drug or stopped and then

switched to a second anti-TNF tended towards dlightver HAQ scores at the start

of their first anti-TNF therapy and also had a ¢ggeamprovement in their HAQ score

with their first anti-TNF therapy despite beingsddied as non-responders (greatest
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improvement in Stayers). Over the course of thet X months, the greatest
improvement in HAQ score was seen in patients whiticked therapy. This was
noted particularly in those patients who switchkd tirug early in the course and
remained on the therapy for at least 6 months. W @bserved a greater proportion
of patients who achieved a minimally clinical imgzort difference in their HAQ score

(0.22 units) in the Switchers subgroup.

It is interesting to note that patients who congidwn their anti-TNF therapy despite
being classified as a non-responder continued tavsimprovement in their HAQ

scores over the course of the next 12 months. ftoisknown whether there were
additional changes to therapy, such as the useodfcasteroids or changes to
background DMARD therapy (i.e. new therapy or ilase in dose of existing

therapy).
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Table 3.2-3 HAQ Scores and Change in HAQ Scores

HAQ at start of HAQ at first Unadjusted mean change in  HAQ 12 months Adjusted mean change in HAQ  n(%) with MCID

first anti-TNF, failure, mean HAQ with first anti-TNF after first failure, over 12 months following first 12 months
Group mean (SD) (SD) (95% CI) mean (SD) failure, (95% CI) following first
failure*
Stoppers (202) 2.12 (0.52) 2.1 (0.54) -0.02 (-0.07, 0.03) 2.1 (0.B) Reference 51 (25)
Stayers (609) 2.04 (0.56) 1.9 (0.62) -0.13 (-0.16,-0.10) 1.84 (061) -0.10 (-0.17,-0.03) 193 (32)
All Switchers (534) 2.08 (0.52) 2.0 (0.56) -0.08 (-0.11,-0.05) 1.89 (064) -0.11 (-0.18,-0.05) 187 (35)
Early switchers (279) 2.06 (0.54) 1.94 (0.60) -0.12 (-0.17,-0.07) 1.869% -0.17 (-0.24,-0.09) 106 (38)

* Defined as an improvement of at least 0.22 HAQsuf15); MCID — minimally clinically important diérence
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4. Changing Pattern of UK Anti-TNF Prescribing 2001-2@8

As an exploratory analysis in response to cliningbressions that anti-TNF therapy
may be being used earlier in the disease coursesaird patients with milder disease
than the original recipients, we have undertakelescriptive analysis of the pattern
of baseline disease characteristics at the staahtfTNF therapy over the course of
the study and the early changes in disease actiVitys analysis was presented
originally at the British Society of Rheumatolog¥sM in 2009 (7) and is updated in
this report (data to July 2009).

The overall trend was for the earlier use of amMiFTtherapy in patients with RA
(Table 4-1). There were also significant trendsaams a decrease in disease activity
and disability at the start of therapy over therseuof the study. Corresponding to
these changes, we also observed a higher propmtiomoderate and good EULAR
responders as well as an increasing proportion atiepts who achieved disease
remission at both 6 months and one year (Tablea#t@ Table 4-3). The overall
intensity of the response (good versus moderats)dso improved year on year.
Despite these improvements in disease activityjriean improvement in HAQ score
has remained constant over the course of the satdy,mean of around 0.30 units
(Table 4-4).
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Table 4-1 Baseline Characteristics of Anti-TNF Treged Patients by Year of First Treatment Start

2,001 2002 2003 2004 2005 2006 2007 2008 t'?efr?é
n 129 1,306 3,167 3,317 1,654 1,164 865 486
Age 55 (44, 63) 55 (46, 62) 57 (48, 65) 58 (49, 65) 57 (49, 65) 58 (48, 65) 57 (48, 65) 58 (48, 66) .08Q
Female 100 (78) 994 (76) 2427 (77) 2516 (76) 1255 ( 886 (76) 658 (76) 389 (80) 0.624
Disease duration 13 (8, 20) 12 (7, 19) 12 (7, 19) 116, 19) 11 (5, 18) 10 (5, 17) 9(4,17) 9 (4,17) <0.001
DAS28 6.8(6.1,7.6) 6.8(6.1,7.4) 6.7(6.0,7.4)6.6(59,7.3) 65(5.8,7.2) 6.4(5.7,71) 6&(F1) 6.4(.77.0) <0.001
HAQ 24(1.9,26) 23(1.9,25) 2.1(1.8,205) 108,25 2.0(16,24) 20(1.624) 19(28) 20(1523) <0.001
Previous number of DMARDs 5 (4, 6) 4 (3, 6) 4 (B, 6 4(3,5) 3(2,5) 3(3,4) 3(3,4) 3(2,4) o
Disease duration < 5 years 11 (9) 169 (13) 449 (14) 615 (19) 370 (23) 275 (24) 233 (27) 140 (29) <0.00
Disease duration < 2 years 3(2) 57 (4) 162 (5) 378 161 (10) 132 (11) 122 (14) 62 (13) <0.001
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Table 4-2 Change in DAS28 and EULAR Response at 6omths

