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SUMMARY
Scope of the company submission

The company’s submission (CS) generally reflects the scope of the appraisal issued by the
National Institute for Health and Care Excellence (NICE). The scope considers adults with
asthma with elevated blood eosinophils inadequately controlled by inhaled corticosteroids. The
scope does not define elevated blood eosinophils. The company included patients with 2400
eosinophils per pyL which clinical experts advising the ERG agreed is reasonable. The
company’s pivotal clinical trials of effectiveness evidence included people aged from 12 years
upwards; however, as the mean age in the trials exceeded 40 years the trial populations do not
appear to conflict with the scope (for specific analyses in the economic model the company
utilised an adults-only subgroup and individual patient data from the trials). The NICE scope
does not specify patients’ exacerbation history, but the company’s economic analysis requires
that patients should have had a specified number of asthma exacerbations in the preceding 12
months. The intervention (reslizumab), comparators (omalizumab and best standard of care;
BSC), and the outcomes assessed by the company are consistent with the NICE scope. A key
assumption is made by the company that placebo in trials of both reslizumab and omalizumab is

equivalent to BSC.

Summary of submitted clinical effectiveness evidence

The company conducted a systematic review to identify randomised controlled trials (RCTs) of
reslizumab and omalizumab. Overall, the literature searches for clinical effectiveness evidence
conducted by the company were appropriate, although searches were five months out of date.
The ERG did not identify any additional potentially relevant studies of reslizumab but we did
identify one potentially relevant study of omalizumab, which had been published since the date
of the company’s search. The company’s searches identified five RCTs of reslisumab versus
placebo and 16 RCTs of omalizumab versus various comparators, which were primarily placebo
or BSC. The company stated that one of the reslizumab trials (Res-5-0010) was excluded from
further consideration and the CS does not report any demographic details or quality assessment
for this trial. However, the company subsequently included this trial in a number of outcome

analyses.

The CS presents clinical effectiveness evidence in three main sections: results of the relevant

clinical trials of reslizumab versus placebo; a direct comparison meta-analysis of the results of
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these trials; and an indirect treatment comparison (ITC) comparing reslizumab against
omalizumab via the common comparator of placebo. In practice, the comparator in the
omalizumab trials was not always placebo but sometimes described as BSC, optimised asthma
therapy, or a control group, but the CS does not discuss this and assumes all comparators were

equivalent to BSC.

Characteristics of the reslizumab trials

Two of the reslizumab trials (referred to as 3082 and 3083) were identical, 52-week trials, with
clinically significant exacerbation rates as their primary outcome. These trials randomised 489
and 464 patients respectively and are referred to in this report as the company’s pivotal trials.
The remaining trials had durations of 16 weeks (trials 3081, 3084) or 15 weeks (trial Res-5-
0010) and randomised totals of 106 patients (Res-5-0010), 315 patients (trial 3081) and 496
patients (trial 3084). In each trial the intervention group received 3.0 mg/kg reslizumab
administered every 4 weeks in accordance with the summary of product characteristics (SmPC).
Trials 3081, 3084 and Res-5-0010 differed slightly in their inclusion criteria compared to the
pivotal clinical trials; in particular, unlike the other trials, trial 3084 did not require patients to
have 2400 eosinophils per pL at baseline. The primary outcomes were changes in FEV1 (trials
3081, 3084) and changes in asthma control assessed using ACQ scores (Res-5-0010). The five
reslizumab trials were all double-blind and all were sponsored by the company or (Res-5-0010)

by one of its subsidiaries.

Outcomes

The company analysed seven outcomes which are relevant to the NICE scope: asthma control,
based on Asthma Control Questionnaire (ACQ) scores; rates of clinically significant
exacerbations; the proportion of patients hospitalised due to exacerbations; lung function
(forced expiratory volume in 1 second: FEV1); discontinuations due to adverse events;
frequency of serious adverse events; and health-related quality of life (HRQoL), assessed using
Asthma Quality of Life Questionnaire (AQLQ) scores. Asthma control, lung function and HRQoL
were analysed as changes from baseline to 16 and/or 52 weeks (depending upon data
availability) whilst exacerbation rates were standardised to person-years to account for trial
differences in assessment times. These seven outcomes were analysed both in the direct

comparison meta-analysis of reslizumab versus placebo and the indirect treatment comparison
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of reslizumab versus omalizumab. The company used a standard frequentist approach to
analyse all outcomes except exacerbations, which were modelled using a Bayesian approach.
We consider this to be reasonable, as the frequentist approach offers simplicity and

transparency whilst the exacerbation rate data are well suited to Bayesian analysis.

The CS presents some further outcomes which are relevant to the NICE scope but which were
not meta-analysed by the company: lung function (% predicted FEV1, FVC, FEF25.759,); and
HRQoL (Asthma Symptom Utility Index; ASUI). The CS also presents two additional outcomes
which are not specified in the NICE scope: changes in short-acting beta agonist (SABA) use
and blood eosinophil counts. These outcomes are presented and discussed in the current report

as supporting information.

Results of the direct comparison meta-analysis of reslizumab versus placebo

Improvement in asthma control at 1611 weeks (5 trials), indicated by a decrease in ACQ score,
occurred in both reslizumab and placebo groups. The difference in the mean change was
statistically significantly larger in patients randomised to reslizumab than those randomised to
placebo, and both fixed-effects and random-effects models gave the same result (mean
difference —0.24; 95% CI —0.32 to —0.17). All patients in both groups had scores >2 at baseline
indicating poorly controlled asthma, but the CS does not discuss whether the observed changes
in ACQ scores would have altered this classification. Insufficient data were available to meta-

analyse ACQ scores at 52 weeks.

The rate of clinically significant exacerbations, standardised to person-years (3 trials), was
statistically significantly lower in the reslizumab group than the placebo group with a fixed-
effects model (hazard ratio 0.44; 95% credible interval 0.35 to 0.56) but not with a random-
effects model (0.43; 95% credible interval 0.17 to 1.10). Fixed and random effects models for
the rate of exacerbations indicated that the Bayesian analysis probability of reslizumab

performing better than placebo was 100% and 97%, respectively.

For the proportion of patients hospitalised due to exacerbations up to 52 weeks (2 trials), both
fixed-effects and random-effects models gave identical results, showing no significant difference
between the reslizumab and placebo groups (odds ratio 0.73; 95% CI1 0.36 to 1.47); however,

hospitalisation events were rare in the trials.
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Improvement in lung function, indicated by the change in FEV1, was statistically significantly
larger in the reslizumab group than the placebo group at both 161 weeks (5 trials; random-
effects mean difference 0.13 L; 95% CI 0.07 to 0.18) and 52 weeks (2 trials; random-effects
mean difference 0.13 L (0.08; 0.18). Fixed-effects and random-effects models gave similar or

identical results at each time point.

For discontinuations due to adverse events {3-t#als} the fixed and random effects models gave
identical results, which showed no statistically significant differences between reslizumab and
placebo treated patients at either 161 weeks (3 frials; odds ratio 0.83; 95% CI 0.17 to 4.16) or
52 weeks (2 trials; odds ratio 0.70; 95% CI 0.33 to 1.5).

For serious adverse events up-to-62-weeks{2-trials} the fixed and random effects models gave
identical results, and these showed no statistically significant differences between the
reslizumab and placebo groups at 16+1 weeks (3 frials; odds ratio 0.82; 95% CI 0.43 to 1.55)
and at 52 weeks (2 trials; odds ratio 0.71; 95% CI 0.47 to 1.08). Insufficient data-were-available
e s et

For HRQoL, fixed and random-effects models for the change in AQLQ score gave identical
results. The mean difference in change from baseline at 16 weeks (3 trials) was 0.24 (95% ClI
0.12 to 0.36) whilst the mean difference at 52 weeks (2 trials) was 0.33 (95% CI 0.19 to 0.46),
indicating at both timepoints that the improvement in AQLQ score in the reslizumab group was
statistically significantly larger than in the placebo group.

Whilst the individual trials contributing to the direct comparison meta-analysis were generally
well conducted and (except Res-5-0010) well reported in the CS, the ERG has concerns about
the sample sizes used in the analyses which for all efficacy outcomes were smaller than the
number randomised in each trial and (where defined) also smaller than the ‘full analysis set'.
The missing data are not explained in the CS and are particularly problematic for trials 3081 and
3084, where, according to sample sizes reported in the CS, up to 20% of the number
randomised was missing in trial 3081 and up to 15.3% in trial 3084. In general, the missing data
in the pivotal trials 3082 and 3083 were less than 2% of the number randomised, except for the

analysis of FEV1 where 7.8% of the number randomised was missing in trial 3083, and the
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analysis of AQLQ where up to 6.9% of the number randomised was missing in trial 3082 and up
to 8.2% in trial 3083.

Results of the trials included in the CS show that for the asthma control, lung function and
HRQoL outcomes, improvements from baseline occurred in the placebo group as well as in the
reslizumab group, suggestive of a placebo effect. This is not unexpected, as placebo effects are
well-known in trials of asthma medications. However, the company does not discuss whether

this has any implications for their assumption that BSC and placebo are equivalent.

Results of the indirect treatment comparison of reslizumab versus omalizumab

The company’s indirect treatment comparison (ITC) is based on an assumption that effects of
omalizumab are comparable in patients irrespective of their blood eosinophil levels. This
assumption is necessary because only patients in the reslizumab trials had elevated blood

eosinophil levels.

The ITC is based on a simple network, comprising only trials of reslizumab versus placebo
(maximum 5) and trials of omalizumab versus placebo or BSC (maximum 16). In practice, the
company included some omalizumab trials which referred to optimised asthma therapy or a
control group as their comparator rather than BSC, but the ITC Report provided by the company
does not mention or discuss this. Although in theory 16 omalizumab trials were potentially
available for the ITC, the maximum number included for any given outcome, was four, reflecting
that most of the omalizumab trials did not report all of the outcomes of interest. The analytical
approach for the ITC was similar to that for the direct comparison meta-analysis (which, as
noted above, we consider reasonable): exacerbation rates were analysed with a Bayesian

approach and all other outcomes were analysed with a frequentist approach.

The ITC results for change in asthma control at 16£1 weeks are based on five reslizumab and
two omalizumab trials. One of the omalizumab trials was open-label and the company
conducted a sensitivity analysis excluding this trial (i.e. leaving only one omalizumab trial in the
analysis). When both omalizumab trials were included in the ITC, the mean difference in the
change in ACQ score at 16 weeks for reslizumab compared to omalizumab was 0.30 (95% CI
0.10 to 0.55) with a fixed-effects model and 0.15 (95% CI —-0.31 to 0.61) with a random-effects
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model. Excluding the open-label omalizumab trial gave a fixed-effects mean difference of —0.24
(95% CI —0.68 to 0.19). The company concluded that, based on the random-effects model,
reslizumab is comparable to omalizumab in terms of change from baseline in ACQ score at

1611 weeks. Insufficient data were available for analysis at 52 weeks.

ITC results for rates of clinically significant exacerbations, standardised to person-years, are
based on three reslizumab and three omalizumab trials. The company used the deviance
information criterion (DIC), which was marginally smaller for fixed-effects than the random-
effects model (78.06 versus 78.81), to justify presenting-only-prioritising results of a fixed-effects
analysis for this outcome (random-effects results are presented separately in ITC Report
Appendix 12). The ERG disagrees with this approach, because such a small difference in the

DIC is not informative, and also because a random-effects model is arguably more plausible. As

one of the omalizumab trials was open-label, the company conducted a sensitivity analysis
omitting this trial. The fixed-effects ITC hazard ratio favoured reslizumab over omalizumab in
terms of having a lower rate of clinically significant exacerbations (0.80; 95% CI 0.44 to 1.44)
and this effect was strengthened in the sensitivity analysis limited to double-blind studies (0.54;
95% CI 0.26 to 1.12). The Bayesian probability that reslizumab will perform better than
omalizumab was 77% in the full analysis and 95% in the analysis limited to double-blinded trials.

However, in the random-effects analysis (which included the open-label trial) the median hazard

ratio comparing reslizumab against omalizumab for clinically significant exacerbations was
considerably smaller (0.18; 95% Crl 0.18 to 2.82).However—therobustnress-oftheseresultsis

The ITC analysis of patients hospitalised due to exacerbations could only be conducted for 52
weeks due to a lack of data at 16 weeks. Two reslizumab and two omalizumab trials were
included, both of which were open-label. Odds ratios for fixed-effects and random-effects
analyses were identical (0.71; 95% CI 0.26 to 1.89) and indicate no difference between
reslizumab and omalizumab in the proportions of patients hospitalised due to exacerbations.
Limitations are the open-label nature of the omalizumab studies, and relatively low rates of
hospitalisation events. Also, the ITC Report presents the percentage of patients hospitalised
due to exacerbations in each arm of the four trials and this shows that the BSC arms of the
omalizumab trials had higher hospitalisation rates than the placebo arms of the reslizumab

trials.

Version 1 15



Confidential — do not copy or circulate

The ITC results for changes in lung function (FEV1) at 1614 weeks are based on five
reslizumab trials and three omalizumab ftrials. Two of the omalizumab trials were open-label and
the company conducted a sensitivity analysis excluding these, i.e. leaving only one omalizumab
trial in the analysis. The analysis of all trials gave a fixed-effects mean difference in the change
from baseline of 0.00 L (95% CI —0.07 to 0.08) and the random-effects analysis gave a mean
difference of 0.01 L (95% CI -0.13 to 0.01), whilst the analysis excluding open-label trials gave
a fixed-effects mean difference of —0.13 L (95% CI —0.3 to 0.04). The results indicate a lack of
clinically significant or statistically significant differences between reslizumab and omalizumab in

the FEV1 change from baseline to 16+4 weeks.

ITC analysis of changes in lung function at 52 weeks was based on two reslizumab trials and
only one omalizumab trial. The fixed-effects analysis mean difference in FEV1 change from
baseline was —0.19 L (95% CI —0.25 to —0.13), indicating that, over 52 weeks, FEV1 was
improved statistically significantly more by omalizumab than by reslizumab. However, the
company’s ITC Report comments that the difference (0.19 L) was less than that considered to

be clinically important (0.2 L).

ITC analysis of discontinuations due to adverse events up to 16 weeks was based on three
reslizumab and two omalizumab trials. The odds ratios for fixed-effects and random-effects
analyses were identical (1.13; 95% CI 0.17 to 7.62) and indicate no significant difference
between reslizumab and omalizumab in the odds of experiencing discontinuations due to

adverse events up to 16 weeks.

ITC analysis of discontinuations due to adverse events up to 52+4 weeks was based on two
reslizumab trials and one omalizumab trial. The fixed-effects estimate of the odds ratio (0.48;
95% CI1 0.16 to 1.43) indicates no difference between reslizumab and omalizumab in the odds of

experiencing discontinuation due to adverse events up to 52+4 weeks.

ITC analysis of serious adverse events up to 16 weeks was based on three reslizumab trials
and four omalizumab trials. The fixed-effects and random-effects odds ratios were identical
(1.04; 95% CI 0.4 to 2.68) and indicate no difference between reslizumab and omalizumab in

the odds of experiencing serious adverse events up to 16 weeks.
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ITC analysis of serious adverse events up to 5214 weeks was based on two reslizumab trials
and two omalizumab trials. The company conducted a sensitivity analysis excluding one open-
label omalizumab trial, i.e. leaving only one omalizumab trial in the analysis. The fixed-effects
and random-effects odds ratios for the full analysis on all trials were identical (0.71; 95% CI 0.4
to 1.24) and indicate no difference between reslizumab and omalizumab in the odds of
experiencing serious adverse events up to 52+4 weeks. The fixed-effects odds ratio for the

analysis excluding the open-label trial (0.80; 95% CI 0.43, 1.48) also indicates no difference.

ITC analysis of changes in HRQoL (AQLQ scores) at 16+4 weeks were based on four
reslizumab trials and one omalizumab trial. The fixed-effects mean difference in the change
from baseline (-0.56; 95% CI —0.92 to —0.20) statistically significantly favours omalizumab over

reslizumab, although the ITC Report does not mention this.

ITC analysis of changes in AQLQ scores at 52+4 weeks were based on two reslizumab trials
and one omalizumab trial. The fixed-effects mean difference in the change from baseline (0.10;
0=95% CI -0.11 to 0.31) indicates no significant difference in the change in AQLQ score

between the reslizumab and omalizumab groups.

As noted below (Commentary on the robustness of the submitted evidence) the ERG has
serious concerns about the methodological quality of the company’s ITC and these should be

borne in mind when interpreting the above results.

Results of the ITC do not directly inform the company’s economic analysis. In the economic
analysis section of the CS it is stated that rate ratios for exacerbations as employed in the
company’s economic analysis were derived from the ITC (which is referred to as an NMA —

network meta-analysis). However, this information is not given in the company’s ITC Report.

Summary of submitted cost effectiveness evidence

A systematic search was conducted by the company to identify economic evaluations of
pharmacological interventions for adults with severe eosinophilic asthma. The review excluded
RCTs and non-UK economic evaluations. The company identified five relevant studies, four

comparing omalizumab to BSC and one comparing mepolizumab to BSC.
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The company’s de novo cost effectiveness analysis used a Markov model to estimate the cost
effectiveness of reslizumab compared to BSC and omalizumab. The model adopted a time
horizon of 60 years and a cycle length of four weeks. The model consisted of six mutually
exclusive health states: controlled asthma, uncontrolled asthma, moderate exacerbation, severe
exacerbation, asthma-related death, and all-cause mortality. Patients in the model receiving
reslizumab and omalizumab were assessed at 16 weeks, and those classed as non-responders
were assumed to discontinue treatment. Patients were also assessed at 52 weeks and each
year thereafter, discontinuing treatment if they remained in either an exacerbation or
uncontrolled state continuously for one year. As recommended by NICE, a discount of 3.5%
was used for both costs and health outcomes. The analyses were conducted from the
perspective of the NHS and PSS.

Patients transitioned between health states in the model according to transition probabilities. For
the reslizumab and BSC treatment arms, the transition probabilities were computed using
patient-level data from the pivotal reslizumab trials (3082 and 3083). The sample used to
estimate the transition probabilities was the subgroup of adult patients (aged 18 years or older),
at step 4 or 5 in the GINA pathway, who had experienced at least 2 exacerbations in the
preceding year. The company adjusted the exacerbation probabilities estimated from the >2
exacerbation subgroup to reflect the rate of BSC exacerbations observed in the year before
randomisation in the subgroup of interest (>3 exacerbations in the base case analysis). For the
omalizumab treatment arm, rates of exacerbation after 16 weeks were based on an analysis for
responders in the INNOVATE trial. The source of the exacerbation rate for omalizumab prior to
16 weeks was unclear in the CS. Rates of asthma control and response to treatment for

omalizumab were assumed equal to those for reslizumab.

The company conducted a systematic review for costs and HRQoL. The company used HRQoL
data from studies by Willson and colleagues and Lloyd and colleagues. These studies were for
patients with asthma at GINA steps 4 and 5 and reported EQ-5D data using the UK tariff.

Reslizumab is administered via intravenous administration and the recommended dose of
reslizumab, based on patient weight, is 3.0 mg/kg given once every 4 weeks. Resilizumab is
anticipated to have a confidential patient access scheme. Omalizumab is currently provided on

the NHS with a confidential patient access scheme.
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Results of the economic model are presented as the incremental cost per quality adjusted life
year (QALY). The patient population eligible for treatment differs between omalizumab and
reslizumab and so the company presents two analyses for reslizumab versus BSC and for
reslizumab versus omalizumab. The results of the cost effectiveness analyses at the list price
for omalizumab and the PAS price for resilizumab showed an incremental cost effectiveness
ratio (ICER) of £24,907 per QALY for reslizumab compared to BSC and omalizumab is
extendedly dominated by BSC.

The company performed a range of deterministic and probabilistic sensitivity analyses to assess
model uncertainty. The ICER remained below £30,000 per QALY in all deterministic sensitivity
analyses, with the exception of reducing the time horizon to five years. The analyses are most
sensitive to the rate of exacerbations for the BSC arm. The company provided analyses for
subgroups according to the number of exacerbations experienced in the previous year, by
calibrating the transition probabilities to the exacerbation health states using an ‘exacerbation
multiplier’. The ICER varied between £33,774 per QALY for patients who had experienced =2
exacerbations in the preceding year and £20,006 per QALY for patients who had experienced

24 exacerbations.

The probabilistic sensitivity analysis (PSA) estimated a [JJJif and |l probability that
reslizumab is cost effective at a willingness to pay threshold of £20,000 and £30,000 per QALY

gained, respectively.

Commentary on the robustness of submitted evidence

Strengths

Clinical effectiveness

The company conducted a systematic review for relevant trials and appears to have identified
all relevant evidence for reslizumab and the majority of evidence for omalizumab. The included
trials of reslizumab are of generally good quality and the company provided a quality
assessment for four out of the five trials. We largely agree with the company’s assessments of

trial quality (apart from some issues around missing data, particularly in the trials 3081 and
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3084). The company provided clinical study reports and publications in support of the CS. The
CS and the company’s ITC report are generally well structured with clear tabulation of trial

characteristics and results.

Economic analysis

A systematic review was conducted to identify cost-effectiveness, HRQoL and cost studies and
values from this review were utilised in the model. The model structure is based on a published
model in severe asthma and is representative of the clinical pathway for patients with severe

asthma. The trials used for the effectiveness evidence are of generally good quality.

Weaknesses and areas of uncertainty

Clinical effectiveness

The main limitation of the clinical trials is that their duration (15 to 52 weeks) is relatively short
given that asthma is a chronic condition. In one of the trials (3084), 80% of the population had
blood eosinophils <400 per pyL which differs from the inclusion criterion for the other trials (blood

eosinophils 2400 per pL).

The company (despite a request for clarification from the ERG via NICE) is unclear about the
relevance of the trial Res-5-0010: this trial was identified in the systematic review, then excluded
by the company, then subsequently included in some outcome analyses. For the AQLQ
outcome assessed at 16 weeks this trial was excluded from the direct comparison but included
in the ITC.

Although the trials involved approaches to account for missing data, such as sensitivity
analyses, the reported sample sizes for the analysed outcomes do not concur with the number
randomised and reasons for missing data are not explained. There are also inconsistencies in
the sample sizes reported in the CS for the individual clinical trials and the direct comparison

meta-analysis.
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The ERG has a number of concerns about the company’s ITC:

*

The ‘feasibility’ process for selecting trials for inclusion is poorly described in the ITC

The company’s process for selecting trials based on their definitions of clinically
significant exacerbations appears inconsistent, meaning that several omalizumab trials
may have been unnecessarily excluded from analysis.

The company has not considered any possible differences between placebo, BSC,
optimised asthma therapy and control groups in the omalizumab trials and it is therefore
unclear whether these different arms are adequately homogeneous to serve as a
common comparator in the ITC.

The company’s trials provide evidence for placebo effects but the CS does not consider

whether this has any implications for the assumption that placebo is equivalent to BSC.

The reported sample sizes for the reslizumab trials analysed in the ITC are different to
those for the same trials when analysed for the same outcomes in the direct comparison;
furthermore, for some outcomes sample sizes are markedly smaller than the number
randomised and (where defined) smaller than the ‘full analysis set’.

[Note added after final submission of this ERG report to NICE: The company clarified

during the factual inaccuracy check process that sample sizes for the ITC analyses were

the same as those for their direct comparison meta-analysis but were reported

incorrectly in the ITC Report (the ERG cannot corroborate this). The company also
clarified that trial Res-5-0010 was not included in the AQLQ ITC analysis, although the

ITC Report states that it was. These discrepancies do not materially affect the

conclusions of this report, since other uncertainties in the results of the ITC analysis

remain].

Overall, based on these limitations we advise that the ITC results should be viewed with caution

since they could be at high risk of bias.

Economic analysis
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The systematic review of economic studies, HRQoL and resources has limiting exclusion
criteria: all RCTs were ineligible for inclusion; HRQoL and costs may only come from
observational studies; economic evaluations may only be UK models; and if a study reported on

mixed adult and juvenile populations or mixed severity populations they were excluded.

The model structure is not directly comparable to other technology appraisals (omalizumab and

mepolizumab)

The model applies an exacerbation multiplier to increase the rate of exacerbations, to a similar
level as seen in the year preceding the trial. It is not clear if applying this multiplier is

appropriate.

The definitions of exacerbations were not consistent between the HRQoL studies and the
definition used in the model, which is likely to lead to an overestimate in the severity of the

exacerbation utility values.

Summary of additional work undertaken by the ERG

The ERG conducted the following additional analyses to investigate changes to the model
results:

¢ Changes to the exacerbation rate for BSC to reflect the observed exacerbation rate in

the reslizumab clinical trials;

o Alternative utility values for the exacerbation health states;

e Alternative health state costs ;

e shorter monitoring duration for omalizumab.

e An alternative base case analysis for reslizumab compared to BSC and omalizumab,

consisting of a combination of the analyses above.

Changing the exacerbation rate for BSC to reflect the actual exacerbation rate in the clinical
trials has a significant impact on the model results and increases the ICER for reslizumab vs
BSC to £50,878 per QALY. The other analyses have a smaller impact on the model results. The
ERG’s alternative base case comparison for reslizumab compared to BSC produces an ICER of

£57,356 per QALY. In comparison to reslizumab, omalizumab remains extendedly dominated.
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1 Introduction to the ERG Report

This report is a critique of the company’s submission (CS) to NICE from Teva UK Limited on the
clinical effectiveness and cost effectiveness of reslizumab (brand name CINQAERO) for the
treatment of adults with asthma who have elevated blood eosinophils and whose asthma is
inadequately controlled by inhaled corticosteroids (ICS). Reslizumab plus best standard of care
(BSC) is compared against BSC alone and also against omalizumab plus BSC. In this report the
Evidence Review Group (ERG) identifies the strengths and weakness of the CS. Clinical

experts were consulted to advise the ERG and to help inform this review.

Clarification on some aspects of the CS was requested from the manufacturer by the ERG via
NICE on 10/08/2016. A response from the company via NICE was received by the ERG on
30/08/2016 and this can be seen in the NICE committee papers for this appraisal.

2 BACKGROUND

The CS provides an appropriate description of severe asthma, highlighting the heterogeneity of

the disease.

2.1 Summary & critique of the company’s description of the underlying health
problem

Asthma is a chronic inflammatory disease associated with airway inflammation, variable airflow
obstruction and airway hyper-responsiveness and affects around 5.4 million people in the UK (1
in 11 children and 1 in 12 adults). The UK has some of the highest asthma rates in Europe. The
disease accounts for high numbers of consultations in primary care, out-of-hours services and
hospital emergency departments. The CS cites figures from 2011-2012 for hospital admissions
and 2000-2005 for asthma mortality rates in the UK. More up-to-date figures report that there
were 60,636 hospital admissions for asthma in England in 2013-2014, and 138,140 bed days
and 80,990 finished consultant episodes in 2015." Asthma was responsible for 1216 deaths in
2014, with a mean number of three deaths per day from the disease.? Asthma costs the NHS an

estimated £1 billion a year, with the burden being driven by severe cases.’
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Asthma is characterised by variable and recurring symptoms. An asthma ‘exacerbation’ or
‘attack’ refers to people with asthma experiencing a worsening of their symptoms and airway
function, with an increase in breathlessness, wheezing, chest tightness, sputum production
and/or cough. Asthma exacerbations can have a considerable negative impact on patients’
health-related quality of life (HRQoL), affecting activities such as work, exercise and travel, as
well as reducing their sense of wellbeing due to fear of having further symptoms or

exacerbations.*

Most patients manage their asthma by following guidance from physicians based on a stepwise
approach to treatment as recommended by the British Thoracic Society (BTS) and the Scottish
Intercollegiate Guideline Network (SIGN).° The BTS/SIGN treatment approach is very similar to
the stepwise approach recommended by the Global Initiative for Asthma (GINA)® (Table 1). As
explained further below (section 2.2), patients should start treatment at the step most
appropriate to the initial severity of their disease and maintain asthma control by stepping up

treatment when control is poor and stepping down when control is good.

Eosinophilic asthma is a phenotype of severe asthma that is associated with elevated levels of
eosinophils (a type of white blood cell) in tissues and sputum, and may be accompanied by
eosinophilic nasal polyps. Eosinophils play a role in airway inflammation, and increased
concentrations of eosinophils (referred to as eosinophilia) are associated with increased
frequency of exacerbations and poor disease control.” The population of patients who have
asthma with elevated blood eosinophils is equivalent to patients who are at Step 4 and or Step 5
of the BTS/SIGN and GINA treatment pathways (Table 1), and these patients meet GINA

classification criteria for having severe asthma (Table 2).

Despite best therapeutic attempts, for a small subgroup of around 5-10% of patients with severe
eosinophilic asthma, the disease remains inadequately controlled at Steps 4 and 5. A small
proportion of these patients on best standard of care (BSC) who have severe persistent IgE-
mediated asthma may be eligible for treatment with omalizumab; however, for the majority of
patients whose asthma is not controlled at Steps 4 and 5 treatment options are limited, and
consist currently of further increasing the dose of inhaled corticosteroids (ICS) or adding oral
corticosteroids (OCS). Long-term use of ICS is associated with well-known adverse effects,
including, among others, reduced bone mineral density® and diminished corticosteroid

sensitivity.®
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Reslizumab, used in addition to BSC, is a potential new treatment option for patients whose
severe eosinophilic asthma is not controlled at Steps 4 and 5, particularly those who are not

eligible to receive omalizumab.

2.2 Summary & critique of the company’s overview of current service provision

The CS provides an overview of the clinical pathway of care, which is primarily based on the
BTS/SIGN guidelines.® The care pathway described in the CS is relevant and appropriate to the
decision problem in the NICE scope. The stepwise approach recommends that when control of
the condition is poor, treatment doses should be increased and/or other controller medications
should be added, and that treatment should be stepped down when control is good or improved
(see Table 1). As pointed out in the CS, there are no specific guidelines available for the

management of people with severe eosinophilic asthma inadequately controlled by ICS. The CS

points out, though, that this population falls within the European Respiratory Society/American

Thoracic Society (ERS/ATS) Task Force and GINA guidelines’ definitions of severe asthma.’

The ERG agrees with this. The GINA definition of asthma severity is shown in Table 2. The

GINA guidelines (Table 1) offer a similar stepwise treatment approach to that specified in the

BTS/SIGN guidelines. The CS states that the population of interest in this appraisal would

receive the same management approaches as set out in the last two steps of the GINA and

BTS/SIGN guidelines (i.e. steps 4 and/or 5), which are used to treat severe asthma (as defined

in Table 2).

Table 1 Asthma treatment stepwise approach

BTS/SIGN recommended stepwise

GINA recommended stepwise approach to

approach to treatment in adults treatment
Step | (CS Table 8) (CS Table 9)
1 Mild intermittent asthma e Other controller options: Consider low dose
Inhaled SABA as required ICS
¢ Reliever: SABA as needed
2 Regular preventer therapy e Preferred controller: Low dose ICS

e Add ICS (200-800 pg/day?)
Starting dose should be appropriate to
severity of disease (400 ug is appropriate for

many patients)

e Other treatment options:
o Leukotriene receptor agonist
o Low dose theophylline®

e Reliever: SABA as needed
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BTS/SIGN recommended stepwise
approach to treatment in adults

Step | (CS Table 8)

GINA recommended stepwise approach to
treatment
(CS Table 9)

3 Initial add-on therapy

Add inhaled LABA. Assess asthma control

and adjust treatment according to the

following:

e |If control remains inadequate, continue
LABA and increase the dose of ICS to 800
pg/day if not already on this dose

e |f there is no response to LABA, stop this
drug and increase the dose of ICS to 800
Hg/day

e |If control still remains inadequate, try
leukotriene receptor antagonist or slow-

release theophylline

e Preferred controller: Low dose ICS/LABA®
o Other controller options :
o Medium/high dose ICS
o Low dose ICS + leukotriene receptor
agonist (or + theophyllineb)
¢ Reliever: SABA as needed or low dose

ICS/formoterol®

4 Persistent poor control

e Consider increasing the dose of ICS up to
2000 pg/day

e Consider adding a fourth drug (e.g.
leukotriene receptor agonist, slow-release

theophylline or beta2-agonist tablet)

e Preferred controller: Medium/high dose
ICS/LABA
e Other controller options :
o Add tiotropium® ®
o High dose ICS + leukotriene receptor
agonist (or + theophylline®)
¢ Reliever: SABA as needed or low dose

ICS/formoterol®

5 Continuous or frequent use of oral steroids

e Use daily steroid tablet at the lowest dose
that provides adequate control

e Maintain high-dose ICS at 2000 ug/day

e Consider other treatments to minimise the
use of steroid tablets

e Refer patient for specialist care

o Preferred controller: Refer for add-on
treatment (e.g. tiotropium, omalizumab,
mepolizumab)

e Other controller options :

o Add low dose OCS

¢ Reliever: SABA as needed or low dose

ICS/formoterol®

ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; OCS, oral corticosteroid; SABA, short-acting

beta-agonist.
@ Beclometasone dipropionate (BDP) or equivalent
® Not for children aged <12 years.

¢ For children aged 6-11 years, the preferred Step 3 treatment is medium dose ICS

4Low dose ICS/formoterol is the reliever medication for patients prescribed low dose
budesonide/formoterol or low dose beclometasone/formoterol maintenance and reliever therapy.

° Tiotropium by mist inhaler is an add-on treatment for patients with a history of exacerbations; it is not

indicated in children aged <12 years
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Table 2 GINA definition of asthma severity

Severity Description (from CS Table 7)

Mild Asthma that is well controlled with Step 1 or 2 treatment, i.e. with as-needed reliever
medication alone, or with low-intensity controller treatment such as low dose ICS,
leukotriene receptor antagonists or chromones.

Moderate Asthma that is well controlled with Step 3 treatment, e.g. low dose ICS/LABA.

Severe Asthma that requires Step 4 or 5 treatment, e.g. high-dose ICS/LABA, to prevent it from
becoming uncontrolled, or that remains uncontrolled despite this treatment.

GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; LABA, long-acting beta-agonist.

A NICE clinical guideline ‘Asthma Management’ is currently under development and due to be
published in 2017. However, this will not include ‘biologics’ (for example omalizumab) and
therefore, as pointed out in the CS, it is also not expected to cover the anti-IL-5 antibodies (i.e.
reslizumab and mepolizumab). The only NICE guidance available that includes the
management of the severe asthma population relevant to the current technology appraisal is TA

278 (omalizumab for treating severe persistent allergic asthma).

As mentioned in the CS (section 3.5), a NICE quality standard on clinical best practice for
diagnosis and treatment of asthma in people aged 12 years and older (QS25) was published in
2013," and was updated in February 2016 to include a 2014 revision of the BTS/SIGN
guideline on the management of asthma. The updated NICE QS25 defines asthma in adults as
‘difficult asthma’ if symptoms persist despite treatment at Steps 4 or 5 of the BTS/SIGN
guideline, plus one of the following:
e an event of acute severe asthma which is life threatening, requiring invasive ventilation
within the last 10 years
e requirement for maintenance oral steroids for at least six months at a dose 27.5 mg
prednisolone per day or a daily dose equivalent of this calculated over 12 months
e two hospitalisations within the last 12 months in patients taking and adherent to high
dose inhaled steroids (21000 pg of beclomethasone or equivalent)

o fixed airflow obstruction with a post bronchodilator FEV1 <70% of predicted normal.
The ERG notes that the NHS England A14 Service Specification for Severe Asthma,'" which is

not mentioned in the CS, states that there is currently no clear definition of severe asthma and

no gold standard diagnostic test. It suggests that the BTS/SIGN guidelines definition above is

Version 1 27




Confidential — do not copy or circulate

too general, and mentions an up-to-date definition proposed by the European Respiratory and
American Thoracic Societies. Clinical expert advice received by the ERG suggests that the

indications for severe asthma management are still in development.

According to the NHS England A14 Service Specification for Severe Asthma,’ patients
suspected of having severe asthma would be referred to receive a multidisciplinary assessment
at a specialist severe asthma centre. Such a centre should be run by at least two consultant
respiratory physicians with an interest in severe asthma. Multi-disciplinary assessment of the
patient involves review by a physiotherapist, asthma nurse specialist, health psychologist,
dietician, and allergist, and is conducted over two day-case visits. Pre-planned investigations
include measures of airway inflammation and airways hyper-reactivity, which are only available
at specialist centres. Once patients have received a diagnosis, the treatment decision and initial
assessment of efficacy are carried out at the specialist centre. Treatment decisions include the
patient’s suitability for bronchial thermoplasty, omalizumab, or novel biological therapies as they
become available. If trials of these drugs are successful at the specialist centre, then the drugs
may be used outside of the specialist centre in the longer-term. The majority (approximately
70%) of patients with severe, difficult to control asthma will receive long-term follow up at a
specialist centre, with an initial 3-month follow-up consultation and then reviews every six
months if clinically stable. Referrals to specialist centres originate primarily from respiratory
physicians in secondary care (but may also arise from primary care or after an episode in an

intensive care unit).

The CS acknowledges (CS Table 6 and CS section 2.4.2) that patients will initially receive
reslizumab and ongoing monitoring in specialist centres. The CS, however, does not clearly
draw out the implications of this for patients and the NHS. Clinical expert advice to the ERG
suggests that treatment in a specialist centre would incur extra costs for the NHS and patients.
There are currently five such centres, with more specialist centres due to be rolled out in the
future. However, according to clinical expert advice received by the ERG, the national

commissioning structure is still in development.

Treatment options
As stated in the CS, there are limited treatment options for patients with severe asthma which
remains inadequately controlled with medium to high dose ICS in combination with other

controller medications. Continuing to increase ICS dose or adding OCS are options, but as high-
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dose and long-term use of corticosteroids are associated with a range of adverse effects, the
BTS/SIGN guidelines state that ICS and OCS should be used at the lowest doses at which
asthma control is maintained and other treatments should be considered to minimise the use of

steroid tablets.

For patients with severe persistent allergic (IgE-mediated) asthma (=6 years) who need
continuous or frequent treatment with oral corticosteroid (OCS) (defined as 24 in the previous
year), NICE recommends the anti-lgE monoclonal antibody omalizumab as an add-on
treatment option to optimised standard therapy (MTA, TA278)."? The treatment recommendation
is dependent on the manufacturer making omalizumab available with the discount agreed in the
patient access scheme (PAS)."? As explained in the CS, omalizumab does not target the
eosinophilic (IL-5-mediated) phenotype and so is unsuitable for patients with severe eosinophilic
asthma, unless these patients also have IgE-mediated asthma. According to the final NICE
scope, omalizumab is suitable for people with severe persistent allergic IgE-mediated asthma

with elevated blood eosinophils.?

The anti-IL-5 monoclonal antibody mepolizumab is licensed as an add-on treatment for severe

refractory eosinophilic asthma in adults and is currently being apprised by NICE.

2.3 Summary & critique of the company’s definition of the decision problem

Population

The patient population in the CS decision problem appears consistent with the NICE scope,
which refers to ‘adults with asthma with elevated blood eosinophils inadequately controlled by
inhaled corticosteroids’. This is an appropriate population for the NHS, as these patients
currently have limited treatment options. The NICE scope does not define ‘elevated blood
eosinophils’, but according to clinical expert advice to the ERG, although there are difficulties in
specifying the degree of severity of eosinophilia, the threshold for elevated blood eosinophils of
2400 cells/pL employed by the company (consistent with the pivotal clinical trials of reslizumab)

is reasonable.
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The CS states that the population is those aged 18 years or older. We note that the clinical
trials included in the company’s review of clinical effectiveness included patients who were
aged 12 years and older. However, the mean age of patients in all the included trials was above

40 years.

Intervention

Reslizumab is intended to be used in addition to best standard of care (BSC). The indication,
restrictions and marketing status of reslizumab are summarised by the company (CS Table 2)

and are reproduced here in Table 3.

Reslizumab is a humanised monoclonal anti-IL-5 antibody (IgG4/k) ‘indicated as add-on therapy
in adult patients with severe eosinophilic asthma inadequately controlled despite high-dose ICS
plus another medicinal product for maintenance treatment’." IL-5 is a pro-inflammatory cytokine
which plays a key role in the differentiation, maturation, recruitment and activation of
eosinophils. Reslizumab binds to human IL-5, blocking its biological function; consequently,
survival and activity of eosinophils are reduced (Summary of Product Characteristics [SmPC])."
Given that high levels of eosinophils in sputum and bronchial biopsies are associated with poor

|,14

asthma control, ™ blocking IL-5 function can reduce the frequency and severity of asthma

exacerbations.

The CS states that it is anticipated that reslizumab will be initiated and monitored in specialist
centres; reslizumab should be prescribed by physicians experienced in the diagnosis and
treatment of the licensed indication and administered intravenously by a healthcare
professional; and patients should be observed over the duration of the infusion and for an

appropriate period of time afterwards.

According to the SmPC, reslizumab is only indicated for intravenous infusion and should be
administered in a healthcare setting by a healthcare professional prepared to manage
anaphylaxis. The recommended dosage regimen is 3 mg/kg once every 4 weeks by intravenous
infusion over 20-50 minutes, with the solution being available in 100 mg/10 mL (10 mg/mL)
single-use vials. If a planned reslizumab infusion is missed, dosing should resume as soon as
possible on the indicated dose and regimen. A double dose must not be administered to make

up for a missed dose. The ERG agrees that the description of reslizumab in the company’s
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decision problem, including the dosing regimen, is consistent with the proposed licensed

indication as stated in the SmPC.

At the time of the company’s submission, the European marketing authorisation for reslizumab
was awaited. Market authorisation was granted in August 2016 (Table 3). Approval by the US
Food and Drug Administration (FDA) was granted in March 2016 and reslizumab was launched
in the US in April 2016. However, licensed indications in the USA stipulate that reslizumab is not
indicated for treatment of other eosinophilic conditions, relief of acute bronchospasm or status

asthmaticus (Section 5.2)."

The CS states that the planned launch for reslizumab in the UK is || | | I

Table 3 Technology being appraised (CS Table 2)

UK approved name and UK approved name: Reslizumab

brand name Brand name: CINQAERO

Marketing authorisation/ e Regulatory submission to EMA: The application was submitted on
CE mark status 30 June 2015 and the procedure started on 23 July 2015.

e CHMP positive opinion was received on 23 June 2016.

e European marketing authorisation was granted in August 2016.

Indications and any Reslizumab is indicated as add-on therapy in adult patients with severe
restriction(s) as described in | eosinophilic asthma inadequately controlled despite high-dose ICS plus
the summary of product another medicinal product for maintenance treatment (Section 5.1 of the
characteristics SmPC).

The contraindications listed in the SmPC are:
e Hypersensitivity to the active substance

e Hypersensitivity to any of the following excipients: sodium acetate
trihydrate; acetic acid glacial; sucrose; water for injections

Method of administration Intravenous infusion only. Reslizumab must not be administered by the
and dosage subcutaneous, oral or intramuscular route.

Reslizumab is available as a 10 mg/mL concentrate for solution for
infusion. Each vial contains 100 mg of reslizumab in 10 mL (10 mg/mL).

The recommended dose of reslizumab, based on body weight, is 3.0
mg/kg, given once every four weeks.

