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Abstract

Background:

Respiratory diseases exert a substantial burden on society, with newer drugs increasingly adding to the
burden. Economic models are often used, but seldom reviewed.

Purpose:
To summarize economic models used in economic analyses of drugs treating moderate-to-severe/very
severe asthma or chronic obstructive pulmonary disease (COPD).

Methods:

This study searched Medline and Embase from inception to the end of February 2015 for cost-effectiveness/
utility analyses that examined at least one drug against placebo, another drug, or other standard therapy in
asthma or COPD. Two reviewers independently searched and extracted data with differences adjudicated via
consensus discussion. Data extracted included model used and its qualities, validation methods, treatments
compared, disease severity, analytic perspective, time horizon, data collection (pro- or retrospective), input
rates and sources, costs and sources, planned sensitivity analyses, criteria for cost-effectiveness, reported
outcomes, and sponsor.

Results:

This study analyzed 53 articles; 14 (25%) on asthma and 39 (75%) COPD. Markov models were commonly
used for both asthma and COPD-related economic evaluations. Relatively few studies validated their model.
For asthma-related studies, 10 examined inhaled corticosteroids and nine studied omalizumab. Placebo or
standard therapy was the comparison in 11 studies and active drugs in the remainder.

Conclusions:
Few studies include validation of their models. Furthermore, controversy concerning some results was
uncovered in this study, which needs to be avoided in the future.

Introduction

Respiratory diseases such as chronic obstructive pulmonary disease (COPD) and
asthma are persistent, with little chance of complete remission. As well, both
diseases are widespread, occurring throughout the world. The 2010 Global
Burden of Disease study undertaken by the World Health Organization esti-
mated that more than 9.6% of the world’s population have either COPD or
asthma, affecting about 329 million and 334 million people, respectively’.
Both COPD and asthma negatively impact patients in terms of health status,
duration, and quality-of-life, as well as costs”. These ailments also substantially
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impact society with respect to resource utilization (e.g.,
medical care, hospitalization, drugs and other treatments),
and associated costs. A recent study from France estimated
it cost €9382 (57% direct costs) for each patient with
COPD’. In the US, Ford et al.* predicted that the burden
of COPD in that country would rise to $49 billion by 2020.
O'Neill et al.” estimated that the cost of treating refractory
asthma in the UK was between £2912 and £4217 per
annum per patient. Thus, the costs are very large and
increasing, which causes concern amongst payers and for-
mulary managers.

Novel therapies are costly to develop. Estimates of the
cost for the development and launching of a new drug run
as high as USD $1.8 billion®’. At the same time, success
rates for new drugs have been declining and, thereby,
returns on investment have been negatively impacted®®.
In order to recoup development expenses, the costs of
developing novel therapeutics (both successful and unsuc-
cessful) are usually passed onto the consumer. At the point
of purchase, the consumer determines whether there is
value for money in purchasing the novel therapeutics.

Consequently, there has been an emphasis on
economics, which assesses value for money’.
Pharmacoeconomic analyses apply the concepts of eco-
nomics to the comparison of drugs'®. Interest in this area
is high, as evidenced by recent reviews of the pharmacoe-
conomics of both asthma'’'? and COPD'. However,
these reviews have focused mainly on either the results
of the analyses'! or the quality of the reporting'”!*. A
review focusing on the models used to arrive at the phar-
macoeconomic outcomes has not been undertaken to date.

There are three basic models for assessing the pharma-
coeconomics of drugs; prospective, predictive and
retrospective’. Prospective models are often associated
with clinical trials comparing drugs or treatments, which
allows the prospective gathering of data. The predictive
model is usually referred to as a decision analytic analysis,
but also includes Markov models and discrete event simu-
lations. These types predict the average outcome, given a
set of inputs. The retrospective model uses patient charts
or databases, using data that have already been collected.
In general, prospective models focus on short-term acute
treatments and usually cannot be extrapolated to long-
term therapy®.

