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Purpose: Exacerbations drive outcomes and costs in chronic obstructive pulmonary disease
(COPD). While patient-level (micro) simulation cost-effectiveness models have been developed
that include exacerbations, such models are complex. We developed a novel, exacerbation-based
model to assess the cost-effectiveness of indacaterol/glycopyrronium (IND/GLY) versus salme-
terol/fluticasone (SFC) in COPD, using a Markov structure as a simplification of a previously
validated microsimulation model.

Methods: The Markov model included three health states: infrequent or frequent exacer-
bator (IE or FE; <1 or >2 moderate/severe exacerbations in prior 12 months, respectively), or
death. The model used data from the FLAME study and was run over a 10-year horizon.
Cycle length was 1 year, after which patients remained in the same health state or transi-
tioned to another. Analysis was conducted from a Swedish payer’s perspective (Swedish
healthcare costs, converted into Euros), with incremental costs and quality-adjusted life-years
(QALYs) calculated (discounted 3% annually).

Results: At all post-baseline timepoints, IND/GLY was associated with more patients in the
IE health state and fewer patients in the FE and dead states relative to SFC. Over a 10-year
period, IND/GLY was associated with a cost saving of €1,887/patient, an incremental benefit
of 0.142 QALYs, and an addition of 0.057 life-years, compared with SFC.

Conclusion: This Markov model represents a novel cost-effectiveness analysis for COPD,
with simpler methodology than prior microsimulation models, while retaining exacerbations
as drivers of disease progression. In patients with COPD with a history of exacerbations in
the previous year, IND/GLY is a cost-effective treatment option compared with SFC.
Keywords: chronic obstructive pulmonary disease, indacaterol/glycopyrronium, cost-
effective, exacerbation, Markov model

Introduction

Chronic obstructive pulmonary disease (COPD) is “a common, preventable and
treatable disease characterized by persistent respiratory symptoms and airflow limita-
tion that is due to airway and/or alveolar abnormalities usually caused by significant
exposure to noxious particles or gases”.! The condition is associated with considerable
morbidity and mortality, carries a substantial economic burden and represents a major
public health concern.?” In future years, the burden of COPD is expected to increase as
a result of an ageing population and continued exposure to risk factors.'
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The natural course of COPD is punctuated by key
events known as exacerbations — episodes of acute symp-
tom worsening that may require a change to a patient’s
medication.® Exacerbations result in considerable morbid-
ity and mortality® and are also key drivers of disease
progression.”* The Global Initiative for Obstructive Lung
Disease (GOLD) notes the importance of considering
exacerbations when classifying patients with COPD. In
the 2016 GOLD report, a combined assessment of airflow
limitation (forced expiratory volume in 1 second [FEV]),
symptoms and exacerbation history was required when
determining to which GOLD Group a patient belonged.”
However, in recent updates, airflow limitation has been
removed from this assessment (although FEV| should still
be examined at initial diagnosis).' Instead, symptoms and
exacerbation history alone now determine which GOLD
Group a patient belong to, and therefore what pharma-
cotherapy they should receive.'

Inhaled therapies form the cornerstone of pharmacolo-
gical management of COPD. The combination of a long-
acting B, agonist and a long-acting muscarinic antagonist
(LABA/LAMA) is recommended by GOLD as initial ther-
apy in highly symptomatic Group D patients, and as step-
up therapy in patients, regardless of ABCD assessment at
diagnosis, if symptoms or exacerbations persist despite
bronchodilator monotherapy.! Given the global prevalence
of COPD and the scarcity of healthcare resources, it is
important to ensure that any recommended treatments
demonstrate value for money. Accordingly, over the past
15 years, numerous cost-effectiveness studies of inhaled
pharmacotherapies for COPD have been performed.