CHMP: Committee for Medicinal Products for Human Use; EMA: European Medicines Agency; ICS:
inhaled corticosteroid; SmPC: Summary of Product Characteristics
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Comparators

The comparators for reslizumab as add-on to BSC that are considered in the current submission
are:
o BSC alone (for patients with an eosinophilic phenotype of asthma who are not eligible for
omalizumab)
e Omalizumab + BSC (for patients in the ‘overlap’ population — i.e. those with IgE-

mediated asthma who also have elevated blood eosinophils)

BSC (placebo arm) in the CS is referred to as high dose ICS in combination with other controller
medications, with or without OCS. In addition, the BTS/SIGN guidelines are cited stating that
BSC relies on the use of a Personal Asthma Action Plan, the avoidance of
environmental/dietary triggers and the use of recommended medications. To clarify medication
use in the placebo arm of the pivotal trials RCT 3082 and 3083, the company provided tables of

medication use for patients in the placebo arm (clarification request A4, Tables 1 to 3).

Outcomes

The outcomes reported in the CS are clinically meaningful and are consistent with the NICE
scope, although four outcomes specified in the scope are not reported in the CS as they were
either not reported in the reslizumab trials (use of OCS, patient and clinician evaluation of
response, time to discontinuation) or were very rare events (mortality — only one death occurred
across the five included trials). Two additional outcomes not specified in the NICE scope are
presented in the CS: changes in use of short-acting beta agonists (SABA) and changes in blood

concentrations of eosinophils.

The CS states that the reason data on OCS use were not available is that the dose of OCS in
two of the pivotal studies (3082 and 3083) had to remain stable throughout the trial and
therefore this was not reported as an outcome; whilst in the remaining three trials OCS use was
not allowed. However, clinical experts advising the ERG mentioned that OCS use is potentially
an important factor, as, in addition to their impact on adverse events, oral steroids are a

significant cost driver in this population.

The NICE scope mentions “incidence of clinically significant exacerbations, including those

which require unscheduled contact with healthcare professionals or hospitalisation,” but does
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not define clinically significant exacerbations. The CS decision problem refers to “clinical asthma
exacerbations” which were reported in the reslizumab trials and implies that the definition of
these is consistent with the NICE scope. We agree that the company’s definition of

exacerbations in reslizumab trials is consistent with the scope.

Economic analysis

The cost effectiveness of treatments is expressed in the CS in terms of the incremental cost per
quality adjusted life year (QALY) gained (as specified in the final NICE scope). Base case
analyses used a 60-year (lifetime) time horizon and 3.5% annual discounting of costs and
outcomes. The economic analysis was consistent with the NICE reference case and costs were

considered from an NHS and Personal and Social Services (PSS) perspective.

Other relevant factors

In the company’s economic analysis, the CS states that, based on the advice of (an unspecified
number of) clinical experts, adult patients at GINA Steps 4 or 5 (Table 1) who had experienced
=3 asthma exacerbations in the preceding year were considered to be the most appropriate
subgroup for the base case analysis. This is because these patients would benefit the most
from treatment with reslizumab. That is, they were patients with severe eosinophilic asthma and
a history of exacerbations. The ERG notes that the majority of the patients in the pivotal clinical
trials did not experience 23 asthma exacerbations in the preceding year, and so the economic

model includes only a subgroup of patients in these trials.

Two further subgroups with lower and higher exacerbation rates were included in scenario
analyses:
» Adult patients at GINA Steps 4 or 5 who had experienced 22 exacerbations

» Adult patients at GINA Steps 4 or 5 who had experienced 24 exacerbations
These subgroups were not specified in the NICE scope. However, the scenarios offer insight
into the cost-effectiveness of reslizumab when the exacerbation threshold for including patients

in the analysis is lowered.

Equality issues
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The CS states that ‘no issues related to equality were identified in the NICE scope’ (CS section
3.8). However, the ERG notes that it might be difficult for patients to attend a specialist severe
asthma centre on a four-weekly basis, as there are currently only five centres in England and,

according to a clinical expert consulted by the ERG, these have waiting lists of up to 12 months.

Patient access scheme

The CS states that a ‘simple’ PAS has been submitted to PASLU and the Department of Health
and is currently under review’ (CS section 2.3.1). The suggested anticipated reslizumab list
price is £499.99 (100 mg vial) or £124.99 (25 mg vial), while the anticipated PAS price will be
£l (100 mg vial) or £fjli} (25 mg vial) (CS Table 6).

3 CLINICAL EFFECTIVENESS

3.1 Summary & critique of the company’s approach to systematic review

The company conducted two systematic reviews, one for evidence on the clinical effectiveness
of reslizumab and omalizumab, and the other for HRQoL, resource use, and economic
evidence. A full description and critique of the company’s systematic review of HRQoL, resource
use and economic evidence is provided within the Cost Effectiveness section of this report, in

section 4.2.

The systematic review of clinical effectiveness evidence is described in section 4.1 of the CS
and the search strategy is provided in CS Appendix 2. The systematic review was used to
identify evidence both for the intervention (reslizumab) and for the comparator (omalizumab)
and therefore it informed the company’s direct comparison meta-analysis of reslizumab trials as
well as their indirect treatment comparison (ITC) of reslizumab against omalizumab. The ITC
analysis was provided by the company in a separate report prepared by an external agency
(Amaris)'® (hereafter referred to as the ITC Report) and this includes duplicate descriptions of
the systematic review methods (ITC Report section 2.1) and the search strategy (ITC Report
Appendix 2).

3.1.1 Description of the company’s search strategy
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The company has clearly specified the bibliographic sources searched and the dates of the
searches, providing sufficient details to enable reproduction of the searches. We consider that
the searches were comprehensive and well-designed. They included a combination of MeSH or
EMTREE and free text terms, which is appropriate, and used a range of terms that cover the
disease area, interventions, and study types of interest. An exception to this is that the EU trade
name of reslizumab (Cingaero) was not used among the intervention search terms, while the
US trade name (Cinquil) was. We do not believe that this is likely to have impacted on whether
the searches found all relevant evidence. The searches were restricted to the English language,

which is reasonable. No date restrictions were placed on the searches.

The company searched an appropriate range of databases: MEDLINE, Embase and the
Cochrane Library. Hand searches for conference abstracts in databases not indexed by
Embase were also carried out, covering the European Respiratory Society (ERS), American
Thoracic Society (ATS), British Thoracic Society (BTS), American College of Chest Physicians
(CHEST) and the American Academy of Allergy, Asthma and Immunology (AAAI).
Clinicaltrials.gov and HTA submissions were also searched. Additionally, a range of relevant
websites were searched, including those of organisations that hold relevant conferences. We
consider that the company has searched a wide range of and sufficient number of relevant

sources for evidence.

A minor criticism of the clinical effectiveness searches is that they were five months out-of-date
when received by the ERG, having been conducted in February 2016. We did not re-run the
searches using the company’s search strategy, but carried out simple searches on MEDLINE
and Embase to identify if any further reslizumab and omalizumab studies had been published
since February 2016. We used the following search terms:

e Reslizumab or Cinquil or Cingaero

¢ (Omalizumab or Xolair or rhuMAb-E25) and asthma
We limited the searches to the English language and references published in 2016. For the
omalizumab searches we additionally limited them to randomised controlled trials, phase 2

clinical trials and phase 3 clinical trials, to reduce the number of results.
Our searches did not find any additional studies of reslizumab, so it is likely that the CS includes

all relevant reslizumab studies. Our searches for recently published omalizumab studies

identified one potentially relevant RCT,"” published online on 18" February 2016 (this was
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published after the company’s database searches for clinical effectiveness evidence, which
were conducted on 2" February 2016). This was an RCT of omalizumab versus placebo in
Chinese patients with moderate to severe allergic asthma and a serum total IgE level of 30-700
IU/mL but it did not report whether any patients had elevated blood eosinophils. The %
predicted FEV1, ACQ and AQLQ were among the outcomes measured. We also identified a
conference abstract, published in April 2016, that appears to report findings from this trial."® No
other potentially relevant omalizumab studies were identified. It therefore appears that although
the searches used to inform the systematic review in the CS were moderately out-of-date, they

are likely to have captured all relevant reslizumab and almost all relevant omalizumab trials.

The company did not explicitly mention in the CS whether or not they had searched for ongoing
studies of reslizumab and did not specify any specific trials databases searched other than
Clinicaltrials.gov. The CS states (section 4.14) that there are “no completed or ongoing
company-sponsored studies from which new evidence for reslizumab in patients with asthma
and elevated blood eosinophils will become available in the next 12 months” (CS p. 176). It is
unclear therefore if there are any trials not sponsored by the company that may complete within
the next 12 months. The ERG searched clinicaltrials.gov for ongoing studies of reslizumab. The

ongoing studies were checked by one reviewer. No relevant ongoing studies were identified.

3.1.2 Statement of the inclusion/exclusion criteria used in the study selection

The CS provides a clear overview of the inclusion and exclusion criteria for the systematic
review of clinical effectiveness evidence (CS Table 11). The criteria appear to be in line with the
marketing authorisation, the final NICE scope and the company’s decision problem. While only
RCTs were identified in searches, a company-sponsored single-cohort study amalgamating
patients from three of the RCTs was included in the CS to provide evidence on reslizumab

safety.

The setting (involving specialist severe asthma centres in England) was not specified as an
inclusion criterion; this is reasonable given that the setting is implicit from the population
eligibility criterion (severe asthma). The company excluded publications in non-English
languages. The rationale for this is not explained in the CS and the potential for language bias

is not discussed.
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The CS provides a PRISMA diagram indicating the numbers of references included and
excluded at each stage of the systematic review (CS Figure 1). This is reproduced in Figure 1.
The total number of publications included in the systematic review was 21. This refers to trials of
reslizumab and also trials of omalizumab, but only publications reporting the RCTs of
reslizumab are mentioned in the list of relevant trials (CS Table 12). Information about the
omalizumab trials is given in the separate ITC Report,'® although there is no indication of this in
the CS.

The CS (section 2.3, and Table 5 within CS Appendix 2) lists the authors and titles of 191
references which were excluded at the full-text screening step, but does not provide publication
sources. The company provided this information in an Excel spreadsheet in response to a
request from the ERG via NICE (clarification A8). Fifteen of these 191 references were excluded

as the company was unable to retrieve them for full-text review of the inclusion criteria.
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g Publications identified Additional publications identified
through database searching through other sources
; n 1043 !
Discarded as did not meet inclusion criteria:
Publications after
. “ﬂum'mm - _WH
Ll - Not In the language of interest .
§ _ - Conference abstract not of interest
§ v Not study type of interest

- Not population of interest (not severe)
- Not population of interest (not adults) |
- Therapy not of interest

- Not including outcome of Interest

Discarded during full-text review as did not meet inclusion

criterha:
; S - Duplicates
2 Publications assessed for - Abstract reported elsewhere
- eligibility - Conference abstract not of Interest .
" . - Not study type of interest
- Not population of interest (not asthma) |

- Not population of interest (not severe) 1/
- Therapy not of Interest

¥ - Not including outcome of Interest
- Unable to retrieve 1 °
Publications induded
- From additional publications identified through other
i In the narrative review sources but not relevant :

Figure 1 PRISMA diagram for the systematic review of clinical evidence

The CS does not mention any potential bias that may have arisen in relation to the searches or
inclusion/exclusion criteria. However, the systematic review processes appear to have been
robust, with eligibility screening having been conducted by two reviewers (CS section 4.1.2),

which would reduce the risks of errors and bias.

3.1.3 Identified studies
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Of the 21 RCTs identified by the company in their systematic review of clinical effectiveness,
five were trials of reslizumab versus placebo (both in addition to BSC), and 16 were trials of

omalizumab versus BSC (reported separately in the ITC Report'®).

Four of the five reslizumab RCTs were phase lll trials and one (Res-5-0010) was a phase |l trial:
e trials 3082 and 3083, both reported by Castro et al.™

e trial 3081 reported by Bjermer et al.?°

e trial 3084 reported by Corren et al.?'

e Res-5-0010 reported by Castro et al.*

Trials 3082 and 3083 were identical 12-month, randomised, double-blind, placebo-controlled
trials evaluating the efficacy and safety of reslizumab (3.0 mg/kg) in the reduction of clinical
asthma exacerbations in patients aged 12-75 years with eosinophilic asthma.'® These trials are
presented first in the CS and are referred to in this report as the company’s pivotal trials. The
two pivotal trials had longer duration than the three other three trials and they also used a

different definition of asthma exacerbations compared to the three other trials.

Trial 3081 was a 16-week randomised, double-blind, placebo-controlled, three-arm trial (0.3
mg/kg, 3.0 mg/kg and placebo), evaluating the efficacy and safety of reslizumab as treatment
for patients aged 12-75 years with eosinophilic asthma.”® The trial arm with less than the dose
applied for in the licence (i.e. 0.3 mg/kg) is not relevant to this submission and is not discussed

further in this report.

Trial 3084 was a 16-week, randomised, double-blind, placebo-controlled trial evaluating the
effect of reslizumab (3.0 mg/kg) in patients aged 18-75 years with moderate to severe
eosinophilic asthma that was poorly controlled with inhaled corticosteroids.?" This RCT is
presented separately to the other three company-sponsored RCTs in the CS ‘due to different
eligibility criteria’. Mean blood eosinophils at baseline ranged between 277—-281 cells/uL for the
treatment groups, with an overall range of 0—1584 cells/uL. As such, this trial included some
patients with blood eosinophil counts <400 cells/pL, unlike the four other trials which had =400

cells/pL.

Trial Res-5-0010 was a 15-week randomised, double-blind placebo-controlled trial evaluating

the efficacy and safety of reslizumab (3.0 mg/kg) in patients aged 18-75 years with poorly
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controlled eosinophilic asthma.? Although this RCT met the company’s inclusion criteria, it was
excluded from further discussion in the CS as it was a ‘phase Il proof of concept study that
informed the phase I/ clinical programme’. No details of the trial (i.e. baseline characteristics of
the population, methods) or the company’s critique of it are given in the CS. Despite performing
no quality assessment of the RCT or presenting any trial information, the company included
data from this trial in their direct comparison meta-analysis and ITC. In response to a request
from the ERG via NICE, the company provided a quality assessment for Res-5-0010
(clarification A9). An overview of the five RCTs is presented in (Table 4). Given that details of

Res-5-0010 are not provided in the CS, we have obtained these from the trial publication.?

All the included RCTs were multi-centre trials, but none included UK patients. All five RCTs

were sponsored by the company.

The CS also provides pooled adverse events (AE) data based on all five trials (3082, 3083,
3081, 3084 and Res-5-0010). This was used during the application for EU marketing
authorisation for the evaluation of safety evidence. In this cohort (named ‘Cohort 3’ in CS
section 4.12.3.1), 1861 out of the 1870 patients randomised received at least one dose of study
drug (safety analysis set) (see section 3.1.6 below for analysis population definitions), but only
79% of these patients (1463/1861) had eosinophil counts 2400 cells/pL at screening or
baseline. While a total of 1131 patients were treated with reslizumab, 103 of these patients were
treated with the lower dose of 0.3 mg/kg reslizumab (730 patients were treated with placebo).
These data are not considered in detail in the current report since longer-term adverse events

data are now available from an open-label extension study (see section 3.1.3.4).

No details of crossovers or dropouts were reported in the reslizumab trials. However, dropouts
were reported in the CONSORT diagrams for each trial (CS Figures 3, 4, 35 & ). Note that
the CONSORT flow chart for trial 3084 (CS Figure 35) contains an error, which the company
explained in their clarification response (clarification A2). Despite being randomised, fifteen
participants are not accounted for in the diagram due to site terminations in the USA. Data for
these participants were deemed invalid by the company and therefore excluded from CS Figure
35.

Version 1 40



(2%

| UOISIOA

Z< 10 Zs 8100S DOV

(oN Jo sa )
syjuow g| jsed ay) uiypm
suoljeqlaoexa eWYSY

(oN Jo sap) syjuow

Z1 sed ayy uiyum
suonegiaoexs BWYISY -
(sieehk gLz 4o 21-Z1) 9By -

(4e4y10 10 gN) uoibay -

(ON Jo s \) 8sSn pl0J8}SO2IL0I [BIO SOUBUBUIBIA -

sJiojoeH
uoneodynens

(.} pue

8 ‘v S)@am pue ‘auljeseq
1e qewnz||sal Jo suoisnjuj)
(gg=u) ogsoeyd

(ge=u) ogaoe|d

(g01L=u ogeoeld
J0 (90 =u) By/Bw
0°€ 10 (Y01=u) B6¥/Bw

(zgz=u) ogeoeld Jo (zgz=u)

(#¥2=u) ogeoeld Jo (Gyz=u)

1o (gg=u) By/Bw 0'¢ 1o (geg=u) By/Bw 0'¢ €0 (S8sop 1 40 [ej0} By/Bw ¢ (sesop ¢| Jo By/Bw o'¢ (sesop ¢ jo | Jojesedwod
1B (Sesop ¥ JO |e10] ‘syoam (sesop ¥ Jo |B10} ‘Syoam ‘SY9aMm 9| 0O} SY9OM {7 |[B)O} ‘SHOOM ZG JOAO SHOOM |B10} ‘SY99M ZG JOAO SYoaMm pue
¥ AJana 8@ou0) qewnziisay |  AJoAs aouo) qewnzi|say | AJBA8 80U0) qewnzisay | { AJoAs 8dou0) qewnzi|say ¥ Alana 8ou0) qewnziisay juswieal |

(VSN pue puejey
(VSN pue auienin ‘Uspams ‘eduyy yinos
(VSN pue uspamg | ‘uemie] ‘olgnday yeAo|s ‘eissny ‘puejod ‘seulddijiyd
‘puejod ‘spuelisylaN ‘elssny ‘eluewoy ‘niad ‘puejeaz mapN ‘eisAeel
‘00IX9|N ‘|joeds| ‘AieBuny | ‘00Ixal\ ‘ealoy] Jo olgndey ‘loeus| ‘Arebuny ‘yewuaqg
‘elquiojo) ‘epeue) ‘|izelg | ‘929al9) ‘Auewlan) ‘@ouel ‘o11gnday yoazy ‘eiquinjon S$9LIUNOD
epeue) pue ‘wnibjag ‘eunusabiy) |‘epeue) ‘|izelg ‘eunuabliy) ‘OllyD ‘wnibjag ‘elessny) | pue sasuad
VSN 8y} Ul Sa)uad Gz VSN @Y} Ul S8Jjuad g0 | SOMIUN0D Z| Ul S8JIUdd 89 | S8LIUNOD G| Ul S8JIUBD ZQ S8IJJUNOD /| Ul S8JUd2d 20| JO JaquinN
(1:1) (1L:p) (Li11) 5. [EMEIPUYIM Al1ed 1o
10 pajjosuoo-ogaoe|d 10¥ ‘pajjonuoo-ogeoeld 10¥ pajjoiuoo-ogaoeld | pouad yoam g ay) Jo pus ay) Jaye skep 0 JsIA dn-mojjo
‘PUIlg-9|gNOp SYeaM G| ‘PUIg-8|gNOp S¥eaMm 9| ‘PUIg-9|gNOP ‘S389M 9| (1:1) 10¥ pajjosjuoo-0gade|d ‘pul|g-a|qnop syoom gg ubisag
SOl @sop ybiy
SOl Yim pajjouod Aood SOl 8sop ybiy | 0} wnipaw yIm pa||ouod
(%¢z s|iydouisos wninds) | 0} wnipaw Yim pajjosjuod Aj@renbapeur (0/00%
uonewuwejul Aemiie Aj@1enbapeur ewyise 2) sjiydouisoa poo|q SDJ @sop ybiy oy wnipaw
oljIydouisoa pue ewyjse a19A8s 0} d)elapow paleAs|e pue ewyjse ypm pajjosjuod Ajgyenbapeul (/004 =) sjiydouisoa
yum sieak Gg/-g| paby yum sieak go-g| aby yum sieah G/-z| aby poo|q pajeAs|d pue ewyise Yum sieah G/-z| oby uolje|ndod
sjuaned jo
901 96V Gle 14314 687 JaquinN
010¢/1 031 800¢/C €102/8 01 ¢lL0c/C €10¢2/6 01 L10¢Z/C ¥10Z/¥ 03 L102/E 710¢/€ 03 L1L0Z/v ojeq |elL
0100-G-S3Y el L ¥80€ Iell L 180€ el £€80€ lell 280¢ leu|

21e|na.19 Jo Ado9 Jou Op — [enuapluo)

SO 9y} Ul papn|oul S] DY qewnzi|Sal JO M3IAIDAQ ¥ d@|qeL




A4

| UOISIOA

SorgereA
unoo | Arererete g
llydouisoa poo|q pue ‘OTOV ‘@S Yavs DIV ‘INSY
‘(*A34 pajoIpaud 9, ‘%434 ‘DAL PATH) uonouny
v yum sjuained Jo "JUNoo Bun| :ul sjuiod swiy pauueld 0] suleseq woly abuey)
% ‘pue (poojq pue wnnds (@104 [lydouisoa poojq pue :S9W091N0 Aoeoiys Jayl0
paonpul) [lydouisoa ‘Junod Iydouisoa poojq ‘OT0V ‘esn
‘(%9472 ng4 pue OAS ‘asn yavs (¥$4%%434 | vavs ‘INSY 0oV (*A3d VO Isdl} 0} dwil |
‘*A34 payipaid % ‘*A3d) ‘OAd "*A34 pajipaid | pajoipald 9, pue %S5 434 '9sn ygvs ‘INSY DOV :8uljeseq wolj sabueyo |[e1danQ
uonouny Bun| ;jlemelpyim % ‘*A34) uonouny Bun| | ‘DAL ‘*A34) uonouny Bun| ‘OIOV 9] Meam 0} auljeseq wody abueyn sawoojno
AlJea Jo 9| Yoam :ul syuiod awiy pauueld :ul sjuiod swipy pauueld "JUno9 |Iydouisoa poojq pue 'AJ :auljeseq woJj Aieia)
0} auleseq wouy abueyn 0} auleseq woJj abueyn 0} auleseq wouy abueyn abueyo ||eJano Jojpue g| Yoam 0} auljeseq wody sbuey) | [Alepuodag
(euleseq
(,,2ulleseq | e %G8s ‘*A3d pajolpaid
1B %G8s ‘A3 pajolpaid | % UYNm SV 8y} ul sjusied
% UYlIM SV4 8y} ul syusied :dnouBgns 1o} anoqe
:dnoiBgns 1o} arnoqe se sisAjeue A1epuooas) (woou Aousbiawa sy} 0} 1SIA e Jo uonesiiendsoy
se sisA|eue Alepuooss) (yuswiean ul Buiynsaus suoneqaoexs ewyise Jo Aousnbaly
(91 Yoo\ 0} BuUIBSEQ | JO SH}OOM 9| JOAO BUIldSE(q pue sAep £z 10} SPI0Ja]}SO211I0D 2IW)SAS IO [eo Bulinbal
9] YooM 0} duIjaSE(q WO} wouy abueyod :*A34) woJy abueyo [esano |  s3y9D Jo Aouanbaly :sisAjeue Alepuodss) pouad jusueal) awoolno
2102s DOV Ul 8buey)n uonouny Bun :*A34) uonouny BunT Noam-gg ay) buunp (3yH) suoneqaoexs BwWYISe [BIUljD Aewnd

0100-G-S3y |ellL

¥80¢€ lelll

180€ el

€80¢€ el _ 280¢€ |ellL

21e|na.19 Jo Ado9 Jou Op — [enuapluo)

panunuod - y ajqel




1974

| UOISIOA

"}siuobe-elaq Bunoe-uoys ‘Ygys ‘SploJaisoditod pajeyul ‘S| {puodas auo ul swnjoA Asojesidxs paalo) ‘t A4 ‘uoleqiaoexs
BUWUYISE [BD1UI]D ‘JyD 8Jleuuonsan aj17 Jo Alllend ewyisy ‘OTOV xapul Ajnn wojdwAs ewyisy ‘|NSY -8Jieuuonsenp [0jU0) BWYISY ‘DY
"SD 8y} Jo (§° 2" uonoeg) ZG 8|qe pue (L'¢'H Uoioes) ¢ 8jgel UO paseq uojew.oju)

(Sequad
jje10u) sdAjod jeseu

"(esepixoiad oljiydouisoo
pue uixojoinau
poaALIBp-[IydouISos

U12304d DIUONED

jigdoursos ur sebueyo
Ssosse 0] sojdwes
p0o0Jq) SioxIewolq
"Sjigdouisos wninds

ajel
moy} Aiojeaidxs yead pue
(sa1ud9 ||e 10u) siaxIEWOIq
‘sjiydoursos wnindg

3 uingojbounwiwil

pue (saqjuad |e jou) sdAjod
[eseu ‘|L-ulngl4 ‘e}es Moy}
Aiojendxs yead ‘(sesuao
||e Jou) sioyiewolq
‘sjiydouisos wnindg

So|qerren
AJoTeio|dxg

21e|na.19 Jo Ado9 Jou Op — [enuapluo)




Confidential — do not copy or circulate

3.1.3.1 Similarity of baseline characteristics within trials

Patients participating in the trials were predominantly of white race, with a higher proportion of
women. A clinical advisor to the ERG commented that gender imbalances are common in
severe asthma, with large international cohort studies showing that 60-70% of those affected
are females. In trials 3082, 3083 and 3081, treatment arms within the trials are reported in the
CS to be well balanced with regard to age, body weight, height, and body mass index, and the
ERG agrees (see Table 5). For trial 3084 the CS describes the patient characteristics as well
balanced (CS Table 53), highlighting an exception that the proportion of females in the
reslizumab arm (66%) was slightly higher than in the placebo arm (55%). The CS does not
report or discuss the patients’ characteristics at baseline in trial Res-5-0010, but we note from
the trial publication that mean disease duration was around three years less for the reslizumab
treatment arm compared to the placebo treatment arm in Res-5-0010. Note that not all reported
baseline measures were based on the total number of patients in the treatment arms of the

trials.

Exacerbations

Where reported (in trials 3082, 3083 and 3081), the mean numbers of exacerbations
experienced by patients in the previous 12 months were similar between treatment arms. The
largest difference was in trial 3081, where 3% more patients in the reslizumab treatment arm
experienced exacerbations in the previous 12 months (reslizumab 57%; placebo 54%). Other

measures of exacerbations were similar between treatment arms in the RCTs where reported.

Lung function

Baseline lung function measures were generally similar between treatment arms in the trials,
with some exceptions. However, some variation is to be expected in a heterogeneous disease.
As shown in Table 5, differences in FEV1 between reslizumab and placebo arms ranged from
0.03 L to 0.13 L (largest in trial 3083); differences in % predicted FEV1 ranged from 0.7% to
3.3% (largest in Res-5-0010); differences in FVC ranged from 0.06 to 0.3 L (largest in Res-5-
0010); and differences in FEF 575, ranged from 0.07 L/sec to 0.35 L/sec (largest in Res-5-
0010).

Medication use
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The mean daily dose of ICS varied between the treatment arms (not reported in trial 3084). It
was lower in the reslizumab arm in trial 3082 (reslizumab 824.1 ug; placebo 847.7 ug) but lower
in the placebo arms of trial 3081 (reslizumab 856.0 ug; placebo 756.9 ug) and trial 3083
(reslizumab 813.5 ug vs 756.9 ug placebo). Trial Res-5-0010 only reported that patients’ ICS
use was equivalent to 2440 mg of fluticasone twice daily. There were no imbalances in OCS

use between treatment arms in the two trials which reported it (see Table 5).

Three trials reported the mean proportion of patients using SABA in the past 3 days, and in two
of these the proportion was higher in the placebo arm: trial 3082 (reslizumab 69%; placebo
77%), and trial 3081 (reslizumab 78%; placebo 81%). Clinical experts advising the ERG

suggested that these differences in ICS and SABA use would not be clinically important.

3.1.3.2 Similarity of baseline characteristics across trials

The CS describes patient demographics at baseline as being generally similar across trials
3082, 3083 and 3081, but does not compare these with the baseline characteristics of trial 3084
(CS Table 53). The CS does not report or discuss any baseline characteristics of trial Res-5-
0010 and so we have consulted the trial publication for information (where reported). The ERG
agrees that in many respects the baseline characteristics of the five trials are similar. However,
there are some differences which we have summarised here. Note that not all baseline
characteristics were reported in all of the trials (these discrepancies are indicated by asterisks
in Table 5).

Time since diagnosis
The trials differed in patients’ mean years since diagnosis, which ranged from 18.5 years (trial
3083) to 26.0 years (trial 3084).

Blood eosinophils
Mean blood eosinophil count was considerably lower in trial 3084 compared to the other trials

(mean 280 cells/uL instead of 2400 cells/uL), as would be expected from a study that recruited

patients with moderate to severe eosinophilic asthma that was poorly controlled with ICSs.

OCS use
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There were considerable differences in OCS use. One study did not allow OCS use (trial 3081,
two failed to report this outcome (trials 3084 and Res-5-0010), and for the two remaining trials
this ranged from 12% (trial 8083) to 19% (trial 3082) of the trial population. SABA use was
similar for the three trials which reported it (trials 3082, 3083 and 3081), while mean daily SABA
puffs varied from 2.0 (trial 3084) to 2.8 (trial 3083).

Exacerbations

Three trials reported the number and proportion of patients who had exacerbations in the
previous 12 months. The proportion was markedly lower in trial 3081 (range 54% to 57% across
the two arms) than in trials 3082 and 3083 (range 99% to 100% across the arms). Patients
were required to have had =1 asthma exacerbation in the 12 months prior to screening to be

eligible for trials 3082 and 3083, but 99% and 99.5% of patients respectively met this criterion.

Asthma control

ACQ scores at baseline ranged from 2.47 (trial 3081) to 2.8 (Res-5-0010), indicating that the
patients had a similar degree of asthma control across all five trials (on the ACQ scale O=totally
controlled and 6=severely uncontrolled). The ACQ has an accepted cut-point where 21.5 is
indicative of uncontrolled asthma® (see section 3.1.5). Based on this cut-point, patients in all

the trials would be classed as having uncontrolled asthma at baseline.

HRQoL

AQLQ scores at baseline ranged from 4.16 (trial 3082) to 4.37 (trial 3081), indicating that
patients had a similar degree of impairment in HRQol across the trials (on the AQLQ scale
1=severely impaired and 7 =not impaired). Scores on the ASUI ranged from 0.61 (trial 3082) to
0.67 (trial 3081), indicating patients had a similar degree of symptom problems across the trials
(on the ASUI scale O=greatest symptom problems, 1=least symptom problems). Note that
baseline AQLQ and ASUI were not reported in trials 3084 or Res-5-0010.

Lung function

Baseline lung function was reported in five trials and varied slightly across the trials. FEV1 was
slightly worse in trial 3082 (1.9 L) than in the other four trials (range 2.00 L to 2.20 L) and %
predicted FEV1 showed a similar pattern, being slightly lower in trial 3082 (63.6% and 65.0% in

the two arms) than in the other four trials (range 66.1% to 71.1%). Baseline FVC was more
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variable (range 2.96 L to 3.43 L), with some differences within trials being as large as those

between trials.

Sex, race

As shown in Table 5, there were more female than male patients in all of the RCTs, ranging
from 55% (Res-5-0010) to 66% (trials 3082 and 3084). Patients were predominantly white in all
the trials that reported race, ranging from 65% (trial 3084) to 85% (trial 3081).

Other characteristics

Where reported, the trials were similar in terms of patients’ mean age (range 43.6 years in trial
3081 to 47.0 years in trial 3083), mean weight (range 74.3 kg in trial 3083 to 76.9 kg in trial
3082) and mean height (range 165.0 cm in trial 3082 to 168.7 cm in trial 3084).
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3.1.3.3 Ongoing trials

The CS states (section 4.14) that there are “no completed or ongoing company-sponsored
studies from which new evidence for reslizumab in patients with asthma and elevated blood
eosinophils will become available in the next 12 months”, but it does not mention any trials not
sponsored by the company that may complete within the next 12 months. As mentioned above
(section 3.1.1), the ERG did not identify any relevant ongoing studies of reslizumab. In response
to a query from the ERG via NICE, the company provided a list of relevant ongoing studies,

regardless of the evidence becoming available in the next 12 months (clarification A13).

3.1.3.4 Non-randomised studies

The CS cites one open-label extension study, 3085, for supporting evidence on safety. Patients
entered study 3085 after participating in trials 3082, 3083 and 3081 (CS Table 87). The data
from study 3085 reported in the CS are from a clinical study report, with some data marked AiC.
A total of |} patients were enrolled, with || |} BBl receiving at least one dose of
reslizumab. | percent of patients |l received reslizumab for the first time,
having received placebo in the preceding studies. A total of ||l patients completed the

study (i.e. the 104-week treatment period and the 90-day follow-up period); the main reason for

withdrawal I was

3.1.4 Description and critique of the approach to validity assessment

The CS provides a quality assessment for four of the included RCTs (3082, 3083, 3018 and
3014) using standard criteria as recommended by NICE (CS section 4.6; CS Table 19 and CS
Appendix 3). However, the CS does not report quality assessment for the fifth RCT which was
included in the submission (Res-5-0010) and therefore the ERG requested this information from
the company via NICE (clarification A9). The ERG’s critique of the company’s quality

assessment for these five RCTs is shown in Table 6.
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Table 6 Company and ERG assessments of trial quality

Quality assessment question Trial Trial Trial Trial Trial

3082 3083 3081 3084 Res-5-0010
1. Was randomisation carried out | CS: Yes Yes Yes Yes Yes®
appropriately? ERG: | Yes Yes Yes Yes Yes
Comments: none
2. Was concealment of treatment CS: Yes Yes Yes Yes Yes®
allocation adequate? ERG: | Yes Yes Yes Yes Yes

Comments: The ERG judgement takes into account additional information which was provided by the
company on request via NICE (clarification A11)

3. Were groups similar at outset in | CS: Yes Yes Yes Yes Yes®
terms of prognostic factors? ERG: | Yes Yes Yes Yes Yes

Comments: NB in study 3081, 9% more patients in the placebo group than reslizumab 3mg group had
chronic sinusitis. In study 3084 placebo group had 11% more males/fewer females than the reslizumab
3mg group. NB for study 3084 the CS (Table 53) does not report all available baseline characteristics;
the ERG has checked further characteristics as reported in CSR Tables 7 and 8. None of the baseline
differences the ERG identified are likely to impact study outcomes.

4. Were care providers, CS: Yes Yes Yes Yes Yes®
participants and outcome ERG: | Yes Yes Yes Yes Yes
assessors blind to treatment

allocation?

Comments: none

5. Were there any unexpected CS: No No No No Yes®
imbalances in drop-outs between | ERG: | No No No No Yes
groups?

Comments: NB across the five RCTs the dropout rate per arm ranged from 6% to 19% but reasons were
balanced across groups within each RCT, except for Res-5-0010 where there was an imbalance in
dropouts (6% reslizumab arm, 17% placebo arm), mainly due to lack of efficacy.

6. Is there any evidence that CS: No No No No No®
authors measured more outcomes | ERG: | No No No No No
than they reported?

Comments: none

7. Did the trial include an ITT CS: Yes Yes Yes Yes Yes®
analysis? If so, was this ERG: | ITT: No; | ITT: No; | ITT:No; | ITT: No; | ITT: No;
appropriate and were appropriate Missing | Missing | Missing | Missing | Missing data
methods used to account for data data data data method: yes
missing data? method: | method: | method: | method:

no no no no

Comments: Although sensitivity analyses and data imputation methods are reported in the CS for trials
3082, 3083, 3081 and 3084, these would be applicable specifically if the analysis is based on the ITT
population or, where defined, the FAS. In contrast, for the outcome analyses reported in the CS, the
sample sizes given are smaller than the ITT population and, where defined, also smaller than the FAS
(i.e. missing data are excluded from analysis). Reasons for missing data are not reported in the CS.

NR: not reported
? Information provided in company’s clarification response to the ERG (clarification A9)
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Overall, we agree with the company’s assessments of the trial quality, with the exception that
we considered that in all trials analysis population was not an ITT population, since for most of
the outcomes analysed in the CS the sample sizes reported are smaller than the number

randomised and, where defined, also smaller than the FAS.

In addition to the quality assessments of reslizumab RCTs reported in the CS, the ITC Report'®
provided by the company includes a summary of the company’s quality assessments for the five
reslizumab RCTs and 16 omalizumab RCTs that were identified as potentially relevant for the
ITC analysis (ITC Report Appendix 10), meaning that quality assessment for the reslizumab
RCTs is duplicated. The quality assessment for the reslizumab RCTs in the ITC Report is nearly
identical to that provided in the CS, but there is a discrepancy for the question about ITT
analyses: this was answered “no” for RCTs 3082, 3083, 3018 and 3984 in ITC Report but was
answered “yes” for these RCTs the CS. As shown in Table 6, we concur with the company’s
judgement provided in the &S-version ITC Report.

Another discrepancy which came to light after the ERG had received the company’s quality
assessment of RCT Res-5-0010 (clarification A9) is that the company’s answer to the question
about imbalances in dropouts was “no” in the ITC Report but “yes” in the clarification response.
As shown in Table 6, we concur with the company’s judgement provided in the clarification

response.

In addition to the quality assessment of the RCTs, the company conducted a quality
assessment for the non-randomised (single arm) open label extension study 3085 which was
primarily a study of reslizumab safety. The quality assessment for study 3085 (CS Appendix 5)
was based on a checklist but the CS does not identify the source.
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3.1.5 Description and critique of the company’s outcome selection

The outcomes specified in the CS are asthma control, rates of clinically significant asthma
exacerbations, lung function, adverse events, and HRQoL. These are consistent with the
NICE scope. However, the company has not reported patient and clinician evaluation of
response, mortality, or time to discontinuation, which are specified as outcomes in the NICE
scope, and the CS does not explain why these outcomes are missing. We have checked the
clinical study reports for trials 3082, 3083, 3081 and 3084 and the publication for Res-5-0010
and confirm that none of the included trials reported patient and clinician evaluation of
response or time to discontinuation. Across the five trials only one death occurred, and this

was in the placebo arm of trial 3082.

In addition to the outcomes listed in the NICE scope, the CS reports use of short-acting beta
agonists (SABA) and also blood eosinophil concentrations which provide supporting clinical

information on medication use and the degree of eosinophilic inflammation respectively.

In summary, the outcomes presented in the CS are appropriate for the evaluation of severe

eosinophilic asthma and, where available, are consistent with the NICE scope:

Asthma control

Asthma control was assessed using the change from baseline in the Asthma Control
Questionnaire (ACQ) score in five trials (3082, 3083, 3011, 3084, Res-5-0010). The ACQ is
a validated and widely used instrument which has seven questions, each with a possible
score ranging from 0—6. The total score is the mean of all responses which gives a score
ranging from O (totally controlled asthma) to 6 (severely uncontrolled asthma). Six of the
questions are self-assessments; one is the result of the patient’s % predicted FEV;
measurement. The minimum clinically important difference for the ACQ is regarded as a
change of score 20.5.%° The seven-question version of the ACQ is considered useful in
discriminating between ‘well-controlled’ and ‘not well-controlled’ asthma. Juniper and
colleagues® demonstrated that to be confident that a patient has well-controlled asthma, the
optimal cut-point on the ACQ is 0.75 (negative predictive value=0.85); whilst to be confident
that the patient has inadequately controlled asthma, the optimal cut-point on the ACQ is 1.50

(positive predictive value=0.88).
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In addition to analysing changes in ACQ scores, the CS also reports an ‘ACQ responder
analysis’, referring to the proportion of patients in the reslizumab and placebo groups who

achieved a change in ACQ score of at least 0.5.

Exacerbations

The NICE scope specifies “Incidence of clinically significant exacerbations, including those
which require unscheduled contact with healthcare professionals or hospitalisation”.
Exacerbations were reported by trials 3082, 3083, 3081 and Res-5-0010. Trials 3082 and
3083 use the term “clinical asthma exacerbations” (CAE) which appears consistent with the

NICE scope. The definitions reported in the trials are as follows:

Trials 3082 and 3083: An exacerbation event was defined as a clinical asthma exacerbation
(CAE) if the patient met either or both of the following criteria:

(1) Use of systemic (oral, intravenous or muscular), or an increase in the use of inhaled,
corticosteroid treatment for 23 days. For patients already being treated with systemic or
inhaled corticosteroids, the dose of corticosteroids needed to be increased =2 fold for at
least 3 days.

(2) Asthma-related emergency treatment including at least one of the following:

¢ An unscheduled visit to the physician’s office for nebuliser treatment or other urgent

treatment to prevent worsening of asthma symptoms.
e A visit to the emergency room for asthma-related treatment.
e An asthma-related hospitalisation.
The above criteria had to be corroborated with at least one other measurement to indicate
worsening in the clinical signs and symptoms of asthma, as follows:

e Decrease in FEV1 by 220% from baseline;

e Decrease in PEFR by 230% from baseline on two consecutive days; or

o Worsening of symptoms or other clinical signs per physician evaluation of the event.
The investigator recorded essential elements of a CAE (i.e. the type of medical intervention

and/or a decrease in lung function) in the electronic case report form; asthma worsening

events recorded in the form are referred to as investigator-determined CAEs.

Trial Res-05-0010: A clinical asthma exacerbation was defined as (1) a 20% or more
decrease from baseline in FEV1; or (2) worsening of asthma requiring emergency treatment,
hospital admission, or three or more days of oral corticosteroid treatment. Patients with

exacerbations were treated according to the investigator’s discretion.
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Trial 3081: Asthma exacerbations or events of worsening asthma were not used as a
measure of efficacy in trial 3081; instead these events were recorded as an adverse event
and coded as an asthma exacerbation, defined by one of the following: 1) a 220% reduction
in FEV1, 2) hospitalisation because of asthma, 3) emergency treatment because of asthma,
or 4) use of prednisone or systemic corticosteroids for 23 days. However, the company has

not included trial 3081 in any analyses of exacerbations.

Lung function

The CS reports analyses of changes from baseline in the following lung function outcomes

measured by spirometry:

o FEV, (trials 3082, 3083, 3011, 3084, Res-5-0010): The volume of air expelled in the first
second of a forced expiration.

e % predicted FEV (trials 3082, 3083, 3011, 3084, Res-5-0010): The ratio of the volume
of air expired in the first second of a forced expiration to the patient’s predicted FEV.

e FVC (trials 3082, 3083, 3011, 3084, Res-5-0010): The volume of air that can be forcibly
blown out after full inspiration.

e FEF25 759 (trials 3081, 3084): The forced expiratory flow at 25-75% of the FVC.

e PEFR (trials 3082, 3083, 3081): The greatest rate of airflow that can be obtained during

a forced exhalation.

Expert advice to the ERG suggests that FEF25_75¢, can be quite variable and is not routinely
used in clinical practice; however, we have included this outcome in the present report for
completeness. The CS only reports PEFR for small subgroups of patients and for this reason

we have not included PEFR in the present report.

