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Purpose: Fixed-dose combinations of inhaled corticosteroids and long-acting [32-agonists have
proven to prevent and reduce chronic obstructive pulmonary disease (COPD) exacerbations. The
aim of this analysis was to explore the clinical consequences and direct health care costs of apply-
ing the findings of the PATHOS (An Investigation of the Past 10 Years Health Care for Primary
Care Patients with Chronic Obstructive Pulmonary Disease) study to the Italian context.
Patients and methods: Effectiveness data from the PATHOS study, a population-based, ret-
rospective, observational registry study conducted in Sweden, in terms of reduction in COPD
and pneumonia-related hospitalizations, were considered, in order to estimate the differences
in resource consumption between patients treated with budesonide/formoterol and fluticasone/
salmeterol. The base case considers the average dosages of the two drugs reported in the
PATHOS study and the actual public price in charges to the Italian National Health Service,
while the difference in hospitalization rates reported in the PATHOS study was costed based
on Italian real-world data.

Results: The PATHOS study demonstrated a significant reduction in COPD hospitalizations
and pneumonia-related hospitalizations in patients treated with budesonide/formoterol versus
fluticasone/salmeterol (=29.1% and —42%, respectively). In the base case, the treatment of a
patient for 1 year with budesonide/formoterol led to a saving of €499.90 (€195.10 for drugs,
€193.10 for COPD hospitalizations, and €111.70 for pneumonia hospitalizations) corresponding
to a —27.6% difference compared with fluticasone/salmeterol treatment.

Conclusion: Treatment of COPD with budesonide/formoterol compared with fluticasone/
salmeterol could lead to a reduction in direct health care costs, with relevant improvement in
clinical outcomes.

Keywords: disease management, pharmacoeconomics, direct health care costs, hospitalizations

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease char-
acterized by a progressive and persistent airflow obstruction. The airflow limitation
is usually progressive and associated with an abnormal inflammatory response of the
lungs in response to noxious agents, including cigarette smoke, biomass fuels, and
occupational agents.'?

The prevalence of COPD has been estimated to range from 4% up to 20% in adults
over 40 years of age, with a considerable increase by age, particularly among smok-
ers.>” In Italy, the estimates of prevalence for COPD from administrative database
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analysis range from 3.1% to 5.2%, while a more recent Italian
survey has estimated a prevalence ranging from 3.8% to
6.8%.%

The World Health Organization (WHO) suggested that
COPD was the fourth largest cause of death in 2011, with
three million deaths worldwide, representing 5.8% of total
mortality.’ In Italy, out of the 37,659 deaths that occurred
for respiratory diseases in 2008 (6.5% of total mortality),
474 were related to asthma, whereas 20,786 (about 50%)
were associated with COPD (considering chronic bronchi-
tis, emphysema and other chronic obstructive pulmonary
disease).!?

In 2005, COPD, was the tenth largest cause of total
disability-adjusted life years (DALYs) lost worldwide,? with
27,700 DALY lost by 2020, COPD will only be preceded by
ischemic heart disease, severe depression, traffic accidents,
and cerebrovascular disease.!!

The economic burden of COPD is considerable and will
continue to grow as the number of elderly people continues to
increase.'? The high impact of COPD on the Italian National
Health Service (INHS) has been highlighted by several studies
that demonstrate how patients with COPD incurred relevant
costs in charges to the INHS, which increase with disease
severity and presence of comorbidities.”** COPD also has a
significant impact on INHS resource consumption in terms of
hospitalizations: according to the last available annual report
on hospitalizations of the Italian Ministry of Health (referring
to year 2011), 58,930 hospitalizations for COPD were reported
(10.2% of the total hospital admissions for respiratory diseases),
accounting for a total of 508,343 hospital days.? In Italy, direct
health care costs account for more than 70% of total disease
costs, and the major cost drivers are repeated hospitalizations,
access to emergency departments, and frequent recourse to
general practitioner and specialist consultations.?'

A fixed-dose combination of inhaled corticosteroids and
long-acting 32-agonists is the recommended treatment for the
prevention of COPD exacerbations in severe patients.?*

The present study was a cost consequences analysis
that aimed to compare the major clinical outcomes (COPD
hospitalizations and pneumonia-related hospitalizations)
derived from the PATHOS (An Investigation of the Past
10 Years Health Care for Primary Care Patients with
Chronic Obstructive Pulmonary Disease) study (clinical
trial identifier NCT01146392; ClinicalTrials.gov) with
direct health care costs related to treatment with budesonide/
formoterol or fluticasone/salmeterol for COPD, from the
INHS perspective.