—
Mean Change in % with no % with moderate % with good ./O.m
Start Year remission at 6
DAS28 (SD) response response response

months
2001 -2.11 (1.51) 25.3 56.6 18.2 7.8
2002 -2.19 (1.56) 22.9 56.1 21.0 9.3
2003 -2.13 (1.53) 23.3 56.6 20.1 9.0
2004 -2.32 (1.51) 19.1 56.3 24.7 12.7
2005 -2.32 (1.55) 20.1 53.4 26.5 14.7
2006 -2.22 (1.63) 22.4 49.1 28.5 14.7
2007 -2.23 (1.54) 20.2 51.2 28.6 15.8
2008 -2.21 (1.57) 22.4 48.4 29.2 16.9

p 0.064 0.117* <0.001 <0.001

* p value for any responder versus non respondeadi consecutive year
"p value for odds of being in higher response cateiypeach consecutive year
Table 4-3 Change in DAS28 and EULAR Response at i®onths
Start Year Mean Change in % with no % with moderate % with good % in remission at
DAS28 (SD) response response response 12 months

2001 -1.96 (1.35) 30.4 53.2 16.5 7.8

2002 -2.33 (1.59) 22,5 55.6 21.9 9.3

2003 -2.32 (1.62) 215 54.0 24.5 9.0

2004 -2.39 (1.54) 17.5 56.1 26.4 12.7

2005 -2.44 (1.61) 18.9 51.0 30.1 14.7

2006 -2.33 (1.71) 21.4 46.5 32.1 14.7

2007 -2.42 (1.56) 17.3 47.2 35.5 15.8

2008 -2.29 (1.69) 20.9 49.4 29.7 16.9

p p=0.116 *0.018 <0.007 <0.001

* p value for any responder versus non respondeadi consecutive year
"p value for odds of being in higher response cateiypeach consecutive year
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Table 4-4 Change in HAQ score by year of anti-TNFtart

Start Year Change in HAQ after 6 months Change in FAQ after 12 months
2001 -0.25 (0.70) -0.29 (0.74)
2002 -0.32 (0.48) -0.33 (0.50)
2003 -0.31 (0.50) -0.32 (0.51)
2004 -0.31 (0.51) -0.32 (0.53)
2005 -0.33 (0.52) -0.34 (0.54)
2006 -0.33 (0.56) -0.35 (0.55)
2007 -0.31 (0.56) -0.33 (0.56)
2008 -0.30 (0.52) -0.35 (0.56)
p 0.735 0.216

Subsequent to this we re-explored the 2 switchinglysis we had undertaken,

stratifying analysis by treatment year. Howevee tnalyses, particularly in later

years, became significantly restricted by low patieumbers with sufficient follow-

up to observe outcomes on a second agent. Snrabers prevented a year-on-year

analysis of the change in HAQ score following fegluof first anti-TNF, as a

minimum of 18 months of observation were requirdtrefore leaving very few

patient in the latter years of study. Therefore,elected to not undertake a stratified

analysis of change in HAQ following failure of asfi anti-TNF (Table 4-5).

Table 4-5 Number of Starts per Year in Analysis ofChange in HAQ Following Failure of a First

Anti-TNF

Study Year Stayers Stoppers All Switchers  Early Svwchers Total in Year
2001 15 4 4 1 23
2002 68 21 53 24 142
2003 204 63 150 76 417
2004 164 56 145 80 365
2005 86 29 93 55 208
2006 50 18 62 35 130
2007 22 11 25 8 58
2008 0 0 2 0 2
Total 609 202 534 279 1,345
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Analysis of the survival of a second anti-TNF basedreason for the switch was
undertaken on a year by year analysis. There wesnd towards a lower proportion
of patients switching between anti-TNF therapiesthie later years of the study.
Overall, although small numbers prevented robusteses in later years, the risks of
stopping a second agent based on the reason fgistpthe first did not differ from

the overall analysis presented in Section 3.1 @ 4kb).
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Table 4-6 Year by year analysis of Anti-TNF SurvivhBased on Reasons for Switching