HRQoL

Three reslizumab trials used the change from baseline in the Asthma Quality of Life
Questionnaire® (AQLQ) score as their primary measure of HRQoL (trials 3082, 3083, 3081).
The AQLQ is a validated and widely-used instrument which has 32 questions in 4 domains
(symptoms, activity limitation, emotional function, and environmental stimuli). Patients were
asked to recall their experiences during the last 2 weeks. The AQLQ score ranges from

1 indicating severe impairment to 7 indicating no impairment. The minimum clinically
important difference for AQLQ change is considered to be =0.5.%° A clinical expert advising

the ERG commented that whilst the AQLQ is validated and widely used for assessing
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HRQoL in patients with asthma, it has not been specifically validated in patients with severe

asthma.

In addition to analysing changes in AQLQ scores, the CS also reports an ‘AQLQ responder
analysis’, referring to the proportion of patients in the reslizumab and placebo groups who

achieved a change in AQLQ score of at least 0.5.

The same trials also reported scores for the Asthma Symptoms Ultility Index (ASUI), another
validated and widely used instrument, although the company did not include these in any
analyses. The ASUI has 11 items to assess the frequency and severity of asthma symptoms
and side effects, weighted by patient preferences. The ASUI score ranges from 0 to 1, with

lower scores indicating greater asthma symptom problems.

SABA use
SABA use was assessed in trials 3082, 3083, 3081 and 3084. Patients were asked to recall

whether SABAs were used within 3 days of the scheduled visit and, if so, how many puffs

were used.

Blood eosinophil counts

Blood eosinophil counts were assessed in trials 3082, 3083, 3011, 3084 and Res-5-0010).

This was measured using a standard complete blood count with differential blood test.

3.1.6 Description and critique of the company’s approach to trial statistics

Analysis populations in the clinical trials
The company’s assessment of trial quality (CS Table 19) states that trials 3082, 3083, 3081
and 3084 employed an intent-to-treat (ITT) analysis (i.e. in which all randomised patients
were analysed), although the CS when referring to these trials does not explicitly mention
ITT but instead refers to the ‘randomised set’. Other populations in the trials as referred to in
the CS are:

e ‘full analysis set’ (FAS): defined as the number of trial participants who were treated

with at least one dose of study drug (trials 3082, 3083, 3081)
o ‘safety analysis set’ (SAS): defined the same as the FAS

The relationship between the analysis populations in each trial is summarised in Table 7.
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For trial 3084 the CS does not mention FAS but instead refers to ‘patients evaluable for

efficacy’. The clinical study report for trial 3084 does define FAS in the same way as for the

other trials but the numbers of patients are slightly different to those described in the CS as

‘evaluable for efficacy’.

Table 7 Analysis populations in the trials of reslizumab
Trial Arm Number Full analysis set (humber treated with Evaluable for
randomised | 21 dose of study drug) safety
3082 | Reslizumab | 245 245 (100%) 245 (100%)
Placebo 244 243 (97%) 243 (>99%)
3083 | Reslizumab | 232 232 (100%) 232 (100%)
Placebo 232 232 (100%) 232 (100%)
3081 Reslizumab® | 106 103 (97%) 103 (97%)
Placebo 105 105 (100%) 105 (100%)
3084 | Reslizumab 398 Not referred to as FAS, but 395 (99%) 395 (99%)
described as evaluable for efficacy
Placebo 98 Not referred to as FAS, but 97 (99%) 97 (99%)
described as evaluable for efficacy
Res- Reslizumab 53 Not reported 53 (100%)
5- Placebo 53 Not reported 53 (100%)
0010

NR: not reported

# excluding a reslizumab 0.3 mg/kg arm which is not relevant to this appraisal

As shown Table 7 (and noted in our critical appraisal of the analysis populations in section

3.1.4), the FAS analysis population was reported to be identical to the randomised set in trial

3083, and differed only marginally from the randomised set in the remaining trials. However,

the sample sizes presented in the CS for a number of outcome analyses are considerably

smaller than the randomised set or the FAS, indicating that missing data were encountered

in some analyses (see results sections 3.3 and 3.4).

For trial 3084 the CS reports outcomes for the total trial population and also for subgroups

with blood eosinophil counts <400 and 2400 per pL. The CS and clinical study report do not

explicitly state how many of the randomised population or FAS were in each of these

subgroups.

Statistical analysis approaches in the clinical trials

The CS provides a fairly detailed description of the statistical methods used to analyse the

primary and secondary outcomes in trials 3082, 3083, 3081 and 3084. An overview of the
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statistical approaches employed for the primary outcomes is given in Table 8. Information for

trial Res-5-0010 is not given in the CS and we have sourced this from the trial publication.

Table 8 Overview of statistical approaches in the trials of reslizumab

3082 and 3083 3081 3084 Res-5-0010
(CS Table 16) (CS Table 16) | (CS Table 52) Castro et al.”
Primary CAE frequency Change in Change in FEV1 Change in
outcome FEVA1 ACQ score
Summary of | Negative binomial MMRM with Linear regression ANCOVA
primary regression model that treatment, model to determine | adjusting
outcome included the treatment group | stratification whether a for the
analysis and randomisation factors, sex, relationship exists stratification
stratification factors as visit, and between baseline factor (ACQ <
model factors, and the log of | treatment and | blood eosinophils 2 or ACQ = 2)
follow-up time excluding the | visit and lung function and baseline
summed duration of CAE interaction as | (FEV1 value at 16 values. Least-
events as an offset variable. | fixed effects, | weeks). square means
The ratio (and 95% CI) of height and were used
CAE rate between treatment | baseline to determine
groups was estimated from values as the mean
the negative binomial model. | covariates, differences
and patients between
as a random reslizumab
effect. and placebo.
Statistical Approximately 90% power at | 290% power Not reported 290% power at
power for a=0.05 to detect 33% at a=0.05 to a=0.05 to
comparison reduction in CAE rate, detect an detect an 0.5
of assuming CAE rate 1.2 per unspecified difference in
reslizumab year for placebo group, difference in the change
vs placebo allowing for 10% false change from from baseline
positive blood eosinophil baseline in in ACQ score
test at enrolment and 9% FEV1 using 2- assuming
dropout per arm sided t-test SD=0.76 and
and MMRM 60 patients
simulation per arm
(actual=53)
Multiple Yes. Pre-specified fixed-sequence procedure | No; stated p-values | Not reported
testing which was not independent of outcome. are nominal
accounted
for?
Missing data | Missing data were not imputed, as few Missing data were ITT analysis
imputation withdrawals were expected. Sensitivity not imputed. with last
for primary analysis was conducted to test robustness of | Sensitivity analysis | observation
outcome the primary model to any missing data. was conducted to carried forward

test robustness of
the primary model
to any missing data

ACQ: Asthma Control Questionnaire; ANCOVA: analysis of covariance; CAE: clinical asthma
exacerbation; MMRM: mixed-effect model for repeated measures

Three trials (3082, 3083, 3081) were adequately statistically powered to detect a specified

difference in the primary outcome; one trial (3081) was powered to detect a difference which
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was not specified; and the remaining trial (3084) did not report statistical power. Three trials
adjusted for multiple testing, one did not adjust for multiple testing (3084), and another did
not report this (Res-5-0010). The multiple testing adjustment employed in trials 3082, 3083
and 3081 was based on a fixed-sequence procedure that would be appropriate provided that
the most important outcomes are pre-specified as being highest in the order of testing. We
note that the specified order of outcome testing (which the CS states is reported in CS Table
13) implicitly ranks asthma control as being of lower importance than lung function and
HRQoL in this adjustment approach for multiple testing, although it is not discussed in the
CS as to how this should influence the interpretation of statistical significance for each
outcome. Four trials (3083, 3082, 3081, 3084) employed sensitivity analyses to assess
whether missing data would affect analysis conclusions, whilst Res-5-0010 used a last-
observation-carried-forward approach but did not state explicitly to which outcomes and for

how many missing data values this was applied.

Although the statistical analysis approaches appear generally reasonable, the company
appears to have over-tested some outcomes by employing two different analysis methods in
trials 3082, 3083 and 3081 when one analysis would have sufficed. Notably, the CS reports
that changes from baseline were analysed “over” 16 (or 52) weeks, and also that they were
analysed “to” 16 (or 52) weeks. In response to an ERG query to the company via NICE
(clarification A1), the company explained that the “change over” 16 (or 52) weeks can be
viewed as the weighted average across the entire period whereas the “change to” 16 (or 52)
weeks is the estimate for that specific time-point at week 16 (or 52). The company has not
explained why two different measures of change from baseline were needed and not
explained which is the preferred analysis, and the methods for analysing the changes from
baseline are not reported consistently across all outcomes in the CS. In trial 3084 the
change “at” 16 (or 52) weeks is reported and we assume this means the change which the
company has referred to as “to” 16 (or 52) weeks in their clarification response. Having
results from two analyses of the same outcome increases the possibility of selective

reporting of results and also increases the number of multiple comparisons being tested.

Reporting of analyses

Results of the statistical analyses are generally reported clearly in the CS, including the
number and proportion of patients where appropriate; point estimates (mean or least
squares mean, or median); variance estimates (SD, SE or 95% confidence interval; Cl); and
effect estimates (hazard ratio, rate ratio or mean difference). Clinically significant differences
are reported for the FEV1, ACQ and AQLQ outcomes and these are discussed when

interpreting analysis results for these outcomes.
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There are some problems with the reporting of analyses, however:
e For binary outcomes the company states in the CS and the ITC Report'® that results
are mean differences when they are actually odds ratios.
e The CS does not explain why, for the majority of the analyses, there are missing
data.
e ltis unclear from both the CS and clinical study reports whether the ACQ responder

analysis was pre-specified or post-hoc.

3.1.7 Description and critique of the company’s approach to the evidence
synthesis

The CS presents a well-structured evidence synthesis comprising three main parts. These
are: a description of the clinical evidence from the five individual RCTs of reslizumab versus
placebo (CS section 4.7); a direct comparison meta-analysis in which the results for
specified outcomes were pooled across the reslizumab versus placebo RCTs (CS section
4.9); and an indirect treatment comparison (ITC) which estimated pooled outcomes for
reslizumab compared to omalizumab based on indirect evidence from combining the
reslizumab versus placebo and omalizumab versus placebo RCTs, using placebo (and/or
BSC) as a common comparator. The ITC is not reported in the CS but was provided as a
separate ITC Report."® The clinical effectiveness evidence reported in the CS and the ITC
Report is generally presented clearly using tables and graphs and is summarised narratively
using concise textual description. We note that results of direct comparison meta-analyses
are provided in duplicate, being given in the CS (section 4.9) with the same results also
provided in the ITC Report (section 3.2).

3.1.7.1 Description and critique of the direct comparison meta-analysis

The company conducted what the CS describes as direct comparison meta-analysis of
“reslizumab versus BSC” (CS page49 section 4.9), where “BSC” refers to the placebo arm

of relevant reslizumab RCTs. The ERG believes that the comparison should be more

accurately described as reslizumab + BSC versus placebo + BSC. All RCTs included in the
meta-analysis evaluated reslizumab 3.0 mg/kg versus placebo, with both arms including
BSC. As noted in the CS (section 4.9.1.1), BSC relies on the use of a Personal Asthma

Action Plan, the avoidance of environmental or dietary triggers, and the use of
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recommended medications (key components of the Personal Asthma Action Plan are

provided in CS Appendix 4).

Identification of outcomes and studies

The CS reports a ‘feasibility assessment’ for each outcome in order to determine which of
the RCTs should be included in the direct comparison meta-analysis (Table 10 within CS
Appendix 4). The ‘feasibility assessment’ is merely a list of how many RCTs report each
outcome. However, the ERG notes that the ‘feasibility assessment’ provided is for the ITC

instead of the direct comparison meta-analysis and is therefore uninformative.

No clear process is reported for assessing eligibility of the five identified reslizumab RCTs for
inclusion in the direct comparison meta-analysis. The CS does present the demographic
characteristics of four of the trials'®?" (CS Tables 17, 18 & 53) and provides quality
assessment for these four trials (CS Table 19), but this information is not used to inform
study selection for the meta-analysis (CS section 4.9.1.2). Demographic information and
quality assessment for the fifth RCT?# is not provided in the CS. The CS points out that “if
trials differ in terms of study design or the trial populations are different in terms of prognostic
factors, it can lead to heterogeneity between studies” and it lists nine potential treatment
effect modifiers which it states “were assessed across the trials included in the meta-
analysis” (CS section 4.9.1.2); however, these effect modifiers were not analysed in the

submission.

Outcomes included in direct comparison meta-analysis
Seven outcomes were included in direct comparison meta-analysis (
Table 9). Although the process for deciding why these seven outcomes should be analysed

is not clearly explained, they appear to be the outcomes which had the most data available.

The company conducted their meta-analyses for two follow-up assessment times: 16 + 4
weeks and 52 * 4 weeks. In response to a clarification request submitted by the ERG via
NICE (clarification A12), the company explained that time points were found to vary among
the RCTs and an assessment time +4 weeks was “chosen based on expert opinion”.
However, of the five RCTs included in direct comparison meta-analysis, only one trial did not
report outcomes at 16 and/or 52 weeks: in the RCT by Castro and colleagues® the outcome

assessment was at 15 instead of 16 weeks.
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Table 9 Outcomes included in meta-analyses

Outcomes Outcomes included Numbers of RCTs analysed
specified in the in meta-analysis Direct comparison | Indirect treatment comparison
NICE scope (RES vs placebo) | (RES vs OMA)
16 week®| 52 week | 16 * 4 week 52 + 4 week
Asthma control | Change from 5 0° 5 RES vs placebo 0°
baseline in ACQ 1 OMA vs placebo
1 OMA vs optimised
asthma therapy
In.mfience of Clinically significant 3 3 RES vs placebo
clinically exacerbations 2 OMA vs placebo
significant 1 OMA vs optimised asthma therapy
exacerbations,
including those
which require .
unscheduled ::Srzﬁzlri;; deEZnttj 1 5 1 RES vs placebo 2 RES vs placebo
contact with . 1 OMA vs placebo 2 OMA vs BSC
exacerbations
healthcare
professionals or
hospitalisation
Lung function Change from 5 2 5 RES vs placebo 2 RES vs placebo
baseline in FEV1 1 OMA vs placebo 1 OMA vs BSC
1 OMA vs Control group
1 OMA vs Conventional
therapy
Adverse effects | Serious AE 3 2 3 RES vs placebo 2 RES vs placebo
(AE) of 4 OMA vs placebo 1 OMA vs placebo
treatment 1 OMA vs BSC
Discontinuations due | 3 2 3 RES vs placebo 2 RES vs placebo
to AE 2 OMA vs placebo 1 OMA vs placebo
HRQoL Change from 3 2 4 RES vs placebo 2 RES vs placebo
baseline in AQLQ 1 OMA vs Control group | 1 OMA vs placebo

ACQ: Asthma Control Questionnaire; AE: adverse events; AQLQ: Asthma Quality of Life
Questionnaire; BSC: best standard of care; FEV1: forced expiratory volume in 1 second; OMA:
omalizumab; RES: reslizumab.
% one study (Castro et al. 201 122) had 15 weeks’ duration
®insufficient data for analysis

Statistical methods for the direct comparison meta-analysis

The CS briefly describes the methods employed for the direct comparison meta-analyses
(CS section 4.9.1.3). Apart from exacerbation rates, outcomes were analysed using a
standard frequentist method based on the inverse variance weighted approach. For binary
outcomes the analysis was based on the number of events and the total number of patients
in each treatment arm, whilst for continuous outcomes the analysis was based on absolute

differences in mean changes from baseline between the treatment arms. Both fixed and
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random effects were estimated. In the random-effects model the between-study variance
was estimated using a standard weighted least squares method. For binary outcomes, zero
events in one or more study arms would preclude the inverse variance approach and in such
cases a Mantel-Haenszel analysis was used instead. The ERG agrees that the frequentist

analytical approach employed by the company was appropriate.

Rates of exacerbations were based on time-standardised counts based on person-years so
as to account for the different follow-up times in the RCTs and were analysed using a
Bayesian framework in WinBUGS. The exacerbation rates were modelled using a Poisson
likelihood and log link, where the number of person-years at risk was used rather than the
number of patients at risk. The analysis employed non-informative priors and both fixed and
random effects were estimated. Model fit was estimated using the deviance information
criterion (DIC). The ERG cautions against selecting fixed or random effects models based
solely on the DIC since model plausibility is arguably more important than model fit.2
However, the CS states that, in cases where a random-effects model was selected based on
the DIC, the results of the fixed-effects model were reported as a sensitivity analysis.
Overall, the Bayesian analysis of exacerbation rates conforms to the NICE DSU guidance on
generalised linear modelling for meta-analysis?’ and the ERG agrees that the approach

employed by the company was appropriate.

The ERG agrees that the Bayesian analysis of exacerbation rates and frequentist analysis of
all other outcomes is reasonable. Frequentist and Bayesian approaches have different pros
and cons. The frequentist approach is simple, transparent, and easily reproducible, whilst
the Bayesian approach is more complex and less easy to reproduce but well suited to
analysing the exacerbation rates data, consistent with NICE DSU guidance.?” We have no
reason to believe that the company’s choice of Bayesian versus frequentist analysis

approaches would have led to any bias in outcomes.

Missing variance estimates for the frequentist and Bayesian meta-analyses were imputed,
as described in the CS (page 136) and the ERG agrees that the company’s imputation
approach for these parameters was appropriate. In cases where standard deviation data
were missing for the mean difference in the change from baseline, the SD was imputed
using the mean value of SDs from the arms of the other studies, although the CS does not
state which studies provided the imputation sources. An algorithm for obtaining missing
standard errors is presented and, for the analysis of exacerbations, also an algorithm for
calculating events when only rates were reported. The CS notes which trials these

imputations were applied to (e.g. CS Tables 57 & 61).
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Missing outcomes data for the individual trials were expected to be few and were dealt with
by imputation and sensitivity analysis techniques (see section 3.1.6; Table 8). However, the
input data reported in the CS for the company’s direct comparison of reslizumab against
placebo (results section 3.3) suggest that missing data occurred for the majority of outcomes
and were not included in the meta-analysis. Reasons for the missing observations are not

explained in the CS.

Statistical heterogeneity in the meta-analyses was estimated using Cochan’s Q and the 12
statistic, with heterogeneity being suspected if Cochran’s Q was signficant at a 10% level or
if 12 was greater than 50% (CS page 139). This is a standard and appropriate approach for
assessing statistical heterogeneity. However, the CS points out that the Cochran’s Q test is
limited in its reliability to detect heterogeneity when fewer than five studies are included in a
direct comparison meta-analysis. In cases where significant heterogeneity was detected by
either of the statistics, forest plots are provided in the CS to illustrate the possible sources of

heterogeneity.

Summary of the ERG’s critique of the direct comparison meta-analysis

The company’s approach for the direct comparison meta-analysis of the effectiveness of
reslizumab compared to placebo is generally appropriate. However, there are several
limitations:

e The company provides limited information about the comparability of the trials
included in meta-analyses (CS section 4.9.1.2), although we have highlighted in
section 3.1.3.2 where there are notable differences between the trials.

e The company’s ‘feasibility assessment’ does not clearly explain why some trials are
included in the meta-analysis but not others, particularly in relation to trial Res-5-
0010 which the CS inconsistently implies is both relevant and not relevant (the ERG
requested clarification on this via NICE but the company’s response (clarification A9)
repeated what is already stated in the CS).

e For most of the outcomes analysed the sample sizes for each trial included in the
meta analysis are smaller than the numbers randomised and (where defined) the
FAS (section 3.3); no explanation for these missing data is provided in the CS.

e Results of the direct meta-analysis of reslizumab versus placebo do not directly

inform the company’s economic analysis (section 4).
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3.1.7.2 Description and critique of the indirect treatment comparison

No head-to-head comparisons of reslizumab against omalizumab were identified by the
company and therefore an ITC was conducted to compare reslizumab against omalizumab,
using the placebo and/or BSC arm of each RCT as the common comparator. The ITC is not

t16

reported in the CS but was provided by the company as a separate report™ which hereafter

we refer to as the ITC Report.

Assumption underpinning the ITC

As stated in the ITC Report (section 4), omalizumab is indicated in allergic (IgE-mediated)
asthma and can only be a relevant comparator to reslizumab for a small overlap population
of patients presenting with both allergic and eosinophilic phenotypes of severe asthma.
However, detailed information about eosinophil counts at baseline was only available in
reslizumab RCTs, not omalizumab RCTs, with one exception. The EXTRA ftrial of
omalizumab versus placebo?® included a subgroup of patients with both IgE-mediated and
eosinophilic asthma (N=414). The company points out, however (ITC Report section 2.3.1),
that the subgroup in EXTRA had blood eosinophil concentrations =260 per L, which is not
comparable with the definition of elevated blood eosinophils in the reslizumab RCTs (=400
per uL). The company therefore excluded this subgroup. In order to facilitate the ITC, an
important assumption is made that omalizumab has the same treatment effect in the overlap
population of patients with both IgE-mediated and eosinophilic asthma as in the overall IgE-

mediated asthma population (ITC Report section 2.3.1).

Identification of outcomes and studies

The ITC is based on the 21 RCTs identified in the company’s systematic review of clinical
effectiveness (i.e. five reslizumab RCTs and 16 omalizumab RCTs). Overall, the approach
employed by the company for the ITC was very similar to that described above for the direct
comparison meta-analyses. The ITC analysis began with a ‘feasibility assessment’ (ITC
Report Appendix 4) to ascertain which of the 21 identified RCTs should be included in ITC
analyses for each outcome. However, the ‘feasibility assessment’ is merely a list of how
many RCTs could potentially provide information for each outcome for each of two specified
assessment times, 16 + 4 weeks and 52 + 4 weeks, and it does not identify or critique the
individual RCTs involved nor mention how many of the trials for each outcome were on each
drug. Although some criteria relating to trial heterogeneity are mentioned in the ITC Report,
such as demographic characteristics (ITC Report section 3.1.2), blinding (ITC Report Table
6) and other aspects of RCT quality (ITC Report Appendix 10), these are not discussed

systematically in relation to whether the RCTs were adequately comparable and of sufficient
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quality to be included in meta-analyses. Exceptions (explained further below) are that limited
sensitivity analyses were conducted to explore the impact of blinded versus open-label
RCTs for some outcomes; and, for the exacerbations outcome, RCTs were classified

according to how they defined exacerbations and this influenced their eligibility for analysis.

The CS and ITC report do not mention the outcome assessment times for the individual
omalizumab trials and the company’s specification of 16 + 4 weeks and 52 + 4 weeks is
unnecessarily imprecise for some analyses. To improve precision, the ERG has added more
accurate outcome assessment timing information in our summary of the ITC results (section
3.4).

The ‘feasibility assessment’ (ITC Report Appendix 4) lists 22 outcomes, of which seven were

selected without explanation for inclusion in ITC analyses. These seven outcomes are the

same as were included in the direct comparison meta-analysis (

Table 9).

The CS does not provide a rationale for excluding any specific outcomes from the ITC, apart
from %predicted FEV1. The ITC Report (section 3.4.1) states that the change from baseline
in FEV1 was selected as an endpoint in preference to the change in %predicted FEV1 since,
according to the feasibility assessment at 16 + 4 weeks, FEV1 was reported in more studies
(n=8) than %predicted FEV1 (n=6). According to a clinical expert advising the ERG, this is

reasonable, since FEV1 and %predicted FEV1 would likely show similar effects. However,

another expert commented that the % FEV1 is less influenced by variation in trial participant

characteristics such as age and sex.
Statistical methods for the ITC

The statistical analysis approach is summarised in the ITC Report (section 2.2). Methods for

the extraction of data from the RCTs and the imputation of missing values were the same as
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those reported for the direct comparison meta-analysis (see section 3.1.7.1). The analysis
models were also the same as those employed for the direct comparison meta-analysis: a
Bayesian framework was employed for analysing time-standardised counts of clinically
significant exacerbations, whilst a standard frequentist approach based on the inverse
variance weighted method was employed for analysing all other outcomes. In the frequentist
analysis the fixed-effect estimate was accepted unless statistical heterogeneity was
significant (based on Cochran’s Q and/or the I? statistic), otherwise the random-effects
estimate was used. In the Bayesian analysis the DIC was used to decide whether the fixed-
effects or random-effects model had the best fit, based on the same criteria as applied in
direct comparison meta-analysis (section 3.1.7.1). The ERG cautions against selecting fixed
or random effects models based solely on the DIC since model plausibility is arguably more

important than model fit.2®

The ITC Report states that direct pairwise comparisons were first conducted in order to
assess the heterogeneity between studies and to generate results to be used for the indirect
comparisons. The ITC reports results of direct comparisons both for the reslizumab versus
placebo trials (i.e. duplicating the direct comparison meta-analysis results already given in
the CS) and for the omalizumab versus placebo trials. We have summarised the direct
comparison results for omalizumab versus placebo in the ITC results section of this report

(section 3.4).

Frequentist indirect comparisons were based on the method of Bucher and colleagues®
which is a standard approach for combining normally-distributed effect estimates.
Continuous outcomes were assumed to be normally distributed and were not transformed.
For odds ratios obtained from binary outcomes, a natural logarithm transformation was
applied. For each indirect comparison the 95% CI| was calculated and a standard two-sided
t-test was performed; p-values <0.05 were interpreted to mean that reslizumab performed

better than omalizumab.

The Bayesian analysis of exacerbation rates was performed with WinBUGS using the
Markov Chain Monte Carlo simulation method. Three chains were simulated and their
convergence was assessed using an accepted method (examination of history and Gelman-
Rubin plots). The same numbers of iterations were used for both burn-in and monitoring of
parameters: 20,000 for the fixed-effects model, and 100,000 for the random-effects model
(ITC Report section 2.2.5.3). Although limited information about the methods is provided, the
approach is consistent with NICE DSU guidance for meta-analysis and the ERG agrees that

the methods were generally appropriate.
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As stated in the ITC Report (section 3.4.1), a limited number of sensitivity analyses were
conducted, for some ITC outcomes (see below), to explore the impact of including or
excluding open-label trials from the analysis. The ERG acknowledges that opportunities for
sensitivity analyses were generally limited by the small numbers of trials available for each

outcome analysed.

ITC network

The ITC Report states that the indirect comparison of omalizumab versus reslizumab via
BSC is the difference between the effect of omalizumab versus BSC and the effect of
reslizumab versus BSC (ITC Report section 2.2.4.1). It also states that the BSC arms were
considered to have a similar effect as placebo arms; in other words, arms including BSC +
placebo were considered as equivalent to BSC arms (ITC Report section 2.3). However, no
justification is provided for this, and the CS mentions a potential placebo effect observed in
trials 3082 and 3083 (CS section 5.3.2.1) which suggests that placebo and BSC might not
be equivalent. Clinical expert advice to the ERG is that placebo effects are well-known and

common in asthma trials.

As shown in Figure 2, the ITC network for comparing reslizumab against omalizumab is very
simple and contains only direct pairwise comparisons. As such, the consistency assumption
of network meta-analysis is not applicable. The number of trials available for each arm in the
network varied with the outcome being analysed. Although five reslizumab and 16
omalizumab RCTs were identified in the company’s systematic review of clinical
effectiveness, after applying various (poorly explained) exclusion criteria, the numbers of
RCTs which were included in the network ranged from 1 to 5 for reslizumab and 1 to 4 for
omalizumab (

Table 9).

Reslizumak Omalizumab
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Figure 2 ITC network diagram

Similarity and homogeneity assumptions

Two key assumptions need to be justified in order for an ITC to be considered robust. All
trials included in the network should be adequately homogeneous, meaning that the
participant characteristics, interventions, comparators, and study designs should be
comparable enough to enable pooling of trial results. And the trials should also satisfy the
assumption of similarity, meaning that they are similar for modifiers of relative treatment

t.30

effect.™ Aspects of study quality (e.g. risk of bias) also influence whether the results of an

ITC may be robust.

Homogeneity was not adequately assessed, since the company only compared participant
characteristics broadly across all the trials identified for potential inclusion, rather than
among those actually included for each outcome (ITC Report section 3.1.2.2). Based on the
information provided in the ITC Report (Appendix 7), the participants’ characteristics appear
to be broadly homogeneous across the reslizumab and omalizumab trials, but the baseline
characteristics provided for the omalizumab trials are less detailed than those given for
reslizumab so comparisons are difficult to make. As noted above (section 3.1.3.2), there
were some differences in baseline characteristics between the reslizumab trials. A notable
difference is that out of the 21 reslizumab and omalizumab trials potentially eligible for the
ITC, only four reslizumab trials (3082, 3083, 3081, Res-5-0010) specified blood eosinophil

levels as an inclusion criterion.

In trial 3084 the total randomised population included some patients with blood eosinophil
concentrations <400 cells/pL. The ITC Report does not state whether data from all patients
in trial 3084 or from a subgroup with a blood eosinophil count of 2400 cells/pL were used in
the ITC. We have assumed that the whole population for trial 3084 was analysed in the ITC,
as this would be consistent with the reported direct comparison meta-analysis approach.
Given that the population most relevant to the scope (‘elevated blood eosinophils’) is
patients with blood eosinophils 2400 per pL, a case could be made for analysing this
subgroup instead of, or in addition to, the whole population in trial 3084 (e.g. in a sensitivity

analysis), although this was not done by the company.
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The assumption of similarity is not mentioned in the ITC Report. The summaries of trial
characteristics provided (ITC Report Appendix 9 and CS Table 18) show that participants
were generally similar at baseline across the reslizumab and omalizumab trials included in
the indirect comparison, apart from in the number of exacerbations they had experienced in
the previous year. Participants in the omalizumab trials had on average more asthma
exacerbations in the previous year than those in the reslizumab trials: the range of means
was, respectively, 1.9 to 5.48 exacerbations per year (reported in 4 RCTs) and 1.9 to 2.1
exacerbations per year (reported in 3 RCTs). This difference suggests that populations in the
omalizumab RCTs may have had more severe asthma at baseline than those in the

reslizumab RCTs.

The company conducted a quality assessment of the RCTs (ITC Report Appendix 10) but
this did not inform trial eligibility decisions for the ITC. However, sensitivity analyses were
conducted to explore the impact of excluding open-label omalizumab RCTs where sufficient
trials were available. It is not stated in the ITC Report whether sensitivity analyses were
planned a priori or were post-hoc. Ideally, a priori analyses should have been performed to
reduce the possibility of bias that could result from over-fitting meta-analyses to the study

results once they are known.

Summary of the ERG’s critique of the ITC
Overall, the analysis approach employed for the ITC was appropriate and is clearly reported.
However, there are several limitations to the evidence that was included in the ITC:
e The process for determining eligibility of RCTs for analysis is unclear, so it is unclear
whether any additional outcomes relevant to the NICE scope were omitted from the
ITC
¢ An assumption is made that placebo arms of trials are equivalent to BSC arms, but
no justification is provided; a potential placebo effect was identified which suggests
this assumption may not be appropriate;
¢ No discussion is provided as to whether different BSC arms in the trials are
equivalent to BSC in current NHS practice (e.g. where the comparator assumed to be
BSC was described as “optimised asthma therapy” in the EXALT trial or a “control
group” in the QUALITX trial);
e The definitions of clinically significant exacerbations appear to have been applied
inconsistently, meaning that some omalizumab trials may have been inappropriately
excluded from the ITC;
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e Based on the history of exacerbations, participants in the omalizumab trials appear to

have had more severe asthma at baseline than those in the reslizumab trials;

These limitations suggest that results of the ITC may not be reliable. The company
acknowledges that the ITC had limitations and, given that the ITC did not yield statistically
significant results, the ITC Report states that the results should be interpreted with caution
(ITC Report section 4).

Validity of the indirect comparison results

The CS and ITC Report do not discuss whether similar indirect comparisons have been
published and did not compare their findings to any related existing indirect comparisons
(e.g. as employed in the NICE STA of mepolizumab). However, we are unaware of any other
ITC or other types of network meta-analysis that have included both reslizumab and

omalizumab.

3.1.7.3 Role of the clinical effectiveness synthesis in informing the company’s
economic analysis

The results from the company’s direct comparison of reslizumab against placebo and the
ITC of reslizumab against omalizumab do not directly inform the company’s economic
analysis. The CS states in the economic analysis section (CS section 5.3.2.3) that “the
impact of omalizumab on the number of exacerbations was estimated based on the relative
rate of exacerbations obtained from an NMA at 52 weeks versus BSC (estimate of
0.82)".This statement refers to the ITC report.’® However, the ITC Report does not present
any direct comparison results for omalizumab versus BSC and does not provide a rate ratio

of exacerbations of 0.82 from any analysis.

3.2 Overall summary statement of the company’s approach

Overall, the company’s approach to the clinical effectiveness assessment was reasonable,
being based on standard systematic review methods which are generally well reported. A
summary of our critique of the company’s approach is given in Table 10, according to the

standard CDR criteria.

Table 10 Quality assessment (CRD criteria) of CS review

CRD Quality Item: score Yes/ No/ Uncertain with comments

1. Are any inclusion/exclusion criteria reported | Yes. Note that searches were restricted to RCTs. The
relating to the primary studies which address CS does not discuss whether any relevant non-
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the review question?

randomised studies might have been missed.

2. Is there evidence of a substantial effort to
search for all relevant research? i.e. all studies
identified

Yes. The ERG did not find any additional studies apart
from a trial of omalizumab which had been published
after the date of the company’s searches.

3. Is the validity of included studies adequately
assessed?

Partly. Yes for trials 3082, 3083, 3081 and 3084. No for
Res-5-0010, although a separate quality assessment
for this trial was provided to the ERG on request.

4. |s sufficient detail of the individual studies
presented?

Partly. Yes for trials 3082, 3083, 3081 and 3084. No for
Res-5-0010, and the ERG has had to obtain
information on this trial from the trial publication.

5. Are the primary studies summarised
appropriately?

Partly. Yes for trials 3082, 3083, 3081 and 3084. Only
the results of Res-5-0010 are summarised in the CS,
not methods. Note that whilst the summary of primary
trials is appropriate, reasons for missing outcomes in
the company’s direct meta-analysis of reslizumab
versus placebo are not explained.

3.3 Direct treatment comparison results: reslizumab versus placebo

The CS presents extensive results from the trials which compared reslizumab against

placebo. Below we have summarised the results from these trials and also the results of the

company’s direct comparison meta-analyses where available, for outcomes which are

relevant to the NICE scope. Additional supporting information for outcomes not specified in

the NICE scope is provided in section 3.3.6 for completeness.

3.3.1 Asthma control (ACQ scores)

Five RCTs reported changes in ACQ scores over 16 weeks (Table 11). The sample sizes

stated in the CS for this outcome are smaller than both the number randomised and (where

defined) the FAS for all the trials except Res-5-0010 (for analysis population definitions see

Table 7). Reasons for the missing data are not explained in the CS. For trials 3082 and 3083

the discrepancy is small (<2% of the number randomised) but in trials 3081 and 3084 the

proportion of missing data compared to the number randomised is considerable, ranging
from 13.8% (55/398) in the reslizumab arm of trial 3084 to 20% (21/105) in the placebo arm

of trial 3081.

Improved asthma control is indicated by a decrease in ACQ scores, and the scores

consistently decreased to a greater extent in the reslizumab group then the placebo group.

The differences statistically favour reslizumab over placebo for asthma control, although the

results for trial Res-5-0010 border on statistical non-significance, with the confidence

intervals only narrowly excluding zero. Note that the results for trial 3084 (which are of
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borderline statistical significance) are for the total population, which included some patients
with baseline blood eosinophil levels <400 per pL. When a subgroup of patients with blood
eosinophil levels 2400 per yL was analysed in this trial (reslizumab n=77, placebo n=19), the
mean difference was not statistically significant: —0.49 (95% CI —1.01, 0.03); p=0.0643 (CS
Table 55).

Table 11 ACQ score: mean change from baseline at 1621 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source
3082° —0.94° (n=242) | —0.68° (n=241) —0.27 (—0.40, —0.13); p=0.0001 | CS Table 25
3083° —0.86° (n=230) | —0.66° (n=228) —0.20 (—0.33, —0.07); p=0.0032 | CS Table 35
3081° —0.94° (n=91) —0.58° (n=84) —0.35 (—0.63, 0.08); p=0.0129 CS Table 47
3084°° —0.91 (n=343) —0.70 (n=83) —0.20 (—0.39, —0.004); p=0.0457 | CS Table 55
Res-5-0010° | —0.7 (n=53) —0.3 (n=53) —0.38 (—0.76, 0.01); p=0.054 Castro et al.?

? change calculated as weighted average across 16 weeks

®least squares mean

¢ change calculated at week 16

¢ data are for total population with baseline eosinophils <400 per uL and 2400 per pL
¢ change calculated at week 15

The CS reports results of direct comparison meta-analysis of the ACQ scores at 16£1
weeks, but the input data reported in the CS for meta-analysis (CS Table 61) differ in some
respects from those given in the CS tables reporting the individual trial results. For trials
3082 and 3083, the CS presents mean differences only for the analysis based on a weighted
average across 16 weeks (Table 11) whereas the meta-analysis used values from an
analysis at week 16 (CS Table 61). For trial 3081, the input data for the meta-analysis (CS
Table 61) do not concur with ACQ results reported elsewhere in the CS for this trial (CS
Table 47). However, we believe that the magnitude and direction of these inconsistencies

would be unlikely to introduce bias in favour of reslizumab for this outcome.

Results of the direct comparison meta-analysis of ACQ scores are given in Table 12 and the
forest plot is shown in Figure 3. A statistically significantly greater decrease in the ACQ
mean score in the reslizumab group indicates that this group achieved a larger improvement
in asthma control than the placebo group. There was no difference between the random-

and fixed- effect models, and heterogeneity between the studies was low (1°=24%).

Meta-analysis of ACQ scores at 52 weeks was not feasible due to lack of data.

Table 12 Direct comparison meta-analysis: ACQ score change over 161 weeks
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Difference between means, reslizumab versus Source
placebo (95% CI)

Fixed-effects model —-0.24 (-0.32; -0.17) CS
Random-effects model ~0.24 (-0.32; -0.17) Table 62
P-value of the Cochran test | 0.2639

I? 24%

Abbreviations: ACQ, Asthma Control Questionnaire; Cl, confidence interval.
A negative change from baseline indicates that reslizumab is better than placebo

FE, fixed effects; RE, random effects

Figure 3 Forest plot for the change from baseline in ACQ at 161 weeks

The CS does not discuss these changes in ACQ scores in relation to the ACQ score cut-

points for uncontrolled asthma (score 21.5) and well controlled asthma (score <0.75).

ACQ responder analysis results are presented in the CS for trial 3082 (week 52; CS section
4.7.1.5), trial 3083 (weeks 16 and 52; CS section 4.7.2.5) and trial 3081 (week 4; CS section
4.7.3.7). In each case the proportion of responders was || EGCGCNEEEGEGEGEGEGE - the
reslizumab-treated than the placebo group. However, the analysis is limited as it was not
controlled for multiple testing and we are unclear whether it was planned or post-hoc. The

CS presents graphs showing the proportions of responders at 4-weekly intervals (CS
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Figures 11, 21, 30) and each time point appears to have been tested statistically, which
would give a large number of multiple comparisons. We note that the responder proportion in
the placebo group was | Gz c.o. Il in trial 3082 at 52 weeks) whilst by
comparison the difference in responder rates between reslizumab and placebo groups was
B <o B csponders in the reslizumab than the placebo group in trial
3082 at 52 weeks). Due to the limitations in the analysis || EGccNINGNGNGNGNGNGNGNGNGNGNGEGEGNGEGEEE

the ACQ responder analysis results should be treated with caution.

3.3.2 Exacerbations

Two of the company’s trials, 3082 and 3083, provided information on exacerbations, and in
both trials the primary outcome was the frequency of clinically significant asthma
exacerbations (referred to in the trials as ‘clinical asthma exacerbations’) over 52 weeks. The
CS presents extensive results for exacerbations from these trials, including a range of
sensitivity analyses. Below we have summarised the information which appears most
pertinent to the company’s economic analysis. Unless stated otherwise, the sensitivity

analyses did not alter the findings reported below.

An additional trial, Res-5-0010,% which had a duration of 15 weeks, also provides some
information on exacerbation rates, but this is only mentioned briefly in the CS. The Res-5-
0010 trial reported that four patients in the reslizumab group (8%) and 10 in the placebo
group (19%) had an exacerbation (odds ratio 0.33 (95% CI 0.10, 1.15); p=0.0833).%

As summarised below, the CS presents the results of the two pivotal trials 3082 and 3083 as
the overall frequencies of exacerbations (Table 13), and as the frequencies of exacerbations
which required systemic corticosteroids for 23 days (Table 14), required oral corticosteroids
for 23 days (Table 15), or required a hospitalisation and/or emergency room visit (Table 16).
For overall exacerbations and those requiring corticosteroids, the frequencies were lower in
the reslizumab group than in the placebo group and the differences were statistically
significant with rate ratios in favour of reslizumab. However, for the subgroup of
exacerbations requiring a hospitalisation and/or emergency room visit (Table 16) the rate

was not statistically significant.

Table 13 Rate of clinical asthma exacerbations over 52 weeks

Trial Adjusted mean frequency Rate ratio (95% CI) Source
Reslizumab Placebo
3082 0.90 (n=245) 1.80 (n=244) 0.50 (0.37, 0.67); p<0.0001 CS Table 20
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3083 0.86 (n=232) 2.11 (n=232) 0.41 (0.28, 0.59); p<0.0001 | CS Table 30

Table 14 Exacerbations requiring systemic corticosteroids for 23 days over 52 weeks

Trial Adjusted mean frequency Rate ratio (95% CI) Source
Reslizumab Placebo

3082 0.72 (n=245) 1.60 (n=244) 0.45 (0.33, 0.62); p<0.0001 CS Table 22

3083 I I NN | CSTable 32

I

Table 15 Exacerbations requiring oral corticosteroids for 23 days over 52 weeks

Trial Adjusted mean frequency Rate ratio (95% CI) Source
Reslizumab Placebo

3082 0.70 (n=245) 1.59 (n=244) 0.44 (0.32, 0.61); p<0.0001 CS Table 22

3083 I | I

CS Table 32

Table 16 Exacerbations requiring hospitalisation and/or emergency room visit over 52
weeks

Trial Adjusted mean frequency Rate ratio (95% CI) Source
Reslizumab Placebo
3082 0.14 (n=245) 0.21 (n=244) 0.66 (0.32, 1.36); p=0.2572 CS Table 22

3083 I | I

CS Table 32

The results from each of the pivotal trials presented in the CS also include an analysis of the
probability of patients not experiencing a clinically significant asthma exacerbation by week
52, based on a Kaplan-Meier analysis (Table 17). Kaplan-Meier curves are provided by the
company (CS Figures 12 & 22). In both trials patients in the reslizumab group were less
likely to experience a clinically significant exacerbation, with the hazard ratios being

statistically significant, favouring reslizumab over placebo (Table 17).

Table 17 Kaplan-Meier probability of not experiencing a clinical asthma exacerbation

by week 52

Trial Reslizumab Placebo Hazard ratio (95% CI) Source

3082 | 61.3% (95% Cl 54.7%, 44.2% (95% CI 37.7%, 0.58 (0.44, 0.75); CS Table
67.2%) 50.5%) p<0.0001 26
(n=245) (n=244)

Version 1 78




Confidential — do not copy or circulate

3083 | 73.2% (95% CI 66.8%, 51.9% (95% Cl 45.0%, | 0.49 (0.35, 0.67); CS Table
78.6%) 58.3%) p<0.0001 36
(n=232) (n=232)

As specified in the CS, analysis of differences between the reslizumab and placebo groups
in the median time to the first clinically significant exacerbation was specified as a secondary
outcome in both of the pivotal trials. However, the CS points out that the median time to a
first clinically significant exacerbation could not be calculated for the reslizumab group in
either trial, as fewer than 50% of patients in the reslizumab groups experienced clinically

significant exacerbations.