Many of these studies have utilized a Markov model,
whereby individual patients or cohorts of patients progress
through different disease states over a series of successive
cycles.'®"> Typically, decline in lung function (FEV) has
been used to model changes in disease severity or natural
disease progression. However, by modelling only changes
in airflow limitation, these studies have limited ability to
fully estimate costs and health benefits, as many other
factors (eg exacerbations) will influence patient outcomes.
To address this limitation, patient-level (or micro) simula-
tion models have been developed, which consider a much
broader range of clinical events and complications, such as
exacerbations, symptom worsening, pneumonia and
changes in health-related quality of life (HRQoL).'®2°
Such models include a recent patient-level simulation
model that included 14 patient characterstics, seven inter-
mediate outcomes (eg lung function, exacerbations, and

pnemonias) and three final outcomes (mortality, quality-
adjusted life years [QALYs] and costs), which allowed for
evaluation of the effect of treatment for various subgroups
of COPD patients.?’

Indacaterol/glycopyrronium (IND/GLY) was the first
LABA/LAMA combination to be approved for the treatment
of COPD and consequently, its cost-effectiveness has been
studied extensively,'®'***** including via microsimulation
modelling."®?° In the microsimulation model,* IND/GLY
was shown to be cost-effective compared with the LABA/
inhaled corticosteroid (ICS) combination salmeterol/flutica-
sone (SFC) in patients at risk of exacerbations.”” The incre-
mental costs and incremental QALYs from the model were

rates.lg’20

informed predominantly by exacerbation
However, the microsimulation model is complex relative to
other model types, takes a long time to run, and is not easily
understood by policy-makers.

We aimed to develop a novel cost-effectiveness model
to assess the cost-effectiveness of IND/GLY versus SFC.
The model employed a Markov structure and was thus
simpler than the microsimulation model described above,
but exacerbations were retained as the driver of disease
progression. The model was based on clinical data from
the FLAME study, which reported the annual rate of
moderate and severe exacerbations to be 17% lower with
IND/GLY than SFC in patients with a history of moderate
exacerbation in the previous year.”* We sought to validate
the model by comparing our results to the previously
published microsimulation cost-effectiveness analysis,'®
which also used data from the FLAME study and used

the same inputs® as our analysis.

Methods

Model Structure

Using insights gained from a review of the literature on
COPD modelling, and an in-depth understanding of the
microsimulation model previously published,”® a novel
Markov model was developed, which can be considered
as a simplification of the already-validated microsimula-
tion model.'®** The model consisted of three defined
health states (Figure 1):

¢ Infrequent Exacerbator (IE): patients who had 0 or 1
moderate/severe exacerbations in the past 12 months;

e Frequent Exacerbator (FE): patients who had 2 or
more moderate/severe exacerbations in the past 12
months;
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Figure | Schematic of the model structure used.

e Death (patients who had died).

Exacerbations formed the basis of the health states given

25-30 and

their importance as drivers of future events
COPD-related economic costs.’' > The model was devel-
oped using R programming language (RStudio version

1.1.383, R version 3.4.2).

Cycle Length

Each cycle length was 1 year; after which a patient could
either remain in the same health state for the next cycle, or
transition to one of the other two states. This period was
considered appropriate given that COPD is a chronic con-
dition (and thus the health of patients is expected only to
decline gradually).

Perspective

The analysis was conducted from a Swedish payer’s per-
spective, based on costs from the Swedish healthcare
system converted into Euros. Only direct costs were
included in the analysis.