Number Stopped for Switched Failed First Drug for Inefficacy Failed first drug for adverse event
: inefficacy or following
Start of first -
: adverse events by inefficacy or AE
Year starns i 5107/09, n (% of n (% of those who Risk of failing second Risk of failing second Risk of failing second  Risk of failing second
year those who started) stopped) for inefficacy for AE n for inefficacy for AE
HR (95% Cl) HR (95% Cl) HR (95% CI) HR (95% Cl)

2001/2 2,191 955 (43.6) 647 (67.7) 396 1.56 (12221) 1.11 (0.82, 1.51) 251 0.73 (0.53, 1.01) 15505, 1.96)
2003 3,258 1491 (45.8) 848 (56.9) 552 1.56 (1.289)1 0.93 (0.71, 1.22) 296 0.91 (0.73, 1.13) 2131, 2.45)
2004 3,301 1300 (39.4) 680 (52.3) 452 1.97 (1.6102 1.19 (0.90, 1.58) 228 0.77 (0.59, 1.01) 113§, 2.39)
2005 1,625 632 (38.9) 346 (54.7) 243 1.61 (1.221)2. 0.83 (0.51, 1.36) 103 0.76 (0.51, 1.13) 2.28913.10)
2006 1,153 448 (38.9) 229 (51.1) 153 1.62 (11310 0.95 (0.53, 1.71) 76 0.69 (0.42, 1.15) 1.86412.83)
2007 829 239 (28.8) 112 (46.9) 79 2.20 (1.30, 3.74) 0.80 (0.29, 2.26) 33 1.47 (0.74, 2.92) 2.86 (1509)
2008 269 52 (19.3) 14 (26.9) 6 Not analysed duett few first and second starts 8 Not analysedtdueo few first and second starts

* Each analysis is limited to those patients who atted their first anti-TNF during the given study year.
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5. Improvements in Quality of Life

To date, our analyses have used either drug surgivahanges in HAQ scores to
explore the effects of switching on outcomes irigras receiving anti-TNF therapies
for RA. However, neither of these outcomes can ibectly used in health economic
analysis. In mid-2006 the BSRBR added the Euro-§0l (EQ-5D) to its data

collection. However, for the interest of this cunreeport, fewer than 190 patients in
the analysis presented in Section 3.2 had a EQ&forded and therefore, we
subsequently mapped the HAQ scores observed inoS8e8®2 (Table 3.2-3) to the
EQSD, using the technique described by Bansbaek (@2). This technique has been
shown to be valid in the BSRBR and other RA data$e6;17) although there is a
concern that this technique may underestimate d@saigEQS5D over time (16;17).

These results are presented in Table 5.1. Of tieemean follow-up after failure of a
first anti-TNF was 1 year and therefore, it is morreasonable to view the EQ5D
change over this 12 month period as representmglality adjusted life years gained
over this same period. This change (adjusted mdwmnge in EQ5D in Early

Switchers following failure of a first anti-TNF BQ95% CI 0.04, 0.13) is small but

in excess of what is considered a minimally impairtdifference in EQ5D (18).
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Table 5-1 Mapped EQ5D Scores and Change in MappedIsD Scores

. Unadjusted Mean follow-  Unadjusted mean  Adjusted* mean
Mean total EQSD at EQ5D at Mean_ time mean change EQSD 12 up 12 months change in EQ5D  change in EQ5D
start of first . : to first . . months after .
follow-up, . first failure, : in EQ5D with . : after first over 12 months over 12 months
anti-TNF, failure, . : first failure, : — I
Group years (SD) mean (SD) mean (SD) ears (SD) first anti-TNF mean (SD) failure, years following first following first
y (SD) (SD) failure, (SD) failure, (95% ClI)
Sggg?s 1.50 (0.33) 0.33(0.26) 0.33(0.26) 0.50(0.29)  1q@19) 0.32 (0.27) 1.00 (0.15) -0.01 (0.23) ref
S(tglgg)rs 1.61 (0.41) 0.35 (0.26) 0.41 (0.25) 0.61(0.29) 7qm21) 0.44 (0.23) 1.01(0.12) 0.03 (0.23) 0081, 0.09)
All
Switchers  1.56 (0.34) 0.32 (0.26) 0.38 (0.24) 0.56 (0.33) 6qM21) 0.42 (0.26) 1.01(0.12) 0.05 (0.25) 0062, 0.11)
(534)
Early
switchers  1.60 (0.34) 0.33 (0.26) 0.40 (0.24) 0.60(0.33) 7qm24) 0.46 (0.25) 1.00 (0.12) 0.06 (0.24) 0084, 0.13)
(279)

* Adjusted for age, gender, disease duration, HAQres at first failure, DAS score at start of filsérapy and DAS score at first failure.
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6. Summary

The BSRBR continues to be a successful endeavaaruRment targets have been
reached and good quality follow-up data continweadcrue. This success has, in part,
been due to the dedication of rheumatology depantsn@cross the country to

continue to monitor patients receiving anti-TNFsgly and to provide the arc EU at

The University of Manchester with detailed folloyw-data.