Direct comparison meta-analysis of exacerbations
The company conducted two meta-analyses of exacerbation rates. These were for the
overall rate of clinically significant exacerbations, and for the numbers of patients

hospitalised due to clinically significant exacerbations (CS section 4.9.2.6).

Input data for the meta-analysis of overall exacerbation rate are given in Table 18 and the
results of the meta-analysis are given in Table 19. As explained in the methods (ERG report
section 3.1.7), this analysis employed a Bayesian framework which modelled the number of
person-years at risk of clinically significant exacerbations (an approach recommended by
NICE?). The sample sizes stated in the CS for this outcome (Table 18) are smaller than
both the number randomised and the FAS for trials 3082 and 3083 (for analysis population
definitions see Table 7). Reasons for these missing data are not explained in the CS;

however, the discrepancy is small (0.8% to 2.1% of the number randomised).

Table 18 Clinically significant exacerbations

Reslizumab versus placebo
Study, Treatment arm N Exacerbation | Number of Person-years
Follow up rate exacerbations
Res-05-0010, Reslizumab 53 NR 4 15.29
over 15 weeks Placebo 53 NR 10 15.29
3082, Reslizumab 243 0.90 47 243.00
over 52 weeks Placebo 241 1.80 94 241.00
3083, Reslizumab 230 0.86 45 230.00
over 52 weeks | piacebo 227 | 2.1 110 227.00

Version 1 79




Confidential — do not copy or circulate

NR: not reported. Source: CS Table 67

The fixed-effects model but not the random-effects model indicate that clinically significant
exacerbations were statistically significantly less likely in the reslizumab group, with a
Bayesian probability of 100% from the fixed-effects analysis that reslizumab always performs
better than placebo (Table 19). The CS states that despite the small number of trials
included in the analysis and the credibility interval associated with the random-effects model
including 1, reslizumab was still associated with a probability of performing better than
placebo of 97%.

Table 19 Direct comparison meta-analysis: clinically significant exacerbations

Median hazard ratio (95% ClI) Probability DIC Source
Fixed-effects model 0.44 (0.35 to 0.56) 100% 78.06 CS Table
Random-effects model 0.43 (0.17 to 1.10) 97% 78.81 68

Cl, confidence interval; DIC, deviance information criterion.

A hazard ratio <1 means that reslizumab is better than its comparator.

Probability is the Bayesian probability that a treatment performs better than its comparator. If
Probability=100%, reslizumab always performs better than placebo.

Direct comparison of the patients hospitalised due to exacerbations was conducted for a 15
week period based on results from the trial Res-5-0010 and for a 52 week period based on

the results from the two pivotal company trials 3082 and 3083.

The RES-5-0010 trial had 53 patients in each group. Results over 15 weeks identified only
one hospitalisation event in the reslizumab group (1.9%) and zero in the placebo group (0%)
(CS Table 69).

Input data for the direct comparison meta-analysis of patients hospitalised due to
exacerbations over 52 weeks are given in Table 20 and the results of the meta-analysis are
given in Table 21. The sample sizes stated in the CS for this outcome (Table 20) are smaller
than both the randomised population and FAS for trials 3082 and 3083 (for analysis
population definitions see Table 7). Reasons for these missing data are not explained in the

CS; however, the discrepancy is small (0.8% to 2.1% of the number randomised).

Table 20 Patients hospitalised due to exacerbations up to 52 weeks

Trial Reslizumab versus placebo Source
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Treatment arm N Number of patients hospitalised CS Table 70
3082 Reslizumab 243 9

Placebo 241 11
3083 Reslizumab 230 5

Placebo 227 8

As mentioned in the CS, few patients were hospitalised over the course of the trials (Table
20). While the number of patients hospitalised was lower in the reslizumab arms of the
RCTs, results from the direct comparison of reslizumab versus placebo were not statistically

significant. No heterogeneity was detected by the I? test (Table 21).

Table 21 Direct comparison meta-analysis: patients hospitalised due to exacerbations
up to 52 weeks

Odds ratio, reslizumab versus placebo (95% CI) | Source
Fixed-effects model 0.73 (0.36; 1.47) CS Table 71
Random-effects model 0.73 (0.36; 1.47)
P-value of the Cochran test | 0.72
& 0%

The CS states that results for this outcome are mean differences; however, they are odds ratios

3.3.3 Lung function (FEV1 and other outcomes)

FEV1

Five trials reported changes in FEV1 over 16 weeks (Table 22). For all these trials the
sample sizes stated in the CS for this outcome are smaller than both the number
randomised and, where trials defined it, the FAS (for analysis population definitions see
Table 7). Reasons for the missing data are not explained in the CS. The missing data as a
proportion of the number randomised ranges from 1.9% (1/53) in both arms of trial Res-5-
0010 to 20% (21/105) in the placebo arm of trial 3081. Across both arms of the pivotal trials
3082 and 3083 the proportion of missing data relative to the number randomised ranges
from 5.3% to 7.8%.

In all the trials improvements in FEV1 significantly favoured reslizumab over placebo, except
for trial 3084 where the mean difference was not statistically significant. However, this trial
included some patients with baseline blood eosinophil levels <400 per uL. When a subgroup

of patients with blood eosinophil levels 2400 per uL was analysed in this trial (reslizumab
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n=77, placebo n=19), the mean difference statistically favoured reslizumab: 0.27 (95% CI
0.01, 0.53); p=0.0436 (CS Table 54).

Table 22 FEV1: mean change from baseline (L) at 161 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source

3082 0.20 (n=232) 0.13 (n=228) 0.07 (0.001, 0.14); p=0.0483 CS Table 23
3083 0.25 (n=214) 0.15 (n=214) 0.10 (0.02, 0.18); p=0.0109 CS Table 33
3081 0.24 (n=91) 0.05 (n=84) 0.17 (0.04, 0.29); p=0.0118 CS Table 40
3084° 0.25 (n=344) 0.18 (n=83) 0.07 (—0.03, 0.17); p=0.1719 CS Table 54
Res-5-0010 | 0.18 (n=52) —0.08 (n=52) | 0.24 (0.09, 0.39); p=0.0023 Castro et al.”

Changes were calculated at 16 weeks except for Res-5-0010 (15 weeks)
2 data are for total population with baseline eosinophils <400 per pL and =400 per pL

Two trials reported changes in FEV1 over 52 weeks (Table 23). As with the analysis at 16£1
weeks, the sample sizes reported in the CS for this outcome were smaller than both the
number randomised and the FAS for trials 3082 and 3083. The missing data as a proportion

of the number randomised ranges from 0.8% to 2.1%.

Table 23 FEV1: mean change from baseline (L) at 52 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source
3082 0.24 (n=243) 0.08 (n=241) Not reported CS Table 59
3083 0.23 (n=230) 0.12 (n=227) Not reported CS Table 59

The CS reports results of direct comparison meta-analysis of the FEV1 outcome at 16+1
weeks and 52 weeks, based on the input data shown in Table 22 and Table 23. The forest
plot for this analysis (from CS Figure 37) is shown in Figure 4. The pooled effects estimates
were almost identical for the fixed and random effects models (Table 24). Reslizumab was
statistically favoured over placebo at both 16+1 weeks and 52 (the 95% CI excludes zero),

although with moderate statistical heterogeneity at 16+1 weeks (indicated by 1°=41%).

Table 24 Direct comparison meta-analysis: FEV1 change over 16 and 52 weeks

Difference between means, reslizumab versus Source
placebo (95% CI)
1611 weeks 52 weeks CS Tables
Fixed-effects model 0.12 (0.08; 0.16) 0.13 (0.08; 0.18) 58 & 59 60
Random-effects model 0.13 (0.07; 0.18) 0.13 (0.08; 0.18)
P-value of the Cochran test | 0.15 0.67
& 1% 0%
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Cl, confidence interval; FEV1, forced expiratory volume in one second.

FE, fixed effects; RE, random effects

Figure 4 Forest plot for the change from baseline in FEV, at 161 weeks

Other lung function outcomes

The company did not meta-analyse any other lung function outcomes. However, the CS
presents trial results for changes in the % predicted FEV1 (indicative of age-normal forced
expiratory flow in one second), FVC (forced vital capacity), and FEF s 759, (average expiratory
flow rate at the middle part of forced expiration). We have summarised these outcomes
briefly below as they provide additional clinical information (the NICE scope does not specify
a focus on, or exclusion, of specific lung function outcomes). For all three of these outcomes
the sample sizes reported in the CS are smaller than the number randomised, but the CS

does not explain the missing data.

Information on the % predicted FEV1 change from baseline was available at 16+1 weeks
from five trials (Table 25) and at 52 weeks from two trials (Table 26), although the mean
difference at 161 weeks was not reported for two of the trials, and there were some
differences between the trials in the way the results were calculated. The improvement in %
predicted FEV1 consistently favoured reslizumab over placebo, both at the 16+1 week and
52 week assessments. However, according to clinical experts these changes are small and

not clinically meaningful.
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Table 25 % predicted FEV1: mean change from baseline at 161 weeks

Trial Reslizumab Placebo Mean difference (95% Cl) Source

3082° Not reported Not reported 4.2 (2.08, 6.25); p<0.0001 CS page 90
3083° Not reported Not reported 3.05 (1.01, 5.10); p=0.0035 CS page 105
3081° 7.5 (n=91) 0.8 (n=84) Not reported CS Table 46
3084°° 7.8 (n=344) 5.5 (n=83) Not reported CS Table 55
Res-5-0010° | 6.19 (n=52) —2.44 (n=52) | 7.98° (3.30, 12.65); p=0.0010 Castro et al.?
4 change calculated as weighted average across 16 weeks

® change calculated at week 16

¢ data are for total population with baseline eosinophils <400 per uL and 2400 per uL

¢ change calculated at week 15

¢least squares mean

Table 26 % predicted FEV1: mean change from baseline at 52 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source
3082° Not reported Not reported 3.9 (1.82, 5.96); p=0.0002 CS page 90
30837 Not reported Not reported 3.18 (1.12, 5.23); p=0.0025 CS page 105

? change calculated as weighted average across 52 weeks

Information on the FVC change from baseline was available at 161 weeks from five trials

(Table 27) and at 52 weeks from two trials (Table 28), although there were some differences

between the trials in the way the results were calculated. Results at both 16+1 weeks and 52

weeks consistently statistically favoured reslizumab over placebo, apart from trial 3084

where the results reported are for a combined total trial population of patients with blood

eosinophil concentrations 2400 per pL and blood eosinophil concentrations <400 per pL. In

this population the difference in change from baseline in FVC between reslizumab and

placebo was not significantly different from zero.

Table 27 FVC: mean change from baseline (L) at 161 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source
3082° Not reported Not reported 0.13 (0.05, 0.22); p=0.0011 CS page 89
3083° Not reported Not reported 0.08 (0.01, 0.15); p=0.0326 CS page 105
3081° 0.30° (n=102) | 0.17 (n=103) 0.13 (0.02, 0.24); p=0.0174 CS Table 44
3084° 0.24 (n=344) 0.22 (n=83) 0.01 (—0.10, 0.12): p=0.8361 | CS Table 55
Res-5-0010° | 0.18 (n=52) —0.13 (n=52) 0.27%(0.08, 0.46); p=0.0054 | Castro et al.?

4 change calculated as weighted average across 16 weeks
b change calculated at week 16; data are for total population with baseline eosinophils <400 per yL
and 2400 per uL

¢ change calculated at week 15

?least squares mean
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Table 28 FVC: mean change from baseline (L) at 52 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source
3082° Not reported Not reported 0.12 (0.04, 0.20); p=0.0040 CS page 89
30837 Not reported Not reported 0.08 (0.01, 0.16); p=0.0202 CS page 105

? change calculated as weighted average across 52 weeks

Information on the FEF.5.75¢, change from baseline was available at 16+1 weeks from two
trials (Table 29), in both cases based on the full analysis set, although there were some
differences between the trials in the way the results were calculated. Unlike the other lung
function outcomes at 161 weeks, the differences in the mean change of FEF 5 759, from
baseline between reslizumab and placebo were not significantly different from zero. Note

that in trial 3084 some patients had blood eosinophil concentrations <400 per L.

Table 29 FEF;s.754,: mean change from baseline (L/s) at 16 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source

3081° I N N | Cs Table 45
| | I

3084° 0.23 (n=341) 0.20 (n=81) 0.06 (—0.13, 0.26); p= 0.5109 | CS Table 55

? change calculated as weighted average across 16 weeks

® least squares mean

¢ change calculated at week 16; data are for total population with baseline eosinophils <400 per L
and 2400 per pL

3.3.4 Adverse events

Details of adverse events presented in the CS are based on the open-label study 3085,
which enrolled patients from trials 3081, 3082 and 3083. Patients had a 104-week treatment
period and a 90-day follow-up period, with a mean exposure of 356.4 days to the study drug
for reslizumab-experienced patients and 335.4 days for the reslizumab-naive patients

(previously placebo treated).

The broad classes of adverse events which affected at least 5% of patients in the clinical
trials and the extension study 3085 are shown in Table 30. Overall, the incidence of any

adverse event was more frequent in the placebo arm. While mild adverse events were more

frequent in the reslizumab arm (3/3 trials reporting these), moderate adverse events were

more frequent in the placebo arm (3/3 trials reporting these). Serious adverse events were

more frequent in the placebo arm in 2 of 4 trials which reported these. eventsin-all
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Events classed as treatment-related were broadly similar in frequency in the reslizumab and
placebo groups. Only one death occurred during the randomised trials, in the placebo group
of trial 3082.

The types of adverse event that affected at least 5% of patients in either treatment group are
shown for the clinical trials and the extension study 3085 in Table 31. Blank cells in the table
indicate where data were not reported in the CS, and the pattern of data availability might be
suggestive of selective reporting of certain adverse events, e.g. sinusitis and upper
respiratory tract infection were relatively frequent in trial 3082 but not reported for trial 3083.
Overall, where reported, the individual types of adverse events occurred in similar
frequencies in the reslizumab and placebo groups and the only cases where a particular
type of adverse event was markedly more frequent in the reslizumab group than the placebo
group were for upper respiratory infection in trial 3082 (16% versus 13%) and headache,
both in trial 3083 (14% versus 7%) and trial 3081 (11% versus 6%).
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Discontinuations due to adverse events

Three trials (RES-05 Res-5-0010, 3081 and 3084) reported patients discontinuing due to
adverse events at 16+1 weeks and two (3981 3082 and 3884 3083) te-data at 52 weeks (Table

32). The proportion of patients that discontinued due to adverse events varied from 0.87% to

1.8% over 161 weeks, and from 2% to 4% over 52 weeks.

Table 32 Discontinuations due to adverse events up to 161 and 52 weeks

Reslizumab versus placebo
1611 weeks (CS Table 72) 52 weeks (CS Table 74)
Trial Treatment N Discontinuat_ions due to N Discontinuat_ions due to
arm AE, % of patients AE, % of patients
Res-5-0010, | Reslizumab | 53 0 NR NR
(15 weeks) | placebo 53 | 1.8 NR | NR
3081 (16 & Reslizumab | 103 | 1.09 NR NR
52 weeks) | blacebo 105 | 0 NR | NR
3084 (16 & Reslizumab | 395 | 0.87 NR NR
52 weeks) | placebo 97 |12 NR | NR
3082 (52 Reslizumab | NR | NR 243 2.0
pm Placebo NR | NR 241 | 3.0
3083 (62 Reslizumab | NR | NR 230 3.0
pm Placebo NR | NR 227 | 4.0

AE: adverse events; NR: not reported

The company conducted direct comparisons of discontinuations due to adverse events in
reslizumab and placebo treated patients and the results are shown in Table 33. Differences
between reslizumab and placebo were not statistically significant over either 161 weeks or 52
weeks. Fixed and random effects models gave identical results; no heterogeneity was detected
by the I? test.

Table 33 Direct comparison meta-analysis: Discontinuation due to adverse events up to
16+1 and 52 weeks

Odds ratio, reslizumab versus placebo (95% ClI)

16+1 weeks (CS Table 73) 52 weeks (CS Table 75)

Fixed-effects model 0.83 (0.17, 4.16) 0.70 (0.33, 1.5)

Random-effects model 0.83 (0.17, 4.16) 0.70 (0.33, 1.5)
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Odds ratio, reslizumab versus placebo (95% Cl)

1611 weeks (CS Table 73) 52 weeks (CS Table 75)

P-value of the Cochran test | 0.64 0.46

12 0% 0%

The CS states that results for this outcome are mean differences; however, they are odds ratios
Serious adverse events

Three trials (3081, 3084 and Res-5-0010) reported serious adverse events at 16x1 weeks and T
two trials (3082 and 3083) reported serious adverse events at 52 weeks. The sample size
reported in the CS for this outcome at 52 weeks is slightly smaller than the safety analysis set in
both trials, but no explanation is provided. The proportion of patients with serious adverse
events at 52weeks varied from 71.89% to 10.3% at 161 weeks and 8% to 14% at 52 weeks
(Table 34).

Table 34 Serious adverse events up to 16+1 and 52 weeks

Trial Treatment arm Serious adverse event, % of patients Source
16+1 weeks 52 weeks
3082 Reslizumab Not reported 10.0 (n=243) CS Tables
Placebo Not reported 14.0 (n=241) 76 & 78
3083 Reslizumab Not reported 8.0 (n=230)
Placebo Not reported 10.0 (n=227)
3081 Reslizumab 6.8 (n=103) Not reported
Placebo 3.8 (n=105) Not reported
3084 Reslizumab 6.3 (n=395) Not reported
Placebo 10.3 (n=97) Not reported
Res-5- Reslizumab 3.80 (n=53) Not reported
0010 Placebo 1.89 (n=53) Not reported

The company conducted direct comparison meta-analysis of the proportion of patients with
serious adverse events in the reslizumab and placebo groups and the results are shown in

Table 35. The differences between the groups were not statistically significant. Fixed and
random effects models gave identical results; no heterogeneity was detected by the I test.

Table 35 Direct comparison meta-analysis: serious adverse events up to 16+1 and 52

weeks

Odds ratio, reslizumab versus placebo (95% CI) Source

16+1 weeks 52 weeks CS Tables

Fixed-effects model 0.82 (0.43 to 1.55) 0.71 (0.47 to 1.08) 77&79

Random-effects model 0.82 (0.43 to 1.55) 0.71 (0.47 to 1.08)
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Odds ratio, reslizumab versus placebo (95% CI) Source
P-value of the Cochran test | 0.28 0.76
I’ 22% 0%

The CS states that results for this outcome are mean differences; however, they are odds ratios

Discontinuations due to serious adverse events were not reported.

3.3.5 HRQoL (AQLQ and other outcomes)

AQLQ

Three trials reported changes in AQLQ scores over 16 weeks (Table 36). Two different sample
sizes are reported for these trials in the CS: the sample sizes given in CS Tables 24, 34 and 48
(summarised here in Table 36) do not agree with those given in CS Table 63. The largest
discrepancy is for trial 3081 where the numbers of reslizumab and placebo patients analysed
were, respectively, n=99 and n=101 according to CS Table 48 but were n=91 and n=84
according to CS Table 63. All the sample sizes reported in the CS for this outcome are smaller
than both the number randomised and the FAS for each trial. No explanation for the missing

data is provided.

Improved asthma-related quality of life is indicated by higher AQLQ scores, and the scores
consistently increased to a statistically significantly greater extent in the reslizumab group than

the placebo group.

Table 36 AQLQ score: mean change from baseline at 16 weeks

Trial Reslizumab Placebo Mean difference (95% CI) | Source

3082 1.03 (n=228) 0.87 (n=229) 0.24 (0.05, 0.43); p=0.0143 | CS Table 24
3083 0.95 (n=213) 0.79 (n=216) 0.21 (0.03, 0.39); p=0.0259 | CS Table 34
3081 1.14% (n=99) 0.78% (n=101) 0.36 (0.05, 0.67); p=0.0241 | CS Table 48

% least squares mean

Direct comparison meta-analysis of AQLQ scores was conducted for the change to 16 weeks
and also for the change to 52 weeks. The meta-analysis of the change to 52 weeks was based
on two trials, 3082 and 3083 (Table 37), although the CS does not report the mean difference
for each trial. Unlike the 16-weeks analysis, the 52-weeks analysis is reported to have been

based on all randomised patients.

Table 37 AQLQ score: mean change from baseline at 52 weeks
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Trial Reslizumab Placebo Mean difference (95% Cl) | Source
3082 1.30 (n=245) 1.01 (n=244) Not reported CS Table 65
3083 1.10 (n=232) 0.90 (n=232) Not reported CS Table 65

Results of the direct comparison meta-analysis of AQLQ scores for 16 and 52 weeks are given
in Table 38. The pooled analysis indicates a statistically significantly greater increase in mean
AQLQ scores, indicating better results in patients treated with reslizumab compared with
placebo, both at 16 and 52 weeks. There were no differences between the random- and fixed-
effects models. No heterogeneity was detected by the I? test (and therefore no forest plot was

provided).

Table 38 Direct comparison meta-analysis: AQLQ score changes over 16 and 52 weeks

Difference between means, reslizumab versus Source
placebo (95% CI)
16 weeks 52 weeks CS Tables 64
Fixed-effects model 0.24 (0.12 t0 0.36) 0.33 (0.19 to 0.46) 466
Random-effects model 0.24 (0.12 t0 0.36) 0.33 (0.19 to 0.46)
P-value of the Cochran test 0.77 0.51
I’ 0% 0%

Abbreviations: ClI, confidence interval; AQLQ, Asthma Quality of Life Questionnaire.
A positive change from baseline indicates that reslizumab is better than placebo.
I is based on the Q statistic from the Cochran test and is a measure of heterogeneity.

Other HRQoL outcomes: ASUI

The company did not meta-analyse any other HRQoL outcomes. However, the CS presents trial
results for changes up to 16 weeks in the Asthma Symptom Ultility Index (ASUI) from trials 3082,
3083 and 3081, and for completeness we have summarised these below in Table 39. The
sample sizes reported in the CS for this outcome are smaller than both the number randomised

and the FAS for all three trials, but no explanation is provided.
Improvement in asthma symptoms is indicated by an increase in ASUI scores. In all three trials

the ASUI scores showed a greater increase in the reslizumab group than the placebo group,

with the difference being statistically significant in each case.

Version 1 92



Confidential — do not copy or circulate

Table 39 ASUI score: mean change from baseline at 16 weeks

Trial Reslizumab Placebo Mean difference (95% Cl) Source

3082° 0.17° (n=238) 0.11° (n=238) 0.06 (0.03, 0.08); p<0.0001 CS Table 27
3083° 0.12° (n=227) 0.08" (n=224) 0.04 (0.01, 0.06); p=0.0037 CS Table 37
3081° 0.13° (n=101) 0.08" (n=103) 0.05 (0.01, 0.09); p=0.0160 CS Table 49

@ change calculated as weighted average across 16 weeks

®least squares mean

AQLQ responder analysis results are presented in the CS for trial 3082 (week 52; CS section
4.7.1.4), trial 3083 (weeks 16 and 52; CS section 4.7.2.4) and trial 3081 (week 16; CS section
4.7.3.8). In each case the proportion of responders was
I i the reslizumab-treated than the placebo
group. However, the analysis is limited as it was not controlled for multiple testing and we are
unclear whether it was planned or post-hoc. We note that the responder proportion in the

placebo group was | NN <.o. Bl in trial 3082 at 52 weeks) whilst by

comparison the difference in responder rates between reslizumab and placebo groups was

I <o B -sponders in the reslizumab than the placebo group

in trial 3082 at 52 weeks). Due to the limitations in the analysis

I the AQLQ responder analysis

results should be treated with caution.

3.3.6 Other supporting outcomes

The CS presents relatively extensive information on two outcomes which are not specified in the
NICE scope: use of short-acting beta-agonists (SABA), and blood eosinophil concentrations.
The company did not conduct any meta-analyses on these outcomes but we have summarised

the trial results for these outcomes below for completeness.

The four company trials of reslizumab versus placebo provided information on changes in SABA
use (Table 40). For all four trials the sample size reported in the CS for this outcome is smaller

than the number randomised and, where trials defined it, the FAS.

There was a consistent tendency for use of SABA to be reduced more in the reslizumab groups
than the placebo groups, except in trial 3084 which unlike the other trials included some patients
with baseline eosinophil levels <400 per uL. However the difference was only statistically

significant in trial 3081. According to clinical experts advising the ERG, decline in SABA use in
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the placebo group is expected, as effects of trial inclusion and placebo are well known in

asthma trials.

Table 40 SABA use: mean changes from baseline (puffs/day) at 161 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source

3082°
(LS mean)

CS Table 28

30837
(LS mean)

CS Table 38

3081°
(LS mean)

CS Table 50

3084°
(LS mean)

CS Table 55

? change calculated as weighted average across 16 weeks
b change calculated at week 16; data are for total trial population which included patients with baseline
eosinophils <400 and =400 per pL

Five trials reported changes from baseline in blood eosinophil concentrations at 16+1 weeks
(Table 41) and two trials reported this outcome at 52 weeks (Table 42). For all the trials which
reported this outcome, the sample size reported in the CS is smaller than both the number

randomised and, where defined, the FAS.

The reduction in eosinophil concentrations was significantly larger in the reslizumab groups in

all cases.

Table 41 Blood eosinophils: mean or median changes from baseline at 16x1 weeks

Trial Reslizumab Placebo Mean difference (95% CI) Source

3082° | | ] | CS Table 29
(LS mean)

3083° | || | CS Table 39
(LS mean)

3081° | || | CS Table 51
(LS mean)

3084° | ] | ] | ] CS Table 55
(LS mean)

Res-5-0010° | ] | ] | ] Castro et al. %
(median)
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LS: least squares

& change calculated as weighted average across 16 weeks

b typographic error in CS corrected by ERG

¢ change calculated at week 16; data are for total population with baseline eosinophils <400 per uL and
2400 per uL

¢ change calculated at week 15

Table 42 Blood eosinophils: mean or median changes from baseline at 52 weeks

Trial Reslizumab Placebo Mean difference (95% Cl) Source
3082°° —582 (n=243) —127 (n=241) —455 (—491, —419); CS Table 29
(LS mean) | cells/ yL cells/ uL p<0.0001

cells/ uL
3083° —565 (n=230) —76 (n=226) —489 (—525, —453); CS Table 39
(LS mean) | cells/ yL cells/ yL p<0.0001

cells/ yL

LS: least squares
& change calculated as weighted average across 52 weeks
b analysis not controlled for multiplicity

3.3.7 Sub-group analyses results

The NICE scope does not specify any specific subgroups for this appraisal. However, the CS

refers to two subgroups which were analysed in the trials:

Subgroups according to baseline blood eosinophil concentration (trial 3084 only)

Asthma control, lung function and SABA use outcomes in trial 3084 were analysed for the total
trial population and also separately for subgroups of patients who had baseline eosinophil
counts <400 per pL or 2400 per yL. We note that the 2400 per uL subgroup is most relevant to
the definition of elevated blood eosinophils, but sacrifices sample size compared to the total trial
population. Subgroup results are reported for the changes from baseline in FEV1, FVC, ACQ
score and SABA use. The mean increase in FEV1 was statistically significantly larger with
reslizumab than with placebo only in the subgroup with 2400 eosinophils per pL (i.e. there was
no significant difference in the <400 per pL subgroup or the total trial population) (CS Table 54).
The mean changes in FVC and in SABA use did not differ significantly between reslizumab and
placebo in either of the subgroups or the total trial population (CS Table 55). The decline in
ACQ score was significantly larger with reslizumab than with placebo only in the 2489
eosinophils perplsubgreup-and-the total trial population (p=0.0457)-butnotinthe-<400perul
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subgroup (CS Table 55). A limitation of these findings, however, according to the trial

publication,?’ is that the trial was not powered statistically for these subgroup analyses.

‘FEV1 analysis set’ (trials 3082, 3083, 3081)

This refers to analysis of the change from baseline in FEV1 in a subset of patients who had a %
predicted FEV1 at baseline of <85%, i.e. patients with more severe asthma. In trial 3082 the
company conducted analyses “t0” 16 weeks and “over” 16 weeks (for interpretation see section
3.1.6) and these gave different results (CS section 4.7.1.3): the first analysis gave a non-
significant difference in the change from baseline of 0.07 L between reslizumab and placebo
(p=0.0834), whilst the second analysis gave a statistically significant difference of 0.14 L
(p<0.0001). In trial 3083 the same two analyses were conducted and both gave statistically
significant differences favouring reslizumab over placebo (CS section 4.7.2.3): the difference in
mean change “to” 16 weeks was 0.13 L (p=0.0040)whist the difference in change “over” 16
weeks was 0.11 L (p=0.0033). In trial 3081 only an analysis “over” 16 weeks is reported and this
statistically significantly favoured reslizumab compared to placebo (CS section 4.7.3.2), with the
difference in change from baseline being 0.17 L p=0.0066) (CS Table 43). As stated in the CS,
a limitation of these findings is that the trials were not powered statistically for these subgroup

analyses.

The CS (section 4.8) also mentions a subgroup analysis of CAE rates in adult patients at GINA
steps 4 and 5 (i.e. excluding young people aged <18) which classified patients according to
whether or not they were on oral corticosteroids at baseline. The data source appears to be
from several pooled trials but this is not explicitly stated and the subgroup sizes are not reported

in the CS. This analysis is not discussed in the current report.

3.4 Indirect treatment comparison results: reslizumab versus omalizumab

The CS reports an indirect treatment comparison (ITC) for seven outcomes. These are one lung
function outcome (change in FEV1), one asthma control outcome (change in ACQ score), one
HRQoL outcome (change in AQLQ score), two exacerbations outcomes (frequency of clinically
significant exacerbations, and patient hospitalisations due to exacerbations), and two adverse

events outcomes (discontinuations due to adverse events, and serious adverse events)
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3.4.1 Asthma control

Change in ACQ score from baseline to 161 weeks

Five reslizumab trials and two omalizumab trials reported changes in the ACQ score from
baseline to 1611 weeks (Table 43). The omalizumab trials had different comparators (placebo
and optimised asthma therapy) but the ITC Report does not discuss whether they were

equivalent to BSC. One of the omalizumab trials (EXALT) was open-label.

Table 43 Trials included in the ITC for ACQ score change at 161 weeks

Reslizumab trials Omalizumab trials Source
3082, 3083, 3081, 3084 Garcia et al.”" (comparator: placebo) ITC Report
Res-5-0010 EXALT®? (comparator: optimised asthma therapy) Table 43

All trials were 16 weeks except Res-5-0010 (15 weeks)

Note that the sample sizes reported for this outcome in trials 3082 and 3083 in the ITC Report
(ITC Report Table 14) are smaller than those reported for the direct comparison of the same

outcome in the CS (CS Tables 25 & 35). No explanation for this discrepancy is provided.

A direct comparison was conducted for the two omalizumab trials (ITC Report Table 44). The
following results were obtained for the difference between omalizumab and comparator groups
in the ACQ score change from baseline at 161 weeks:

o Fixed-effects mean difference: —0.55 (95% CI —0.73, —0.36)

o Random-effects mean difference: —0.39 (95% CI —0.84, 0.06)

The fixed-effects model but not the random-effects model indicates a significant difference
between omalizumab and the comparator group in the change in the ACQ score. The ITC
Report correctly points out that the fixed-effects model is not appropriate as there was
significant statistical heterogeneity (1>=87%; Cochran test p-value=0.0058). A forest plot in the
ITC report (not reproduced here) shows marked heterogeneity in effect size between the two

omalizumab trials (ITC Report Figure 9).

The company conducted a sensitivity analysis excluding one open-label trial (EXALT), leaving

only the Garcia et al.*' trial in the analysis (ITC Report Table 46). This gave a fixed-effects
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mean difference of 0.00 (95% Cl —0.43, 0.43), indicating no difference in ACQ score changes

between omalizumab and the comparator.

The company conducted an ITC to compare reslizumab against omalizumab using the five
reslizumab and two omalizumab trials, and also conducted a sensitivity analysis of the ITC
excluding the open-label EXALT trial (Table 44). The company concluded that, based on the
random-effects model, reslizumab is comparable to omalizumab in terms of change from
baseline in ACQ score at 16+1 weeks (ITC Report section 3.5.3).

Table 44 ITC results for ACQ score change at 16 weeks

Analysis Difference (95% CI) Source
All trials Fixed-effects estimate 0.30 (0.10, 0.55) ITC Report
Random-effects estimate 0.15 (—0.31, 0.61) Table 45
Excluding 1 open-label Fixed-effects estimate —0.24 (—0.68, 0.19) ITC Report
omalizumab trial Random-effects estimate Not reported Table 47

Change in ACQ score from baseline to 52 weeks

The company could not conduct this analysis due to a lack of trials reporting this outcome.

3.4.2 Exacerbations

The company sought to identify omalizumab trials which provided comparable definitions of
clinically significant exacerbations to those given in the reslizumab trials (ITC Report section
3.7). The process for selecting the omalizumab studies is not entirely clear. We are concerned
that the company has applied their definitions of clinically significant exacerbations
inconsistently to the trials, resulting in the inappropriate exclusion of some omalizumab trials.

This view was corroborated by a clinical expert advising the ERG.

In the ITC Report, reslizumab trials identified “clinically significant exacerbations” as those that
encompass both “moderate” and “severe” exacerbations consistent with the GINA and BTS
SIGN guidelines. As such, only omalizumab trials reporting exacerbation definitions that can be

classified as either moderate or severe according to these two guidelines were considered to be
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comparable to reslizumab trials. The ITC Report classifies the exacerbation definitions in the
trials as to whether they are equivalent to moderate or severe according to ATS/ERS and
GINA/BTS definitions but then does not appear to use this classification when identifying which

trials to exclude or include (ITC Report Table 55).

The company also defines clinically significant exacerbations as “events requiring the use of
systemic corticosteroids and/or unscheduled visit to the hospital, the emergency department
and the general practitioner.” The trials listed in ITC Report Table 55 which have been excluded
because the exacerbation definition “only considers the use of systemic corticosteroid” would

appear to meet the company’s definition of a clinically significant exacerbation.

Due to these inconsistencies it is unclear whether the ITC exacerbation outcome results

summarised below are based on all relevant omalizumab trials.

Rates of clinically significant exacerbations

Three reslizumab trials and three omalizumab trials were identified by the company which they
considered to be comparable in terms of how they defined clinically significant exacerbations
(Table 45). The omalizumab trials had different comparators (placebo and optimised asthma
therapy) but the ITC Report does not discuss whether these were equivalent to BSC.

Table 45 Trials included in the ITC for clinically significant exacerbations

Reslizumab trials Omalizumab trials Source
3082, Chanez et al.™® (comparator: placebo) ITC Report
3083, INNOVATE* (comparator: placebo) Table 55
Res-5-0010 EXALT* (comparator: optimised asthma therapy)

NB: Res-5-0010 reported exacerbations over 15 weeks and INNOVATE over 28 weeks

A direct comparison of clinically significant exacerbation rates in the omalizumab trials is not

provided in the ITC Report.

The Bayesian ITC analysis comparing clinically significant exacerbation rates in reslizumab and
omalizumab trials produced deviance information criterion (DIC) values of 78.06 for the fixed-
effects model and 78.81 for the random-effects model. The company selected the fixed-effects

model based on this very small difference in the DIC. We caution that this is a not an
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appropriate approach, since model fit is arguably less important than model plausibility,?® and a
random-effects model would appear more appropriate given that marked heterogeneity among
the trials was detected by the company (ITC Report Figure 12). Unlike-with-the-otheroutcomes

Results of the random-effects analysis are presented separately in ITC Report Appendix 12 and

are not discussed by the company but we have provided them here for comparison (Table 46).

The company conducted a sensitivity analysis by running the ITC without the open-label
omalizumab study EXALT. This produced DIC values of 64.17 for the fixed-effects model and
65.61 for the random-effects model. The company agai (inappropriately in our opinion) used

the DIC to justify presenting only results for the fixed-effects analysis (Table 46).

Table 46 ITC fixed-effects model results for clinically significant exacerbations

Analysis Comparison Median hazard | Proba- Source
ratio (95% Crl) | bility

All trials, fixed effects Reslizumab vs placebo 0.44 (0.35, 0.56) | 100% ITC Report

analysis Reslizumab vs omalizumab | 0.80 (0.44, 1.44) | 77% Table 57

All trials, random Reslizumab vs placebo 0.43(0.17, 1.10) | 97% ITC Report

effects analysis Reslizumab vs omalizumab | 0.18 (0.18, 2.82) | 71% Appendix 12

Excluding 1 open-label | Reslizumab vs placebo® 0.44 (0.35, 0.56) | 100% ITC Report

omalizumab trial® Reslizumab vs omalizumab | 0.54 (0.26, 1.12) | 95% Table 59

Crl: credible interval

® ERG assumes this is a fixed-effects analysis — not stated explicitly in the CS

The fixed-effects ITC hazard ratio favours reslizumab over omalizumab in terms of having a
lower rate of clinically significant exacerbations and this effect is strengthened in the sensitivity
analysis limited to double-blind studies. The ‘probability’ in Table 46 refers to the Bayesian
probability that reslizumab will perform better than omalizumab; a probability of 100% indicates

reslizumab always performs better. However, in the random-effects analysis the median hazard

ratio for comparing the rate of clinically significant exacerbations between the reslizumab and

placebo groups is considerably smaller (Table 46).

Version 1 100




Confidential — do not copy or circulate

Number of patients hospitalised due to exacerbations

Only one reslizumab trial (Res-5-0010%%) and one omalizumab trial (Busse et al. 2001%°) were
available for the ITC analysis of patients hospitalised due to exacerbations up to 16+4 weeks
(CS Table 61). The company deemed this analysis not to be feasible due to the low numbers of
events reported. In Res-5-0010, only one hospitalisation occurred, suggesting that the short

duration of the trial (15 weeks) was inadequate for assessing hospitalisation rates.

Two reslizumab trials and two omalizumab trials reported the number of patients hospitalised

due to exacerbations up to 52 weeks (Table 47). The omalizumab trials were both open-label.

Table 47 Trials included in the ITC for patients hospitalised due to exacerbations up to 52
weeks

Reslizumab trials Omalizumab trials Source
3082, 3083 Ayres et al.”® (comparator: BSC) (open-label trial) ITC Report
Niven et al.*” (comparator: BSC) (open-label trial) Table 62

The ITC Report presents the percentage of patients hospitalised due to exacerbations in each
arm of the four trials (ITC Report Figure 14, not reproduced here) and this shows that the BSC
arms of the omalizumab trials had higher hospitalisation rates than the placebo arms of the

reslizumab trials.

Note that the ITC report describes the statistical results for this outcome as mean differences

but they are odds ratios, as we have indicated below.

A direct comparison was conducted for the two omalizumab trials (ITC Report Table 63). The
following results were obtained for the difference between omalizumab and BSC in the number
of patients hospitalised due to exacerbations up to 52 weeks:

o Fixed-effects odds ratio: 1.03 (95% CI 0.52, 2.05)

¢ Random-effects odds ratio: 1.03 (95% CI 0.52, 2.05)
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The odds ratios for the fixed-effects and random-effects models are identical and not
significantly different from 1.0, meaning that omalizumab did not differ significantly from BSC in
terms of the odds of patients being hospitalised due to exacerbations. Statistical heterogeneity

was not detected (1°=0%; Cochran test p-value=0.99).

The company conducted an ITC to compare reslizumab against omalizumab using the two
reslizumab trials and two omalizumab trials (Table 48). The pooled odds ratios are identical for
the fixed-effects and random-effects models and are not significantly different from 1.0,
indicating no difference between reslizumab and omalizumab in the odds of experiencing
hospitalisation due to exacerbations up to 52 weeks. However, as mentioned in the ITC Report,
a limitation is that both of the omalizumab trials included in the analysis were open-label (ITC
Report section 3.8.4).

Table 48 ITC results for patients hospitalised due to exacerbations up to 52 weeks

Analysis Odds ratio (95% Cl) Source
All trials Fixed-effects estimate 0.71 (0.26, 1.89) ITC Report
Random-effects estimate 0.71 (0.26, 1.89) Table 64

3.4.3 Lung function

Change in FEV1 from baseline to 1614 weeks

Five reslizumab and three omalizumab trials reported change in FEV1 at 16+4 weeks (Table
49). The omalizumab trials had different comparators but the ITC Report does not discuss

whether they are all equivalent to BSC.

Table 49 Trials included in the ITC for FEV1 change at 164 weeks

Reslizumab trials Omalizumab trials Source
3082, 3083, 3081, Garcia et al.”" (comparator: placebo) ITC Report
3084, Hoshino et al.*® (comparator: “conventional therapy”) Table 35
Res-5-0010 QUALITX* (comparator: “control group”)

All trials were 16 weeks except Res-5-0010 (15 weeks) and QUALITX (20 weeks)
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A direct comparison was conducted for the three omalizumab trials (ITC Report Table 36). The
following results were obtained for the difference between omalizumab and comparator groups
in the FEV1 change from baseline at 16+4 weeks:

o Fixed-effects mean difference: 0.12 L (95% CI 0.06, 0.18)

e Random-effects mean difference: 0.14 L (95% CI 0.05, 0.24)

These differences are significantly greater than zero, meaning that omalizumab was favoured
over the pooled comparator groups. However, there was significant statistical heterogeneity
(1>=72%; Cochran test p-value=0.03), and the changes were less than the minimal clinically
important change in FEV1 of 0.2 L (ITC Report section 3.4.1). The ITC Report mentions that
there were important differences in the FEV1 changes from baseline among the comparator

(placebo and/or BSC) arms of the trials which might explain this heterogeneity.

The company conducted a sensitivity analysis excluding two open-label trials, leaving only the
Garcia et al.*' trial in the direct comparison (ITC Report Table 38). This gave a fixed-effects
mean difference of 0.25 L (95% CI 0.08, 0.42), favouring omalizumab over placebo for

improving FEV1 in this single trial.

Despite the heterogeneity among the omalizumab trials indicated by the direct comparison, the
company conducted an ITC to compare reslizumab against omalizumab using the five
reslizumab and three omalizumab trials (Table 50). The results indicate a lack of clinically
significant or statistically significant differences between reslizumab and omalizumab in the

FEV1 change from baseline to 16+4 weeks.