Treatments

To enable results of our model to be compared with results
of a previously validated model,”® we assessed the cost-
effectiveness of the treatments IND/GLY and SFC using
data from the FLAME study,?* thereby allowing compar-

ability with the analysis reported by Bjermer et al.'®

Time Horizon

In line with the analysis by Bjermer et al, the model was
run over a l0-year time horizon. Based on the age at
baseline from the FLAME clinical data (Table 1), 10
years is approximately equivalent to the remaining
expected lifetime of these patients.'®

Table | Baseline Characteristics of the FLAME Study Population

Baseline Characteristic Value

Age at baseline, mean (SD), years 64.6 (7.8)
Height, mean (SD), cm 169 (8.7)
Weight, mean (SD), kg 73.9 (17.1)
BMI, mean (SD), kg/m? 25.9 (5.2)
Male sex, n (%) 2557 (76.1)
Post-bronchodilator FEV,, mean (SD), % predicted® 44.1 (9.5)
Number of exacerbations in previous year 1.19
Current smoker, n (%) 1333 (39.6)

Notes: Adapted from Bjermer L, van Boven JFM, Costa-Scharplatz M, et al. Indacaterol/
glycopyrronium is cost-effective compared to salmeterol/fluticasone in COPD: FLAME-
based modelling in a Swedish population. Respir Res. 2017;18(1):206. CREATIVE COMMONS
LICENSE AND DISCLAIMER AVAILABLE FROM: HTTP://CREATIVECOMMONS.ORG/LICENSES/BY/4.0/
LeGALcoDE. '® *Data from Wedzicha et al.**

Abbreviations: BMI, body mass index; FEV|, forced expiratory volume in | second;
SD, standard deviation.

Model Assumptions

Exacerbation rates varied depending on the disease state
and intervention. The number of exacerbations in each
cycle was modelled as a Poisson random variable with
rate parameter A and each exacerbation could be either
moderate or severe in severity. Consistent with the defini-
tions used in the FLAME study, moderate exacerbations
were defined as those leading to treatment with systemic
glucocorticoids and/or antibiotics, and severe exacerba-
tions were defined as those leading to hospital admission
or an emergency department visit lasting >24 hours in
addition to treatment with glucocorticoids and/or
antibiotics.”* The model did not consider the effects of
mild exacerbations. All transitions from one disease state
to another (including death) took place at the end of

a cycle.

Patient Population

Data for the simulated cohort were modelled on the mean
characteristics of patients participating in the FLAME trial**
(see Table 1 for baseline characteristics of the FLAME
population). Accordingly, 80% of the population began in
the IE state and the remaining proportion (20%) began in the
FE state, as per clinical data from the FLAME trial.**

Model Inputs

Clinical parameter model inputs were as follows (Table 2).

Effectiveness

Effectiveness inputs for both treatment groups were
based on clinical data from the FLAME trial.**
Effectiveness was represented by both moderate/severe
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Table 2 Model Inputs

Parameter Mean Variance Source/Ref
Clinical efficacy: IE*

Annual rate of moderate and severe exacerbations: IND/GLY 0.9 95% Cl: 0.81, 1.0l FLAME*?

Annual rate of moderate and severe exacerbations: SFC 1.09 95% Cl: 0.97, 1.22 FLAME®?
Clinical efficacy: FE*

Annual rate of moderate and severe exacerbations: IND/GLY 1.53 95% Cl: 1.3, 1.81 FLAME®?

Annual rate of moderate and severe exacerbations: SFC 1.8 95% Cl: 1.54, 2.11 FLAME*?
Clinical efficacy: IE and FE

Annual improvement in pre-dose trough FEV: IND/GLY, mL 15 CI: 0-30 Wedzicha et al**

Annual improvement in pre-dose trough FEV,: SFC, mL —48 Cl: —63—- (- 33) Wedzicha et al**
Other clinical: |IE and FE

Annual decline in FEV,: smokers, mL 31 SD: 48 Scanlon et al®¢

Annual decline in FEV,: non-smokers, mL 62 SD: 55 Scanlon et al®¢

Proportion of severe exacerbations, % 17 - Wedzicha et al**

Mortality factor 1.02 SD: 0.005 Lindberg et al*®
Costs (EUR)*

Drug costs (per day): IND/GLY 1.50 Cl: 1.32-2.19 LV

Drug costs (per day): SFC 1.43 Cl: 1.25-2.08 LV

Maintenance therapy cost, airflow limitation Grade 2 5936 - Bjermer et al'®

Maintenance therapy cost, airflow limitation Grade 3 5760 - Bjermer et al'®

Maintenance therapy cost, airflow limitation Grade 4 6493 - Bjermer et al'®

Moderate exacerbation cost, airflow limitation Grade 2 544 SD: 893 Bjermer et al'®