Since the introduction of anti-TNF therapy for tineatment of RA, sequential use of
anti-TNF therapy has slowly decreased. It is neaclhether this is due to a better
response to the first anti-TNF and thus a reduasstirto switch, a lower observed

follow-up time in later years, or the availabildy other treatment options.

We have found that patients who fail one anti-TNF ihefficacy are more likely to
fail a second anti-TNF for inefficacy. A similar teern was observed for patients
stopping for an adverse event (more likely to stiogecond anti-TNF for an adverse
event). However, we found patients who switchedbfwing an adverse event were
significantly less likely to stop their second drtay inefficacy compared to the
overall risk of stopping a first anti-TNF for inefécy, indicating that these patients

are likely primary responders to anti-TNF therapies

Following inefficacy to a first anti-TNF, the netig in HAQ score with a second
anti-TNF is small. This in part may be limited dyetresponsiveness of the HAQ
score in patients with the most severe RA. Howetles, small change did map onto

an important difference in EQ5D score.

This study is limited by the observational natuféh@ data and the non-randomised
assignment to treatment, which does mean thatwdthave have attempted to adjust
our analyses for measured confounders, unmeaswatbunding may still be

influencing our data. Although we were able to unld all patients who switched anti-
TNF therapy in our analysis of treatment survived had to exclude some patients
from the analysis of HAQ score as in these patjgtfsQ scores were either missing
or not recorded at a time coinciding with treatmehanges. However, within this
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large study, we were able to still find a substrtohort of patient data on whom to

perform this analysis.
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Abstract

Background:

Utility scores are used to estimate Quality Adjdst&fe Years (QALYS), applied in
determining the cost-effectiveness of health caterventions. In studies where no
preference based measures are collected, indiretttoals have been developed to

estimate utilities from clinical instruments.

Objective
To evaluate a published method of estimating the5BQand SF-6D (preference
based) utility scores from the Health Assessmergs@onnaire (HAQ) in patients

with inflammatory arthritis.

Methods

Data were used from 3 cohorts of patients withlyemflammatory arthritis (<10
weeks duration); established (>5 years duraticad)lstrheumatoid arthritis (RA); and
RA being treated with anti-TNF therapy. Patientmpteted the EQ-5D, SF-6D and
HAQ at baseline and a follow-up assessment. EQ-BD &F-6D scores were
predicted from the HAQ using a published methodfebences between predicted
and observed EQ-5D and SF-6D scores were assesseyl the paired t-test and

linear regression.

Results
Predicted utility scores were generally higher thalmserved scores (range of
differences: EQ-5D 0.01 - 0.06; SF-6D 0.05 - 0.T@Hange between predicted values

of the EQ-5D and SF-6D corresponded well with obsgrchange in patients with



established RA. Change in mapped SF-6D scoresheagver, less than half of that
in observed values (p<0.001) in patients with mewgve disease. Predicted EQ-5D

scores underestimated change in cohorts of patigtitsnore active disease.

Conclusion

Predicted utility scores overestimated baselinaiesalbut underestimated change.
Predicting utility values from the HAQ will thereflikely underestimate QALYSs of
interventions, particularly for patients with adiwdisease. We recommended the

inclusion of at least one preference based measdugure clinical studies.



The assessment of the cost-effectiveness of health interventions has become
increasingly important as health care providers &nmselect the treatments and
interventions which maximise health gain from th&garce resources. Assessments
based on quality-adjusted life years (QALYs) areduso compare the benefits of
interventions across medical conditions. The calooh of QALYs involves
weighting duration of life by a preference-basedisuge of the health-related quality
of life (HRQol) experienced. Preference based nreasprovide a value (known as
utility), on a scale ranging from 1 (equivalentfadl health) to O (equivalent to death)
with the potential in some measures for statesidered ‘worse than death.” The
calculation of cost per QALY as a basis for assesshe cost-effectiveness of a
treatment has been adopted by organisations ewajuatid recommending treatments

in many countries including the UK, (1) and the UGA.