The cost consequences analysis estimates the costs as
well as health consequences associated with one interven-
tion compared with an alternative intervention for a health
condition; here, the results, in terms of costs and health
consequences, were presented separately.

Material and methods

Clinical outcomes and drugs dosages

The PATHOS study was a retrospective, observational,
population-based, matched-cohort, register linkage study of
COPD patients conducted in Sweden, with a follow-up period
of 11 years, comparing the effectiveness of the treatment of
COPD patients with the budesonide/formoterol Turbuhaler®
(AstraZeneca, Sodertilje, Sweden) and fluticasone/salme-
terol Diskus® (GlaxoSmithKline, Middlesex, UK; referred
to as “budesonide/formoterol” and “fluticasone/salmeterol”,
respectively). Two matched cohorts, of 2,734 patients each,
with similar characteristics were compared. The study
design and main results of the PATHOS study have been
already described elsewhere.?*?” In the PATHOS study, the
treatment with budesonide/formoterol was more effective than
fluticasone/salmeterol in preventing exacerbations and was
associated with a significantly lower incidence rate of all clini-
cal outcomes (Table 1). In summary, budesonide/formoterol
reduced the annual rate of moderate to severe exacerbations
by 26% compared with fluticasone/salmeterol (P<<0.0001).%
The significant and clinically relevant reduction in favor of
budesonide/formoterol was apparent for all types of exacer-
bation event (eg, antibiotic use, oral steroid use, or hospital
admission). Indeed, use of budesonide/formoterol reduced
rates of COPD-related hospitalization by 29% (P<<0.0001),
with 34% fewer (P<<0.0001) hospital days due to COPD exac-
erbation compared with fluticasone/salmeterol.?* Moreover, the
fluticasone/salmeterol group was associated with a 73% higher
pneumonia rate (P<<0.001) and with 74% higher pneumonia-
related hospital admissions than was the budesonide/
formoterol group (P<<0.001). In the fluticasone/salmeterol
group, 7.4 hospitalizations per 100 patient/years were reported
compared with 4.3 hospitalizations per 100 patient/years in the
budesonide/formoterol group.?” In the PATHOS study, COPD-
related hospitalizations were identified by the International
Classification of Disease, 10th Revision Clinical Modification
(ICD-10-CM) code of J44 as primary diagnosis or J44.0/J44.1
as secondary diagnosis; pneumonia was identified through
the ICD-10-CM code J10-J18 (patients admitted to hospital
because of pneumonia were distinguished from outpatient
episodes of care).
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0.074 0.53 97

<0.001
42.0%

0.54 0.11

1.09 0.21 0.95 0.034 0.85

Fluticasone/salmeterol

0.003

<0.001

<0.0001 <0.001

29.6%

<0.0001
25.9%

<0.0001
20.6%

<0.0001
33.7%

<0.0001
29.1%

<0.0001
26.6%

P-value

46.4%

45.1%

41.8%

Reduction vs fluticasone/

salmeterol

Abbreviations: COPD, chronic obstructive pulmonary disease; vs, versus; PATHOS, An Investigation of the Past 10 Years Health Care for Primary Care Patients with Chronic Obstructive Pulmonary Disease.

For the purposes of the current study, we included
clinical outcomes with the higher potential economic burden
for the INHS. Particularly, the PATHOS study revealed an
intraclass difference between fixed-dose combination of inhaled
corticosteroids and long-acting B2-agonists in terms of COPD
related hospitalizations (—29.1% in the group treated with budes-
onide/formoterol versus [vs] fluticasone/salmeterol group) and
of pneumonia related hospitalizations (—42% in the group treated
with budesonide/formoterol vs fluticasone/salmeterol group).
The mean collected dose over time reported in the PATHOS
study for the two drugs was 5681235 pg/day for budesonide/
formoterol (as budesonide dosage) and 7831338 pg/day for
fluticasone/salmeterol (as fluticasone dosage).

Health care costs
For this cost consequence analysis, yearly cost of the phar-
macological treatment per group was estimated based on an
INHS perspective; for these retail drugs, the approved reim-
bursement price after transient compulsory reductions was
considered (Table 2). The average yearly costs for the two
drugs were estimated weighting the prices by the respective
number of days of treatment delivered for each package avail-
able (calculated using Italian IMS Health data at July 2013 and
average daily dosages reported by the PATHOS study).
COPD-related hospitalization cost was the mean diagno-
sis related group (DRG) reimbursement tariff derived from
an Italian observational study'® and amounted to €3,218.
Average pneumonia-related hospitalization cost
amounted to €3,603 and was derived from a study conducted
on hospital information systems of Lazio Region,?® Italy.
This was done because there is no Italian registry that can
provide such information.