Moderate exacerbation cost, airflow limitation Grade 3 530 SD: 712 Bjermer et al'®

Moderate exacerbation cost, airflow limitation Grade 4 48| SD: 705 Bjermer et al'®

Severe exacerbation cost, airflow limitation Grade 2 5168 SD: 5,282 Bjermer et al'®

Severe exacerbation cost, airflow limitation Grade 3 5172 SD: 5,136 Bjermer et al'®

Severe exacerbation cost, airflow limitation Grade 4 7180 SD: 7,706 Bjermer et al'®

Discount rate, per annum 3% - Swedish guidelines®'

Note: *Data is exacerbation/patient/year; *Costs are per episode unless otherwise stated; 2015 costs.
Abbreviations: Cl, confidence interval; FE, frequent exacerbator; FEV,, forced expiratory volume in | second; IE, infrequent exacerbator; IND/GLY, indacaterol/
glycopyrronium; PSA, probabilistic sensitivity analysis; SD, standard deviation; SFC, salmeterol/fluticasone.

exacerbations and lung function (FEV,) decline.
Exacerbations were modelled via the treatment-specific
exacerbation rates associated with each state and the
consequent transitions between the IE and FE states.
These treatment-specific rates were derived from the
FLAME The

a generalized linear model assuming a negative binomial

trial  reports. model used was
distribution with fixed effects of treatment, baseline total
symptom score, baseline COPD exacerbation history (1
moderate/severe  exacerbation, >2 moderate/severe
exacerbations in the prior year), smoking status at
screening, ICS use at screening, and airflow limitation.
The specific values of the annual exacerbation rate and
the respective confidence interval are given in Table 2.
Exacerbations rates for patients in the IE health state

were based on rates for patients who had experienced only

one exacerbation in the year prior to enrollment in
FLAME, whereas exacerbation rates for patients in the
FE health state were based on rates for patients who had
experienced more than one exacerbation in the year prior
to enrollment. For patients in the IE health state, this was
equivalent to 0.90 (IND/GLY cohort) and 1.09 (SFC
cohort) exacerbations per year. For patients in the FE
health state, this was equivalent to 1.53 (IND/GLY cohort)
and 1.80 (SFC cohort) exacerbations per year.

The model assumed a Poisson distribution for exacerba-
tion rates to estimate the transition probabilities between the
health states (Supplementary Appendix Table S1 and S2), eg

the proportion of patients estimated to experience 2 or more
exacerbations in the IE health state who would be assumed
to transition to the FE health state. The probability of any

exacerbation being severe was assumed to be 0.17
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irrespective of the health state (IE or FE), treatment type
(IND/GLY or SFC) and patient characteristics (eg age, gen-
der, FEV, status), based on the FLAME study data.**

In each treatment cohort, FEV, status was calculated
based on observed values from the FLAME trial.** In each
cycle, it was assumed that FEV; would decline by a fixed
amount, irrespective of health state or treatment group.
Annual lung function deterioration rates were taken from
a previously published study.*®

New Global Initiative for Chronic Obstructive Lung
Disease (GOLD) grades for airflow limitation were deter-
mined at the end of each cycle. A one-off FEV, treatment
effect of +15 mL (95% confidence interval [CI], O to
30 mL) for IND/GLY and —48 mL (95% CI, —63 to
—33 mL) for SFC was included at the beginning of the
model and added to each patient’s FEV; status (described
below and later) before the cycle began (ie no further
FEV, benefit was assumed beyond this point).