Preference based measures such as the EuroQol EQ)}%Dd the SF-6D(4) (which

is derived from the SF-36(5)) collect informatioboat the health status of patients
using self-administered questionnaires. The hes#tus of the patient is then linked
to a societal utility value obtained via large \alan studies in the general population
which attribute a utility value to each possiblealtie state described by the

guestionnaire.

In rheumatology, most clinical studies incorporatke Health Assessment
Questionnaire (HAQ), which is a condition-specHialth status measure that focuses
on functional disability, a single aspect of heal@ondition-specific health status
measures have limited use in economic evaluatiocaus® comparison across

therapeutic areas becomes almost impossible. Smee¢ments for rheumatology



have to ‘compete’ with treatments for other diseasthe comparison of cost-

effectiveness using generic outcome measures es s

Despite their importance, many studies do not colieneric preference based utility
measures. To overcome this limitation, methods shimeting the utility values of
preference based measures from disease specifisuresahave been developed. In
rheumatology, a model has recently been develogechwnaps the HAQ to the EQ-
5D and SF-6D(6). The use of mapping techniquesbkas described as second-best
compared to primary collection of data (7), but a@mone of the most practical
solutions available when no utility measure hasnbeellected. Since preference
based measures add to patient burden, and are $#&m as less important than
clinical outcome measures, it might also be deenesskssary to use these mapping
functions in future studies. In these circumstanties performance of the mapping
function in estimating utility values needs to lssessed and the likely impact of
decisions based on these estimates considered sDaparting the construct validity
and responsiveness of the SF-6D derived from th&@HB) has been reported in
patients with early aggressive RA(8). However, &edthere has been no evaluation
of EQ-5D values mapped from the HAQ, and neither-3BQnor SF-6D scores
mapped from the HAQ have to date been comparedasiillal measured values. The
aim of this study was to evaluate the publishedhotbtof estimating mean EQ-5D
and SF-6D utility scores from the Health Assessm@uoestionnaire (HAQ), by
comparing measured and mapped values in groupsatEnpgs with inflammatory

arthritis with varying arthritis states and degreédisease severity.

M ethods



Patients and Setting

Data were taken from three cohorts of patients. flisé was The Steroids in Very
Early Arthritis (STIVEA) randomised controlled triéRCT) of intramuscular steroid
treatment versus placebo in patients with veryyearflammatory arthritis (4-11
weeks duration). The trial follow-up finished intda2007.(9) The second cohort
comprised patients from the British Rheumatoid Onote Study Group (BROSG)
RCT of aggressive versus symptomatic control ofammmation in patients with
established (>5 years duration) stable, symptomateumatoid arthritis (RA)
followed for three years. The BROSG trial was candd between 1998 and 2001
(10). The third cohort was a sub-sample from thiidBr Society for Rheumatology

Biologics Register (BSRBR) of UK RA patients regetyanti-TNF therapy.

The BSRBR was established in October 2001, andrné#hods of this study have
been described in detail previously.(11) Brieflge tfirst 4000 RA patients starting
each anti-TNEk therapy were required by The National Institute Fealth and
Clinical Excellence (NICE) to be registered wittetBSRBR and followed up for
information on drug use, disease activity and asv@vents. Routine data collection
includes the HAQ and SF-36. As part of the curstntly, from ' August 2006 to
31° December 2007, patients were also asked to coenfiletEQ-5D at baseline and

the 6 month assessment.

The data from these three cohorts reflect a widgeaf arthritis states/severity found

in routine practice. Baseline data for all cohoitscluded age, sex and disease



duration. Patients also completed the EQ-5D(3), tiedSF-36(5) which is used to
calculate the SF-6D utility measure(4). The HAQjated for aids/devices and help
from others), a measure of functional disabilitypatient global assessment, the 28
tender and swollen joint counts and the erythrosgdimentation rate (ESR) were

collected, and the Disease Activity Score (DAS-28} calculated.

Satistical Methods

Baseline characteristics were summarised and cadpaetween cohorts using the
Kruskal-Wallis test for continuous variables ane t@hi-square test for categorical

variables.

Estimated EQ-5D and SF-6D scores were calculatad the HAQ, using the most
successful of the methods described in the arigl®ansback et al (6). EQ-5D and
SF-6D scores were estimated using linear regressamtels estimated by generalising
estimating equation algorithms with a first orderttcgiegressive correlation matrix
structure. The EQ-5D was estimated using modellsgiwwas based on all 42 items
of the HAQ (20 used to make the domain scores22naids/devices/help items), and
treating each as a categorical variable(6). Thé6BFRwvas estimated using model 2
from the paper which used the 8 HAQ domain scotesgted as a continuous
variable. These models were reported to have twedbmean square error and the

best predictive value of the five methods.