Table 50 ITC results for FEV1 change at 164 weeks

Analysis Difference (95% CI) Source
All trials Fixed-effects estimate 0.00 (—0.07, 0.08) ITC Report
Random-effects estimate —0.01 (—0.13, 0.01) Table 37
Excluding 2 open-label Fixed-effects estimate —0.13 (—0.3, 0.04) ITC Report
omalizumab trials Random-effects estimate Not reported Table 39

Change in FEV1 from baseline to 52 weeks

Only two reslizumab trials and one omalizumab trial reported change in FEV1 at 52 weeks
(Table 51).
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Table 51 Trials included in the ITC for FEV1 change at 52 weeks

Reslizumab trials Omalizumab trials Source

3082, 3083 Niven et al.’” (comparator: BSC) ITC Report Table 40

A direct comparison of omalizumab versus BSC based on the single trial by Niven et al.*’

a fixed-effects mean difference of 0.32 L (95% CI 0.30, 0.34) (ITC Report Table 41), indicating
the improvement in FEV1 provided by omalizumab was clinically and statistically significantly
better than BSC alone.

gave

Indirect comparison of reslizumab versus omalizumab based on the two reslizumab trials and
one omalizumab trial indicated that, over 52 weeks, FEV1 was improved statistically significantly
more by omalizumab than by reslizumab (Table 52). However, the ITC Report comments that
the difference (0.19 L) was less than that considered to be clinically important (0.2 L) (ITC
Report section 3.4.4).

Table 52 ITC results for FEV1 change at 52 weeks

Analysis Difference (95% CI) Source
All trials Fixed-effects estimate —0.19 (—0.25, —0.13) ITC Report
Random-effects estimate Not reported Table 42

3.4.4 Adverse events

Discontinuations due to adverse events up to 16 weeks
Three reslizumab trials and two omalizumab trials reported discontinuations due to adverse

events up to 16 weeks (Table 53).

Table 53 Trials included in the ITC for discontinuations due to adverse events up to 16
weeks

Reslizumab trials Omalizumab trials Source
3081, 3084, Chanez et al.*® (comparator: placebo) ITC Report
Res-5-0010 Ohta et al.*° (comparator: placebo) Table 65

A direct comparison was conducted for the two omalizumab trials (ITC Report Table 66). Note

that the ITC report describes the statistical results for this outcome as mean differences but they
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are odds ratios, as we have indicated below. The following results were obtained for the
difference between omalizumab and placebo groups in the number of patients hospitalised due
to exacerbations up to 52 weeks:

o Fixed-effects odds ratio: 0.73 (95% CI 0.27, 2.03)

o Random-effects odds ratio: 0.73 (95% CI 0.27, 2.03)

The odds ratios for the fixed-effects and random-effects models are identical and not
significantly different from 1.0, indicating no difference between omalizumab and placebo in the
odds of experiencing discontinuations due to adverse events up to 16 weeks. Statistical

heterogeneity was not detected (1>=0%; Cochran test p-value=0.34).

The company conducted an ITC to compare reslizumab against omalizumab using the two
reslizumab trials and two omalizumab trials (Table 54). The pooled odds ratios are identical for
the fixed-effects and random-effects models and are not significantly different from 1.0,
indicating no difference between reslizumab and omalizumab in the odds of experiencing

discontinuations due to adverse events up to 16 weeks (ITC Report section 3.9.3).

Table 54 ITC results for discontinuations due to adverse events up to 16 weeks

Analysis Odds ratio (95% CI) Source
All trials Fixed-effects estimate 1.13(0.17, 7.62) ITC Report
Random-effects estimate 1.13 (0.17, 7.62) Table 67

Discontinuations due to adverse events up to 52+4 weeks
Two reslizumab trials and one omalizumab trial reported discontinuations due to adverse events

up to 5214 weeks (Table 55).

Table 55 Trials included in the ITC for discontinuations due to adverse events up to 524
weeks

Reslizumab trials Omalizumab trials Source

3082, 3083 EXTRA"" (comparator: placebo) ITC Report Table 68

All trials were 52 weeks except EXTRA (48 weeks)

A direct comparison of omalizumab versus placebo based on the single EXTRA trial gave a
fixed-effects odds ratio of 1.46 (0.67, 3.18) (ITC Report Table 69) which indicates that the odds
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of experiencing discontinuations due to adverse events up to 52+4 weeks did not differ

significantly between omalizumab and placebo.

The company conducted an ITC to compare reslizumab against omalizumab using the two
reslizumab trials and one omalizumab trial (Table 56). The fixed-effects odds ratio did not differ
significantly from 1.0, indicating no difference between reslizumab and omalizumab in the odds
of experiencing discontinuation due to adverse events up to 52+4 weeks (ITC Report section
3.9.6).

Table 56 ITC results for discontinuations due to adverse events up to 524 weeks

Analysis Odds ratio (95% Cl) Source
All trials Fixed-effects estimate 0.48 (0.16, 1.43) ITC Report
Random-effects estimate Not reported Table 70

Serious adverse events up to 16 weeks

Three reslizumab trials and four omalizumab trials reported discontinuations due to adverse

events up to 16 weeks (Table 57).

Table 57 Trials included in the ITC for serious adverse events up to 16 weeks

Reslizumab trials Omalizumab trials Source
3081, 3084, Garcia et al.”! (comparator: placebo) ITC Report Table 71
Res-5-0010 Busse et al.** (comparator: placebo)

Chanez et al.** (comparator: placebo)

Ohta et al.*° (comparator: placebo)

Note that the ITC report describes the statistical results for this outcome as mean differences
but they are odds ratios, as we have indicated below. A direct comparison of omalizumab
versus placebo based on the four omalizumab trials gave identical fixed-effects and random-
effects odds ratios of 0.79 (95% C1 0.39, 1.59) (ITC Report Table 72), indicating that the odds of
experiencing serious adverse events up to 16 weeks did not differ significantly between

omalizumab and placebo. No statistical heterogeneity was detected (1>=0; Cochran test p=0.51).

The company conducted an ITC to compare reslizumab against omalizumab using the three

reslizumab trials and four omalizumab trials (Table 58). The fixed-effects and random-effects
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odds ratios were identical and did not differ significantly from 1.0, indicating no difference
between reslizumab and omalizumab in the odds of experiencing serious adverse events up to
16 weeks (ITC Report section 3.10.3).

Table 58 ITC results for serious adverse events up to 16 weeks

Analysis Odds ratio (95% CI) Source
All trials Fixed-effects estimate 1.04 (0.4, 2.68) ITC Report
Random-effects estimate 1.04 (0.4, 2.68) Table 73

Serious adverse events up to 5214 weeks

Two reslizumab trials and two omalizumab trials reported discontinuations due to adverse
events up to 52+4 weeks (Table 59). The trials had different comparators, placebo and BSC,

and the trial by Ayres et al.*® was open-label.

Table 59 Trials included in the ITC for serious adverse events up to 524 weeks

Reslizumab trials Omalizumab trials Source

3082, 3083 Ayres et al.”® (comparator: BSC) ITC Report Table 74
EXTRA"" (comparator: placebo)

All trials were 52 weeks except EXTRA (48 weeks)

A direct comparison of omalizumab versus placebo/BSC based on the two omalizumab trials
gave identical fixed-effects and random-effects odds ratios of 1.00 (95% CI 0.69, 1.46) (ITC
Report Table 75), indicating that the odds of experiencing serious adverse events up to 52+4
weeks did not differ significantly between omalizumab and placebo/BSC. No statistical
heterogeneity was detected (1°=0; Cochran test p=0.36).

Sensitivity analysis of the effect of excluding the open-label trial, i.e. basing the analysis only on
the EXTRA trial, gave a fixed-effects odds ratio of 0.89 (95% CI 0.57, 1.40) which also indicated

no statistically significant difference between omalizumab and placebo/BSC.

The company conducted an ITC to compare reslizumab against omalizumab using the two
reslizumab trials and two omalizumab trials (Table 60). The fixed-effects and random-effects
odds ratios were identical and did not differ significantly from 1.0, indicating no difference

between reslizumab and omalizumab in the odds of experiencing serious adverse events up to
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5214 weeks. A sensitivity analysis in the ITC which excluded the open-label omalizumab ftrial

also gave a non-significant odds ratio (Table 60) (ITC Report section 3.10.7).

Table 60 ITC results for serious adverse events up to 524 weeks

Analysis Comparison Odds ratio (95% CI) Source
All trials Fixed-effects model 0.71 (0.4, 1.24) ITC Report
Random-effects model 0.71 (0.4, 1.24) Table 76
Excluding 1 open-label Fixed-effects model 0.80 (0.43, 1.48) ITC Report
omalizumab trial® Random-effects model Not reported Table 78

?|TC Report Table 78 incorrectly states the EXALT trial was excluded (the excluded trial was Ayres et

al.*®).

3.4.5 HRQoL

Change in AQLQ score from baseline to 1614 weeks

Four Three reslizumab trials and one omalizumab trial reported changes in AQLQ score from
baseline to 164 weeks (Table 61). The omalizumab trial (QUALITX) had a comparator
described as a ‘control group’ but the ITC Report does not discuss whether this is equivalent to
BSC.

Table 61 Trials included in the ITC for AQLQ score change at 164 weeks

Reslizumab trials Omalizumab trials Source

3082, 3083, 3081 Res-5-0010 | QUALITX® (comparator: “control group”)? ITC Report Table 48

All trials were 16 weeks except Res-5-0010 (15 weeks) and QUALITX (20 weeks)
 |ITC Report incorrectly states that the QUALITX comparator was a placebo (ITC Report Table 49)

Note that the sample sizes reported for this outcome in trials 3082, 3083 and 3081 in the ITC
Report (ITC Report Table 16) are smaller than those reported for the direct comparison of the
same outcome in the CS (CS Tables 24, 34, 48). No explanation for this discrepancy is

provided.
The ITC Report presents the changes from baseline in each arm of four of the trials {exeluding

Res-5-0010) (ITC Report Figure 10, not reproduced here), which illustrate that both arms in

each of the trials 3082, 3083 and 3081 achieved a clinically significant improvement in the
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AQLQ score (i.e. at least 0.5 points) from baseline to 164 weeks. However, in the QUALITX
trial of omalizumab versus a control group (which the ITC Report incorrectly labels as placebo),
only the omalizumab arm achieved a clinically significant improvement from baseline in the
AQLQ score.

A direct comparison of omalizumab versus the control group based on the single QUALITX trial
gave a fixed-effects mean difference of 0.80 (95% CI 0.47, 1.13) (ITC Report Table 49), indicating
the improvement in AQLQ score provided by omalizumab was statistically significantly better

than the control group.

The company conducted an ITC to compare reslizumab against omalizumab using the fewr
three reslizumab trials and one omalizumab trial (Table 62). The company concluded that the
results of the ITC were statistically significant but the ITC Report does not comment on the fact
that the difference favours omalizumab over reslizumab for improving the AQLQ score.
However, as acknowledged in the ITC Report, the single included omalizumab trial was open-
label, and the impact on the analysis results of excluding open-label studies could not be
explored (ITC Report section 3.6.3).

Table 62 ITC results for AQLQ score change at 1614 weeks

Analysis Difference (95% CI) Source
All trials Fixed-effects estimate —0.56 (—0.92, —0.20) ITC Report
Random-effects estimate Not reported Table 50

Change in AQLQ score from baseline to 52+4 weeks

Two reslizumab trials and one omalizumab trial reported change in AQLQ score from baseline
to 5214 weeks (Table 63).

Table 63 Trials included in the ITC for AQLQ score change at 524 weeks

Reslizumab trials Omalizumab trials Source

3082, 3083 EXTRA"" (comparator: placebo) ITC Report Table 51

All trials were 52 weeks except EXTRA (48 weeks)

The ITC Report presents the changes from baseline in each arm of the three trials (ITC Report

Figure 11, not reproduced here) which illustrate that both arms in each trial achieved a clinically
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significant improvement in the AQLQ score (i.e. at least 0.5 points) from baseline to 52+4

weeks.

A direct comparison of omalizumab versus placebo based on the single EXTRA trial gave a
fixed-effects mean difference of 0.23 (95% CI 0.07, 0.39) (ITC Report Table 52), indicating the
improvement in AQLQ score provided by omalizumab was statistically significantly better than

the placebo group.

The company conducted an ITC to compare reslizumab against omalizumab using the two
reslizumab trials and one omalizumab trial (Table 64). Results of the ITC were not statistically
significant for the AQLQ score change to 52+4 weeks (ITC Report section 3.6.6).

Table 64 ITC results for AQLQ score change at 5214 weeks

Analysis Difference (95% CI) Source
All trials Fixed-effects estimate 0.10 (—0.11, 0.31) ITC Report
Random-effects estimate Not reported Table 53

3.5 Summary of clinical effectiveness evidence

3.5.1 Direct comparison of reslizumab against placebo

Direct comparison meta-analysis

The direct comparison meta-analysis based on data from the five included RCTs, where
available, showed reslizumab was favoured statistically significantly over placebo for:
¢ Asthma control (ACQ score) change at 16 weeks (except not significant in trial 3084
which included some patients with blood eosinophil counts <400 per pL) (not analysed at
52 weeks);
e Rates of clinically significant exacerbations;
e Lung function: FEV1 change at 16 and 52 weeks;
e HRQoL: AQLQ change at 16 and 52 weeks
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The direct comparison meta-analysis showed that reslizumab was not significantly different to
placebo for:

o Rates of exacerbations requiring hospital and/or emergency room visits

e Rates of discontinuation due to adverse events up to 16 and 52 weeks

o Serious adverse events up to 52 weeks (16 weeks not analysed)

Direct comparison outcomes not meta-analysed

For outcomes which were reported in the CS but not meta-analysed, consistent results across
the individual trials suggested that reslizumab was favoured over placebo for:

o Rates of clinically significant exacerbations requiring systemic corticosteroids over =3

days;

o Rates of clinically significant exacerbations requiring oral corticosteroids over 23 days;

e The probability of experiencing a CSE over 52 weeks;

e Lung function: %predicted FEV1 change at 16 and 52 weeks;

e Lung function: FVC change at 16 and 52 weeks (except not significant in trial 3084);

e HRQoL: ASUI score change at 16 weeks (52 weeks not analysed);

e Blood eosinophil concentrations at 16 and 52 weeks.

SABA use was decreased more in reslizumab than placebo patients in most trials but only in

one trial was the difference statistically significant.

For outcomes which were reported in the CS but not meta-analysed, consistent results across
the individual trials suggested that reslizumab was not significantly different to placebo for:
e The proportion of patients requiring hospitalisation due to exacerbations (although the
number of events was relatively low);

e Lung function: FEF,s5.759, change at 16 weeks (not analysed at 52 weeks).

Reslizumab appears to have a relatively good safety profile. Adverse events based on the open-
label study 3085 showed that generally, placebo-treated patients had a slightly higher proportion
of adverse events than reslizumab-treated patients, or the proportions in both groups were
similar. Separate data for patients with continuous reslizumab treatment and those previously

treatment naive were not reported and it is unclear if this may have had an impact on the long-
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term adverse event rates of reslizumab. Only one death occurred among the five trials (in the
placebo group of trial 3082).

3.5.2 ITC of reslizumab against omalizumab

Asthma control (change in ACQ score) did not differ between reslizumab and omalizumab, and

a sensitivity analysis including only double-blind omalizumab trials gave the same result.

The rate of CSE was significantly lower for reslizumab than omalizumab, and a sensitivity
analysis including only double-blind omalizumab trials gave the same result. However, this was
based only on a fixed-effects analysis whereas a random-effects model would have been more

appropriate.

The frequency of hospitalisations due to exacerbations (not analysed at 16 weeks) did not differ
between reslizumab and omalizumab at 52 weeks. However, only open-label omalizumab trials

were available.

Lung function, assessed by change in FEV1, did not differ between reslizumab and omalizumab
at 16 weeks but at 52 weeks was statistically significantly (and almost clinically significantly)

better in omalizumab treated than reslizumab treated patients.

Both the rate of discontinuations due to adverse events and the frequency of serious adverse

did not differ significantly between reslizumab and omalizumab treated patients.

HRQoL as assessed by the change in AQLQ, statistically favoured omalizumab over reslizumab

at 16 weeks, but did not differ between reslizumab and omalizumab at 52 weeks.

3.5.3 Strengths and limitations of the clinical effectiveness evidence

Strengths
e The CS and ITC report are generally well structured and clearly presented.

o All relevant studies appear to have been located by the company.
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With the exception of trial Res-5-0010, the included trials are described clearly and in
detail.

The included trials are of generally high quality.

Limitations

The trials had relatively short duration (52 weeks) considering the chronic nature of
severe asthma; trial Res-5-0010 had a duration of only 15 weeks.

Not all available lung function and AQLQ HRQoL outcomes were included in the direct
comparison meta-analysis and ITC and there is lack of clarity in the CS and ITC report
over the rationale for selecting some outcomes: feasibility assessments were incorrectly
reported and poorly explained. In particular, inconsistent application of definitions of

clinically significant exacerbations may have resulted in some omalizumab trials being

excluded unnecessarily from the ITC.

For most outcomes the sample sizes are smaller than the number of patients
randomised and, wehre defined, also smaller than the FAS; no explanation is provided in
the CS for missing data.

The company has conducted more statistical tests than necessary which might increase
the risk of type | errors. It is unclear why two different analyses for changes from
baseline were conducted; the company does not specify which is the preferred analysis;
and the analyses are not consistently reported across all outcomes.

Trial 3084 included patients with a wider range of baseline blood eosinophil counts than
in the other trials. The trial publication indicates 80% of the trial population had blood
eosinophils <400 per yL. A subgroup of patients with counts 2400 per puL would be most
consistent with the other trials but at the expense of sample size. Sensitivity analyses to
check the impact of the different patient subgroups in this trial were not conducted.

Due to lack of relevant trials, the ITC is based on an assumption that the effectiveness of
omalizumab in patients with elevated blood eosinophils is the same as that in patients
with IgE-mediated asthma; however, the evidence for or against this is not discussed.
For the ITC the company has assumed that placebo is comparable to BSC but no

explanation is provided. Some of the omalizumab trials included in the ITC had
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comparator groups which were not described as placebo or BSC but the company has
not mentioned or discussed this.

e The company did not adequately assess the homogeneity of trials before including them
in the ITC; the ERG agrees that for many variables the trials appear broadly

homogeneous, but we note differences in exacerbation history which suggest that

patients in omalizumab trials had more severe asthma than those in reslizumab trials.

o The results of the ITC do not directly inform the company’s health economic analysis.

4 COST EFFECTIVENESS

4.1 Overview of the company’s economic evaluation
The company’s submission to NICE includes:

i) areview of published economic evaluations of pharmacological interventions for severe
eosinophilic asthma.

ii) areport of an economic evaluation undertaken for the NICE STA process. The cost
effectiveness of reslizumab is compared with best standard of care and to omalizumab

for patients with severe eosinophilic asthma.

4.2 Company’s review of published economic evaluations

A systematic search of the literature was conducted by the manufacturer to identify economic
evaluations, outcomes, and data related to the treatment of asthma patients. This search
included components designed to identify HRQoL and cost data in addition to full economic
evaluations published as of April 4, 2016 (the search date was not explicitly stated). MEDLINE,
MEDLINE In-process, Embase, and EconLit were searched to identify information resources
published after 2006. No justification for the choice of a cut-off date of 2006 was provided. No
searches were conducted using the NHS Economic Evaluation Database or the HTA database,
two databases commonly used for cost-effectiveness evidence searches. In addition to
excluding randomised controlled trials, studies that did not present UK-based economic
evaluations were excluded. This exclusion was not listed in the CS, but was provided in a

supplementary report describing the systematic review of economic evidence,*? which hereafter
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is referred to as the Amaris SLR Report. The company reports their search strategy in CS

Appendix 6.

Additional searches were conducted to identify conference presentations at meetings of:

e European Respiratory Society (ERS)

e American Thoracic Society (ATS)

e British Thoracic Society (BTS)

e American College of Chest Physicians (CHEST)
e The American Academy of Allergy, Asthma and Immunology (AAAAI)

A clinical expert advising the ERG suggested that the company should also have searched the

International Severe Asthma Forum (ISAF) and the European Academy of Allergy and Clinical

Immunology (EAACI).

Table 65 Inclusion and exclusion criteria for the systematic reviews of cost-effectiveness

and HRQoL studies

Inclusion criteria

Exclusion criteria

Population e Severe asthma e Non-human
e Adults e Not severe asthma
e Not including adults, or mixed
population of adults and children
e Mixed asthma populations (e.g.
moderate and severe)
Intervention All asthma therapies
Comparators All asthma therapies
Outcomes The outcome measures to be considered for Not including at least one outcome
the economic evaluation and QoL include but | of interest based on inclusion criteria
are not limited to:
e Costs and resource use
o Utilities
e Modelled health states
e  Other economic outcomes
e Patients utility scores and QoL data
Study design Study type of interest: RCTs

Health economic evaluation
Model-based cost-effectiveness studies
Population-based study

Cost-effectiveness studies based on
observational data

Non-UK economic evaluations
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Inclusion criteria Exclusion criteria

Language English Any language other than English
restrictions

Adapted from CS Table 98, p.178; and Amaris Systematic Literature Review report™

In addition to the searches of conference websites, a hand search was conducted for health
technology assessments on the National Institute for Health and Care Excellence (NICE
website). See Section 3.1 of this report for the ERG critique of the search strategy. Additionally,
whilst the NHS Economic Evaluation Database (NHS EED) is no longer being updated, it does
contain references until December 2014 for economic evaluations, and therefore may contain

relevant studies that may have been missed by the grey literature searches.

Screening was conducted by two independent investigators at both title and abstract and full
text screening stages, any disagreements were settled through consensus with a third
investigator. In order for a study to be included, it had to meet all inclusion criteria and none of
the exclusion criteria (Table 65). For cost-effectiveness studies, the study design was required
to be a UK based economic model; whilst for HRQoL studies observational studies were
required. The inclusion and exclusion criteria for the systematic review of cost-effectiveness and

the systematic review of HRQoL studies are reported in Table 65.

Inclusion and exclusion criteria reported in CS Table 98 did not include all criteria listed in the
Amaris SLR Report, and the intervention field in CS Table 98 incorrectly requires all studies
have reslizumab as the intervention. We have corrected errors in CS Table 98 and incorporated

inclusion and exclusion criteria from the Amaris SLR Report in Table 65.

Figure 5 reproduces the company’s flow diagram (CS Figure 40, page 179) for the systematic

review of economic evaluations, HRQoL studies and resource use studies.
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Figure 5 Flow diagram for the review of cost-effectiveness, HRQoL and healthcare
resource use evidence

The systematic review identified 2,681 titles and abstracts, including 7 references identified
through grey literature searches. Of the references identified, 2661 2,660 were excluded. The
primary reasons for exclusion were “not population of interest” (970 references), “not study type
of interest” (933 references), “not including outcome of interest” (326 references), and “not
country of interest” (234 references). The “not population of interest” exclusion criterion was
broken down into three categories: “not asthma or mixed severity population” (402 references);
“not severe asthma or mixed severity population” (273 references); and “not adults, only
children or mixed population” (295 references). In total, 13 HRQoL studies, three cost studies

and five economic evaluation studies were included, resulting in 19 studies, in total being
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43,44 \were identified

The CS reports that five cost-effectiveness studies were included in the systematic review of

economic evaluations. These studies are summarised in Table 66 (adapted from CS Table 99).

Table 66 Summary of included cost-effectiveness studies
Study Summary Interventions Patient population
of model

Faria et al. 2014 Markov Omalizumab, BSC Patients uncontrolled at GINA Step 4 and in

(Adapted analysis | model the process of moving up to GINA Step 5,

of Norman et al.)* and patients controlled at Step 5 whose
asthma would be uncontrolled if they were on
Step 4 therapy, presented separately by age
(adults and adolescents aged over 12 years
and children aged 6-11 years).

Faria et al.2013% Markov Omalizumab, BSC Patients with severe asthma

model

Norman et al. Markov Omalizumab, BSC Adults and adolescents (greater than 12

2013% model years old) with severe uncontrolled asthma)

Willson et al. Markov Teotropium The “PrimoTinA-asthma” clinical trials

2014* model bromide, BSC recruited asthma patients who were poorly
controlled, confirmed by an ACQ-7 score
=1.5 despite usual care comprising at least a
high-dose ICS/LABA. Patients were also
assumed to receive high-dose ICS/LABA as
controller therapy.

Mepolizumab NICE | Markov Mepolizumab, Adults with severe refractory eosinophilic

technologg model omalizumab, BSC asthma with a blood eosinophil count of 2150

appraisal4 cells/yL at initiation of treatment; and

=4 exacerbations in the previous year or
dependency on maintenance OCS

All HRQoL and cost studies underwent quality assessment by the company using the

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklis

t.49

Economic evaluations were quality assessed by the company using the checklist for economic

evaluations in the Developing NICE guidelines: the manual publication.®

Limitations of the company’s systematic reviews

Consultation with clinical experts indicated that there was no fundamental reason to believe that

asthma symptoms or populations would be significantly different between different countries,
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which weakens any justification for limiting economic evaluations to the UK. We ran some
targeted searches to identify whether some studies may have been missed due to the
company’s exclusion criteria. In the CRD NHS EED and HTA databases we used the search
term “severe asthma,” and imposed no limitations on mixed populations, country of origin, or
study design (non-UK models and RCTs were allowed). We limited studies to those published in
the last 15 years with adult populations. This search identified four economic evaluations not
identified by the company’s searches: Brown and colleagues,® Dewilde and colleagues,
Gerzeli and colleagues,® and Morishima and colleagues.>* Brown and colleagues, Dewilde and
colleagues, and Morishima and colleagues were omalizumab economic evaluations in patients
with severe asthma.®" %2 % Gerzeli and colleagues evaluated the cost-effectiveness of
beclomethasone/formoterol versus fluticasone propionate/salmeterol in patients with moderate

to severe asthma.

In addition to the limitations of the company’s systematic reviews noted above, the systematic
reviews of HRQoL and resource use/cost studies did not include RCTs, which had the effect of

excluding the pivotal reslizumab RCTs from consideration in the HRQoL review.'

It is unclear whether any of the mixed population studies contained data on relevant subgroups,
so it is possible that relevant data and analyses were excluded from consideration. Given that
there were hundreds of studies excluded for this reason, it was not feasible for the ERG to
assess the relevance of these studies. It is also unclear why economic evaluations and HRQoL
data from outside the UK were not considered relevant. It is understandable to omit resource
use and cost data as these data are often healthcare system dependent, but HRQoL data are
often applicable across countries and economic models are frequently adaptable to multiple

settings.

4.3 Critical appraisal of the company’s submitted economic evaluation

The following sections outline the ERG critical appraisal of the company’s submitted economic

evaluation.

4.3.1 NICE reference case

We have used the NICE reference case requirements to critically appraise the company’s

submitted economic evaluation, as shown in Table 67.
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NICE reference case requirements: Included in Comment
submission

Decision problem: As per the scope developed by Yes

NICE

Comparator: As listed in the scope developed by NICE Yes

Perspective on costs: NHS and PSS Yes

Evidence on resource use and costs: Costs should Yes

relate to NHS and PSS resources and should be

valued using the prices relevant to the NHS and PSS

Perspective on outcomes: All direct health effects, Yes

whether for patients or, when relevant, carers

Type of economic evaluation: Cost utility analysis with Yes

fully incremental analysis

Synthesis of evidence on outcomes: Based on a Yes Inclusion/exclusion criteria for

systematic review

systematic review of cost-
effectiveness, HRQoL and costs
reported in section 3.1

Time horizon: Long enough to reflect all important Yes

differences in costs or outcomes between the

technologies being compared

Measuring and valuing health effects: Health effect Yes HRQoL data were expressed in

should be expressed in QALYs. The EQ-5D is the QALYs using EQ-5D-3L. Details

preferred measure of health related quality of life. of health effect measurement are
reported in Section 0.

Source of data for measurement of health related Yes HRQoL data were derived from

quality of life: Reported directly by patients and/or two studies that used data

carers. reported directly by patients.

Source of preference data: Representative sample of Yes Valuation used the UK valuation

the UK population set for EQ-5D-3L.

Equity considerations: An additional QALY has the Yes

same weight regardless of the other characteristics of

the individuals receiving the health benefit.

Discount rate: 3.5% p.a. for costs and health effects Yes

Overall, the company has adhered to the recommendations of the NICE reference case.

4.3.2 Model Structure

The company constructed a Markov cohort model in Microsoft Excel to compare patients treated

with reslizumab with those treated with omalizumab and best standard of care (BSC). A

schematic of this model is provided in Figure 6. The model uses four week cycles in line with

treatment cycles and a lifetime horizon (60 years). The analyses were conducted from the NHS
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and PSS perspective, with discounting for costs and health benefits at 3.5% per year. Half-cycle

correction was not included in the model.

All-cause mortality

Controlled asthma Uncontrolled

asthma
Moderate Severe Asthma related
exacerbation exacerbation death

Figure 6 Schematic of company’s model structure

The model is comprised of six mutually exclusive health states: Controlled asthma, uncontrolled
asthma, moderate exacerbation, severe exacerbation, asthma-related death and all-cause
mortality. It is assumed that patients can only die of asthma-related death having suffered a
severe exacerbation. Patients enter the model in the uncontrolled asthma health state. Patients
then transition between health states according to the transition probabilities (described in
section 4.3.5).

The company states that the controlled and uncontrolled health states were defined based on
the ACQ score in line with the BTS/SIGN guidelines,® where patients are classed as having
uncontrolled asthma if their ACQ score is 21.5. The severity of exacerbation is defined
according to the ERS/ATS guidelines,” as advised by their clinical experts, where a moderate
exacerbation is defined to be associated with one or more of the following events: deterioration
of symptoms; deterioration in lung function; increased rescue bronchodilator use but not severe
enough to require additional use of systemic corticosteroids. A severe exacerbation is defined

as an exacerbation requiring the use of additional systemic steroids.

In the model, patients treated with omalizumab are subject to a response rule at 16 weeks,

based upon their treatment response, in line with the omalizumab SmPC.% In a similar way,
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patients treated with reslizumab are assessed for response at ||| ]l and the company
states that this time-point was chosen because it represents the time by which improvements in

asthma impairment can be measured in most patients based on the results of the Phase 3 trials.

The assessment of treatment response is calculated using

In the model, patients identified as non-responders transfer to the BSC treatment arm and then
observe the BSC transition probabilities and costs for the remainder of the time horizon. Other
patients (responders and those with an undetermined response status) are assumed to continue
treatment beyond 16 weeks. In the model, patients are assumed to be assessed every year in
line with the reslizumab SmPC. Patients who remain in the uncontrolled or exacerbation health
states for one year will discontinue treatment. The company states that this assumption was
validated by a panel of UK clinical experts. Patients treated with omalizumab follow the same

discontinuation rules.

The company does not provide a rationale for the choice of model structure. The ERG considers
the company’s model structure to be appropriate. We note that it differs from the structure used
in previous technology appraisals for omalizumab'? and mepolizumab.*® Further, other previous
published models for severe asthma have used slightly different model structures. The
technology appraisal for omalizumab uses states for ‘day to day asthma symptoms’ (on either
omalizumab or standard therapy), rather than uncontrolled and controlled health states. The
technology appraisal for mepolizumab was based on a treatment model with health states for

on-treatment pre-assessment, on-treatment post-assessment and off-treatment and death.

4.3.3 Population

The population defined in the NICE scope is adults with asthma and elevated blood eosinophils

inadequately controlled by inhaled corticosteroids. This population is considered equivalent to
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patients at Steps 4 and 5 of the BTS/SIGN and GINA treatment pathway (Figure 7).° Patient
characteristics in the different arms of the pivotal trials used in this assessment were considered
similar and well balanced, with a mean age from 43.0 years (trial 3081) to 47.5 years (trial 3083)
and with more females enrolled in each trial than males (see section 3.1.3.2). The patient
population considered for the company base case analysis was adult patients with asthma and
elevated blood eosinophils aged 46.8 years with 63% females, at GINA Steps 4 and 5, who had
experienced at least three exacerbations in the preceding year. It is not clear from the NICE
scope how “elevated blood eosinophils” is defined in clinical practice, and the scope does not
specify the number of exacerbations experienced in the preceding year. However, a clinical
expert advising the ERG agreed that the threshold of >400 cells/uL for elevated blood
eosinophils, and the distinction of 23 exacerbations employed by the company are reasonable.
We also note that the second Appraisal Consultation Document for mepolizumab (June 2016)
stated that the committee concluded for that appraisal that a blood eosinophil count of >300
cells/uL (ACD2 4.4, page 28) and =4 exacerbations in the previous year (ACD2 4.5, page 28)
were appropriate criteria to define the population of interest. For comparison, the marketing
authorisation for mepolizumab (“severe refractory eosinophilc asthma in adults”) is different to
the marketing authorisation for reslizumab (“adult patients with severe eosinophilic asthma
inadequately controlled despite high-dose ICS plus another medicinal product for maintenance

treatment”).
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Source: SIGN 141 British guideline on the management of asthma
Figure 7 Stepwise management of adults from SIGN/BTS guidelines

4.3.4 Interventions and comparators

Intervention: Add-on reslizumab

The intervention therapy is reslizumab, an intravenously administered infusion, as an add-on
therapy to BSC. Reslizumab is a monoclonal anti-IL-5 antibody, indicated for adult patients with
severe eosinophilic asthma. Reslizumab is currently available in 10ml vials containing 100mg of
reslizumab. However, given that a 25mg vial size will shortly be available, the base case
analysis is based on this option. The recommended dose of reslizumab, 3.0mg per kg body
weight, is administered once every four weeks. Reslizumab is intended for long-term treatment
and the decision to continue therapy is based on disease severity and level of exacerbation
control.

Comparator 1: Add-on Omalizumab
Omalizumab as add-on therapy to BSC is a comparator for patients with severe persistent
allergic asthma with elevated blood eosinophils. Omalizumab is a humanised monoclonal anti-
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IgE antibody, recommended by NICE (TA278) as an option for treating severe persistent
confirmed allergic IgE-mediated asthma in people who need continuous or frequent treatment
with oral corticosteroids (defined as 4 or more courses in the previous year). The add-on
omalizumab considered in this submission is available in a 75mg pre-filled syringe, administered

every four weeks.

Comparator 2: Best standard of care (BSC) alone

BSC is defined in the CS as being based on the use of a Personal Asthma Action Plan, the
avoidance of environmental/dietary triggers and the use of recommended medications
(described in section 2.3). The CS states that their definition matches the BTS/SIGN guidelines.
In the company model, BSC was given the same effect as the placebo arms from the pivotal

trials.

The anti-IL-5 monoclonal antibody mepolizumab is licensed as an add-on treatment for severe
refractory eosinophilic asthma in adults, but is not considered as a comparator in the NICE

scope for this assessment.

4.3.5 Clinical effectiveness parameters

For each treatment arm, the company estimated sets of probabilities for transitions between the
six health states in their model: “controlled asthma”, uncontrolled asthma”, “moderate
exacerbations” and “severe exacerbations”, and the two mortality states “asthma related

mortality” and “all-cause mortality”.

As noted above, for the two active treatment arms (reslizumab and omalizumab) the model
included assessments for response at week 16, at week 52, and at each year thereafter, and
patients categorised as non-responders at these times were assumed to stop treatment and
transfer to the BSC arm. The model therefore included three sets of transition probabilities for
reslizumab and for omalizumab, covering the three periods of time: 0 to 16 weeks, 16-52 weeks
and post 52 weeks. Thus, the model included 7 transition matrices in total: one for BSC and

three each for reslizumab and omalizumab.
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The company conducted a systematic literature review and direct and indirect meta-analyses to
identify and summarise evidence of the efficacy and safety of reslizumab versus BSC and
versus omalizumab, as described in section 3 above. However, they used data from separate
arms of studies 3082 and 3083 to estimate the transition matrices for BSC and reslizumab,
rather than using comparative relative risk estimates from their meta-analysis. The company
reports that transition probabilities for omalizumab were estimated using relative rates of
exacerbations compared with BSC from their ITC report (see section 3.1.7.3) for 0-16 weeks,

and from the omalizumab HTA *° for post-16 weeks.

Each transition matrix was estimated using a four stage process:

1) the conditional probabilities of transitions between the three mutually exclusive states of
controlled asthma, uncontrolled asthma and exacerbation (pooling together moderate and
severe) were estimated,;

2) the exacerbation probabilities were adjusted using a multiplier based on the observed rates
of exacerbations in the year before baseline in studies 3082 and 3083, in an attempt to
reflect rates of exacerbations expected in clinical practice;

3) the exacerbations were then divided into ‘moderate’ and ‘severe’ categories, based on an
estimate of the percentage of exacerbations that were severe in studies 3082 and 3083;
and

4) the probabilities of non-fatal transitions were adjusted for asthma-related mortality following
hospitalisation (estimated by a clinical expert) due to severe exacerbations® and for all-

cause mortality.

The sources and methods of calculation for each set of transition probabilities are described in

more detail below.

4.3.5.1 BSC treatment arm

For the BSC arm, transition probabilities were computed using patient level data from the
placebo arms of trials 3082 and 3083. Within these studies, the patients were classified in one
of three mutually-exclusive health states at each study visit: controlled asthma, uncontrolled
asthma and exacerbation (including both moderate and severe exacerbations). The sample
used to estimate the transition probabilities was the subgroup of adult patients (aged 18 years
or older), at steps 4 or 5 in the GINA pathway, who had experienced at least 2 exacerbations in

the preceding year (n=159). The company stated that they used this subgroup as the size of the
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sample (n=91) of patients experiencing >3 exacerbations in the previous year (the target

population) was too small for estimation of transition probabilities.

The company adjusted the exacerbation probabilities estimated from the >2 exacerbation
subgroup to reflect the rate of exacerbations observed in the year before randomisation in the
subgroup of interest (>3 exacerbations in the base case analysis). Table 68, below, shows the

data from which the multipliers were calculated (CS, Table 102).

Table 68 Mean annual rates of exacerbations in placebo arms (studies 3082 and
3083)

Subpopulation N * Year prior to Year after Multiplier for
randomisation randomisation transition

probabilities

Adults; GINA Steps 4 and 5 740 1.99 1.34 1.535

Adults; GINA Step 4 and 5; 22 | I [ ] I

exacerbations in the preceding

year

Adults; GINA Step4and 5,23 | [N [ [ ]

exacerbations in the preceding

year

Adults; GINA Step4and 5,24 | [N [ [ ]

exacerbations in the preceding

year

* ERG note: the numbers of patients (N) in this table do not match the numbers of patients in the placebo
arms of studies 3082 and 3083 (n=476).

Table 68 shows the mean annual rates of exacerbations for the year prior to randomisation and
for the year after randomisation in the placebo arms of studies 3082 and 3083. The first row
shows the overall rates for all adult patients at GINA steps 4 and 5. In this group, patients
randomised to placebo had a mean of 1.34 exacerbations per year during trial follow up, while in
the year prior to randomisation this rate was 1.99. The company noted that the lower rate of
exacerbations in the year after randomisation compared to the year before might reflect a
potential placebo effect. However, we note that it could also result from a ‘regression to the
mean’ effect: if patients experiencing a higher than usual rate of exacerbations were more likely

to have been recruited to the ftrials.

The second, third and fourth rows of Table 68 show the annual rates of exacerbations for three
subgroups of patients: those who experienced =2, 23 and =4 exacerbations, respectively, in the

year before randomisation. In the company base case analysis, the multiplier for the
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exacerbation probability (2.15) was calculated to yield a mean rate of 4.67 exacerbations per
year in the BSC arm. Similarly, the multipliers for the subgroup analyses for the whole group of
adults at GINA stage 4/5 (1.535), and for those with 22 (1.59) and 24 (2.62) exacerbations were
calibrated to achieve annual exacerbation rates in the BSC arm of 1.99, 3.37 and 5.81

respectively.

The proportion of exacerbations that were severe (associated with systemic corticosteroid use)
was estimated from the total number of exacerbations in the placebo arms of studies 3082 and
3083: 81.8% (no information is provided in the CS regarding the denominator used for this

estimate).

Table 69 shows the transition probabilities for the BSC arm in the base case population of

adults at GINA stage 4/5 with 23 exacerbations in the previous year (CS Table 103).

Table 69 Transition probabilities for the BSC arm

Visit i +1
Controlled Uncontrolled Moderate Severe
exacerbation exacerbation
Visit i Controlled 0.55 0.20 0.05 0.21
Uncontrolled 0.12 0.50 0.07 0.31
Moderate
exacerbation 0.19 0.40 0.08 0.34
Severe
exacerbation 0.19 0.40 0.08 0.34

The ERG considers that the transition probabilities used in the model should be interpreted with
caution. Following a request from the ERG via NICE (clarification B1), the company provided an
additional file with information relevant to the transition probabilities for the reslizumab arm.
However, no additional information was provided for the BSC arm. Therefore we have not been
able to replicate the calculations used to generate the transition probabilities in Table 69. We
also question whether the ‘multiplier’ approach described above to adjust exacerbation rates for

a potential placebo effect and the population of interest is appropriate.
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Mortality rates
In addition to the conditional transition probabilities for the non-fatal health states described
above, the company model included transitions to two absorbing states: all cause and asthma-

related mortality.

For all-cause mortality the transition probabilities for the all-cause mortality state were taken

from the National UK life tables®® and were adjusted for cycle length.

For asthma-related mortality the company states that transitions from severe exacerbation to
asthma-related mortality could not be estimated from the clinical trials, as severe exacerbations
are rare events. This transition probability was therefore calculated using odds ratios from a
study by Roberts and colleagues,®” which describes trends in 30-day case-fatality following
hospitalisation for asthma in adults in Scotland from 1981 to 2009. These ratios were adjusted
by the company and applied to the National UK life table to estimate the probability of asthma-
related mortality. The estimated probabilities of death due to severe asthma exacerbations were
only applied to exacerbations leading to hospitalisation. The proportion of severe exacerbations
leading to hospitalisation were estimated by the company based on data provided by a clinical
expert, who estimated the mean annual rate of exacerbations in a cohort of patients with severe
asthma in England (3.06) and the mean annual number of exacerbations leading to
hospitalisation (0.76). These rates were used to estimate the proportion of severe asthma
exacerbations leading to hospitalisation (0.76/3.06=24.8%). The ERG questions the validity of

basing this parameter on a judgment by an individual clinician.

4.3.5.2 Reslizumab arm

As for the BSC arm, the company estimated transition probabilities between three health states
(controlled asthma, uncontrolled asthma and exacerbation) based on individual patient data
from the reslizumab arms of studies 3082 and 3083, for adult patients, GINA steps 4/5 with 2 or
more exacerbations in the previous year. The company estimated three sets of probabilities
from transitions between these three health states in three time periods: 0 to 16 weeks, 16-52

weeks, and post 52 weeks.
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0-16 weeks

The transition probabilities between uncontrolled asthma, controlled asthma and exacerbation
were estimated for patients in the reslizumab arms of 3082 and 3083 (adults, GINA steps 4/5
and =3 exacerbations in the previous year) |l between weeks 0 and 16.

The company states that in order to maintain the relative treatment effect of reslizumab, they
applied the same multiplier as for the BSC probabilities (2.15 in the base case), to all transition
probabilities of moving in to the exacerbation health state. The rationale for applying this
multiplier in the reslizumab arm is unclear, since it is calculated to produce the exacerbation rate
in the subgroup of interest in the placebo arm the year before randomisation — and hence

adjusts for a potential ‘placebo effect’.

The proportion of exacerbations that were severe (associated with systemic corticosteroid use)
were estimated from studies 3082 and 3083: 76.3% in the reslizumab arms. This proportion

was assumed to be the same for the three time periods in the reslizumab arm: 0-16 weeks, 16-
52 weeks and >52 weeks. The company did not state the number of patients (denominator) for

this percentage.