Mortality

All-cause mortality data were based on Swedish national
life expectancy tables life tables generated during the
2015 period.”” Excess mortality due to COPD was mod-
elled on data from the Obstructive Lung Disease in
Northern Sweden study.”® One of the models from this
study linked the hazard ratio (HR) for death with the
extent of FEV,| improvement/deterioration and predicted
an HR of 0.98 for a unit increase in % FEV, predicted.*®
The inverse of this HR was thus used to predict the excess
mortality in the COPD population of our model, as illu-
strated by the following equation:

. Lo o .
PrObdeath = General risk x l‘ozdeclme in FEV1%predicted

Health-Related Quality of Life (HRQol)

and Life-Years
HRQoL values were based on regression equations pub-
lished previously (Supplementary Appendix Section 1).%

These took into account gender; body mass index; % FEV;
predicted; and the number of emergency room visits in the
last year, hospital admissions in the last year, and conco-
mitant diseases.>”

Costs

For each GOLD grade of airflow limitation, the following
costs were included: mean costs for each moderate or severe
exacerbation, annual costs of maintenance therapy, and
daily drug costs for IND/GLY and SFC. Daily drug costs

were derived from the Swedish Pharmaceutical Benefits
Agency (TLV), while an analysis of economic burden in
the ARCTIC study was used to source maintenance and
exacerbation costs.*” A key benefit of using these data is
that costs were reported per moderate exacerbation,
per severe exacerbation, and per maintenance therapy.
Average costs for moderate and severe exacerbations
included: COPD-related or -unrelated costs, drug costs,
outpatient/inpatient costs, and primary care costs, as well
as costs relating to hospitalization in a secondary care center
and/or emergency visits for severe exacerbations only,
within 14 days after occurrence of an exacerbation event.*

Discounting

As per guidelines for health technology appraisals,*' the
same annual rate of discounting was applied to costs and
benefits. In our model, costs and benefits were both dis-
counted annually at a rate of 3%.

Model Outputs

The model estimated the incremental costs and the incre-
mental benefit between the target treatment (IND/GLY)
and SFC. Benefit was expressed in terms of quality-
adjusted life-years (QALYSs).

Sensitivity Analyses
Two sensitivity analyses were performed to account for
uncertainties in the costs and benefits model parameters.

Deterministic (One-way) Sensitivity Analysis

While maintaining all other model parameters at their
baseline values, an individual model parameter was
adjusted by = 25% (ie to 75% and 125% of its base
value) and the resulting incremental costs and incremental
QALYs noted. This process was repeated for all model
parameters, except for discounting rate, which was varied
between 0% and 5% per annum (base value 3%).

Probabilistic Sensitivity Analysis (PSA)

For the PSA, input parameters were characterized as sta-
tistical distributions to reflect uncertainty around the point
estimates. Distribution assumptions for the parameters that
are varied in the PSA are described in Table 2. A total of
10,000 simulations were run, sampling random values of
the parameters from those distributions. For each of the
probabilistic draws, the results of the model were recorded
and used to plot the cost-effectiveness planes, with incre-
mental QALY's on the x-axis and incremental costs on the
y-axis.
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SFC 0 0.033 0.071 0.109 0.149 0.192 0.238 0.291 0.343 0.396

Figure 2 Proportion of patients in each health state over |0-year time horizon*
with indacaterol/glycopyrronium or salmeterol/fluticasone treatment.

Notes: (A) Infrequent Exacerbators; (B) Frequent Exacerbators; (C) Dead. *Data
modelled on the mean characteristics of patients participating in the FLAME trial,**
in which mean patient age at baseline was 65 years.

Abbreviations: IND/GLY, indacaterol/glycopyrronium; SFC, salmeterol/fluticasone.