The associations between the HAQ, EQ-5D and SF-6i2 wested using Spearman’s

rank. Mapped and observed EQ-5D and SF-6D scores eeenpared at baseline and



in terms of the change between baseline and tlaé fblow-up. The mean difference
between mapped and observed values were calcuéatddpresented with 95%
confidence intervals and a 95% reference range. cbineelations of observed and
predicted values for each measure were assessagl thsi R statistic from a linear

regression and differences between observed ardicfgeé scores tested using the

paired t-test.

Results

Cross-sectional analysis

265 patients recruited to STIVEA, 466 to BROSG, 868 patients from the BSRBR
received a baseline EQ-5D and SF-36 questionna#@é2 patients completed and
returned all the baseline questionnaires and wmleded in this analysis; 224 (85%)
of the STIVEA cohort, 453 (97%) of the BROSG cohahd 795 (92%) of the

BSRBR patients.

There were significant differences in demographid elinical characteristics between
the three groups (Table 1). Patients from the BRG3@ly were older (median
(IQR): 62 (51, 67)) than those from STIVEA (med{@@R): 59 (44, 66)) and BSRBR
(median (IQR): 59 (51, 67)) studies, and had loD&S28 scores (median (IQR):
BROSG 4.0 (3.2, 4.9) vs. STIVEA 5.5 (4.8, 6.4) 88RBR 6.0 (5.1, 6.8)) and lower
median tender (median (IQR): BROSG 3 (1, 8) vsVEHA 9 (5, 15) and BSRBR 12
(6, 19)) and swollen joint counts (median (IQRR®SG 3 (1, 6) vs. STIVEA 8 (5,

12) and BSRBR 7 (4, 12)). There was a trend ofeasing HAQ score with



increasing disease duration (i.e. STIVEA>BROSG>B8RBut only the difference
between patients in the STIVEA (median (IQR) 1.3(@.6)) and BSRBR (median
(IQR) 1.8 (1.1, 2.1)) studies was statistically nsigant (p<0.001). There were
proportionally more women in the BSRBR study (7a¥gn the BROSG (68%) or
STIVEA (72%) studies (p=0.003). Baseline correlasioof HAQ and EQ-5D scores
ranged from 0.63 (BROSG & BSRBR) to 0.69 (STIVEANd between HAQ and SF-

6D from 0.58 (BROSG) to 0.68 (STIVEA & BSRBR).

Overall, the correlations between observed andigtesti SF-6D (R 0.34 - 0.51)
scores were higher than for the EQ-50 (R20 - 0.35) (Table 2). The mapped mean
(SD) baseline EQ-5D in established RA patientsrdid differ from observed values
(EQ-5D: observed 0.59 (0.22) vs. mapped 0.59 (0.p8)0.494). The predicted mean
EQ-5D values were significantly higher than the esbbed values in patients with
early arthritis, (observed 0.47 (0.31) vs. mappes 00.25), p<0.001) and those
eligible for anti-TNF therapy (observed 0.40 (0.88) mapped 0.44 (0.26), p<0.001).
The variance around all mapped utility values wasscstently lower than that around

observed values i.e. the mapped values were fgisebyse.

Predicted SF-6D scores were consistently highen thlaserved scores (Table 2)
across all cohorts. The predicted mean baselin6C5H established RA patients was
a small over-estimate (observed 0.64 (0.13) vs.p@@p0.69 (0.05), p<0.001).
However, mapped SF-6D values were considerablyehnigiiian observed values in
patients with early arthritis (observed 0.57 (0.18) mapped 0.67 (0.07), p<0.001) or
those eligible for anti-TNF therapy (observed 0(B3L1) vs. mapped 0.65 (0.06),

p<0.001).



Longitudinal analysis

Complete EQ-5D, SF-6D and HAQ details were avadafdr 1283 patients at
baseline and the final follow-up assessment. TheQHgcores of patients in the
STIVEA trial (1 year mean change -0.38 (SD 0.66))l 8SRBR study (6 month
mean change -0.27 (SD 0.87)) improved over thevweslip period. The mean HAQ
score of patients in the BROSG trial deteriorat8dyéar mean change 0.16 (SD
0.47)). There was moderate correlation of changdAQ with change in EQ-5D in
STIVEA (r=0.58) and with change in SF-6D in STIVE#=0.68) and BSRBR
(r=0.53). Lower correlations of change in HAQ ar@-&D were observed in BROSG

(r=0.33) and BSRBR (r=0.42) and with the SF-6D R@SG (0.31).