Table 70 presents the company base case conditional transition probabilities for the non-fatal
health states over 0 to 16 weeks (CS Table 106). The same mortality rates were used as in the
BSC arm.

Table 70 Transition probabilities 0-16 weeks: reslizumab arm

Visit i +1
Controlled Uncontrolled Moderate Severe
exacerbation exacerbation
Visit i Controlled 0.72 0.25 0.01 0.03
Uncontrolled 0.27 0.54 0.04 0.14
Moderate
exacerbation 0.16 0.48 0.08 0.27
Severe
exacerbation 0.16 0.48 0.08 0.27

Following a clarification request from the ERG via NICE (clarification B1), the company provided
a confidential Excel file containing data that they used to calculate the transition probabilities

from the reslizumab arms of 3082 and 3083. The proportions of transitions between
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consecutive, 4-weekly visits between baseline and week 16 are presented in Table 71.
HewevertThe transition probabilities in Table 70 differ from those in Table 71 because of the

use of the multiplier to adjust the rate of exacerbations to match that in the year before baseline

for patients with 3 or more exacerbations in that year —and-we-could-notreplicate-how-company
lated il " it it |

Table 71 Transition probabilities (0-16 weeks) directly obtained from the number of
transitions at consecutive monthly assessments in studies 3082 and 3083

Visit i +1
Controlled Uncontrolled Exacerbation
Total Controlled N ] ]
reslizumab
population | Uncontrolled N ] ]
Exacerbation - - -
16 - 52 weeks

The model introduces a response rule at 16 weeks. Response rates at week 16 were estimated
from studies 3082 and 3083: see Table 72 (CS Table 105). In the model, patients classified as
‘responders’ or ‘indeterminate’ were assumed to continue reslizumab treatment, while those
classified as 'non-responders’ transferred to the BSC treatment arm and used that arm’s
transition probabilities and costs for the remainder of the time horizon. In the company base
case, 13.2% of patients were assumed to stop treatment at week 16. We note that the

company has not specified the denominator for the percentages in Table 72.

Table 72 Response rates of the reslizumab-treated population,

Responders Non- Indeterminate Total
responders

Adult patients at GINA 78.3% 13.2% 8.5% 100%
Step 4/5: 22
exacerbations in the
preceding year
Adult patients at GINA 81% 10% 9% 100%
Step 4/5

Transition probabilities from week 16 to week 52 were estimated using data on observed
transitions from the reslizumab arms in studies 3082 and 3083 (excluding the non-responders at
16 weeks). The same multiplier as in the BSC treatment arm (2.15 for the base case) was

applied to the exacerbation probabilities, and the same percentage of exacerbations (76.3%)

Version 1 131



Confidential — do not copy or circulate

were assumed to be ‘severe’. Table 73 shows the 16-52 week reslizumab transition probabilities
used in the CS model base case (CS Table 107).

Table 73 Transition probabilities 16-52 weeks: reslizumab arm

Visit i +1
Controlled Uncontrolled Moderate Severe
exacerbation | exacerbation
Visit i Controlled 0.81 0.15 0.01 0.03
Uncontrolled 0.23 0.70 0.02 0.06
Moderate
exacerbation 0.42 0.45 0.03 0.1
Severe
exacerbation 0.42 0.45 0.03 0.1

Table 74 shows the directly obtained transition probabilities reported in the company’s response
to clarification question B1 for the non-responder |l and indeterminate response
I population: based on [l transitions observed between consecutive, 4-weekly
assessments from 16-52 weeks after randomisation. As for the transition probabilities for 0 to 16
weeks, itis-netclearwhy these differ from the set of probabilities used in the model because of

the use of the multiplier to adjust the rate of exacerbations to reflect that in the year before

baseline for the subgroup with three or more exacerbations in that year (Table 73).

Table 74 Transition probabilities (16-52 weeks) directly obtained from the number of
transitions (visits)

Visit i +1

Controlled Uncontrolled Exacerbation

Total Controlled

reslizumab
population Uncontrolled

Exacerbation

After 52 weeks

A second assessment of response is made after 52 weeks of treatment with reslizumab. The
company states that patients whose asthma remained uncontrolled or who experienced
moderate or severe exacerbations for 12 consecutive months (13 consecutive cycles) were
assumed to discontinue treatment and transfer to the BSC arm. Thus, to be classed as

‘responders’ and to continue treatment after 52 weeks, modelled patients had to be in the
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‘controlled’ health state at one or more cycle during the first year. The same rule was then
applied at each successive anniversary, and any patients who remained in the uncontrolled or
exacerbation health states for the whole year were assumed to discontinue treatment

(described in section 4.3.2).

No data were available for treatment beyond 52 weeks. The transition probabilities beyond 52
weeks were therefore estimated based on transitions during the period 16-52 weeks for patients
in the reslizumab arms of studies 3082 and 3083 who were identified as ‘responders’ at 16
weeks I (CS page190) — note that patients classified as ‘indeterminate response’ at 16
weeks were not assumed to continue treatment after 52 weeks. The same multiplicative factor
(2.15) and proportion of exacerbations that were ‘severe’ (76.3%) were applied as in the 0-16
week and 16-52 week periods for reslizumab. Table 75 presents the transition probabilities used

in the model for the reslizumab arm post-52 weeks (CS Table 108).

Table 75 Transition probabilities post-52 weeks: reslizumab arm

Visit i +1
Controlled Uncontrolled Moderate Severe
exacerbation exacerbation
Visit i Controlled 0.82 0.14 0.01 0.03
Uncontrolled 0.25 0.71 0.01 0.03
Moderate 0.59 0.41 0 0
exacerbation
Severe 0.59 0.41 0 0
exacerbation

Table 76 presents the set of probabilities estimated using the transitions of patients classified as
‘responders’ [l at the 16-week assessment. These probabilities differ slightly from
those in Table 74, because the former includes patients assessed as having an ‘indeterminate’

response at 16 weeks in addition to those classed as ‘responders’.

Table 76 Transition probabilities (post-52 weeks) directly obtained from the

number of transitions (visits)
I

*

*
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*
*

As with the 0-16 week and 16-52 week data, we-have-concernsregarding-the-caleulation-of-the

—Fthe transition probabilities used in the

model (Table 75) were adjusted to reflect the rate of exacerbations in the year before baseline

for the subgroup with 3 or more exacerbations in that year are-notidentical-to-theprobabilities

4.3.5.3 Omalizumab arm

Due to limited data availability, the company states that it was not possible to conduct a
comparison in the overlap population eligible for both omalizumab and reslizumab (i.e. patients
with both an eosinophilic [IL-5-mediated] and allergic [IgE-mediated] asthma phenotype). The
company instead reports that the relative treatment effect for omalizumab versus BSC was
estimated from the total population enrolled in the omalizumab clinical trials, which included
patients with lower levels of blood eosinophils. The underlying assumption was that the relative
treatment effect of omalizumab was similar in patients with both normal and elevated levels of

eosinophils.

As for reslizumab, transition probabilities for omalizumab were estimated for three time periods,
based on assessments for response at 16 and 52 weeks:
e Transition probabilities from 0 to 16 weeks;
e Transition probabilities from 16 to 52 weeks for patients assessed as responding or with
indeterminate response to treatment at week 16; and

e Transition probabilities after 52 weeks for patients assessed as responding at 52 weeks.

0 — 16 weeks
The company states that the impact of omalizumab on the number of exacerbations was
estimated using the relative rate of exacerbations compared with BSC at 52 weeks, which the

CS states was obtained from the ITC, cited as 0.82 (CS p191). However, we have not been able
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to identify the source of this relative rate. As described in section 3.1.7.3, a direct comparison of
clinically significant exacerbation rates in the omalizumab trials is not provided in the ITC

Report.

The company assumed that the proportion of exacerbations that were classed as severe with

omalizumab was the same as with reslizumab (76.3%).

Due to a lack of data, the company assumed that the conditional probabilities of moving
between the controlled asthma and uncontrolled asthma health states, in patients not
experiencing an exacerbation, were the same with omalizumab as with reslizumab. The
company noted that this was likely to be a conservative assumption, as the ITC Report based
on double blind trials estimated mean ACQ results at 16 weeks as more favourable for
reslizumab than for omalizumab. However, as noted above, the ERG has serious concerns

about the reliability of the ITC results.
Table 77 below shows the company base case transition probabilities for 0 to 16 weeks for the
omalizumab arm, based on the subgroup with 3 or more exacerbations in the preceding 12

months (CS Table 109).

Table 77 Transition probabilities for the omalizumab arm 0-16 weeks

Visiti +1
Controlled Uncontrolled Moderate Severe
exacerbation exacerbation
Visit i Controlled 0.59 0.20 0.05 0.16
Uncontrolled 0.23 0.46 0.07 0.24
Moderate 0.17 0.50 0.08 0.26
exacerbation
Severe 0.17 0.50 0.08 0.26
exacerbation
16 — 52 weeks

The estimated transition probabilities for omalizumab between 16-52 weeks (CS Table 110) are
shown in Table 78. The company cited the percentage of patients assessed as responding to
omalizumab at 16 weeks as 56.5%, and the relative rate of exacerbations in responders to
omalizumab compared with patients on BSC as 0.373; both taken from the INNOVATE trial®*
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and the omalizumab HTA.*” We note that there is a difference between the relative risk of
exacerbations used for the pre- and post-16 week transition probabilities (0.82 and 0.373
respectively). This difference might be attributable to the fact that the pre-16 week relative risk
refers to the whole group of patients, while the post-16 week relative risk refers to responders.

However, we were unable to locate these rates in the referenced sources.
As in the 0-16 week time period, the company assumed that the transition probabilities between

controlled and uncontrolled asthma, and the proportion of exacerbations that were severe, were

the same for omalizumab as for reslizumab.

Table 78 Transition probabilities for the omalizumab arm (16 to 52 weeks)

Visit i +1
Controlled Uncontrolled Moderate Severe
exacerbation exacerbation

Visit i Controlled 0.61 0.11 0.07 0.21

Uncontrolled 0.19 0.58 0.06 0.18

Moderate 0.38 0.40 0.05 0.17
exacerbation

Severe 0.38 0.40 0.05 0.17
exacerbation

Post 52 weeks

As with reslizumab, the company assumed that patients on omalizumab would be assessed for
response every year, and that patients who remained in the uncontrolled or exacerbation health
states for the whole year would discontinue treatment and transfer to the BSC arm. This
assumption was validated by a panel of UK clinical experts. The percentage of patients
classified as responders, who therefore remained on treatment, was assumed to be the same

for all time periods.

As for the 16-52 week period, the relative risk of exacerbation after 52 weeks with omalizumab
versus BSC in responders was estimated at 0.373 (cited as coming from the INNOVATE trial®*
and the omalizumab HTA.*") The percentage of exacerbations that were classed as severe
post 52 weeks is not explicitly reported in the CS, but we assume this is the same as for the 0 to

16 week period (76.3%). And, again, as for 0-16 weeks, the omalizumab transition probabilities
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between controlled and uncontrolled asthma health states were based on the reslizumab
transition probabilities due to lack of data(CS Table 111). Table 79 shows the transition

probabilities for omalizumab post 52 weeks.

Table 79 Transition probabilities for the omalizumab arm (post-52 weeks)

Visit i +1
Controlled Uncontrolled Moderate Severe
exacerbation exacerbation

Visit i Controlled 0.77 0.13 0.02 0.07

Uncontrolled 0.22 0.64 0.03 0.1

Moderate 0.50 0.35 0.04 0.12
exacerbation

Severe 0.50 0.35 0.04 0.12
exacerbation

4.3.5.4 ERG view on clinical effectiveness parameters
Overall, the ERG has concerns regarding the estimates of clinical effectiveness parameters

used in the company model:

Firstly, we question the use of a multiplier to adjust the exacerbation probabilities in the BSC

and reslizumab arms. The CS implies that this multiplier has two purposes:

e The multiplier is used to adjust the baseline risk of exacerbation for different subgroups
(all adults at GINA step 4/5, and those with =22, >3 and 24 exacerbations in the preceding
year). We consider that adjusting for different baseline levels of risk in subgroup
analysis is appropriate. However, we suggest that the base case analysis should reflect

the observed levels of risk in the trial populations.

e The second reason that the company gives for use of the multiplier is to correct for a
potential placebo effect by calibrating the model to produce the observed rate of
exacerbations with BSC in the year before randomisation (Table 68). If the observed
fall in exacerbation rates from the year before to the year after randomisation was
attributable to a placebo effect, it would be unconventional but not unreasonable to
correct for it, as patients receiving BSC in routine clinical practice would not be given a

placebo, and so would not gain this psychological benefit. However, it is not clear why
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the adjustment for a potential placebo effect should also be applied to the reslizumab
arm, since in clinical practice these patients would know that they were receiving
treatment, and hence might gain a psychological benefit from treatment in addition to the
direct effects of the active treatment.

e The company argue that the multiplier has to be applied to the exacerbation rates in the
reslizumab arm to retain the relative treatment effects estimated from the clinical trials.
However, it would be more appropriate to do this directly by modelling the BSC arm
using an absolute risk estimate, and to adjust this for the reslizumab arm by multiplying
by the relative risk. This would retain randomisation, and provide more a meaningful
reflection of uncertainties over the absolute and relative risks in the probabilistic
sensitivity analysis. The company have used this more conventional approach for the

omalizumab arm of their model.

e Furthermore, it is not clear that the lower rate of exacerbations in the year after
randomisation compared with the year before is attributable to a placebo effect. It also
might result (at least partly) from a ‘regression to the mean’ effect. This would occur if
patients were more likely to be recruited into the trials at times when they were
experiencing, due to chance, higher rates of exacerbations than they would usually. If
so, one would expect exacerbation rates to fall naturally over time, as patients revert to a
more typical pattern of disease. It is therefore unclear whether there is a need to adjust

the trial results to the observed exacerbation rates in the year before study entry.

We also have concerns over the lack of clarity over the calculations used to estimate the
transition probabilities. In response to a clarification question, the company did supply data
underlying the transition calculations for the reslizumab arm, but-we-could-notreplicate-the
probabiliies-used-in-the-modeHrom-these-data;and but no data were provided to justify the

calculations for the BSC arm.

The company’s estimates of transition probabilities for the BSC arm were based on patients
experiencing >2 exacerbations, instead of their target population for the base case model of >3
exacerbations. This was justified due to the small sample size (n=91) in the latter group.
However, we note that the company based their estimates of transition probabilities for the

reslizumab arm on similar samples of just over 100 patients. Direct estimation of transitions for
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the populations of interest, with uncertainty reflected in the PSA, would have been more

appropriate.

The company’s assessment of response at 16 weeks was based on an algorithm used to
predict the result of the 52-week assessment. However, no information was provided regarding
the coefficients of the prediction model, measures of model fit, or it’s predictive validity in an

external dataset.

For the transition probabilities used in the omalizumab arm, we were not able to check the
relative risks of exacerbation used in the model: 0.82 for patients treated before the response

assessment at 16 weeks, due to lack of clarity of the source cited in the CS.

Another concern over the clinical effectiveness parameters arises from the lack of evidence
relating to the effectiveness of reslizumab beyond 52 weeks, and the underlying assumption
that effects observed up to 52 weeks will persist up to 60 years duration. This is a strong

assumption.

4.3.6 HRQoL

4.3.6.1 Systematic review of HRQoL studies

A systematic review was conducted by the company to identify HRQoL values. We report the
details of that systematic review in Section 4.2 with inclusion and exclusion criteria given in
Table 65. CS Section 5.4.3 provides details of the 13 HRQoL studies identified through the
systematic review of HRQoL. However, the primary study used for HRQoL was Willson and
colleagues,* a study that was identified through the cost-effectiveness review and not identified
in the HRQoL review. Willson and colleagues contains directly measured EuroQoL-5
dimensions (EQ-5D) data from people with severe asthma, that it was missed is a shortcoming
of the HRQoL search. The one other study that was used for utility values, Lloyd and
colleagues, was identified through the systematic review of HRQoL studies and is also
referenced in Willson and colleagues. No justification was provided for the choice of HRQoL

studies used in the model.
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The systematic review of HRQoL studies did not report any quality assessment. Willson and
colleagues was quality assessed for the systematic review of cost-effectiveness studies (CS

Appendix 7).

ERG searches for additional HRQoL data

The ERG ran some searches to identify quality of life data that may have been missed due to
the exclusion criteria on the company systematic review. These searches consisted of the
searches for studies in the NHS EED and HTA databases (see Section 4.2), as well as
searches using the Ovid platform (MEDLINE, Embase, MEDLINE in process). The searches on
the Ovid platform contained the following search terms: severe asthma, QALY*, EuroQoL*, EQ-
5D*, AQLQ, and SGRQ—asterisks represent wildcards that can take any value after the
preceding term. No date limitations were applied. None of the studies identified by the ERG
were included in the company’s systematic review of HRQoL. These searches identified the four
cost-utility analyses identified in Section 4.2: Brown and colleagues,®’ Dewilde and colleagues,*
Gerzeli and colleagues,®® and Morishima and colleagues;** and one study by Szende and
colleagues® that was referenced in Morishima and colleagues.® The next several paragraphs
identify the methods used to measure utility in the five studies identified through the ERG’s
additional searches.

51,52

Brown and colleagues and Dewilde and colleagues used treatment-based utilities derived

from mapped instruments in trials and exacerbation utilities from Lloyd and colleagues.*®

Gerzeli and colleagues used utility scores for health states for successful control, sub-optimal
control, outpatient managed exacerbation and inpatient managed exacerbation.’® These health
states are very comparable to those used in the CS. The utility scores for these health states
were synthesized from five cited studies®'®° All these studies,except Edelen and colleagues®
used EQ-5D. The health state values in Gerzeli and colleagues were as follows: Successful
control: 0.85; Suboptimal control: 0.77; Outpatient managed exacerbation: 0.66; Inpatient

managed exacerbation: 0.59.
Morishima and colleagues® used utility scores derived from a study by Szende and

colleagues®® which used three questionnaires (EQ-5D, SF-36, and SGRQ; and a direct time

trade-off exercise) to measure HRQoL in patients with varying levels of asthma control. The
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levels of control were good control, mildly reduced control, moderately reduced control, and
poor control. These utility values were as follows: good control: 0.93; mildly reduced control:
0.76; moderately reduced control: 0.65; poor control: 0.52. Morishima and colleagues used poor

control to represent moderate and severe exacerbations in their cost-utility model.

In general, studies had higher utility values for patients in exacerbation states than the
company’s model. The searches conducted by the ERG were not meant to be comprehensive
or conclusive, but demonstrate that there were other potential utility scores that could have been

used to represent health states in the company model.

4.3.6.2 HRQoL values used in the company model

HRQoL data enter the company model as utility values attached to health states. The health
states are related to asthma control and exacerbation status; these health states appear
consistent with disease processes and patient experience. Briefly, utility values were assigned
to four health states: controlled asthma, uncontrolled asthma, moderate exacerbation, and
severe exacerbation. Section 4.3.2 describes these health states in further detail. The utility
scores used in the model (CS Table 115) are reported in Table 80. The economic model does
not include the effects on HRQoL due to adverse events. Adverse events were not modelled, as
the pivotal reslizumab trials found adverse events between reslizumab and placebo to be

comparable and not statistically significantly different.’® We find this justification reasonable.

Table 80 Summary of utility values for the company cost-effectiveness model (CS Table
115, p. 201)

Health state Utility 95% ClI Reference in Justification
value submission
Uncontrolled asthma 0.728 0.707; 0.749 Willson et al, 2014*

Health state definition

Controlled asthma 0.920 0.901; 0.943 used in the model is

Moderate exacerbation | 0.57 0.549:0.591 | Lloyd et al, 2007 reconcilable with the

. 44, | definition used in this
Severe exacerbation | 0.33 0.309;0.351 | Willsonetal, 2014 ™ | 4y

Willson and colleagues** used an economic model to assess the cost-effectiveness of
tiotropium bromide in patients with uncontrolled asthma on ICS/LABA therapy. Utility data in
Willson and colleagues and the company’s model for the uncontrolled asthma and controlled

asthma health states were derived from the PrimoTinAsthma trials. These trials were 48 weeks
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long, with 912 patients at GINA steps 4 and 5. The trial population appears similar to
reslizumab’s treatment indication and appears appropriate. Utility scores were derived from EQ-
5D data collected in patients and valued using the United Kingdom tariff. The methods used to
derive utility scores in Willson and colleagues are appropriate, and consistent with preferred

methods in the NICE Reference Case.'?

Lloyd and colleagues™ was a four-week observational study that measured the HRQoL impacts
of exacerbations in 112 patients with BTS level 4 and 5 asthma. EQ-5D questionnaires were
used to collect HRQoL data from patients, and valued using the UK tariff. The utility scores in
the model were for moderate exacerbations (22 patients), defined as exacerbations that did not
require hospitalisation but required oral steroids; and severe exacerbations (5 patients), defined
as exacerbations that required hospitalisation. HRQoL data were collected at baseline (when no
patients were experiencing exacerbations) and at four weeks. HRQoL data were not measured
during exacerbations, so it is unclear how much effect recall bias may have on the results. Lloyd
and colleagues did not report the length of time that patients experienced exacerbations, but did
report the time period between assessments (4 weeks). In the related NICE STA of
mepolizumab this time between assessments was used to assume the duration of
exacerbations, but was criticised by the Appraisal Committee.*® Similar to the mepolizumab
model, the reslizumab CS applies the decreased utility across four weeks.*® When calculating
health state costs, the CS assumes that a cycle in the moderate exacerbation health state
consists of one week of moderate exacerbation costs and three weeks of uncontrolled asthma
costs. Severe asthma consists of two weeks of exacerbation costs and two weeks of
uncontrolled asthma. It is unclear why the assumptions on HRQoL are different from the
assumptions on resource use. In the NICE MTA of omalizumab TA278,*” the mean length of
exacerbations was two weeks. For further detail on health state cost calculation, see Section
4.3.7.2.

The specific utility values used in the company’s model are all reported in Willson and
colleagues (Table 2, p. 451, in Willson and colleagues).** The utility scores for controlled and
uncontrolled asthma were derived from Willson and colleagues whilst the utility scores for
moderate and severe exacerbations were derived from Lloyd and colleagues.*" *® We checked
that the utility scores reported in the CS agree with those reported in Wilson and colleagues and
Lloyd and colleagues. There appears to be a minor error in the reporting of the utility score for

controlled asthma. The CS states that the ‘Controlled asthma’ health state utility was estimated
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as a weighted average of the controlled and partly controlled health state utilities from Willson

and colleagues.**

The weighting was derived from the pivotal reslizumab trials (3082 and 3083). Controlled
asthma was defined as having an ACQ <1.5, which includes patients with partially controlled
asthma (ACQ between 1 and 1.5) and controlled asthma (ACQ <1). Experts we consulted
indicated that the controlled threshold should be an ACQ of 0.75. This would indicate that

quality of life may be overestimated in the controlled health state of the model.

In the pivotal clinical trials 49% of the assessments with an ACQ<1.5 had scores between 1 and
1.5. When we calculated the utility score using these weightings, we obtained 0.9223, whilst the
CS reports a utility score of 0.920 for the controlled asthma health state. The confidence
intervals reported in the CS for the weighted average are correct. We have tested the effects of
the corrected point estimate, and it does not make a meaningful difference to the results.
Additionally, the value used in the probabilistic sensitivity analysis in the model is different from
those listed above. The mean controlled utility value in the probabilistic model is 0.937, which

corresponds to the value for fully controlled asthma in Willson and colleagues.*

4.3.6.3 Methodological discrepancies across studies in exacerbation definitions
and utility score calculation

There are some differences in the definitions of exacerbations between Lloyd and colleagues,*
Willson and colleagues,** and the CS. Lloyd and colleagues and Willson and colleagues define
severe exacerbations as requiring hospitalisation. In the CS, only 24.84% of patients with a
severe exacerbation are hospitalised. This indicates that the severity of exacerbation in the CS
is overestimated. We conducted a sensitivity analysis (section 4.4) using a weighted average of
utility scores for the severe exacerbation state. In our analysis, 24.84% of the utility score is
derived from the utility score for severe exacerbations (0.33) whilst the remaining weight is
derived from the utility score for moderate exacerbations (0.57), resulting in an overall utility

score of 0.510 for severe exacerbations.
The utility sources chosen appear to be appropriate, but it should be noted that the exacerbation

data for moderate exacerbations in Lloyd and colleagues are based on 22 patients and the

severe exacerbation data are based on 5 patients. These data are derived from EQ-5D and are
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appropriate, but data from the pivotal trials from patients with exacerbations may be more robust
due to the larger sample size of patients with exacerbations (224 patients according to CS Table
20), but these data would be need to be mapped from AQLQ. A sensitivity analysis was
conducted by the company that used mapped utility scores from AQLQ but only included
mapped utilities for the controlled and uncontrolled asthma health states. The ERG suggests it
would have been more appropriate to explore all utility values using data from the pivotal
reslizumab trials. The NICE Decision Support Unit recommends in Technical Support Document
12 that wherever possible utility scores should all be derived from the same study for the CS;%
this would only be possible by mapping from AQLQ from the pivotal reslizumab trials. Whilst the
ERG requested full details of the AQLQ and mapped EQ-5D utilities, none were provided by the
company. The pivotal trials did not utilize EQ-5D. We note that the Appraisal Committee for the
NICE STA of mepolizumab was critical of the use of mapped utilities from St. George’s
Respiratory Questionnaire (SGRQ) and indicated that they preferred the EQ-5D utility scores
measured directly from the trial where the mapped algorithm for SGRQ were derived.*®
However, the lack of robustness in the exacerbation utility values in Lloyd and colleagues

makes using other data a legitimate and potentially preferable methodological option.

In addition to HRQoL data used in the model, the company’s systematic review of economic
evaluations identified studies that provided HRQoL: Norman and colleagues, and two studies by

Faria and colleagues (derived from TA278).*’

There were several differences in utility measurement methods between the model in Norman
and colleagues and the CS model.*” In Norman and colleagues the primary source of utility
data for patients with severe asthma in the omalizumab technology appraisal was data from the
EXALT trial taken from the Novartis CS, but this trial was not identified through systematic
searches and the data extractions for economic evaluations and quality of life studies do not
report original sources*’ The EXALT trial measured utility by treatment status, not by asthma
control. Utility data from Lloyd and colleagues was used in Norman and colleagues, and is also

used in the CS model to define utility for exacerbation health states.>

However, Norman and colleagues used disutilities that are applied to treatment states to
incorporate the effect of exacerbations on HRQoL, whilst the CS uses the absolute value
reported in Lloyd and colleagues.* These disutilities are calculated from Lloyd and colleagues

using a difference from baseline approach, whilst the CS (and Willson and colleagues) use
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absolute utility values. A change from baseline approach results in a smaller decrease in
HRQoL due to exacerbation and also better reflects the severity of the population. Table 81

provides the utility values from Lloyd and colleagues.

The ERG used the reported data for the change from baseline to calculate the baseline utility
values for each state in Lloyd and colleagues. Patients who had a moderate exacerbation
during the four week observational study had a baseline utility of 0.67 and patients who had a
severe exacerbation had a baseline utility of 0.53. Both of these are substantially lower than the

uncontrolled asthma utility score from Willson and colleagues of 0.728.*

Table 81 Health utilities reported in Lloyd and colleagues™

Health State EQ-5D change | EQ-5D change

Extrapolated EQ- | EQ-5D Utility Score | from baseline from baseline,

5D at baseline at 4 week follow-up | score, additive multiplicative

(4 weeks) ratio (4 weeks)
No exacerbation® 0.87 0.89 0.02 1.02
Exac_erbl;atlon with oral 0.67 0.57 -0.10 0.85

steroids

Hospitalised® 0.53 0.33 -0.20 0.62

@ Utility score not used in the company model; b utility value used for moderate exacerbation in CS; ° utlity
value used for severe exacerbaation in CS

The NICE Decision Support Unit (DSU) provides advice on using utility scores to represent
health states in modelling in Technical Support Document (TSD) 12.°° We have conducted
scenario analyses to address these methodological discrepancies using the additive model and

multiplicative methods for combining utility scores from multiple health states (section 4.4).

4.3.6.4 Comparison to other technology appraisals

The economic model does not include discontinuation of oral corticosteroids, as the pivotal trials
did not allow discontinuation.' Clinical experts informed us that discontinuing oral
corticosteroids would be expected to coincide with reductions in long-term risks and symptoms
and that it was plausible that patients on reslizumab may reduce or discontinue oral
corticosteroid use. Additionally, Norman and colleagues*’ conducted an analysis where patients
were allowed to discontinue oral corticosteroids. This analysis lowered the risk and associated

HRQoL loss associated with type 2 diabetes, myocardial infarction, osteoporotic fracture,
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glaucoma, ulcer, cataracts and stroke. The model may underestimate some benefits for both
reslizumab and omalizumab by not allowing patients to discontinue oral corticosteroids. The
effect of reducing oral steroid use was considered in the NICE STA of mepolizumab.®’ The
Appraisal Committee concluded that there could be significant benefits to patients and carers

from reduction of oral corticosteroid use.®’

One of the clinical comparators for reslizumab is mepolizumab, although it is not included in the
NICE scope for the current technology appraisal. Utility scores in the NICE STA of mepolizumab
were mapped from SGRQ values to EQ-5D, and exacerbation disutilities were derived from
Lloyd and colleagues and applied using the absolute change from baseline values.* The utility
scores used in the NICE STA of mepolizumab (Table 55 in the mepolizumab ERG report) are

shown in Table 82.

The NICE Appraisal Committee was critical of the use of mapped utilities in the NICE STA of
mepolizumab.?” In the company’s model for reslizumab, unlike in the mepolizumab STA, there
were no EQ-5D scores directly available from the pivotal trials, and the exacerbation disutilities
used in Norman and colleagues and the NICE STA of mepolizumab are from poor quality
data.*”*® The ERG considers that mapped utilities may have provided more robust estimates for
utility scores, and for the disutility associated with exacerbations. NICE Technical Support
Document 12 also supports deriving utility scores from one source if at all possible to give the

most internally consistent measurements.®®

Table 82 Utility scores used in the NICE STA of mepolizumab

ITT population Glaxo Smith Kline Per GSK Per Protocol
Protocol, excluding stable
maintenance OCS
EQ-5D SGRQ- EQ-5D SGRQ- EQ-5D SGRQ-
mapped mapped mapped
Mepolizumab: 0.802 0.796 0.829 0.793 0.827 0.777
before CA
SoC treatmentt | 0.794 0.738 0.797 0.682 0.785 0.708
Mepolizumab: 0.824 0.806 0.834 0.805 0.837 0.795
after CA

CA = continuation assessment tRegardless of whether patients had prior mepolizumab

Version 1 146




Confidential — do not copy or circulate

The utility scores from the NICE MTA of omalizumab and the NICE STA of mepolizumab are not
directly comparable to the utility scores from the reslizumab CS as patients’ utility is associated
with their treatment status rather than their asthma control status.*’*® The utility scores from
these appraisals are lower than the controlled asthma utility score in the CS. However, because
the health states in the omalizumab and mepolizumab models are based on treatment, they

include patients with controlled and uncontrolled asthma in a single state.

4.3.6.5 Summary of health related quality of life

The utility values used in the model appear to have been broadly derived from appropriate
sources, although the data on exacerbations should be viewed with caution due to the very
small sample of relevant patients in Lloyd and colleagues.> There appear to be some small
errors in the calculation of controlled asthma patient utility, but these made little difference to
model results. The searches conducted for HRQoL data do not appear to have been
comprehensive or sensitive enough. The primary HRQoL study was not derived from the
systematic review of quality of life studies, but rather from the systematic review of economic

evaluations.

We conducted searches that identified further HRQoL studies that used EQ-5D. All of the
studies identified had higher utility scores than the company model for states comparable to
severe exacerbations. The methods used for incorporating exacerbation utility are not
consistent with previous NICE appraisals in severe asthma and are inconsistent with
recommended methods from the NICE DSU.% All alternative methods for calculating utility
scores for exacerbations result in less impact to HRQoL from exacerbations and, because of

this, we find it likely that the disutility of exacerbations is overestimated in the CS.

4.3.7 Resource use and costs

The CS model contains resource use and cost data for the following categories: drugs (including
administration), nurse and general practitioner visits, specialist visits, emergency medicine, and

hospitalisation. Adverse events were not modelled, as the pivotal reslizumab trials found
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adverse events between reslizumab and placebo to be comparable and not statistically

significantly different.™

43.71 Drug acquisition and administration costs
Reslizumab administration is based on body weight. Reslizumab is administered at a dose of 3

mg/kg every four weeks. Drug dosage was calculated using the weight distribution in the pivotal
reslizumab trials (see Figure 8)."° The mean weight in the pivotal reslizumab trials was 75.2 kg.
The base case model assumes no vial sharing. The company conducted a scenario analysis

assuming vial sharing. The manufacturer did not consider drug wastage relevant to any

comparators.
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Figure 8 Weight distribution in kg — adult patients at GINA Step 4/5 enrolled in trials 3082
and 3083

Reslizumab is currently only available in 10mL vials that contain 100mg of reslizumab. The
company indicated that 25mg vials would become available between the | NN N I
I so they have assumed availability of these vial sizes in the model. A sensitivity
analysis with 100mg vials only, and sensitivity analysis with and without vial sharing were
undertaken by the company. The list price of resilizumab is £124.99 for a 25 mg vial and
£499.99 for 100 mg vial. The company has provided a PAS for resilizumab (awaiting approval
from the Department of Health at time of preparing this report). The analyses reported in the CS

and in this report use the PAS price for resilizumab.
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The administration cost of reslizumab was derived from the SmPC with input from clinical
experts."”® The company assumed that administering reslizumab required 55 minutes of
specialist nurse time: 10 minutes for treatment preparation, 30 minutes for treatment
administration, and 15 minutes to monitor the patient after treatment administration. One clinical
expert consulted by the ERG indicated that the length of monitoring would initially be a day case
admission with a tapering of monitoring time as responsiveness and safety were established for

the patient. Two experts indicated that 10 minutes for treatment preparation was likely too short.

Omalizumab is administered as a subcutaneous injection every 2-4 weeks. Dosage is
determined by serum total IgE levels measured before initiating treatment and body weight. The
company used data from the INNOVATE trial to estimate the average dose and the number of
omalizumab treatments that occur in 28 days.** The company submission reports the cost per
cycle rather than the cost per administration of omalizumab. The analyses reported in the CS
use the list price for omalizumab. Results with the confidential PAS for omalizumab are reported

by the ERG in a separate confidential appendix.

Omalizumab was assumed to require 40 minutes of specialist nurse time per administration: 10
minutes to prepare and administer the treatment, and 30 minutes to monitor the patient after
administration. The sources of the administration assumptions for omalizumab are not reported
in the CS. The administration costs used in the CS for omalizumab differ from those used in the
NICE MTA of omalizumab and the NICE STA of mepolizumab.*”*® In both of these sources, the
monitoring time for omalizumab was estimated to require 15 minutes of specialist nurse time.
Table 83 shows the effect of these differences on administration costs. We have conducted a

sensitivity analysis using these alternate values (see section 4.4).

Table 83 Omalizumab administration cost differences between the CS and other NICE
technology appraisals

Monitoring Total
NICE TA Administration time Who administration Cvcle costs
time (minutes) . administers | and monitoring y
(minutes) 1
costs
Reslizumab Specialist
STA 10 30 Nurse £39.33 £51.52
Mepolizumab
STA and 10 15 Specialist £24.58 £32.20
omalizumab Nurse
MTA

1Assuming PSSRU 2015 hourly costs for a specialist nurse at £59/hour
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Table 84 reports the costs for drug administration for reslizumab and all comparators (CS Table
118). A description of the methods of calculating the drug and administration costs of best

standard of care is not reported in the CS.

Table 84 Unit costs associated with the technology in the economic model

Treatment arm Item Cost Source
Reslizumab Technology cost: 100 mg/10 mL ] Teva UK Limited, PAS
(including Technology cost: 25 mg/2.5 mL price

anticipated PAS

discount) Mean cost of treatment/cycle - Teva UK Limited, PAS
e Base case: 25 mg vials price

available; no vial sharing

e Scenario analysis: only 100 mg
vials available; no vial sharing

e Scenario analysis: vial sharing

Administration and monitoring £54.08 PSSRU, 2015°%
cost/cycle (55 minutes specialist
nurse)
Total Base case cycle cost: || Gz
Omalizumab Technology cost: 75 mg/mL £128.07 BNF legacy,
(list price) 18 March 2016%°
Mean cost of treatment/cycle: vial £619.60 BNF legacy,
sharing 18 March 2016
Administration and monitoring £39.33 PSSRU, 2015%
cost/cycle (40 minutes)
1.31 per cycle INNOVATE*
£51.64/cycle Omalizumab SmPC®®
Total Cycle cost: £671.24 (list price)
BSC (fluticasone Technology cost £40.92 BNF legacy, 18 March
propionate + Initiation cost 0 2016™
salmeterol) Reslizumab studies
Mean cost of treatment/cycle £40.92 3082 and 3083"°
Administration and monitoring 0
cost/cycle
Total £40.92

BNF: British National Formulary; BSC: best standard of care; CSR: clinical study report; PSSRU:
Personal Social Services Research Unit.

In their response to a clarification request from the ERG via NICE, the company stated that the
cycle cost of omalizumab had been underestimated (clarification Appendix 4). The corrected

value for the mean cost per treatment cycle of £619.60 differs slightly from the 28 day cost

Version 1 150




Confidential — do not copy or circulate

calculated from the NICE MTA of omalizumab (£617.57), but the difference is inconsequential.

All ERG analyses use the revised value of omalizumab.

4.3.7.2 Health state costs
A systematic literature review was conducted by the company to identify resource use and costs

for health states in the economic model. Section 4.2 describes the searches undertaken for the

systematic reviews of cost-effectiveness studies, HRQoL studies and resource use/cost studies.

The systematic review for costs identified three studies.

43,44, 70

The company used Willson and colleagues** as a template for their own model, and for model

health state costs. Willson and colleagues contained seven live health states, while the

company’s model contains five live health states.** A comparison of the live health states

between Willson and colleagues and the company’s model (CS Table 119) is provided in Table

85.

Table 85 Comparison of live health state definitions in Willson et al and the CS model (CS

Table 119, p.209)

Willson et al*

Current model

Controlled asthma: ACQ <1

Partly-controlled asthma: 1= ACQ >1.5

Controlled asthma:
Improved asthma: ACQ <1.5 (weight of 51%)

Adequately controlled asthma identified as ACQ <1
(weight of 49%)

Uncontrolled asthma: ACQ 21.5

Uncontrolled asthma:
ACQ =21.5

Non-severe exacerbation:

The symptoms are outside the patient’s usual
range of day-to-day asthma and last for at least 2
consecutive days, and/or a decrease of PEF of
>30.

Moderate exacerbation:

Worsening of symptoms including unscheduled
physician visit but no (additional) use of systemic
corticosteroids.

Severe exacerbation without hospitalisation:

Non severe exacerbation + corticosteroids (at least
3 days)

Severe exacerbation with hospitalisation:
Severe exacerbation + hospitalisation

Severe exacerbation:

Exacerbation requiring (additional) use of systemic
corticosteroids and hospitalisation for 24.84% of
these (estimate based on data provided by a UK
expert, as described in CS Section 5.5)

Abbreviations: ACQ: Asthma Control Questionnaire; ER: emergency room; GP: general practitioner; PEF:

peak expiratory flow.
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The CS indicates that costs were updated from Norman and colleagues*’ using 2015 PSSRU®
and 2014/15 NHS Reference Costs, however, we were unable to confirm all codes in the
2014/15 NHS Reference Costs.”" We requested clarification from the company via NICE on the
derivation and calculation of the state costs used in the model. The costs analysed in this
section consider the clarifications submitted by the company (clarification Appendix 4). Table 86
shows the unit costs for outpatient and home visits reported in the CS (CS Table 117). Unit
costs for inpatient hospitalisations due to exacerbations, with information provided through
clarification are reported in Table 87. The full tabulation of the unit costs are reported in Table
88. The bold and italicised values indicate the values that are used to calculate health state
costs in the CS.

Table 86 NHS Reference and PSSRU unit costs used in the model

Resource Cost Code Source

Outpatient visitto | £44.00 N/A PSSRU 2015%

GP

Outpatient visit to £14.47 N/A (15.5 minutes) PSSRU

nurse 2015°%®

Home visit from GP | £113.00 N/A (11.4 minute consultation,
12 minute travel) PSSRU
2015,°® updated to 2016
using the health CPI1"?

GP, general practitioner; PSSRU, Personal Social Services Research Unit; N/A, not applicable

Table 87 NHS Reference Costs used to calculate health state costs’"

Currenc National

y Currency Description Attendances | Average
Code .

Unit Cost
Hospitalisations®
DZ15M Asthma with Interventions 1,170 £2,634.34
DZ15N g\fthma without Interventions, with CC Score 2127 £1.907.15
DZ15P Q_SSthma without Interventions, with CC Score 5752 £1.323.18
DZ15M/N/P Weighted average as’ehma admissions CC 6- 9,049 £1.629.97
9+, and with interventions

Ambulance®

ASS01 See and treat or refer 2,270,229 £179.83

Accident and Emergency Visit°®

Emergency Medicine, Category 1

VB06Z Investigation with Category 3-4 Treatment

347,157 £132.38

Intensive Care Unit®
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| XC06Z | Adult Critical Care, 1 Organ Supported | 553,390 | £937.65 |
®Total HRGs Schedule, there are 2 further less severe codes, DZ15Q and DZ15R
®Ambulance (AMB) Schedule, assumes no patients conveyed to hospital (Currency Code
ASS02)
°Emergency Medicine (EM) schedule, this is the only value in TO1NA Service Code that
matches. The choice is not explained in the CS,many other values could have been chosen.
“Total HRGs Schedule, other numbers of organs could be supported, no justification provided
for this parameter choice

Unlike Willson and colleagues, * the company’s model does not consider the costs of rescue
medications, as the company considered these costs to be negligible and uncertain. We agree
that costs for medications associated with hospitalisations were negligible and find the company
approach reasonable with regards to these medications. In Willson and colleagues, co-

medication accounted for at most 0.56% of weekly costs.*

For the Controlled asthma state in the CS model, a weighted average of patients in the
Controlled asthma and Partly controlled asthma’ states in Willson and colleagues was used
based on ACQ levels in the pivotal trials,' just as was used in utility values (see Section
4.3.6.2). According to the definition used in Willson and colleagues, patients in the pivotal

reslizumab trials had ‘Partly controlled asthma’ 49% of the time.

Table 88 Inpatient health state costs for exacerbations (CS Table 117, p. 205 206)

Resource Cost Code Source
ion- DZ15M/N/PT
Severe exacgrpathn £1,629.97
related hospitalisation
A&E visit only £132.38 VB06Z
- o VB06Z +
A&E visit + hospitalisation £1,761.97 DZ15M/N/PT
Ambulance + £1.809.80 DZ15M/N/PT + NHS reference costs71
hospitalisation EE ASS01 (ambulance) | Schedule —2014/2015
Ambulance + A&E + ASS01+ VB06Z +
hospitalisation £1,941.80 DZ15M/N/PT
L . DZ15M/N/PT +
Hospitalisation including £2 567.62 XCO06Z (ICU stay)

ICU stay

Abbreviations: A&E: Accident and Emergency; ICU: intensive care unit;TAverage of the unit costs
of three different codes that depend on severity of exacerbation.