Results
Health State Transitions

At all post-baseline timepoints across the 10-year hor-
izon, IND/GLY was associated with a greater proportion
of patients in the IE health state and a lower proportion
of patients in the FE and dead health states relative to
SFC (Figure 2). With both interventions, the proportion
of patients in the IE health state decreased over time,
with the decline more pronounced for SFC than IND/

GLY. Correspondingly,
exacerbators initially increased with both IND/GLY and
SFC, with a greater magnitude of increase with SFC

the proportion of frequent

relative to IND/GLY, which is as expected given the
progressive nature of COPD. Following this initial
increase, the proportion of patients in FE health state
gradually declined with both interventions, reflecting
patient deaths.

>

Discounted Costs by Age
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Costs, €: Age
IND/GLY 7438 7045 6596 6155 5721 5288 4856 4398 3973 3559
SFC 7677 7328 6864 6398 5935 5473 5012 4524 4072 3633

B Discounted QALYs by Age
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IND/GLY 0.710 0.665 0.619 0.576 0.534 0.492 0.451 0.407 0.366 0.327
SFC 0.698 0.651 0.605 0.562 0.519 0.477 0.436 0.392 0.352 0.313

72 73 74

C Discounted Life Years by Age
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Life Years: Age

IND/GLY 0.971 0.912 0.853 0.795 0.739 0.683 0.627 0.568 0.513 0.460
SFC 0.971 0.911 0.850 0.791 0.734 0.677 0.620 0.559 0.504 0.449

Figure 3 Discounted costs.

Notes: (A), quality-adjusted life years (B) and life years (C) per patient over 10-
year time horizon* with indacaterol/glycopyrronium or salmeterol/fluticasone treat-
ment. *Data modelled on the mean characteristics of patients participating in the
FLAME trial,”>** in which mean patient age at baseline was 65 years.
Abbreviations: IND/GLY, indacaterol/glycopyrronium; QALYs, quality-adjusted life
years; SFC, salmeterol/fluticasone.
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Costs and Benefits

In every cycle, discounted costs were lower with IND/
GLY than with SFC (Figure 3A). Differences in cost
between IND/GLY and SFC increased in the first year
and then gradually decreased, reflecting the greater preva-
lence of death with time in the SFC group (no costs were
associated with the “dead” health state). Relative to SFC,
IND/GLY provided additional discounted QALY's, with the
difference between IND/GLY and SFC remaining rela-
tively constant across the 10-year period (Figure 3B).
A small difference between IND/GLY and SFC in dis-
counted life-years emerged over time, in favor of IND/
GLY, reflecting greater mortality in the SFC group (Figure
3C). Across the 10-year time horizon, IND/GLY was
associated with a cost saving of €1,887 per patient, an
incremental benefit of 0.142 QALYs, and an addition of
0.057 life-years, compared with SFC. IND/GLY “domi-
nated” SFC meaning that it was both less costly and more
effective.

Sensitivity Analyses

The deterministic sensitivity analysis indicated that
across the 10-year time horizon, the model is least sensi-
tive to changes in discount rate and maintenance cost, and
most sensitive to changes in exacerbation rates with IND/
GLY and SFC. For the PSA results for both cost-
effectiveness and cost-utility, 5,821 (60%) out of the
10,000 sample points fell in the quadrant representing
reduced cost and increased effectiveness/utility, indicat-
ing consistent dominance of IND/GLY over SFC for the
majority of sample points even when parameter uncer-
tainty was included in the model (Supplementary
Appendix Figure S1). The remaining 4,179 samples

were within the quadrant representing increased cost
The
effectiveness acceptability curve indicated that there

and increased  effectiveness/utility. cost-

was little uncertainty that IND/GLY was more cost-
effective than SFC (Supplementary Appendix Figure S2).