Despite reviews of the economics of drugs in asthma or
COPD, the models used have seldom been their focus, as
evidenced by a search of the literature. While there was
one recent review identified by Kirsch' that examined
only Markov models in COPD, that study reviewed only
smoking cessation interventions, rather than drugs to treat
asthma or COPD. We, therefore, undertook the present
research to review the types of models that have been
utilized in cost-effectiveness analyses of drugs used to
treat asthma and COPD since the introduction of biologic
treatment.
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Methods

This research was guided by the PRISMA statement for
reviews'®. Criteria for acceptable studies were developed a
priori, as was the search strategy. All steps of the process
were done in duplicate by independent reviewers.

Eligibility criteria

Studies eligible for inclusion in this study were economic
evaluations related to pharmacotherapy interventions for
at least moderate-to-severe asthma or chronic obstructive
pulmonary disease or both. The target population con-
sisted of patients having severe disease (or worse); how-
ever, patient samples often presented mixed severities.
We, therefore, allowed patients having moderate-to-
severe disease or perhaps a small proportion with milder
forms. For this analysis, only the severity of the disease
itself was considered; treatments exclusively used for
acute exacerbations, whether severe or not, were not
accepted. Asthma was considered sufficiently severe if
identified as such by the authors or if patients were symp-
tomatic on >800 pg/day of corticosteroids or if their aver-
age peak expiratory volume (PEV) was <70% (i.e., below
the midpoint of the range for the moderate disease).
COPD was considered sufficiently severe if the majority
of patients were classified as having GOLD-3 or GOLD-4
disease or if the average forced expiratory volume (FEV)
was <65% (i.e., below the midpoint of the range for mod-
erate disease). We accepted studies dealing with either
adults or pediatrics. Patients could not be immunocom-
promised or have any other concomitant respiratory
diseases. Either inpatient or outpatient populations or
both could be examined. We also accepted dynamic pro-
gression models of COPD that included disease severity
that ranged from mild-to-severe or very severe disease as
well as death, such as Markov models or discrete event
simulations.

There must have been two or more therapeutic options
compared, at least one of which was a drug. Acceptable
types of analyses were those that combined both costs and
outcomes into an incremental cost-effectiveness ratio
(ICER). That is, we included cost-effectiveness and cost-
utility analyses, but excluded cost-minimization and cost-
consequence analyses.

The first biologic to be licensed (for any indication) was
infliximab, in 1998'7. Its original indication was Crohn’s
disease, but the potential for using biologics in treating
respiratory diseases was quickly recognized'®. Trials were
soon undertaken in patients with COPD'?. It may be pos-
tulated that the era of biologic treatment for asthma began
with the Australian approval of omalizumab in 2002'7.
However, the process began in the year 2000%°. The
authors assumed that economic analyses of biologic treat-
ment related to asthma would not have been published
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prior to the year 2000. As such, only full text, peer-
reviewed articles published between 2000-2015 were
considered.

Information sources

The search engines used to identify relevant articles were:
Embase 1980-2015 week 7, and Medline 1946 to February
week 2, 2015. Within these databases, searches were
limited to the above-mentioned dates. Retrieved articles
were hand searched for relevant studies not identified
by search engines. Furthermore, PubMed was searched
for more recent studies not yet included in the other
search engines used.

Search and study selection

Two reviewers independently searched the databases using
key words ‘cost effectiveness.mp OR exp cost-benefit ana-
lysis’, ‘costs and cost analysis OR cost utility.mp’, ‘willing-
ness to pay.mp’, ‘asthma OR COPD’, and ‘full text’. Results
were compared first after examining the titles and abstracts
(first filtration) and again after retrieving full text articles
(second filtration). At each stage, discrepancies were adju-
dicated via consensus discussion.

Data items

Data collected included author names, year of publication,
country, sponsor, model type and structure, validation of
the model, disease and its severity, patients examined, data
collection (i.e., prospective vs retrospective), treatments
compared, time horizon(s), analytic perspective(s), clin-
ical rates used and their sources, resources costed and
sources of utilization rates, currency and year of costing,
discount rate for costs and outcomes, criterion used to
determine cost-effectiveness, outcomes examined, sensi-
tivity analyses planned, reported costs for each treatment,
reported outcomes, incremental cost-effectiveness ratios
(ICERs), sensitivity analyses reported, and conclusions
made by the authors. Items were recorded in a spreadsheet
and results were then compared between data extractors.
All cases of difference were settled though discussion.