Healthcare resource use was estimated using values from Willson and colleagues with updated

costs applied to these resource use values.** The mean cost of severe exacerbation was a
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weighted cost of severe exacerbations leading and not leading to hospitalisation. The

percentage of severe exacerbations requiring hospitalisation was estimated at 24.84% based on

data provided by a UK expert consulted by the company.

In order to calculate health state costs per cycle for the moderate exacerbation state, the

company assumed that patients having a moderate exacerbation had one week of exacerbation

and three weeks of uncontrolled asthma. For patients having a severe exacerbation, the time in

the exacerbation states was two weeks, with two weeks in the uncontrolled asthma state.

Table 89 reports the health state costs values reported in the CS report, but these do not match

the numbers used in the model, so we requested clarification from the company. Values that

differ or were omitted from health state cost calculations in the clarification data provided by the

company (Updated model provided at clarification) are displayed using italicized and bold font.

The clarification data provided were marked as CiC. The table also shows the differences in

health state costs where the resource use values in CS Table 120 are used for health state

calculations (penultimate row), or where the resource use values in the confidential data

submitted by the manufacturer are used to calculate health state costs (final row).

Table 89 Health state costs, adapted from CS Table 120 (p. 211) (values in parentheses
are CiC data submitted by the company)

Weekly resource use (n)

Controlled Asthma

Uncontrolled

Moderate

Severe

Asthma exacerbation | exacerbation
Outpatient visits
Visit to GP £44.00 0.035 0.14 0.6 0.6302
Visit to nurse £14.47 0.059 0.16 0.43 0.5139
Visit to specialist | £133.26 0.0243 () 0.094 0.094 0.2899
(I (I (I
Home visit
Visit from GP £112.95 0.00507 0.025 0.034 0.1907
(I
Visit from nurse £37.33 0 0 0 0.0047
(I
Laboratory
tests/procedures
Spirometry £28.20 0.027 (I 0.049 029 | o4 (N
(I
Flu vaccine £6.32 0.02 (IR ool |o 0
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Desensitisation £175.32 0.00612 () | 0.0087 0 0
(I

Inpatient

resource use

(from the clinical

trials)

Hospitalisation £758.98 0 0 0 0

Severe £1,62997 |0 0 0 0.0242

exacerbation

A&E visit only £132.00 0 0 0 0.0218

A&E visit + £1,761.97 |0 0 0 0.0255

hospitalisation

Ambulance + £1,809.80 |0 0 0 0.0014

hospitalisation

Ambulance + AE + | £1,941.80 |0 0 0 0.0027

hospitalisation

Hospitalisation £2,567.62 |0 0 0 0.0081

including ICU stay

Weekly total £8.17 £26.86 £57.17 £224.31

Cycle total (4 £32.66 £107.44 £137.74 £897.25

weeks)

CS Model Health

State costs £11.86 £45.19 £70.36 £649.56

When all costs listed in CS Table 120 are included at the reported values instead of the CiC
values received during clarification, costs significantly increase for all states. The health state
costs calculated using the reported values in CS Table 120 are between 1.38 and 2.75 times
higher than the health state costs used in the model. We have conducted a sensitivity analysis

that uses the cycle total costs reported in Table 88 (see section 4.4).

4.3.8 Model validation and consistency

The CS reports (CS page 193) that UK clinical experts were consulted for advice on the model
structure, discontinuation rules, the target population, health care resource use, health care
utility values, and the approach used to estimate transition probabilities. The CS does not report
any internal consistency checks on the model for data inputs, any testing of the model, or

details of which experts were consulted.
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The economic model is coded in Microsoft Excel and is fully executable. Parts of the model are
coded in visual basic macros which hinders transparency. We have not undertaken a
comprehensive check of all cells in the model; rather, internal consistency checks have been
performed and random checking of the model has been done for some of the key equations in
the model. We have performed a detailed checking of all model inputs reported in the CS (white
box testing); changing the parameter values produced intuitive results (black box testing) and
from random checking the ‘wiring’ of the model appears to be accurate. The ERG was able to
replicate the results presented in the CS and the deterministic sensitivity analyses, as reported
in CS Figure 52 and CS Figure 53. We view the model as a reasonable approach to modelling

the cost effectiveness of severe eosinophiliic asthma.

The company provided a revised model to NICE because they had discovered errors in the PSA

and in the costing of omalizumab. The company stated that for the PSA:

The following errors were identified by the company and corrected in the revised model for the

omalizumab treatment arm as reported below:
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The CS presents a validation of the risk of exacerbations to verify the assumption that a
common multiplier can be applied to all probabilities of transitioning to the exacerbation health
states. The model was run by the company using the transition probabilities for patients having
experienced = 2 exacerbations in the previous year with a exacerbation multiplier of 1. The rate
of exacerbations in the BSC arm was 2.06 compared with 0.93 in the reslizumab arm, i.e.
reslizumab decreased the number of moderate and severe exacerbations by 50% and 53%
respectively (CS Table 145 and Table 90 of this report).

Table 90. Clinical outcomes from the company model for patients having experienced 22
exacerbations in the 3082 and 3083 trials (multiplier=1)

Time Time un- # of # of Deaths Exacer-
controlled | controlled moderate severe due to bation rate
(years) (years) exacer- exacer- asthma
bations bations
Reslizumab 17.77 14.07 6.06 25.78 0.16 0.93
total
On 13.24 7.60 1.16 3.72 0.02 0.23
treatment
Off 4.54 6.47 4.91 22.05 0.15 2.06
treatment
BSC 11.27 16.08 12.20 54.84 0.30 2.06
% difference 58% -13% -50% -53% -46% -55%

The company does not comment on how this analysis confirms that the common multiplier is
justified but the ERG notes that the exacerbation rate for reslizumab and BSC in this analysis
are consistent with the clinically significant exacerbation rate estimates from trials 3082 and
3083 (see Table 18 of this report). The company also conducted an analysis based on all adult
patients at GINA steps 4/5 with a multiplier of 1.535 applied to the transition probabilities. The
results for this analysis are reported in CS Table 146 and show similar results to the analysis for

patients having experienced =2 exacerbations in the previous year.

We note that the validation for the rate of exacerbations in the BSC arm was conducted using
patients with 22 exacerbations with a multiplier of 1. However, for the base case analysis the
company used patients with 23 exacerbations with a multiplier of 2.15. For the base case the
rate of moderate and severe exacerbations is 4.3, which is about double that seen in the pivotal

clinical trials. The ERG therefore considers that the base case analysis is overestimating the
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BSC exacerbation rate. The rate of exacerbations is investigated in ERG additional analyses
(section 4.4).

The company states that they validated their results against existing cost effectiveness studies,
where possible. The model developed by Faria and colleagues’ reported total QALYs of 14.13
and 13.66 over a patient’s lifetime for omalizumab and BSC, compared to the company’s results
of 12.85 and 11.23. The company considers that the results in their model are in line with those
of Faria and colleagues and notes that the analyses are for different populations as Faria and
colleagues considered patients in GINA step 5 without any restriction on the baseline risk of

exacerbations.

4.3.9 Cost effectiveness Results

Deterministic results from the economic model are presented (CS section 5.7) as the
incremental cost per QALY gained for reslizumab compared with BSC. The company sent a
revised model with changes for the comparison with omalizumab. Results are also reported for
total life years. The company analyses and the ERG analyses in this report are for the list price

for omalizumab and the PAS price for resilizumab.

For the base case, CS Table 124 reports an incremental cost effectiveness ratio (ICER) gained
of £24,907 per QALY for reslizumab versus BSC (as shown in Table 91). The comparison with
omalizumab is for the population of patients with severe persistent allergic IgE-mediated asthma
and a history of 23 exacerbations (
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Table 91 Deterministic base case cost effectiveness results for patients with a history of
23 exacerbations

Treatment Total Incremental ICER/

arm QALYs, £
Costs, £ LYG QALYs | Costs, £ | LYG QALYs

BSC ] Il

Reslizumab | [ Il B ] ] £24,907
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Table 92 Deterministic base case cost effectiveness results for patients with persistent
allergic eosinophilic asthma and a history of 2 3 exacerbations (CS Table 125, page 219)

Treatment Total Incremental ICER/ ICER/
arm QALYs, £ QALYs, £

Costs, £ LY QALYs | Costs,£ | LYG | QALYs increment vs BSC
BSC

Omalizumab

F [ Extendedly | £33,254
I

I dominated®

Reslizumab £24.907 £24 907

LLL
111
111

 An extendedly dominated intervention has an ICER higher than that of the next most effective intervention.

The CS summarises the results of the PSA stating, at a threshold willingness to pay of £20,000
and £30,000 per QALY gained (in the revised model), that there is a [l and [l probability of

reslizumab being cost-effective respectively.

The CS states that the results show that reslizumab is a cost effective add-on therapy to BSC

for adult patients with severe eosinophilic asthma who are uncontrolled despite high-dose ICS.

4.3.10 Assessment of uncertainty

The company conducted deterministic sensitivity analyses for 50 input parameters. These
included time horizon, discount rate, health state costs, utilities, patient age, exacerbation rate,
relative risk of exacerbations and mortality risk (CS Table 135). The company varied the
parameters using the 95% confidence intervals as upper and lower values. Where these were
not available (or where the variability was thought to be greater than in the study source),

parameters were varied by +/-20%.

Tornado diagrams are presented of the deterministic sensitivity analyses for reslizumab vs BSC
in CS Figure 52 (reproduced in Figure 9 and Figure 10 of this report). The tornado diagram for

reslizumab vs omalizumab was from the revised model submitted by the company.
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Figure 9 Tornado diagram: deterministic sensitivity of resilzumab vs BSC

Version 1 161



Confidential — do not copy or circulate

D5A Results (ICER)

ES.D00 £ 30,000 E15,00 20,000

RR Oma vs BSC post weeks

Cast - ssverd elacerbaton

% garly non responders - redifumah
Lost - severe exacerbation

Of asthma death

RR Cena ws BSC pra 16 weeks
% moderate - BS(

Litility - cortrofled asthma
Tune bl fon

%% wmvREn - fosod tadlsation
Utility - severs exacerbation
Patient age

W omiaderalo - resl

Discount rate

LIt bty - uncsnteod led gsthma
Lnlity - moderate exsieeeation
Cost - controfled asthma

Ciost - moderate exacerksation
Parcanlage of females

Lost - uncontrofied asthima

B Sgriesd | Upper Bownd @ Loweer boand

Figure 10 Tornado diagram: deterministic sensitivity of resilzumab vs omalizumab (from
company’s revised model)

The deterministic sensitivity analyses for reslizumab vs. BSC found that results were most
sensitive to changes in the baseline risk of exacerbations, a shorter time horizon and the risk of
asthma death. For the deterministic sensitivity analyses for reslizumab vs. omalizumab, the
results were most sensitive to risk of exacerbation, patient weight and the relative risk of

exacerbation for omalizumab versus BSC.

Scenario analyses

The company conducted six scenario analyses that investigated the use of 100mg vials,
alternative utility data sources, and reducing the omalizumab price. These analyses are shown
in the CS in Tables 137-138 and in the revised model for omalizumab discount prices
(summarised here in Table 93).
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The company states that it conducted a scenario analysis for the use of 100mg vials because
this is the size in which reslizumab is currently available. The base case analysis uses 25mg
vials which are expected to be available in [JJJl]. Using 100mg vials with no vial sharing
increases the ICER to £32,330 per QALY.

Table 93 Scenario analyses

Scenario Comparison, ICER (£/QALY)
Reslizumab vs.

Use of 100mg vial : no vial sharing BSC £32,330

Use of 100 mg vial: vial sharing BSC £23,189

Use of uncontrolled and controlled asthma utilities BSC £25,839

20% discount of omalizumab list price Omalizumab Omalizumab extendedly

dominated
30% discount of omalizumab list price Omalizumab £24.420
40% discount of omalizumab list price Omalizumab £28,264

The company conducted a scenario analysis with alternative utility values for the controlled and
uncontrolled asthma health states. These data were from a mapping of patient HRQoL data
collected from the pivotal clinical trials using AQLQ scores. The company did not supply the
utility values used in this scenario. Using alternative utility values increased the ICER to £25,839
per QALY.

Omalizumab is provided to the NHS with a confidential patient access scheme (PAS). Scenario
analyses were conducted varying the assumed PAS for omalizumab in the revised model
between 20% and 40% and the ICER varied between £20,576 and £28,264 per QALY. The

ERG presents model results with the PAS price in a confidential appendix to this report.

Subgroup analyses

The CS reports subgroup analyses for different populations for reslizumab compared to BSC
(CS Tables 142 — 144). The subgroup analyses corresponded to the number of exacerbations
experienced in the year preceding enrolment in the clinical trials, with analyses presented for
patients having experienced =2 and =4 and for adult patients classified as GINA 4/5. For these
analyses, the company applied the exacerbation multiplier that produced the expected number
of exacerbations in the BSC arm (i.e. 2.32 exacerbations in patients having experienced at least
2 exacerbations; 5.61 exacerbations for patients having experienced at least four exacerbations,
and 1.98 exacerbations in adult patients classified as GINA 4/5. For the analysis with patients

having experienced 22 exacerbation the ICERs was £33,774 per QALY, whilst for those having
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experienced 24 exacerbation the ICER was £20,006 per QALY respectively. For the analysis
with adult patients classified as GINA step 4/5, the ICER was £52,738 per QALY.

Probabilistic sensitivity analysis

The company performed PSA with 1000 iterations with the distributions used for the input
parameters shown in CS Tables 131 and 431 132. The company varied the input parameters in
the deterministic sensitivity analyses and also the transition probabilities. The model used the
gamma distribution to vary costs, and the beta distribution for utilities and transition probabilities.
A log-normal distribution was used for the relative risk of exacerbation versus BSC and the risk
of asthma-related mortality. The uniform distribution was assumed for the percentage of severe

exacerbations, the proportion of moderate exacerbations and percentage of early responders.

The company provided a revised model. The PSA results are shown in Appendix 4 of the
company’s clarification response. The PSA results are similar to the deterministic results (Table
94).

The CS states that the transition probabilities were drawn independently for reslizumab and
BSC which leads to higher levels of uncertainty. The ERG agrees that the transition probabilities
should be correlated between those for reslizumab and BSC and sampling them independently

incorporates higher levels of uncertainty in the PSA results.

Table 94 Mean PSA results (from revised company model)

Reslizumab vs. BSC Reslizumab vs. omalizumab

Base case PSA Base case PSA

Mean ICER £24,907 [ ] - £12,537

The CS reports cost effectiveness acceptability curves for reslizumab versus BSC (Appendix 4
in the company’s clarification response) and for reslizumab versus omalizumab for patients with
severe persistent allergic IgE-mediated asthma. At thresholds for willingness to pay of £20,000
and £30,000 per QALY gained, that there is a [JJl] and [l probability of reslizumab being
cost-effective respectively. A cost effectiveness acceptability curve for reslizumab versus BSC

and omalizumab from the revised model is shown here in XXXXXXX11 .
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4.4 Additional work undertaken by the ERG

This section details the ERG’s further exploration of the issues and uncertainties raised in the
review and critique of the company’s cost effectiveness analyses. This consists of additional
sensitivity analyses for the exacerbation rate of BSC, utilities and the cost of exacerbation, using
the company’s revised model. The results are shown comparing reslizumab to omalizumab and
to BSC; the comparison against omalizumab is for patients with severe persistent allergic IgE-

mediated eosinophilic asthma.

The company base case results used transition probabilities from the population with patients
who had more than = 2 exacerbations in the previous year with an exacerbation multiplier of
2.15, to reflect the rates of exacerbation. Unless stated otherwise, this set of transition

probabilities has been used in the ERG analyses.

i) Exacerbation rate of BSC

As discussed in section 4.3.8 of this report, we observed that the base case analysis

overestimates the BSC exacerbation rate. We considered that the exacerbation multiplier
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should be 1, rather than 2.15 as used in the base case. The company included this analysis as
a validation analysis and the clinical outcomes are shown in section 4.3.8.The ERG run the
model with a multiplier of 1 and the results are shown for reslizumab versus BSC and
omalizumab in Table 95. Using a multiplier of 1 increases the ICER to £50,878 per QALY for

reslizumab versus BSC.
We also conducted an analysis using transition probabilities for patients classified as being at
GINA steps 4/5 with a multiplier of 1.535, which produced an annual exacerabation rate of 2.06.

This produced an ICER of £51,240 per QALY for reslizumab compared to BSC.

Table 95 ERG analyses for patients with changes to exacerbation multiplier

Scenario Treatment Total costs Total QALYs | Incremental
ICER (£/QALY)
Base case, Patients with history | BSC
;21 gxacerbatlons of multiplier = Omalizumab Extendedly
' dominated
Reslizumab £24 907
Patients with history of 22 BSC
exacerbations, multiplier = 1 Omalizumab Extendedly
dominated
Reslizumab £50,878
Patients classified as GINA 4/5, | BSC
multiplier = 1.535 Omalizumab Extendedly
dominated
Reslizumab £51,240

ii) Utility values

In these three scenarios, the model was run with alternative utility values, shown in Table 96. As
described in section 04.3.6, the method used for utility measurement differed between the
company’s model and the NICE MTA for omalizumab. The company used the absolute values
for the exacerbation health states from the study from Lloyd and colleagues, whilst Norman and
colleagues” used disutilities from Lloyd and colleagues that are applied to treatment states
using a difference form baseline approach. We undertook as similar approach to Norman and
colleagues, applying the disutilities from Lloyd and colleagues to the uncontrolled health state
to derive the exacerbation utility values (utility scenario 1). An alternative approach (utility
scenario 2) is to use ratios to represent changes in utility from baseline for exacerbation

compared to uncontrolled health states.
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We noted that the utility value for severe exacerbations in the study by Lloyd and colleagues

was defined where all patients in this state were hospitalised and the definition for severe

exacerbation in the CS included a proportion (23%) who were hospitalised and the remainder

who were not hospitalised. We recalculated the utility value for the severe exacerbation health

state by calculating a weighted average with those who were hospitalised assigned the severe

utility value and those who were not hospitalised assigned the moderate exacerbation utility

value. The model was run with this value for severe exacerbations (utility scenario 3).

Table 96 Utility values used in the CS base case and the ERG utility scenarios

. - - Utility
Health State Ratlo_ to Base case® Ut|||t_y b Ut|||t.y c scenario
baseline Scenario 1 Scenario 2 3d
Uncontrolled utility 1.000 0.728 0.728 0.728 0.728
Moderate exacerbation 0.850 0.570 0.628 0.619 0.570
Severe exacerbation 0.623 0.330 0.528 0.453 0.510

? Absolute utility scores from Lloyd and colleagues for exacerbations

b Change from baseline from Lloyd and colleagues, as in Norman and colleagues

¢ Utility scores calculated as a ratio to baseline
d Utility scores for severe exacerbation reweighted according to the proportion hospitalised

The results for reslizumab compared to BSC and to omalizumab are shown in Table 97. The
ICER increases for the utility scenarios to £30,717, £28,302 and £29,720 per QALY for utility

scenarios 1, 2 and 3 respectively for reslizumab compared to BSC.

Table 97 ERG analy

yses with changes to the utility values

Scenario Treatment Total costs Total QALYs | Incremental ICER
(£/QALY)

Base case BSC _ -
Omalizumab ] ] Extendedly dominated
Reslizumab _ - £24 907

Utility scenario 1; BSC I ]
Omalizumab I I Extendedly dominated
Reslizumab I ] £30,717

Utility scenario 2; BSC I ]
Omalizumab I I Extendedly dominated
Reslizumab - I £28,302

Utility scenario 3; BSC I I
Omalizumab I I Extendedly dominated
Reslizumab ] - £29,720
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iii) Health state costs

We noted that there were some inconsistencies in the reporting of the health state costs
(section 151). We have recalculated these costs (Table 98). A scenario analysis was
undertaken with these health state costs and is shown in Table 99. The revised health state

costs decrease the ICER for reslizumab compared to BSC by about £1300.

Table 98 Health state costs, adapted from CS Table 120

Weekly resource use (n)

Controlled Uncontrolled | Moderate Severe exacerbation
Asthma Asthma exacerbation

CS Model Health State costs

(4 weeks) £11.86 £45.19 £70.36 £649.56

ERG revised health state £32.66 £107.44 £137.74 £897.25

costs (4 weeks)

Table 99 ERG analyses with changes to the health state cost values

Scenario Treatment Total costs Total Incremental ICER (£/QALY)
QALYs

Base case BSC _ -
Omalizumab ] ] Extendedly dominated
Reslizumab _ - £24 907

Revised health state | BSC _ -

costs - -
Omalizumab ] ] Extendedly dominated
Reslizumab _ - £22,278

iv) Monitoring costs

We noted that the monitoring times used for omalizumab in the previous NICE MTA appraisal
for omalzimuab (15 minutes) differed from the time used in the current appraisal (30 minutes).

We conducted an analysis using the monitoring time used in these appraisals. Theresultsare

£26.390 per- QALY We conducted an analysis using the monitoring time used in these

appraisals. The costs of omalizumab are reduced by about £2000 (Table 100).

Table 100 ERG analyses with changes to the monitoring duration for omalizumab

Scenario Treatment Total costs Total Incremental ICER
QALYs (E/QALY)
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Base case BSC I ]
Omalizumab ] ] Extendedly
dominated
Reslizumab ] ] £24,907
Revised monitoring BSC I ]
et Omalizumab | I | W | 220
Extendedly
dominated
Reslizumab ] ] £26.390 £24,907

The ERG’s preferred base case

We conducted an analysis that combined the ERG scenarios above comprising: change in

exacerbation rate for BSC (exacerbation multiplier =1), utility scenario 1, change in health state

costs and change in monitoring duration for omalizumab. The results for the ERG’s preferred
base case (Table 101) show an ICER of £57,602 per QALY for reslizumab compared to

omalizumab.

The ERG’s preferred base case analysis was repeated for the alternative set of transition

probabilities for adult GINA steps 4/5 patients, with a multiplier of 1.535. For this analysis, the
ICER for reslizumab compared to BSC is £57,602 per QALY.

Table 101 ERG preferred base case analyses

Scenario Treatment Total costs Total QALYs | Incremental ICER
(E£/QALY)
Base case BSC _ -
Omalizumab _ - Extendedly dominated
Reslizumab _ - £24.907
ERG preferred base | BSC ] [
case; Patients = 2 - -
exacerbations; Omalizumab I e Extendedly dominated
multiplier = 1 Reslizumab I e £57,356
ERG preferred base | BSC I ]
case; Patients - -
GINA4/5; multiplier = Omalizumab I e Extendedly dominated
1.535 Reslizumab _ - £57,602
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4.5 Conclusions on cost effectiveness

The company adapted a model structure published by Willson and colleagues that compared
tiotropium bromide to BSC in patients with severe asthma.** The company does not provide a
rationale for the choice of model structure, but the ERG considers the model structure to be
appropriate for the decision problem. The structure of the model is different from the models
used for technology appraisals of omalizumab and mepolizumab, and other published models.**

4748 The differences in model structure make comparison of the model results difficult.

The company used methods that are consistent with NICE methodological guidelines. The
population, intervention and comparators used in the economic evaluation are broadly
consistent with the NICE scope. What was considered as part of BSC was not well defined in
the scope or in the model; in practice, BSC could incorporate a number of treatments and it is

unclear if different treatments in the asthma care pathway may be more effective than others.

The core clinical evidence for reslizumab was derived from several large, good quality trials, '
that compared reslizumab to BSC. The model uses transition probabilities according to the
transitions observed in the trial, however the ERG had concerns over the explanation of the
derivation of the transition probabilities and the rationale for choosing to use the subgroup of
patients with more than 2 previous exacerbations. Further the ERG questions whether it is
appropriate to calibrate the model to increase the number of exacerbations, to a similar level as

seen in the year preceding the trial.

The results in the CS and in this report are presented for the list price for omalizumab and the
confidential PAS price for resilizumab. The CS base case analysis comparing reslizumab to
BSC had an ICER of £24,907 per QALY. The base case ICER for reslizumab compared to
omalizumab and BSC in patients with persistent allergic eosinophilic asthma and a history of =23
exacerbations was also £24,907 per QALY, as omalizumab was extendedly dominated (a
combination of BSC and reslizumab would be more cost-effective than offering omalizumab).
The ICER for omalizumab compared to BSC is £33,254 per QALY, which is more than the ICER
for reslizumab compared to BSC. The company’s PSA indicated that at a threshold of £20,000
per QALY there would be a [l probability that reslizumab is cost-effective and at £30,000 per
QALY this probability increases to [Jl}. In addition to PSA, a wide variety of one-way

deterministic sensitivity analyses were conducted.
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Generally, sensitivity analyses showed that results were most sensitive to assumptions about
exacerbations. The number of exacerbations in trial subgroups was positively correlated with

reslizumab cost-effectiveness.

The ERG has some concerns about choices of parameters, and conducted analyses evaluating
lower rates of exacerbations in the BSC arm, alternative methods of calculating exacerbation
utility scores, different cost for administration of omalizumab, and different health state costs

based on the values reported in the CS rather than the values used in the model.

The ERG’s alternative base case analysis for the comparison for reslizumab compared to BSC
produces an ICER of £57,356 per QALY. In comparison to reslizumab, omalizumab remains

extendedly dominated.

5 Innovation
The company claims (CS section 2.5) that reslizumab is an innovative therapy, since:

(1) There are currently very few treatment options for patients with severe (BTS/SIGN and GINA
Step 4/5) asthma with elevated eosinophils who are not eligible for omalizumab treatment and
remain inadequately controlled on best standard of care (BSC), other than continuing to

increase the ICS dose or adding OCS.

(2) No other biologic therapies with the same mode of action as reslizumab (i.e. high-affinity

binding to IL-5 to reduce eosinophil maturation, survival and activity are currently available).

The ERG agrees that these are reasonable claims, although we note, as the company
mentions, that the anti-IL-5 monoclonal antibody mepolizumab is licensed as an add-on
treatment for severe refractory eosinophilic asthma in adults, but is not currently recommended

by NICE (appraisal ongoing).
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6 DISCUSSION

6.1 Summary of clinical effectiveness issues

The CS and the ITC Report, although generally well structured, contain numerous
inconsistencies, many of which may be typographical errors. This makes the submission difficult
to follow and appraise accurately. Sample sizes reported for the trials are inconsistent both
within the CS and between the CS and that ICS Report, and for most of the outcomes analysed
the reported sample sizes suggest that an ITT analysis was not followed. Feasibility
assessments for the inclusion or exclusion of trials for both the direct comparison meta-analysis
and ITC are not clearly explained, and the CS presents a confusing picture as to whether trial
Res-5-0010 is relevant or not. The company makes a key assumption that placebo and BSC are
equivalent without providing any justification for this and without mentioning whether the
assumption is robust to placebo effects. The ITC Report also fails to mention that not all

omalizumab trials had a placebo or BSC comparator and it is unclear whether ‘optimised

asthma control’ or ‘control group’ arms in omalizumab trials are equivalent to BSC.

explanation. Seeond—the The company’s process for selecting trials based on their definitions of
clinically significant exacerbations appears inconsistent, meaning that several omalizumab trials

may have been unnecessarily excluded from analysis. The/TC Reportselectivelypresentsonly

[Note added after final submission of this ERG report to NICE: The company clarified during the

factual inaccuracy check process that sample sizes for the ITC analyses were the same as

those for their direct comparison meta-analysis but were reported incorrectly in the ITC Report

(the ERG cannot corroborate this). The company also clarified that trial Res-5-0010 was not
included in the AQLQ ITC analysis, although the ITC Report states that it was. These

discrepancies do not materially affect the conclusions of this report, since other uncertainties in

the results of the ITC analysis remain].
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6.2 Summary of cost effectiveness issues

The CS includes evidence on the cost-effectiveness of reslizumab compared to BSC and
omalizumab for severe asthma. The model structure adopted for the economic evaluation is
generally appropriate and consistent with the clinical disease pathway. The model uses
transition probabilities according to the transitions observed in the pivotal clinical trials, however

the ERG had concerns over the-e

the rationale for choosing to use the subgroup of patients with more than 2 previous
exacerbations. Further the ERG questions whether it is appropriate to calibrate the model to

increase the number of exacerbations, to a similar level as seen in the year preceding the trial.

The CS and this report present all results at the list price for omalizumab and the confidential
PAS price for resilizumab. The model results suggest that reslizumab has a cost effectiveness
versus BSC of £24,907 per QALY (omalizumab was extendedly dominated by BSC). The
company conducted deterministic sensitivity analyses for the input parameters that found that
the results were most sensitive to changes in the baseline risk of exacerbation, a shorter time

horizon and the risk of asthma death.

The company’s probabilistic sensitivity analyses showed there is a probability of [l and |l
that reslizumab is cost effective at a willingness to pay threshold of £20,000 and £30,000

respectively.

The ERG conducted sensitivity analyses evaluating lower rates of exacerbations in the BSC
arm, alternative methods of calculating exacerbation utility scores, different costs for the
administration of omalizumab, and different health state costs based on the values reported in
the CS rather than the values used in the model. The ERG’s alternative base case analysis for
the reslizumab compared to BSC produces an ICER of £57,356 per QALY.

A possible limitation of the economic analysis is that there was no evidence available from the
trials or other data sources on a likely effect of reslizumab on oral steroid use. Use of oral
corticosteroids is one of the outcome measures indicated for consideration in the NICE scope.

Clinical experts advising the ERG noted that this is potentially an important factor, as, in addition
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to their impact on adverse events, oral steroids are a significant cost driver in populations with

severe asthma. Whilst exacerbations are clearly of key importance, they do not fully capture the

potential cost-effectiveness of the intervention without including reductions in day-to-day

symptoms and steroid requirements.

7
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The following amendments have been made to the ERG report and are indicated within the

report by underlined italicised text.

Page 11. The words “in this report” have been added to clarify that the ERG report refers to
trials 3082 and 3083 as being the company’s pivotal trials. This amendment addresses Issue
2 raised by the company (that the ERG’s and company’s references to ‘pivotal’ trials are
slightly different). The ERG refers to these two trials as ‘pivotal’ given that they had longer
duration than the other trials and were the key trials which informed the company’s economic
analysis.

Page 13. Changes in the second and third paragraphs have been made to clarify the
number of trials which provided results for discontinuations due to adverse events and
serious adverse events at 52 weeks (Issue 4 raised by the company). Results for serious
adverse events at 16+1 weeks which were omitted from this summary have been added in
the third paragraph (Issue 5 raised by the company).

Page 15. The second paragraph has been amended to clarify that the company reported a
random-effects analysis for this outcome (Issue 6 raised by the company). This analysis was
inadvertently missed by the ERG as it is given separately in an appendix and not discussed
by the company in their submission.

Page 19. Third paragraph: missing CIC marking of probability values has been provided
(Issue 7 raised by the company).



Page 21. The first bullet point has been amended to correct a company error wherein the
company stated incorrectly that trial Res-5-0010 was included in the AQLQ outcome ITC
analysis (Issue 1 raised by the company — not an ERG error). The fifth bullet point has been
deleted, to remove an incorrect ERG statement that the company did not present a random-
effects analysis for clinically significant exacerbations (Issue 6 raised by the company). A
new final bullet point has been added to explain that, after the ERG report submission, the
company acknowledged errors in the sample sizes reported for their ITC analysis (Issue 8
raised by the company — not an ERG error).

Page 40. Text has been amended to correct ‘phase II' to read ‘phase I’ (Issue 10 raised by
the company).

Pages 42-43. Table 4 has been amended so that exploratory variables are separated from
secondary and tertiary variables in the Table (Issue 11 raised by the company). However
this does not influence interpretation since the company does not define secondary, tertiary
or exploratory variables.

Page 44. Text has been amended in the first paragraph to clarify that the company was
aware of an imbalance in the proportion of females in the reslizumab arm of trial 3084 (Issue
12 raised by the company).

Page 49. Missing exacerbation proportions for trial 3084 have been added in Table 5 (Issue
13 raised by the company).

Page 54. A correction has been made to the cross-reference at the end of the second
paragraph (Issue 14 raised by the company).

Page 59. Missing safety analysis sample sizes for trial 3084 have been added in Table 7
(Issue 15 raised by the company).

Page 62. A correction has been made to a cross-reference in the final paragraph (Issue 16
raised by the company).

Page 68. The third full paragraph has been deleted to correct a company error wherein the
company stated incorrectly that trial Res-5-0010 was included in the AQLQ outcome ITC
analysis (Issue 1 raised by the company — not an ERG error).

Page 82. In Table 24 the cited data source has been corrected from CS Table 59 to CS
Table 60 (Issue 16 raised by the company).

Page 85. The final paragraph has been amended to provide a more precise description of
the pattern of adverse events (Issue 17 raised by the company).

Page 88. An incorrect sample size value in Table 31 has been corrected (Issue 18 raised by
the company).



Page 89. Text has been amended in the first paragraph to clarify the number of trials which
reported discontinuations due to adverse events at 52 weeks (Issue 4 raised by the
company). Table 32 has been amended to clarify that the 52-week results for serious
adverse events are from trials 3082 and 3083 (Issue 5 raised by the company).

Pages 90-91. Table 34 and the paragraph above it, and Table 35, have been amended to
provide missing results for three trials which reported serious adverse events up to 16+1
weeks (Issue 5 raised by the company).

Page 94. Table 40 has been amended to clarify that the means are least-squares means
(Issue 20 raised by the company). To ensure consistency, standard means in the final row of
the table have been replaced with least-squares means

Pages 95-96. Text at the end of page 95 and at the start of page 96 has been amended to
clarify that the statistically significant change in ACQ score was in the total trial population,
not in the subgroup analyses (Issue 21 raised by the company).

Pages 100-101. Table 46 and text in the first, second and third paragraphs on page 100
have been amended to clarify that the company reported a random-effects analysis for this
outcome (Issue 6 raised by the company). This analysis was inadvertently missed by the
ERG as it is given separately in an appendix and not discussed by the company in their
submission.

Page 108. Table 61, and the text in the first and third paragraphs in section 3.4.5, have been
amended to correct a company error wherein the company stated incorrectly that trial Res-5-
0010 was included in the AQLQ outcome ITC analysis (Issue 1 raised by the company — not
an ERG error).

Page 109. Text in the third paragraph has been amended to correct a company error
wherein the company stated incorrectly that trial Res-5-0010 was included in the AQLQ
outcome ITC analysis (Issue 1 raised by the company — not an ERG error).

Page 113. ‘AQLQ’ has been replaced with ‘HRQoL’ in the second bullet point (ERG
typographic error). The third bullet point has been amended to correct a company error
wherein the company stated incorrectly that trial Res-5-0010 was included in the AQLQ
outcome ITC analysis (Issue 1 raised by the company — not an ERG error).

Page 114. The second bullet point has been deleted, to remove an incorrect ERG statement
that the company did not present a random-effects analysis for clinically significant
exacerbations (Issue 6 raised by the company).

Page 117. The number of excluded references has been corrected (Issue 22 raised by the
company).



Page 131, 132, 134 and 138. An explanation has been added for why transition probabilities
used in the model differed from the probabilities estimated directly from the clinical trials
(Issue 23 raised by the company).

Page 153. A cross-reference in the caption of Table 88 has been corrected (Issue 16 raised
by the company).

Page 159. First paragraph: missing CIC marking of probability values has been provided
(Issue 7 raised by the company).

Page 163. A cross-reference in the first full paragraph has been corrected (Issue 16 raised
by the company). An ICER in Table 94 has been corrected from || | to |TNGTGEGEE
(Issue 24 raised by the company). In the last paragraph, missing CIC marking of probability
values has been provided (Issue 7 raised by the company).

Page 164. Figure 11 has been marked as CIC (Issue 7 raised by the company).

Pages 167-168. In the Revised monitoring duration rows of Table 100 the total cost of
reslizumab has been corrected from | I to I the corresponding ICER
value has been updated to ‘Extendedly dominated’; and the ICER value for reslizumab has
been corrected from £26,390 to £24,907 (Issue 25 raised by the company).

Page 169. Fourth paragraph: missing CIC marking of probability values has been provided
(Issue 7 raised by the company).

Page 171. Text in the second paragraph has been deleted to correct a company error
wherein the company stated incorrectly that trial Res-5-0010 was included in the AQLQ
outcome ITC analysis (Issue 1 raised by the company — not an ERG error). Text at the end
of the second paragraph has been deleted, to remove an incorrect ERG statement that the
company did not present a random-effects analysis for clinically significant exacerbations
(Issue 6 raised by the company). A new final paragraph has been added to explain that, after
the ERG report submission, the company acknowledged errors in the sample sizes reported
for their ITC analysis (Issue 8 raised by the company — not an ERG error).

Page 172. Reference to ERG concerns over derivation of transition probabilities from the
trial data has been removed (Issue 23 raised by the company). Third paragraph: missing
CIC marking of probability values has been provided (Issue 7 raised by the company).