The correlations between change in observed ardiged SF-6D scores F0.33 -
0.46) were higher than for the EQ-5D?(®08 - 0.22) (Table 3). Change in predicted
values of the EQ-5D (mean difference 0.00, 95%Q0200.03) and SF-6D (mean
difference -0.0003, 95%CI -0.01, 0.01) correspondey well with observed change
in patients from the BROSG study, a group with ldsthed disease. The change in
mapped and observed EQ-5D scores was also verjasimipatients receiving anti-

TNF therapy (mean difference -0.01 (-0.04, 0.01).

Mapped EQ-5D scores significantly underestimatednge in patients with early
arthritis (mean difference -0.07, 95% CI -0.1203). The mean change in mapped
SF-6D scores was less than half that in observeebsan patients with early arthritis

(SF-6D: observed 0.13 (SD 0.16) vs. mapped 0.0408D), p<0.001) and severe RA
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(SF-6D: observed 0.05 (SD 0.12) vs. mapped 0.0208b), p<0.001). There was no
significant difference in change using mapped abdeoved SF-6D values in the

BRSOG trial.

Discussion

We found that, using the method of Bansback e6ylthe accuracy of estimating
utility scores from the HAQ varies according toadise activity and duration. Mapped
values overestimated values cross-sectionally amttrestimated change in patients
with active arthritis, particularly those with vesarly disease. Predicted SF-6D
values overestimated baseline values and undeggstimmprovement in patients
with active disease by approximately 60-70%. Estimgachange in EQ-5D and SF-
6D scores in patients with more stable establishgehse was more accurate. Overall,
EQ-5D scores mapped from the HAQ were more acctinate SF-6D scores mapped

from the HAQ.

Evaluations of QALYs derived by mapping from the @Anay provide conservative
estimates of cost-effectiveness of treatments.tterowords, the number of QALYs
gained by the treatment may be underestimated @titescost per QALY will appear
higher than it actually is. Conservative cost-dffexratios might therefore incorrectly
impact on the decisions by organizations such &ENh the UK(1), increasing the
likelihood of truly cost effective treatments beingjected if mapped utility values
were used. A recent study estimating EQ-5D valwes fthe Western Ontario and
McMaster Universities Osteoarthritis (WOMAC) indetso reported that QALY

gains and cost per QALY estimated using mappedaanhdal EQ-5D values were very

11



different. Our study emphasizes the need, in fustmelies, to incorporate preference
based instruments such as the EQ-5D or SF-36 dr2Skhich allow the calculation
of the SF-6D (4;12), and supports the similar rec@mdations made by Barton et al

(13).

During the analysis for this study we attempteddévelop a consistent model to
estimate the EQ-5D and SF-6D from the HAQ using ttiree cohorts of patients
reflecting a range of arthritis states and sevaitgisease. We performed closed-test
comparisons for alternative fractional polynomiabdrl specifications but found no
improvement on the model specified by Bansback @)aWe also attempted to use
the additional covariates of age, sex, diseasdidarand DAS28 score, but remained
unable to develop a prediction model which expldirthe difference in the

relationship between the HAQ and EQ-5D/SF-6D withum three cohorts.

As expected (14) we found that predicted utilitpres have smaller variance than
observed values. This is because mapped valueshacdkithin person variance found
in observed values. Therefore, in addition to mdppelity values resulting in an
inflated cost per QALY estimate, the probabilitysofreatment being cost-effective at
a specified level of willingness to pay (e.g. £2Ik3n the UK), which is driven by
uncertainty around the cost and effect parametanates, will also be overestimated.
One way to solve this particular issue is to usdtipie imputation of utility values,

rather than a single imputation as performed here.

The data in this study suggest that, in certauatitns, mapping from the HAQ to the

EQ-5D or SF-6D would be acceptable. Would it bedetib estimate the EQ5D or

12



SF6d? Overall, using direct measurement, the EQr&® been shown to correlate
more strongly with measures of functional disapiand damage than the SF-6D in
previous studies in RA (15;16), although Scott lgt1l@) reported poor correlation
over time between the EQ-5D and HAQ (r=0.08). Wenfib that correlation of the
observed and predicted EQ-5D score$) (Ras lower than the correlation between
observed and predicted SF-6D scores. The EQ-50aha®wn non-normal, almost
bi-modal, distribution (17), and it may be the iiig§pto predict EQ-5D values in the

extremes of this distribution which increases thgance and reduces thé.R

Although the high R for the correlation between observed and predi@€d6D

scores suggests the potential for mapping betweenHAQ and SF-6D, the
systematic differences between observed and peediSF-6D scores are worrying
since they suggest that mapping introduces bias.pborer performance of mapped
utility values in patients with more active diseasbere pain and fatigue may play a
greater role, counsels against mapping utility esofor measures of functional

disability alone in this context.