Data analysis

Models were defined in three broad categories: trial based
(prospective), decision models (predictive), and models
based on patient data records (retrospective). Three
types of trial models were possible, including (1) the dedi-
cated economic RCT which was designed specifically for
an economic analysis, (2) the piggyback trial, where an
economic arm was added to the clinical protocol of the
RCT and all data were collected prospectively, and (3) the
retrospective RCT, where an existing RCT was used and
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economic data were fitted post-hoc. Four types of decision
models were considered. They included (1) the classical
decision tree, (2) the Markov model (and all of its vari-
ants), (3) patient level simulations (e.g., discrete event
simulations), and (4) spreadsheet models where calcula-
tions were done on a spreadsheet as opposed to dedicated
software-based models. Finally, patient data based models
comprised three types: (1) administrative databases, which
were designed for other purposes such as the payment of
claims for healthcare services, (2) patient registries
designed to prospectively collect patient data for specific
diseases, and (3) patient charts, which could be either
paper or electronic. Data were tabulated and analyzed
descriptively.

Results

The search process is depicted in Figure 1. We were able to
use data from 53 articles, including 14 (25%) in patients
with asthma'>?'™* and 39 (75%) in patients with
COPD*~"!. No papers were found that examined patients
having both diseases concomitantly.

Among the 14 papers on asthma, eight were from
Europe, five (36%) from North America, and one (7%)
from South America. Nine (64%) were sponsored by the
pharmaceutical industry, two (14%) by non-government
foundations, and three (21%) did not mention funding.
Table 1 summarizes the models that have been used. In
asthma patients, one was trial based (retrospectively mod-
eled an existing RCT), 11 were decision models (10
Markov and one spreadsheet decision analysis), and two
were based on electronic patient data records.

Table 2 provides details of the models, describing their
structures and characteristics. Among the Markov models
used in asthma, only three reported validation of some sort,
but most often providing few details. All of the studies
collected data retrospectively. Ten of the studies examined
inhaled corticosteroids and nine studies omalizumab.
Placebo or standard therapy was the comparison in 11
studies and active drugs in the remainder. Six focused on
adults only, seven included adolescents as well as adults,
and one was restricted to children <18. The perspective of
the analysis was societal in three, the healthcare system in
nine, and third party payer in two. Two studies used a time
horizon of 12 weeks, seven used 1 year, one used 10 years
and six examined over a lifetime. Two studies employed
two different time horizons.

Table 3 summarizes the inputs into the models and their
sources for asthma-related pharmacoeconomic studies.
Eleven studies used RCTs as their primary source for clin-
ical data and three used patient data. In seven analyses,
discounting was not done because the time horizon did not
exceed 1 year. In all of the others, discounting was done for
both costs and outcomes. Cost were discounted from 3-5%
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treat moderate to severe COPD or asthma

Literature search: Full economic evaluations of pharmacotherapeutic interventions to

Databases searched:

e PubMed (2013-2015)

e Embase 1980 to 2015 week 7,
e Medline 1946 to February week 2 2015

Key words:
e Asthma

cost/cost analysis

e  Pulmonary disease, Chronic obstructive
e  Cost effectiveness, cost utility, cost benefit, willingness to pay,

e COPD (356)
e Asthma (323)

First filtration (title and abstract): 679

COPD: Rejected = 322

Not full economic evaluation
Review/Editorial/Correspondence (72)
Duplicate (17)

Not in English (2)

Second filtration (full text): 34
e COPD
Final yield:

Chronic obstructive pulmonary disease = 39

Figure 1. Literature search tree.

and outcomes from 1-3.5%. Ten included only direct
costs and four included both direct and indirect costs.
Ten out of 12 reported sensitivity analyses, and two did
not perform any.