Discussion

Herein, we have described the development of a novel
cost-effectiveness simulation in patients with COPD
using Markov modelling based on clinical data from the
FLAME study.** When the cost-effectiveness of IND/GLY
and SFC was compared using the new model with a 10-
year time horizon, IND/GLY was found to dominate SFC
by providing greater benefits at a lower cost. IND/GLY

was associated with reduced cost and increased QALY
compared with SFC at all timepoints across the 10-year
period, demonstrating both short-term and long-term
advantages with IND/GLY over SFC. Sensitivity analyses
demonstrate that the Markov model used is particularly
sensitive to changes in exacerbation rates, as would be
anticipated given that it was designed to include exacer-
bations as the primary driver of disease progression. In the
PSA, almost 60% of the 10,000 sample results generated
were concordant with IND/GLY dominating SFC, indicat-
ing that the results were consistent even when parameter
uncertainty was included in the model.

The magnitude of the cost-effectiveness benefit of
IND/GLY over SFC observed using the Markov model
described in this paper was broadly consistent with the
benefit reported from the previously reported microsimu-
lation cost-effectiveness model.'®*® In the microsimula-
tion model, over a 10-year time horizon, the cost saving
per patient for IND/GLY versus SFC was €1,654;'%
a comparable amount to the €1,887 saving calculated in
the present analysis. Incremental life-years per patient with
IND/GLY versus SFC over this time period were also
similar in the two models (0.057 for Markov model and
0.055 for microsimulation model'®). Incremental QALY's
with IND/GLY versus SFC were greater in the present
analysis (0.142 per patient) than in the prior microsimula-
tion model (0.047 per patient'®). Our present analysis
accounts for exacerbation history, meaning that our
model included worse long-term consequences of unma-
naged exacerbations than previous models, which led to
a bigger QALY differential.

During the development of this new Markov model,
there were some assumptions and limitations that may
have influenced outputs. These issues, which need to be
considered when interpreting the results of our work, are
discussed below.

Structural uncertainty in cost-effectiveness modelling.
Choices need to be made about the structure and func-
tional form of the model during the conceptualisation of
the model, which in turn may affect the model outputs.
However, there is currently a lack of clarity about how to
deal with structural uncertainty in guidelines developed by
national funding bodies. The present model was primarily
based on the number of moderate/severe exacerbations in
the prior 12 months, which is not the sole predictor of
future exacerbation risk. The FEV; was also incorporated
into the model but not as a marker of disease status, as was
the case with previous cost-effectiveness models.'®*® The
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justification for this new approach comes mainly from the
GOLD report, which elevates the importance of consider-
ing exacerbations when classifying patients with COPD."
Further, evidence suggests only a weak correlation
between FEV, decline and exacerbation risk,' with the
greatest single predictor of exacerbation risk being exacer-
bation history.”>>° In a previous report, it was found that
50% mortality at 5 years after one hospitalization due to
COPD exacerbation.*? Therefore, combining severe and
moderate exacerbations may influence the overall out-
comes of this model. Nevertheless, the exacerbation rates
used within the model differed only by health status and
treatment group and remained constant over the model
time horizon, whereas rates are likely to be influenced by
other factors and may change over time. However, this
approach has been used previously,”® and the new model
provides additional granularity by basing exacerbation rate
on exacerbation history. Exacerbation rate data for the IE
health state (defined as patients with 0 or 1 moderate/
severe exacerbations in the past 12 months) were based
on data from the subgroup of patients in the FLAME study
who had experienced one documented moderate/severe
exacerbation in the previous year, as the study excluded
patients who had experienced no exacerbations in the
prior year. As such, patients with no exacerbations were
not used for the rate estimate for the IE group, and the
exacerbation rate within the IE state is, therefore, likely to
have been overestimated. With regard to lung function, the
model used an FEV, treatment effect at the beginning of
the model only, which could be considered a conservative
assumption, and the negative treatment effect for SFC
could be considered an overestimate. The model also
assumed a constant annual FEV, decline, which was
same for both treatment groups, whereas FEV; decline
may depend on various patient characteristics such as
age, exacerbation status, and treatment. However, as dis-
cussed, these approaches have been used previously’ and
were replicated in the current model for ease of compar-
ison. The probability of death was modelled on FEV,%
predicted and relative risk versus general population mor-
tality, whereas other factors such as age, sex, exacerbation
status and treatment may also have an impact.