In conclusion, we suggest that estimation of ytMalues from the HAQ in studies of
patients with inflammatory arthritis should be urtdken with caution, particularly in
those with active disease. On the basis of theermdiffce between observed and
predicted scores, mapping of the EQ-5D from the H#&{peared to be more valid
than mapping the HAQ to the SF-6D, particularlypatients with established stable
disease. Further research is required to determiregher EQ-5D and SF-6D values
in patients with more active disease, can be ptediasing extra covariates (as well

as the HAQ). However estimating utility scores émbnstrably inferior to collecting
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the utility measures as part of a study. Our figdisupport the recommendations of
OMERACT, and more recently Barton et al (13) tolude at least one measure of
HRQoL, specifically one which allows the estimatioh utilities, in all relevant

clinical studies.
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Table 1: Baseline characteristics of patients ftbenthree cohorts, ranked by median

HAQ score

STIVEA BROSG BSRBR

n=224 n=453 n=795 p-value*
Age (years) 59 (44, 66) 62 (53, 69) 59 (51, 67) 08aQ.
Disease duration (years0.16 (0.12, 0.19) 11 (7, 16) 9(3,18) <0.001
Female gender, n(%) 160 (72%) 308 (68%) 604 (76%) .009F
HAQ 1.3(0.6, 1.6) 1.5(0.9,2.0) 1.8(1.1,2.1) od
DAS28 5.5 (4.8, 6.4) 4.0 (3.2,4.9) 6.0 (5.1, 6.8%0.001
28-Tender joint count 9 (5, 15) 3(1, 8) 12 (6,19) <0.001
28-Swollen joint count 8 (5, 12) 3(1, 6) 7(4,12) <0.001

Values are median (IQR) unless otherwise stat&duskal-Wallis; T Chi-square
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Table 2: Comparison of baseline observed and mapiilégt scores

Mapped Estimated Difference (Estimated-Mapped)
n Mean (SD (Mean (SD) R Mean (95% CI)  95% reference

range

EQ-5D
STIVEA 224 0.47(0.30) 0.53(0.25) 0.35 0.06 (0.02, 0.09) -0.44 to 0.56
BROSG 453 0.59(0.22) 0.59 (0.19) 0.20 0.01(-0.01,0.03) -0.42to 0.44
BSRBR 795 0.40 (0.33) 0.44(0.26) 0.35 0.04 (0.02, 0.06) -0.49t0 0.57
SF-6D

STIVEA 224 0.57(0.13) 0.67(0.07) 0.45 0.10 (0.09, 0.11) -0.09 to 0.29
BROSG 453 0.63(0.13) 0.68(0.07) 0.34 0.05(0.04,0.05) -0.161t0 0.25

BSRBR 795 0.53(0.11) 0.63(0.07) 0.51 0.09 (0.09, 0.10) -0.06 to 0.25
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Table 3: Change in observed and mapped utilityescor

Mapped Estimated Difference (Estimated-Mapped)
Study, follow-up n Mean (SD (Mean (SDR? Mean (95% CI) 95% reference
range

EQ-5D
STIVEA, 1-year 159  0.20 (0.31) 0.12 (0.24) 0.22 -0.07 (-0.12, -0.03) -0.50 to 0.64
BROSG, 3-year 375 -0.06 (0.24)0.06 (0.24) 0.08  -0.00 (-0.02, 0.02) -0.50 to 0.50
BSRBR, 6-month 749  0.08 (0.33)0.07 (0.25) 0.19  -0.01 (-0.04, 0.01) -0.60 to 0.63
SF-6D

STIVEA, 1-year 159  0.13 (0.16) 0.04 (0.07) 0.46 -0.09 (-0.11,-0.07) -0.14 to 0.33
BROSG, 3-year 375 -0.02(0.11)0.02 (0.05) 0.11  -0.00 (-0.01, 0.01) -0.21 to 0.21

BSRBR, 6-month 749 0.05 (0.12)0.02 (0.06) 0.33 -0.03 (-0.03,-0.02) -0.16t00.21
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