Results of the models used in the economic analysis of
drugs used for severe asthma appear in Table 4. Costs were
reported in either US dollars, Canadian dollars, British

322 Review of models used in asthma and COPD Einarson et al.

Asthma: Rejected =280
e Not full economic evaluation
e  Review/Editorial/Correspondence (72)
e Duplicate (35)
e Notin English (2)

Second filtration (full text): 43
e Asthma
Final yield:

Asthma = 14 full text articles

pounds or Euros. Results varied widely; for example
Brown et al.?! and Dal Negro et al.'"? concluded that oma-
lizumab compared to standard care was cost-effective,
while Campbell et al.?* reported that omalizumab was
not cost-effective compared to standard care.

There were 39 studies that employed economic models
to assess drugs used in severe COPD. Table 5 describes
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Table 1. Models used in economic analyses of severe asthma and COPD.

Model type Sub-type Disease examined
Asthma COPD Total
Trial based Prospective economic trial 0 0 0
RCT with economic data collection (piggyback) 0 6 6
Existing RCT 1 1 2
Sub-total 1 7 8
Decision model Markov 10 10 22
Decision tree 0 1 1
Patient level simulation 0 1 1
Spreadsheet 1 2 3
Sub-total 11 16 27
Patient data records Administrative database 0 0 0
Patient/disease registry 0 0 0
Chart review/electronic medical records 2 1 3
Sub-total 2 0 2
Total 14 39 53

model characteristics in economic analysis of severe
COPD. Economic analyses were carried out in Australia
(1), Belgium (3), Canada (7), Denmark (1), Finland (1),
Germany (1), Greece (1), Italy (1), the Netherlands (3),
Norway (1), Singapore (1), Spain (1), Sweden (3),
Switzerland (1), the UK (9), and the US (7). Most of
the studies (30/39, 77%) were sponsored by pharmaceut-
ical companies. The remainder of the studies did not expli-
citly state source of funding, but did not include authors
who were affiliated with either a pharmaceutical or con-
tract research firm. Approximately half of the articles (19/
39, 49%) did not mention any validation process. The
shortest time period used to analyze data was 16 weeks
and the longest was a lifetime. Thirteen of the 39 studies
used a time horizon of between 3—5 years, and 10 used a
time horizon of 1 year. Few studies (five) approached their
analysis from a societal perspective, while most used a third
party payer perspective. Most studies (67%) collected data
retrospectively, with 13 of the 39 (33%) studies collecting
data prospectively. A Markov structured model was used in
19 studies. There were eight studies that were based on
randomized controlled trials.

Table 6 details the inputs into economic models in
severe COPD. Most (29/39, 74%) studies calculated
direct costs only. Where applicable (i.e., in studies where
the time horizon was more than 1 year), costs and out-
comes were discounted between 3-5%, depending on
local pharmacoeconomic requirements. Willingness-
to-pay thresholds used for interpretation of results varied
widely, between £20,000/QALY and $100,000/QALY.

Table 7 presents the results from the economic models
used in severe COPD. Agents or comparators used in
analysis include: aclidimium, betamethasone, fluticasone
propionate, formeterol, indacaterol, indacaterol/glyopyr-
ronium, ipratroprium, long-acting beta-agonists, OM-85
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BV (immunostimulating agent), placebo, roflumilast,
salmeterol, tiotropium, and usual care.

Discussion

In this review, we were able to use data from 14 studies that
examined patients with asthma and 39 that researched
patients with COPD. Our search did not find studies
that examined patients who suffered from both asthma
and COPD simultaneously. Furthermore, with the excep-
tion of a few studies, our search did not locate studies that
took into account the severity of the diseases. One reason
could be the difficulty in defining the different levels of
severity. Furthermore, few drugs are expressly indicated for
severe cases of either COPD or asthma and, as such,
economic evaluations with this perspective have not
been undertaken.

In both asthma and COPD-related economic evalu-
ations, predictive decision-analytic type models were
predominant, with Markov models being most commonly
used. Given the chronic nature of either asthma or COPD,
use of Markov and discrete event simulation models may
be most appropriate.