"pa1081109 8q pinoys Aay) Aym pue moy pue punoj saloeinooeul Aue Buijielap Jo poyiaw e se Joe pjnoys juswnoop ewJojoid ay |
"Hoda. uonenjea sy} yum ajsgam 39N dy3 uo paysiignd

aq Ajjuanbasqgns ||Im pue aapiwwo) |esieisddy ay) 0} pajuasaid pue podal e ul paybiybiy aq ||IM S10118 |eNjO.} || "9]ge} SIUSWWOD
ewJojoid mojaq ay} Buisn 910z Jequsydas 62 ‘wdg Aq JDIN wuojul }snw noA saloeinodeul [enjoe) Aue Ayuapl op noA |

"}l UIYJIM paulejuog saloeinaoeul
|[enjoe) OuU ale aJay) 8INsus 0] 8.jua)) Juswssassy ABojouyos | yyeeH uoidweyinog wouj uodal 3 ay) ¥08yd 0) PaySe aJe NoA

[z28al] Sp1049}S0213102 pajeyul uo pajjos3uod Aj@3enbapeur ewyjse a1jiydoursoa Buijeau) 10} qewnzi|say
Hodai 9Y3
asuodsay ew.ioj-oid

uonjenjeAg ABojouys2a] yjjeaH 4o} aspuad
90Ud||99X] aie) pue Yj|edH 10} 9)Nn}ijsu| |euoijeN



Buronponul sysu )l se Y3 8y}

Aq payybiybly si eusio Ayjiqibie
JO uonesidde juslsisuooul

s1y} 1ey) uepoduw s 1] “sashjeue
9WO02)N0 JO Jquinu B ul papnoul
SeMm |el} ay) ‘uoisn|oxa Jo1dxa sy}
ayudse(q -, " "|ew} 1daouod jo jooud

|| @Seyd ||ews e sem }I 8sneodaq,
papn[oxa Sem [el} 8y} gy uoisanb
uoneoylie|d 53 0} asuodsal

s Auedwoo ay) pue g| ajqel

SO yjoq 0} Buipiodde Ing YIS

By} Ul 0100-G-s8Y [el} payiuap!

awl yjoq e passasse julodpua
yoes Jo sisAjeue-elow ayj ui
papn|oul Salpnjs JO 1si| e alaym (g
a|ge] ) a|ge} Juenbasgns ay} woJj
Buissiw jou Janamoy si )| -bBuissiw
aq 0} sieadde (0100-G0-SoY)

L 10Z '|e 10 osse) aiaym ‘lodal
D118y} jo g a|ge | ul odAyuoissiwo
ue 0} anp aq Aew uoIsn[oul S,|eL
SIUY} punoJe uoIsnjuood 8y} JO BWOS

‘Oll pue
sosA|eue-glaW 8Y) Jo} PaIopISU0D

aq 0} SI 0100-G-S9Y Jey) sajels

"}SaJa)ul JO S8WO0o)IN0 Uo papodal

) usym D | pue suostiedwon 10811p
8y} Ul SE [[om Se “YIS 8y} Ul papnjoul
sem 0L00-G-Sey |ell} qewnzi|sel ay |

. SosAjeue awoo1N0
awos ul  pepnpul  Apusnbasgns
uay) ‘Auedwods ayy Ag papnjoxa uay}
‘MaIAB) OneWBISAS By} Ul pauiuapl
sem el  sly}  0L00-G-s8d leu)
8y} JO @oueAsjal 8y} Jnoge Jeajoun S|
(3DIN EIn ©¥3 8y} woly uonedyued
10} 1sanbai e ejdsep) Auedwod ay],

Auedwoo ay] -Joule |enioej) e 10N Ales|o pwoday O 1] @yl Jo G 9|qe :0) JUBWIA]R]S puUBWY 0z obed
(1102 e 13 OnseD)
0100-G-S9Y 10} Juswssasse . Sosheue

‘el

SIy} Jnoge uonewsojul Aue sulejuod
Hodal D1 8y) yey) uojuaw

jou S80p pue 0L 00-G-S8Y [el)

Joj Juswssasse Ajenb Jo sjiejop
olydesbowap Aue uodal jou seop
SO 8yl "UOIBWIOLUI JO SB2IN0S 38U}
Bunsodubis Aes|o Joj Juepodwi

Sl SIy] “sjuswnoop ajesedas

9aly] se Jodal Y1S pue ‘Uoday
211 ‘(s9) uoissiwgns Auedwoo
ay) 0} Jajal Apioldxa am loday
9¥Y3 9y} u| “Joud |enjoey e JON

Ayenb ay; syussaud
Moday Q11 8y ul 0} Xipuaddy e

(1102 Ie 1o o5seD) 01L00-G
-9y Jo (sonsusioeleyo jusaied
auljaseq) s|ielap olydeisbowap

syuasaud poday D1
3y} JO 6 pue ‘g ‘/ saolpuaddy e

:s9olpuadde

s Hoday 1| 8y} Ul punoj aq

ueo |eu Siy} Joj Juswssasse Ajijenb
pue sjiejap olydelbowap ay} pue
a]elndoeul S| JUBWBI.]S JUaLIND 8y |

‘'saolpuadde s uoday D 1| 8yl

Ul punoj} 8q Ued |eu} SIy} JO} JUBWISSASSE
Ajjenb pue sjiejap alydeibowaq
"}S9J8JUI JO SBWO0IINO UOo papodal

J usym O 1| pue suosiedwod joalip

8y} Ul SB ||am Se "YTS 8y} ul papnjoul
Sem 0100-G-soy |el) qewnz||sal 8yl

:0] JUBLWIBEIS pUBLIY

aWOo2)N0 JO Jaguinu e Ul [eu} SIy}
papnjoul Ajjuanbasqns Auedwoo ay}
‘JOASMOH °|el} SIY} IO} JusWSsasse
Aujenb Jo sjieyap oiydesbowsp

Aue 1odal Jou seop SO ay} pue
UOIJBJaPISUOD JBYMN) WOJ) POPNIOXd
sem (01 00-G-S9y) S|el] qewnzi|sal
8y} Jo auo jey) paels Auedwoo sy,

0] obed

sisAjeue-ejow/y1S

wioJj [elly 01 00-G-S3Y J0 uolsnjoxs
ay) buipiebau serouedalosiq

asuodsal 9y3

jusawpuawe 1o} uonesysne

juswpuawe
pasodoud jo uondiosag

wajqoud jo uondLasaq

| anss|




‘Aieo Joy sabed

9S8} UO }X3) papuawe aAey

am (121 ‘€Ll ‘60l ‘801 ‘LZ sebed)
Hodal 93 ayy ul seoe|d G ul

0} paJlidjal S| SIY} oUIS ‘JIOASMOH

*10.118 |enjoe)

9Y3 ue jou ‘poday O1| Y} Jo 8
a|qe ul Jossd Auedwood e si siy|

pasn ejep ay} syuasald Ajajeinooe
yolym podal 91| 8y} Jo ol ainbi4
UHM Bul| Ul &g Uy} ||IM 8 B|qe L

. payodal ejep DOV
ON, Bulaqg uoisn|oxs 1o} uoseal

93U} YIM ‘papn|oxa Sem [eL SIu}
Jey} ajejs pjnoys Hoday 1| 8y}

jo gy @|qe ] ul (1102 ‘|e e odse))
[eu siy) 0} Buipuodsaliod mol

ay} ‘uoday D 1] 8y ul odAy e 03 enp
sl julodpus siy} Jo sisAjeue ay) 1o}
0100-G-S8Y JO uoIsn|oxa,/uolisnjoul
9y} punoJe uoIsnjuod ay |

" SYeem $F9| Je abueyd

91008 DOV 40} D1I dU3 ul papnjoul
sjeld] L9 9|gel, Ul ||99 S[eu} gewnzisal
By} WoJj parowal aq pjnoys 0100-S-soy

‘0geoe|d snsieA gewnzi|sal Jo
uosledwoo 108lIp pue D1 | 8y}l Ylog wo.y
pPapN[oXa SI 0100-G-SOY ‘SHoaM pF9]

1B 8WO02IN0 HTOV 8y} Jo Sisk|eue ay) 104

WOJJ pepn|OXa INg (BWNZIeWO SNSIoA
gewinzi|sal jo 91| 8y} ul papnjoul

SI 0L00-G-SoY [BL} U} SY99M HF9]

e pessasse aWwooiNo POV 8yl 104,

v11 ebed

[(aJay paonpoudal

Jou ‘0l ainbi4 poday 911) (0100
-G-soy Buipnjoxa) sjeu; ayj Jo Jnoy

JO we yoes uj auljeseq wouy sabueyd
ay) syuasaud yoday D1 dyl,,

601 obed

‘Auienisoun
SE ||om Sk selq uonos|es

"1 8y} Jo} passasse sjulodpud
8y} JO Yoea 10} papn[oxa sem
Apnis yoea Aym aquiossp podal
Oll8uijo v/ pue ‘L / ‘89 ‘G9 ‘29
19 ‘GG ‘1S ‘8¥ ‘t¥ ‘Ov ‘GE selqel
"a|gejieAe si eyep juiodpua i

uaym sasAjeue D ]| 8y} Ul papnjoul
S1 0100-G0-S8Y jey} sjelisuowsp
S9|qe) 9S8y "JUBWSSISSE JO awWi}
pue juiodpua Jad ‘D ]| 8y} ul sjeu}
papn|oul Jo 1s1| }984109 8y} apiroid
Hoday O1] 8y} Ul ¢ pue ¢¢ sa|qe

‘pa1onpuod
sosA|eue-ejow ay] Ul papnjoul sem
0100-G-S8Y Jey} sajessuowsp sy |
"Hoday D11 89U} Jo 6Z ‘SZ ‘2C ‘02
‘v ‘01 se|qe] ul sieadde (0100
-G0-S9Y) | L 0Z 0J1Se)D ‘ISA0BION

‘papinoud si 3salaul Jo sjulod




O¥Y3 9y] "Jolie |enjoey e JON

sl juiod dn-moj|o} L F9| YL

U} InoyBnoIy) yF91 0} L 79| 9buByD

pue (aouejsul 1s1l)) g1 abed

asuodsal 9y

juawpuawe 10} uonesysnf

jusawpuawe
pasodoud jo uonduosag

wajqoud jo uondlasaq

¢ anss|

‘(11 obed) sjewy

[ejoAld 8} Se £80€ puB Z80¢ S|eu}
0] sJajal yoiym uodal 543 ay sI
11 1Byl paljlie|d oABY oM ‘JOASMOH

"(1'¢"y uonoss pue z|

a|qeL SO) sleu} [ejoald Jo saipnis
lejonld ayy a1e 1.g0¢ pue £80¢
‘Z80€ s[el} Jey) suojuaw Jaje| pue
(1 @19e L SO) s[el |ejonid ay) ale
£80€ pue Z80¢ s|el} Jey) suojuaw
gD 9y Jouss |enjoey e JON

(SO 40 L°¢’ uonoss Ul
a|dwexa 10}) SO 8Y} Ul 0} pallsjel
s|el) |ejoAld @aly) ale aiay |

"PapN|oUl 89 PINOYS L 8OE [BL) ‘opew
aJe s|ell |e1oAld 0) 8ouUBIBjal BIBYAN

'slel [eJoAld 89 0} £€80€ PUE 280€
s|ell slapisuoo Ajuo podal 53 8y

‘1noybnoayy
pue (souejsul isily) || abed

asuodsal 93

juswpuawe 10} uonesysnp

juswpuawe
pasodo.ud jo uonduosag

wajqoud jo uondlasaq

Z anss|
‘paule}qo sajewsa
109J8 Juswieal] dAle[a. 8y}
10edw Jou [|IM pue sisAjeue ay} 1o}
pasn sindul ay) aqliosap Aj108.1100
0] MOJ|E |[IM JUsWwpuUsWEe SIy | uopeue|dxo

"SoOM
¥¥91 18 DOV 4O siskjeue ay} ul

Aue 1noyym ‘ogaoed snsien
gewnzi|saJ Jo uosliedwoo Joa.Ip 8y}




1¥9| 1e s3yS 10} }Xxa} mc_ww_c._
9] pappe sAeYy am pue oalbe 9N

10} 8|qe|leA. aiaM S|el) 9aly) Wod)
Blep se 108.100Ul S| Juswalels sy |

10 sisAjeue ay) wWoJ} s}nsal 8y} epnjoul
0) papuedxea aq p|noys juswalels siy |

¢ abed

asuodsal 5y

juswpuawe 10} uonesynsnp

juswpuawe
pasodoud jo uondiiasaqg

wajqoud jo uonduoasag

G anss|

‘(68 8 ¢ sabed) syjuans

9SJOAPE 0] 8Np SUOBNUIIUOISIP

JO uosuedwod s)ydam G ayj ul
papnjoul alam sjeu) g jey Ajleo o}
18} pappe aAey am pue daibe app

"S)oOM ZG 1B
ejep pajiodal sjel) omj AJUo ‘Syoam
$TF91 1e sishjeue sy} Ul papn|oul
2J9M S|Bl) 931y} 9)IYAA "S}einooeul
SI JUSWISJE]S JUBLIND BY |

"S)OOM ZG J0J JNsal 8y} wloyul
0} pasn (g=u) sjeLl} Jaquinu 8y} apnjoul
0} papuswe ag p|noys juswaie)s ay |

(G710

€€°0 1D %SG6 ‘0.0 Olel Sppo) sxeem
2510 (91703 2170 1D %S6 ‘€8°0 onel
Sppo) s}oem LF9| Jayys 1e sjuaied
pajeal; ogade|d pue qewnzi|sal
usamjaq saoualaylp Jueoyiubis
Aljeonsie)s ou pamoys yaiym

‘sjinsal |eonuapl aneb sjppow sjoaye
wopuel pue paxi ayj (sjeu; ¢) sjusns
9SJOApE 0} 8Np SUOIBNUIIUOISIP JO4,

:s9)e)s podal Y3 8y
¢| abed

asuodsal oy3

juswipuawe 1oy} uoiyesynsne

juswpuswe
pasodoud jo uonduosaqg

wajqoud jo uonduoasaqg

y anssj|

‘(suosuedwoo 108uipul) /9

abed pue (suosuedwo? 108.Ip) 29
abed poday ©H¥Y3 uo paulejdxs se
‘sasAjeue ay} ul pakojdwse syulod
awl} Joexa ay) salynads Joday

‘PF9| sem
uosLiedwod Juswieal) 108.Ip 8y}
ul pasn juiod dn-mojjo} 10814100 8y |

‘8]elndodeul

‘110dal

‘uosiiedwod juswiealn

10841p 8y} wou} synsal buiodal
uaym juiod eyep dn-mojjo} e se

LF9] sesn Ajjuanbauy Lodas Y3 8yl

‘1noybnoiyy




(LZL 'Ll ‘1oL

‘001 ‘12 ‘Gl sabed) asay} uo ixa)
ay} palepdn aney am pue uodal
9Y3 2y} Jo sabed g uo psuonuaw
sI siy] “(Auedwoo ayy Aq passnosip
10U pue S}|Nsal S}09))0 paxiy

a2y} episbuoje uaalb jou ‘xipuadde
o)eledas e ul ale Aay) se sn Aq
passiw AjjusuaApeul a1am s)nsal
$109)J0 wopuel ayy) saibe app

"s)INsaJ O 1| Jo uonejaidiaiul pue
sindjno |eanAjeue ay} Uo UOOB|BS
[opow jo 10edwi sy} aiedwod 0}
Jojen|eAa ay} moj|e 0} Z| xipuadde
ul sisA|eue sjoaye-wopuel

ay) pajussaid podal D1 | 8yl

‘a|ge|ieAe
sem sisA|eue s)o8)je-Wopuel
ou ey} 1sebbns 0 e1eINOORUI SI |

"Hoday O 1] 8y jo gl

xipuaddy ul pajussald ale |spow S}08))8
wiopuel 8y} Jo s}nsay "D 8y} uo paseq
Ajaand sem 8210y9 SIy] "UOi}BgIaOBXd
weoyiubis Ajjeaiul)o Jo sisAjeue

9SBO 9seq oy} Ul [9pow S}oayd paxiy

ay} Jo synsal syuasald Joday 1| 8yl

aney 1se9| }e p|noys sisAjeue sjoayo
-Wwopuel B UsYm Sajel Uoljeqasexa
weoyiubis Ajjeosiulo o sishjeue

9y} JO} S}INSaJ [9pOW S}O8Y8-paxIy
Ajuo syussaud AjpAnosles SO ayy,

Lz obed

uosuedwod 1o}

a|ge|leA. S| SisAjeue S}08)je-wopuel
Ou Jey} UaAIb Jesjoun si sjnsal
9S8y} JO SSBUISNgoJ 3y} ‘JoAamoy,

G| abed

‘pajuasald Buleq jou
[9pOW S}08yd Wopuel 3y} JO S)Nsay

asuodsal 93

juswpuawe 10} uonesynsnp

juswpuawe
pasodo.ud jo uonduosag

wajqoud jo uondlasaq

g anss|

‘L6
® 06 ‘68 ‘€l sebed podas H¥3 uo
solidde siy| 'paisebbns se syoom

8yl
abed) SO 8y} Ul syPaM 9| Je sTVS

(8071 0} L¥°0

1D %S6 ‘1270 Ol}el Sppo ‘S[eLl) Z) SYoam
ZG ¥e pue (G5'L 0} €7°0 1D %S6 280
onel sppo ‘sjeu} ¢) s)eam $¥9| e sdnolb
ogeoe|d pue gewnzi|sal 8y} usamiaq
saoualayIp 1ueoliubis Ajjeonsnels

OU PaMOoys 8say} pue ‘sjnsal [eoljuapl
aAeD sjppow S)08)J8 Wopuel pue

paXx1) 8] ‘SJUBAS 9SISAPE SNOLIBS 10

S)oeM $+9| Je STVS

‘'Syeam 9| 1e sisAjeue

10} B|ge|leAR a1oM Blep 1uaiolnsu|
(8071 O} 2#°0 1D %S6 ‘120 onel
sppo) sdnoub ogaoe|d pue gewnzi|sal
By} Usam}aq Saoualaip Jueoliubls
Aljeonsie)s ou pamoys asay) pue
‘sjinsal |eonuapl aAeb sjppow s}08)e
wopuel pue paxi ayj (s|eLy g) syeem
ZG 01 dn sjusAe asIaApe SnoLISS 10

:s9)e)s Jodal Y3 8y} (JVS) sjusns
9sJaApe snoLIss 0] spJebal YA




(2L1 ‘691 ‘v9l ‘€9l ‘6L ‘6l
soebed) paisabbns se pajybiybiy

usaq aney ejep J|O dYL A — |

‘asuodsal Auedwoo
ay} Jo # xipuadde pue g9 ul

se DD ale sjuswale)s JualIno ay |

Buiaq qewnzijsau Jo Ayjigeqoud

I rue [l € s! o50u) 1ey)
‘paureb AVO Jed 000'0€3F pue
000023 Jo Aed 0} ssaubuljim

10} Sploysaiy} 1V, :591 abed

0v6'€C3

:paybIybIy
9q 0} SYJD| Ues|\ :y6 d|qeL

Kjennoadsal

BAI1109)J9-1s09 Bulaq qewnzi|sal
jo Ayngeqo.d i rue [l e s
aIay} jey} ‘(japow pasinal 8y} ul)
pauleb AvO Jad 000°'0€3 pue
000023 jo Aed o} ssaubuljjim
ploysaiyy e je, ;19| abed
~Alennoadsal

‘paureb ATV Jod 000°'0€3

pue 000023 J0 ploysaiy) Aed

0] ssaubulj|Im e 1B BAI109}Jo 1500
S| qewnzijsal ey Ajjigeqoud
I rue [l e roiewnse
(VSd) sisAjeue Ayanisues
onsliiqeqold 8y, :6} abed

‘Al

"0I0 se WbIybiH

‘(D1D) @oUsdpPLUOD Ul |[BIDJBWWOD

8 p|noys ey sainbiy/sanjea spnjoul
uodal H¥3 8y} Ul SjUsWSIL]S [BIBASS

(eoueysul 1s1iy) 61 obed

asuodsal 9y

juswpuawe 10} uonesysne

jusawpuawe
pasodoud jo uonduosag

wajqoud jo uondLasaq

] anssj

,uosuedwod 1o} pajuasald usaq




‘uoissiugns
Hodal 943 8y} Jaje sy}

1NOge uoiewIOoUI Jayuny papiaoid
Auedwod ayy jeyy Ajuep oy /L %
Lz sebed uodals o3 uo juswalels
e pappe aAeY oM ‘J9ASMOH

'©¥3 9y} JO SIoLd |enjoe;
10U ‘sJiouse Auedwod ale asay |

juswieal; ay} Yjm pajeloosse
alom pue (YSD) suodal

Apnjs |eo1Ul[D 8y} Ul SUOI}08S
Aoeolye Wouy pajorIxa alam

soz|s a|dwes asay] ‘(L€ pue ‘62
WRANTAR AN AAN AN 1 W1 A 4 A )
‘0l s9|gel) suosuedwod 10a.ip a8y}
Joj} sindul jo se|qe} ay} ul pajuodal
S0y} aJe sjel) qewnzj|sal

10} pasn sazis a|dwes 1081100 ay |

[eonsliels 8y} Ul pasn jou aJam Aay)

se sjndul 1024100 8y} Jou 840818y} ale
sindui 91| 8y} Bunussaid sainbiy poday
1| 8yl uo pakeldsip sazis s|dwes

a8yl "{SD dy} Jo suonoas Aoeolya

3y} Ul 9|gE} S,8W09)N0 YOed Ul pajoeljxa
saz|s ajdwes Aoeoalye ay} 0} puodsallod
sozis a|dwes asay | ‘suosuedwod

108.Ip 8y} Ul SE dWes ay} a1om O |

8y} ul pasn sajdwes [el} gewnz|sal ay |

[In}, Y} Uy} Jo|lews (pauyap a1aym)
pue pasiwopuel Jaqunu ay} uey}
Jgjjlews AjpayJew ale sazis aidwes
SBWO092)N0 BWOS J0} ‘alowlayln
‘uosuedwod }0alip 8y} Ul SBWO02IN0
awes ay} Joj pasAjeue uaym sjeu)
Bwes oy} J0} 9SO} O} Juaaylp ale
D11 8y} ul pasAjeue sjeu} qewnzi|sal
ay} Joy sazis s|dwes pauodal 8y,

Lz obed

asuodsal 9y3

juawipuawe 10} uonesysne

jusawpuawe
pasodoud jo uonduosag

wajqoud jo uondioasaqg

g anss|

Ajeanoadsal 000'0€3

pue 000°023 J0 ploysaiy Aed

0} ssaubulj|im B Je 8AI}081d 1S00

st qewnziisas jeu; i rue N

10 Ajjigeqoud e si a1ay) pamoys

sasAjeue Ajanisuas onsljigeqold
s Auedwod ay|,, :y7/| obed “IIA

JJ 0 sesea.oul Ayjgeqoud

siu} ATVO Jod 000°0€3 18

pue 8AI108}9-1S02 S| qewnz||sal

tey} Aupqeqoud [ e eq

pInom a18yy ATVO 42d 000°023

J0 pjoysaily} e je jey) psjedlpul
VSd sAuedwod ay],, : L2} abed IN

Jl0 se
pa)lew aq 0} ainbi{ "L ainbi4 ‘A

KjoAnoadsal aa0s)e-1S00




vy uonoas Joday

Y3 Ul pauie|dxa S SIY} pue ased
aseq s Auedwod ayj 0] JueAs|al

sl sjeln Bw Gz ui Ayjiqejiene

ainin} ay} ‘JoABMOH g 9|qel

SO pue Ddws ay} 0} bulusyal ale
€ 9|qel HY3 ul pue og¢ abed uo
Sjuswale]s 8y "I101Id [Bnjoe} B JON

‘uondo siy} uo peseq sem siskjeue
aseo aseq ay) pue ‘s|ge|ieae
aq Ajoys [Im 8zis [ein Bw Gz oy L

"Juswdojansp ul [eiA Bw
GZ 9y} SHWO Juswale)s Jualing ay |

T veoMmieq sqejiene
9( 0} pajoadxe pue juswdol|orsp
Japun Ajjuauing si jein Bw Gz v

:9pN|oUI 0} JUSWIS)E]S JUBLIND By} PUSWY

:-w_m_>
asn a|buis (qwy/bw Q1) Tw QL /Bw
001 Ui 8|qe|ieAe Buleq uonn|os auj,

Jey sajes podal 9Y3 8yl
(1¢ obed) ¢ ajqe pue o¢ abed

asuodsal 9y3

juawipuawe 1o} uonesynsne

jusawpuawe
pasodoud jo uondiosag

wajqoud jo uondioasaqg

6 anss|

‘'suosliedwod 10alip 8y ul pasn
Sem Yolym ey se sazis sjdwes
[el] gewnzi|sal sawes ay] pasn
D11 8y 1ey) Buiuesw ‘uosliedwos
108.Ip 8y} Sk 189S elep ulew

awes ay) Uo paseq aiom sashjeue
D1] 'sesAjeue O] | 8y} ul 8zIs
s|dwes se pasn Jou alem asay)
SE UoISNjuod 0} I0}en|eAa ay} pes|
ueo siy| "uonendod pasiwopuel
ay) Jo asoy) aJe sashjeue

D11 9y} Joj syndul ayy ussaud o0y
pasn sainblj ey} uo umoys N ayL

‘pasiwopuel Jaquinu

8y} uey) JBjjewS paspul ale

¥SH a8y} ul panodal sazis sjdwes
Aoeoiye asay] ‘pauodal sjoayd

‘uone|ndod pasiwopuel 8y} uey) JajjewsS
ale sasAjeue O | pue uosLedwod j08.Ip
U1og Ul pasn pue YS9 a8y} Ul papodal
soazis a|dwes Aoeolyle ay | "sisAjeue

" 10s sisAjeue




“Joip Aiojelojdxa Jo Aienua)
‘A1epuooas se palIsSse|o Sawo9InNo
MOy 0} Se SO ay} ul uaalb

s| uoneue|dxa ou se dlWapede
Ajobue| swass sy} ‘1onamoy
{(ep-zp sebed) pajsenbal se

s||92 8|qe)} 8y} pajepdn aaey S\ Il

'GG Jo
ZG S9|qel SO Ul Ssawoono Aleis)
Jo Alepuooas se pauoluswi Jou
aJe Ay esneoaq sl  9|qel OYJ
Ul papnoul Jou 8Je SaW09IN0 9S8y
uoseal ay] "Io.lo [enjoe} e JON I

alam |L80¢ el L
Jo} sa|qeueA Aiojelo|dxa

ay) 1eym jaidiayul
Ajea)o siepeal djay o] gl

@jeinooeul
siis|juaunoayl

(€80€ pue Z80¢ s(ely 1oy se)
[180 8|ge} mau e Buisn |.80¢ |eu]
Jo} sawo2ino AleisyAlepuodas
8y} wo.j sa|qelea

Aiojelojdxe ay) ajesedss Alies|n ‘Il

#80€ [eu] 1o} SewooINo
Kreney/Arepuodss Jo is||
Syj ur NSV Pue DOV 8pnpul

saw021n0 AleilayAlepuooss

ay} woJ} pajeledsas

Alleajo Jou aJe sa|geleA
Aiojelojdxa sy} ‘L80€ |e} Jo- il

#80¢ el L 10}
Sow02)n0 AseiayAlepuooss

wioJ} pepiwo |NSY pue DOV
ul sulieseq wolj sbueyy I

(zv ebed) ¥ 8jqeL

asuodsal 9y3

juswpuawe 10} uonesysnp

juswpuawe
pasodoud jo uonduosaqg

wajqoud jo uondioasaqg

L] anss|

(ot obed) spew usaq
Sey uo}0a.l09 siy| "ealbe app

"gjelnooeul
S| JUSLWJE]S JUBLIND By |

Jowwelboud
[ea1ul[o T 8Seyd 8y} pawJojul
1ey} Apnis 1deouoo Jo jooud || eseyd -,

:0] JUBLWIB)E]IS pUBWY

Jowuwelboud
|eoiulo 11 8seyd ay) pawojul
1ey} Apnis 1daouod jo jooud || eseyd

‘Juswalels buimojjo) ayy ur odA |

6¢ obed

asuodsal 9y3

jusawpuawe 1o} uonesysne

juswpuawe
pasodoud jo uondiosag

wajqoud jo uondLasaq

0l anssj




‘(61 @bed) Juswpuswe pajsabbns
ay} apew aAey pue aalibe app

"SO 9y} Jo €6 9|qe ul

pauodal sem $g80¢ el ul syjuow
Z1 1Se| Ul suoljeqlaoexa Yim
sjuaned 1o} Blep Se 81eindoeul S|
8|ge1 8y) Ul YN 1O 8sn JualIno ay |

(8¢) g :oqgeoe|d

(z¥) 991 :s3y

.sanjeA
Buimol|o} 8y} apnjoul 0} a|e) Sy} pusLIY

" YN, se pauodai
S| SYUOW g | 1Se| Ul SUOol}eqiaoexa
uum sjusied ‘$,80¢ [el | Jo4

(81 obed) G jqe L

asuodsal oYy

juswpuawe 10} uonesynsnp

jusawpuawe
pasodoud jo uondiiasaqg

wajqouad jo uonduosaqg

€| anssj

‘(4 obed) Juswpuswe pajsabbns
8y} apew aAey pue aaibe app

“WwJe Juswieal) yoea
ul sjuaned sjewsy jo uolodoud
dy) Ul 8ouBlBqUI BY} BAI8SQO0
0} pajie} SO 8y} se pajaidieiul
8Q p|NOd JUBWa}e)S JudlInNd By |

. (%GG) wie ogaoeld

ay} ui ueyy saybiy Apybiis sem (%99) wie
gewnzi|sal ayj ul sejewsy jo uoluodoid
a3 yey} BURYBIYBIY S[IyM ‘(€6 81qe L SO)
paoue|eq ||oM Se solislialoeleyd juaied
9} s8quOsap SO 8y} #80¢ [eu) 104,

10} JUBWB).]S BY) pusBLY

. (%5G) wue ogaoe|d ay) ul ueyy saybiy

Apybis sem (9%,99) wie qewnzisal
3y} ul sajews} Jo uoiiodold ayy

Jey) ydeoxs ‘(¢g 8|qel SO) padueleq

[|om se solslisjoeieyo jusied
9} s8quossp SO ayl #80¢ el o4,

:s9)e)s Jodal 53 8yl
¢t obed

asuodsal 9y

juswpuawe 1o} uonesysne

juswpuawe
pasodoud jo uondiosag

wajqoud jo uondLasaq

Z1 anssj|




‘(gG obed)

pajsanbal se / a|qe| 01 pappe
uaag aney (aAoge pauoiuaw se
‘papunol) sanjeA Buissiw ay| "I

%66<, Se pauodal ale

‘sanjeA Buljieo-teau Buiaq ‘yoiym
%G 66< JO SanjeA 1o} }daoxa
‘Jaba}ul 1s81B8U By} 0] PApPUNO
Apuajsisuod aJe a|ge} 8y} ul
sabejuadlad "JoJld |enjoey} e JoN “lI

"(Sv4 8uy ul 6g¥ dAIB pjnom
siaquinu s Auedwod ay}) Sy

ay} ul aJam sjualjed ggy salels
UoIym S9 auy Ul g ainbi4 anoqe
Aj@1eIpawiwil 1x8] 8y} yum aaibe
10U op Auedwod ayy Aq a1ay uaalb
slaquinu ay] "Jould |enjoey} e JoN I

(SO0 /2L
obed ‘gg ainbi4) welibelp

LMOSNOD au U sy i

(SO

jo /z| ebed ‘Gg ainbl4)
welbeip JHOSNOD ursy Il

(S0 Jo g9 abed ‘z ainbig)
welbeip JHOSNOD U sy |

"@]elnooeUl Si 8|ge) JUaJInNd 8y |

(%66) L6 :00808|d

(%66<) G6€ :S3Y
:ale pappe aq 0} sanjeA ay |
:uwINjod Yig ‘swie yiog ‘yg0e Ml

(%66<) G6E o9 pINoys (%66) S6E
:uwn|oo Yy ‘qewnzisey ‘¥80¢ Ml

(%001) ¥z
8q pInoys (%/6) £ (el 8y}
wioJj) uwnjod yiy ‘ogedeld ‘Z8os

"elep peojussald
8] Ul S810BINDJBUI SUIRIUOD B|ge] 8y |

(8g obed) 2 sjqeL

asuodsal 9y3

juswipuawe 10y} uoiyesynsne

juswpuawe
pasodoud jo uonduosag

wajqoud jo uonduoasaqg

Gl anssj

‘(G abed) Juswpuswe pajsabbns
ay) epew aAey pue aaibe app

"@)einooeul
SI JUSWIAJE)S JUBLIND By |

~HOdaI O]
3y} ul papinoad uswabpnl s Auedwod
8y} YIM JNnOUOD aM ‘g 9|ge ] Ul UMOYS SY,,

:0] JUBLWIBE]IS pUBLWIY

L UoIsIan SO 8y}
ul papinoad Juswebpnl s Auedwood ay)
YlIM JN2UOD OM ‘g 9|qe | Ul UMOYS SY/,,

©G abed

asuodsal 9y3

juswpuawe 1o} uonesysne

juswpuawe
pasodoud jo uondiosag

wajqoud jo uondLasaq

y1 anss|




as10aid alow s| 1xa) paysabbns

s Auedwoo ay) se ‘JanamoH

'SV JO MAIAJBAO [elauab

e oAIb 0} sem uoiudlul 8y} pue
gewnzijsal, ueyj Jayiel ,0qaoe|d,
peal aney pjnoys Ggg abed

oqeoe(d o Ul Juanbay 3Jv Aue Jo 9ouspIoul 8y} ‘|| JaAQ

alow sem Jy Aue 0}
10 80u8pIouUl By} ‘[leJanQ | pasinal 8q pinoys dnoib qewnzjjsal
ay} ul Juanbauy aiow Apybis

:@]einooeul si dnoib gewnzi|sal
b . 2JoMm saliofa)ed J1sow 1ey) wie sy

ay) ul Juanbauy aiow Aybis aiam

Ajybiis aq 0y salobaied 1sow 1oy Aouspus)
e yum ‘sdnoib ogaoe|d pue gewnzi|sal
8y} Yl0g Ul palindoo (8Jonss ‘ajesapow
‘pliw) saobaleo ||e ul SJUBAS 3SIBAPY,,

:so)e)s Jodal Y3 8y

uo Juswalels Y oyl ‘ealbe app salloba)eo Jsow jey) wieo ay | Juswpuswe paysabbng 9 abed
juswpuswe
asuodsal 9y | Juswpuawe 10} uoljesysnpe pasodoud jo uondiiosaqg wajqouad jo uonduosaqg
Ll anssj
el L€l pue
pue |¢| se|qe] SO L€l se|qel SO Gol
(sozd
(902d “ZL1 @191 SO) | ‘ZL1 ®I9eL SD) 88 dlqe L
09 % 89 65 % 8G S9|qe L
sa|ge] SO :92In0g gD :924N0S ¥Z 9|9eL
(ge1 abed g9)
10
"9)einooeu| aJe (6 uonoas s9) (6% obed s0) 19
(g9l SO 8y} ul sisquinu
‘eGl ‘28 ‘29 sebed) pajoallod a|qey/abed/uonoas Jaquinu "paIod SO 8y} Ul slIsquinu
U29( 9ABY S90UBIS}8I-SS0ID 8say | paun uoIj08.10D uoneln abed oy3 a|qeyebed/uonosas 1084100U|
juswpuawe
asuodsal 9y3 Joj uoneasyysnp juswpuawe pasodoud jo uonduossaqg wajqoud jo uondLasaq

9| anss|




‘(gg abed) Joaquinu
By} pa10a.lod aAey pue aalbe app

"8]INOOBUI S| 8N[BA JUBLIND

€01=N 0} L/G=N 8buey)

'L80¢ leu] jo
wJe gewnzijsal Ul Jaquinu juaijed j081100U|

(28 ebed) L¢ 8jqel

asuodsal 9y3

juswpuawe 10} uonesysne

jusawpuawe
pasodoud jo uondiosag

wajqoud jo uondioasaqg

gl anss|

"UOI108.100 By}
Buiyew 1s(Iym siy) peppe aAey am
‘@jelnooe s| 1l jey) saibe em pue

sjuaned pajeal;-ogaoe|d

ul %G8 pue sjusned

pajeal}-qewnzi|sa.

ul %Gc' L sem s3vS

10 @ouapIoul 9, abeiane

8y} ‘s|eu} Jnoj 8y} SS0I0Y

's3ys bBuipodal sjel

y/Z Ul wie ogaseld ay} ul
juanbaly alow al1om S3yS I

(s3v a1esepow Buodau

s|eu) ¢/¢) wie ogaoe|d

ay} ul Juanbauy aiow alem

sy ejelepow ‘(s3y pliw

Buiodal sjew; ¢/¢) wue

gewnzijsal ay} ul Jusnball
8low a1em sy plil S)IYAA il

wlie

‘sjualjed pajeal-oqaoeld

ul 9%G'8 pue sjuaijed pajeal;
-gewnz||sal ul %Gz / Sem s3yS Jo
aouapIoul 9, abelane ay) ‘s|eu} Jnoy
8y} SS0J0Y 'S3yS Bunuodal sjeu)
/2 Ul wie ogaoe|d ay} ul Juanbauy
alow aJom s3yS (s3Jy detapow
Bunuodal sjewy ¢/¢) wJie ogaoeld
ay) ul Juanbauy aiow alom sJy
ajelopow ‘(s3vy pjiw buodal sjeLy
£/€) wJe gewnzijsal ay} ul Juanbauy
2JOW 3JOM STV PJIW BJIYAA “WJe
ogaoe|d ay} ul Juanbaly aiow sem

. dnoib gewnzijsas ay) ul Jusnbal} siow




(v6
abed) Aous)sisuod Jo) uesw ST

0] (ueaw pJepuejls) anjeA payodal
ay} pabueyd aney am $80¢

[eLl Jo4 ‘sueaw ST aJe ejep ay}
jeyy Aj1uejo o} 1x8) pappe aAey S\

"sanjeA uesw g7 1ng
senjeA uesw Jou ale senjeA ay |

"(Wodas 943 8y}
JO L 9|ge ] Ul Se) sanjeA ueaw S
aJe 9|ge)} ay} Ul sanjeA ay) jey} ajeis

"senjeA uesw g7 a1e y—g suwnjoo
ul senjea pajussald jey) uoneoipul Buissiy

(v6 abed) ot 8|qeL

asuodsal 9y3

juswpuawe 10} uonesysne

jusawpuawe
pasodoud jo uondiosag

wajqoud jo uondioasaqg

0Z anssj

‘G anss|
0] asuodsal uno Ag palanod si siy |

£80€ PUE Z80€

S|el) WOoJ) POALISP 8I9M SJUBAS
8SJoApE 0] 8NP SUONENUIUOISIP
10} BlEp Yoam-ZG se ajelnooeul

SI 9|gE) pUe JUBWS)L]S JUBLIND 8y |

SMOJ

9say) 0} BJEP 309M-ZG ppE

puUE £80€ PUE Z8OE 10} SMOJ
apnjoul 0} Z¢ a|ge) puswy N

S)9oM G Je ejep

0} (£80€ PUB Z80€) om} pue
SY90OM FFQ9| Je Sjusna

oL
S)90M G Je ejep

0} (¥80€ pue L 80¢) om} pue
SHoOM | FQ| Je Sjusns’ "

:abuey)n I

¥80¢ pue
L 8OE S|ew] 0] painguye Ajjoeliooul Sjusas
8SJoApPE 0] 8NP SUONENUIUODSIP o) Bleq

(88 ebed) z¢ s|qe] pue gg abed

asuodsal 9y3

juswpuawe 1o} uonesysne

juswpuawe
pasodoud jo uonduosag

wajqoud jo uondLasaq

61 anssj|




geuwnzijsal ay) JoJ sanljiqeqoid
uonisues} ay) Jey) Ajuero

ol yel B Zel ‘Lel sabed uo ixa)
a1 pepuswie aAey pue aaibe ap\

By} Se awes ay} aJe }99YSHIOM
.S3Y seoujew uonisuel]
Ay} Ul ‘|lopow [99xa 8y} ul payuodal
saljjiqeqo.d uonisuel} 8y |

saliqeqoud uonisued) Buluiwieyep
J0} Alessadau suole|nojed

[In} 8y} Bunsenbal uonsanb
uolnjeollle|d ayy 0} asuodsal uj

awi 884y} 8y} Joj sanljiqeqold uonisues)
gewnzi|sal ay) ey} sejels uodal 93 8y

vEl pue ‘egl ‘zel sebed

asuodsal 9y

juswpuawe 10} uonjesynsne

juswpuawe
pasodoud jo uonduosaq

wajqo.ad jo uonduosaqg

€Z anssj

‘(21| obed) paysabbns
Se ‘099‘z 0} seoualajal Jo Jaqwinu
a2y} pabueyod aney ap\ ‘oalbe apn

(pepnjoxe 0992)
papnjoul aJem suonealgnd |z pue
pauaalos alem suonedliqnd |89z

"g)einooeUl
SI JUSLWIAYE)S JUBLIND By |

099'C 0} 199'Z 9bueyo

"199C se pajes
SI pepnjoxe seoualalel Jo Jaquinu ay |

81| ebed

asuodsal 5y3

juswpuawe 10} uonesynsnp

juswpuawe
pasodoud jo uonduosag

wajqoud jo uondlasaq

ZZ anssj

‘(96-G6 sebed) uonendod

[eLy iny 8y} ul sem sdnoib
uaam}aq aoualayip Juediubis
Alleansness Ajuo ayj yeyy Ajuepo
0] 18] 8y} papuswe aney ap\

‘dnoibgns

A Jad sjiydouisos Qo= 8y}

ul ogaoe|d yym uey} gewnzi|sa.
uim (£490°0=d) Juaiayip
Apueoiiubis 1ou sem 8100s

OOV Ul duljoap 8y} se ajelnddeul
S| JUBWS}E]S JudLIND BY |

dnoibgns r Jad sjiydouisos
00%= 8y} ul ogade|d yym uey)
gewnzi|sal yym Jabue| Ajjeduswinu
SEM 8109S DOV Ul duljpsap ayl,

:0} JUswiale)s abueyn

dnoibgns 7 1ad sjiydouisos Qo= ayy
ul ogaoe|d yym uey) qewnzijsal ypm Jable
Apueoyiubis sem 8102s DY Ul BUIDBp Y,

:s9)e)s Jodal 53 8yl
G6 9bed

asuodsal 9y3

juswpuawe 1o} uonesysne

juswpuawe
pasodoud jo uonduosag

wajqoud jo uondLasaq

LZ onss|




(€91 obed)
pajsabbns se ggg‘zL 3 0} anjeA

ay} pabueyo aney ap\ 9albe ap)

‘osuodsal
Auedwod ay} jo ¢ xipuadde

ur 88g8'zL3 s ¥l uesiy

88813 0} 688'Z |3 abueyn

‘gewnzijewo
SA gqewnzi|sal 1o} Y| uesw aseo asey

(591 obed) y6 8|qe L

asuodsal 9y

juawpuawe 10} uonjesynsne

juswpuawe
pasodoud jo uondiiosaqg

wajqoud jo uonduosaqg

yZ anssj|

'¢Ll pue gg|
sobed uo suonenojes Auedwod

ay) ajeoljdaus 0y Ayjigeur Jno

0] S90UBIBJ8) POAOWAI OS[e dABY
oM Jaidiynw ay) Buisn pajsnipe
81eM £80¢ pue ¢g0¢ salpnis

By} woJj Ajoalip pajewse wie

«901}
8/qe] ulI pajussa.d aie synsai ay |

'S8]BJS Yjjeay uoljeqieoexs oy}
0} Buinow jo sanijiqeqo.d uonisue;
Jle 0} paidde sem [eLij jeaiuljo

ayj ui Juswijoius buipssaid jeak
8y} ul ssuodsal Jo sjel [enuue

ey} yojew o} 9Sg o} pajjdde
Jaydiynw 8y} ‘qewnzijsad Jo }0aye
Juslijeal) aAljejal ayj ureurew

0} 48pJo uf, :saijljigeqold uopisuely
pajsnipe ay} paspul alom asay}
12yl 68| @bed uo payodal SO 8yl

‘suoljeqlaoexa Jo ajel
pasealoul 8y} 109)40. 0} pajsnipe
Jayuny ale |apow [99Xa ay} JO
199ysyIom  siajpweled |ealul),
ay ul pakejdsip sanijigeqold

8y} JoAeMOH "€80€ PUe 280¢
S9IpN}S 8y} Ul POAISSQO SUOlISUBl}
8y} 109}}8] sy oogyJom
|enuapluod Alejuswalddns

ay} ul payuodau sanjigeqoud

. osuodsal ay) ul paqLosap Jayunj
10U 8J9M |[opoW 8y} Jo Joayspealds
Slejeweled |eolul|D, 8y Ul suop
‘sejel uoleqlaoexa pasealoul ay)
Jo} pajsnipe sanijigeqoud uonisuels)
8] ©AlISp 0} [SpoW 8u} ulylm
pajiejop suoe|no|ed ay) ‘JI9aAeMOH
‘WwJie gewnzi|sal ay} Joj salpn)s
€80¢ pue ¢g0¢ dyj Wwodj} paAlsp
suolenojes Alljiqeqold uonisuel) ay)
papiroid Auedwoo ay) ‘suonejnojes
asay) Joj suondwnsse ay) pue

' suonejnojes Jiay) ajeoljdal Jo sajewsa
Auedwod ayy Jo Ayipiiea ayy ¥o8yo jou
PIN0d ©Y3 8y} pue (9/ d|qe ) ejep jualed
[enpiAlpul 8y} woJ) pauodal sanjigeqoud
8y} 0} [eoluSp! Jou aJe (G/ d|qeL) |epow
ay} ul pasn salijiqeqold uonisuel} 8y,

:geL/pel sebed uo ‘enoned uj

'€80¢ pue
Z80¢ salpnjs wolj eyep Buisn paje|nojes
9S0U) WOl Jayip [opow ay) ul pasn spolled




(891 ‘291
sobed) qewnzijisal Aq pajeuiwop

Alpepuslxa s gewnzijewo

0} Y301 8y} pue G68‘v71 1 3 0}
gewnzijewo Joj 1s02 ay) pabueyo
aney ap\ ‘Auedwoo ay) Aq
palsebbns se aq p|noys pue slolld
olydelBbodA) aie asay| eaibe app

‘(qewnzi|sal Aq pajeuiwop
A|pepuajxa sI qewnzijewo)
6Y¥'¥€3 J0 OS9g SA qewnzijewo
10} ¥39| ue 0} spea| (0F=S1s00
uonelisiuiWpe) qewnzijewo 1oy
awly uoneledald pue Buloyuow
ou uondwnsse se ‘goe‘ezF 1o
¥3D| ue o} pes| pjnod uoidwnsse
pasiAal 8y} Moy uonsanb app

"OlIBUSDS SIY} Ul qEWNZI[BWO SA
gewnzi|sal 10} 060‘7L 3 JO YDl ue
saonpoud [9pow 8y ‘gewnzi|sal
Aq pareulwop A|papusixa

Sl qewnzilewQ ‘/19°9€3 = 0S4g SA
430! ‘| cewnziewo
10} S]S09 |B}0} ‘qewnzijewQ J0}
}nsaJ Buimol|o) 8y} paulelqo app

"‘awl} uoleJsiuiupe
alnuiw G| ay} pue uodal

9¥3 8y} Ul passnosip Jou s| jey)
‘awny uonjeledaud sajnuiw Q| 8y}
Joj yunoooe 0} ‘(G1+01).(09/653)=
e|nw.ioy Buimoj|o)

ay) Buisn |opow 8y} Ul }J98Ys
.punoibxoeq s}so, 8y} Jo eyH
|18 BuiBueyo Aq ‘ewn Buliojuow
aJnuIW G| 8y} pawnsse ap\

(qewnzijewo
SA 06£'923 ‘pPayodal 9Y3)
L0623 = OS9 "SA qewnzijsey

(zogce3 ‘payiodau
9¥3) gewnzijsal Aq pajeuiwop

A|papuaixa sI qewnzijewQ
L19°9€3 = 0S9g "SA qewnzijewQ

Y30 [eluBWaIoU|

I = gqewnzi|say
I = gqewnzijewoQ
I - Osc

SATVO V10l

I - oeunzisoy

( ‘pajiodau
933) = gewnzijewQ
N - Os<

‘S1S00 V101

‘00l ®lqe L
alepdn pue suonenojes ay) leaday

wioJ) pasealdap gewnzi|ewo Jo 1S0d |B)0)
ay) sejnuIw G| 0] SeINuUIW O Wolj uswibal
gewnzijewo ayj Joj awi} Bullojuow ay}
Bunsnlpe Jaye jey) sejeis uodal 513 oyl

0/1/691 abed

asuodsal 9y3

jusawpuawe 1o} uonesysne

juswpuawe
pasodoud jo uonduosaqg

wajqoud jo uondLasaq

GZ anssj