Most of the inputs for our model are based on the
the
model.'® This brings advantages in terms of allowing

parameters used in previous microsimulation

assessment of the consistency of the Markov and micro-
simulation analyses, but also has the inherent limitations
3

the

associated with model replication,” including

assumption that the prior model represents an adequate
approach to evaluating cost-effectiveness. Unlike the pre-
vious microsimulation model,'® our Markov model did not
integrate pneumonia costs and therefore less completely
reflects the potential benefits of IND/GLY. As such, results
of the present analysis exclude the cost saving that would
be anticipated from the reduction in pneumonia incidence
observed with IND/GLY versus SFC in the FLAME
study.”* While microsimulation models may be considered
to represent the full spectrum of the disease more accu-
rately than Markov models, they are still subject to limita-
tions with regard to not fully capturing the symptoms that
affect HRQoL and the potential drivers of costs. For
example, microsimulation-based analyses in COPD have
previously been reported that did not fully integrate the

D'¥2° or treat-

impact of comorbidities arising from COP
ment-related adverse effects.'®

Similar to previous studies of the cost-effectiveness of
IND/GLY,"®* our analysis used Swedish mortality rates
and healthcare costs as the basis for the cost-effectiveness
analyses, applied an annual discount rate of 3%, and
assumed that SFC is a relevant comparator for decision-
makers. Given that cost-effectiveness of therapeutics can
vary between countries (eg due to differences in drug
costs, treatment patterns, healthcare system costs, or dis-
count rates), without adaptation the transferability of our
results is limited to settings similar to the Swedish sce-
nario used herein.***> However, the model has been
designed to be flexible and parameters can be adapted to
provide results relevant for other jurisdictions; for exam-
ple, through replacement of exacerbation costs and mor-
tality rates with local data.

With regard to the comparative cost-effectiveness of
IND/GLY versus SFC, the use of clinical trial data as the
basis for the analysis limits the generalizability of our
results to patient populations approximating those of the
clinical study — in this instance, the FLAME study.** In
addition, given the highly controlled nature of clinical
trials, the present analysis may not take into account real-
world factors that influence outcomes in COPD, such as
inhaler technique or treatment adherence.*®*” These are
common limitations of cost-effectiveness analyses in
COPD that use clinical trial data,'”'®?%*" and more gen-
erally of the clinical trials themselves.*® Finally, after the
availability of data from clinical trials involving fixed-dose
combinations of LABA/LAMA/ICS,*** future cost-
effective studies of LABA/LAMA may consider these as
comparative pharmacologic intervention.
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One of the key objectives when designing the present
Markov model was to maintain simplicity, which is one of
its primary advantages. The model was developed using
the R programming language and an R Shiny interface was
used for model inputs, aiding the ease and speed of
with
manner.’*>" While increasing complexity, future improve-

updates, results presented in a user-friendly
ments to the model could include use of varying exacer-
bation rates for different age groups, use of a negative
binomial distribution instead of a Poisson distribution
(which would allow for greater variance in the number
of exacerbations observed per year), inclusion of pneumo-
nia costs and annualized rates of pneumonia-related events
as model inputs, and revision of the model to address the
assumption that health state transitions occur at the end of
the cycle. In addition, further research should explore how
to incorporate symptom-based parameters into such

a cohort-level model.

Conclusion

In conclusion, the Markov model described herein repre-
sents a novel approach for conducting cost-effectiveness
analyses for COPD interventions, using a methodology sim-
pler than prior microsimulation models while retaining
exacerbations as the driver of disease progression.'®’
Consistent with previously reported results,'® our model
indicates that in patients with COPD and a history of mod-
erate/severe exacerbations in the previous year, IND/GLY is
a cost-effective treatment option compared with SFC.
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