However, study parameters, for the most part, were not
validated. Validation of models may include face valid-
ation, where experts would confirm the model structure
used, data sources cited, and assumptions made. Other
types of validation such as internal, external, or predictive
validity were also largely absent from the studies included
in this review. The joint task force of the International
Society for Pharmacoeconomics and Outcomes Research
(ISPOR) and the Society for Medical Decision Making
(SMDM) recommend use of validation in their Good

Practices Research report>*.
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Specifically, only Norman et al.'* (who focused on
asthma) discussed validation of their model in detail.
They did extensive testing to assure the model integrity
and that it generated accurate results. Some authors used
existing published models, assuming that validation had
been done; however, in many cases, the original publica-
tions did not discuss validation. For example, van Nooten
et al.’® indicated that they used ‘the validated and pub-
lished Markov 5-state omalizumab model’, citing Brown
et al.’! and Dewilde et al.?’ (the original publication) as
references. However, neither the word ‘validate’ nor ‘val-
idation’ appears in the paper by Dewilde et al. Since there is
overlap in the authorship of those three papers, they would
presumably have had access to that information, but failed
to include it in their articles. Therefore, there is a need for
authors to describe their validation process explicitly and
completely.

On the other hand, Hoogedorn et al.'® identified seven
studies and requested that these authors validate their own
models using pre-identified criteria. They found a general
consistency in structure across models. Outcomes varied
somewhat, but the variation could be explained by differ-
ences in input values for disease progression and mortality.
There was a high probability (90-100% for five models,
70% and 50% for the others) of lifetime cost-effectiveness
at a willingness-to-pay of €50,000/QALY. Note that this
threshold is quite high compared to those in many jurisdic-
tions. Those authors concluded that mortality was the
important factor in determining differences between ICERs.

We identified at least three studies® 7 that did not ana-
lyze and present their findings according to well-accepted
standard procedures’™®. For example, Dal Negro et al.’
compared each drug to placebo, which is not appropriate
when some alternatives are dominated. According to
Drummond et al.’®, all dominated drugs must first be elimi-
nated from consideration in the analysis and non-domi-
nated alternatives analyzed incrementally, starting with
the choice having the lowest cost. Reporting results that
include dominated alternatives may affect what is con-
sidered to be within accepted threshold parameters. In
their analyses, Dal Negro et al. failed to eliminate the pla-
cebo and fluticasone arms, which were strongly dominated,
as well as formoterol/budesonide, which was extendedly
dominated. Nevertheless, in the final analysis, their drug
was still cost-effective. Earnshaw et al.’® also compared
each drug to placebo, reporting an ICER for fluticasone/
salmeterol vs placebo of $33,865 per additional QALY
gained for which they claimed cost-effectiveness, citing a
threshold of $50,000. However, when calculating incre-
mentally from salmeterol (next in line), the ICER would
be ~$69,889, which far exceeds their limit for cost-effect-
iveness. A similar situation occurs with the study by Oba’’.
In his Table 1, he recognized that two drugs were ‘domi-
nated through extended dominance’. Therefore, they
should both have been eliminated, but, despite that, Oba

© 2016 Taylor & Francis  www.informahealthcare.com/jme

calculated an incremental ICER for fluticasone/salmeterol,
comparing it with fluticasone alone (a dominated choice).
The reported (incremental) ICER was $41,092; however,
had it been properly compared with the only non-domi-
nated choice (i.e., placebo), the ICER would have been
~$52,046. If the same criterion used by Earnshaw et al.
had been used to judge this result (i.e., $50,000/QALY
gained), it would also fail to achieve cost-effectiveness.
Thus, there is an apparent need for appropriate reporting
of results from economic models.

Conclusions

We have summarized the economic analyses that exam-
ined drug use in severe asthma and COPD. Very few
biologic drugs have been studied in these patients, and
more options are needed. In asthma-related studies, there
was not a large number that were found to be cost-effect-
ive, and often at a quite high level of willingness-to-pay.
Controversy concerning some results was uncovered
in this study, which needs to be avoided in the future.
More research is needed to fill gaps in knowledge.

As well, there is a need for more complete and accurate
reporting of results. The authors should be required to
address the issue of model validation and provide adequate
documentation of how it was done. Insufficient attention
has been placed on the calculation and presentation of
results when there are multiple options being compared.
Authors, reviewers, and editors need to assure that manu-
scripts adhere to guidelines for reporting results.
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