Table 2 Reimbursed public price per pack

Drugs Reimbursed public DDD
price per pack (€)

Budesonide/formoterol Turbuhaler®, 65.70 4UD

120 doses 160/4.5 ug

Budesonide/formoterol Turbuhaler®, 65.70 2UD

60 doses 320/9 g

Salmeterol/fluticasone Diskus®, 41.22 2UD

60 doses 50/100 ug

Salmeterol/fluticasone Diskus®, 57.75 2 UD

60 doses 50/250 ug

Salmeterol/fluticasone Diskus®, 75.59 2 UD

60 doses 50/50 g

Notes: Turbuhaler® (AstraZeneca, Sodertilje, Sweden); Diskus® (GlaxoSmithKline,
Middlesex, UK).
Abbreviations: DDD, defined daily dose; UD, unit dose.
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Sensitivity analysis

In order to support the findings of the base-case analysis,
in which the most probable values of each variable were
considered, we conducted different sensitivity analyses,
which were designed to test the robustness of the results.
Sensitivity analyses are used to determine how different
values of an independent variable will impact a particular
dependent variable (result) under a given set of assumptions,
and are used to test the robustness of the results of a model
in the presence of uncertainty and to increase understanding
of the relationships between input and output variables in a
model. The variables tested in the sensitivity analysis were:
average drug dosages, drugs prices (considering the possible
availability of generic medications), COPD-related hospital-
izations cost, and pneumonia-related hospitalizations cost.

Regarding mean dosages of the two drugs, we tested
the results considering the highest and lowest values for the
standard deviations reported in the PATHOS study, and the
defined daily doses (DDDs) reported by the WHO website?
for each formulation and strength.

For drug prices, as generic versions of the fixed-dose
combination budesonide/formoterol and fluticasone/
salmeterol are expected in the near future (end of 2013 for
fluticasone/salmeterol and 2014 for budesonide/formoterol)
(Roggeri et al, unpublished data, 2014), we tested the current
findings considering the price reduction for generic drugs
indicated as convenient for the INHS (depending on the
yearly expenditure of the drug) as established by Law 189 of
November 8, 2012 (Decreto Balduzzi).* In cases where the
manufacturer of the generic drug accepts the price reduction
indicated in the Decreto Balduzzi, the drug will be reim-
bursed and directly included in the “Lista di Trasparenza”

€2,000

(list of maximum reimbursed costs for all generic drugs);
otherwise, if the manufacturer prefers a lower discount rate,
a price negotiation with the health authorities is necessary.
We calculated that the price reductions for which the price
negotiation would not be necessary were —70% for flutica-
sone/salmeterol and —55% for budesonide/formoterol. We
also tested the case of the availability of the generic drug
only for fluticasone/salmeterol, to simulate the possibility
of an early commercialization of this drug vs budesonide/
formoterol (this case could be realistic only for the period
end 2013-2014).

In September 2013, a new fixed-dose combination of flu-
ticasone/salmeterol with a different inhalation device (Elpen-
haler®; Elpen Pharmaceutical Co. Inc., Attica, Greece) was
marketed and reimbursed by the INHS in Italy — for this reason
it was not considered as “generic” of fluticasone/salmeterol
Diskus®; this new fixed-dose combination was considered as
a reference for price for a sensitivity analysis.

For pneumonia-related hospitalizations costs, in order
to evaluate the impact of the costing of this outcome on
the results of the present analysis, we consider as sensitiv-
ity analysis the lowest and the highest costs reported in the
Italian study conducted by Merito et al?® (corresponding to
the cost associated to the age class >85 years and of the age
class 65-74 years, respectively).

Results

The base case analysis showed that the treatment of COPD
patients with budesonide/formoterol was associated with a
saving in total annual cost to the INHS of 27.6% vs treatment
with fluticasone/salmeterol (€1,311.60 per patient [drugs
and hospitalizations] vs €1,811.50 per patient, respectively).
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Figure | Average total cost per patient/year composition.
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Detailed results are reported in Figure 1. All cost components,
in absolute values, were lower in the budesonide/formoterol
group: —€195.10 per patient for drugs, —€193.10 per patient
for COPD-related hospitalizations, and —€111.70 per patient
for pneumonia-related hospitalizations (—22.5%, —28.6%,
and —41.9%, respectively).

Sensitivity analysis

Several one-way sensitivity analyses were performed in order
to test the robustness of the results (Table 3). All but one of
these cases confirmed the economic advantages associated
with treatment with budesonide/formoterol.

For all dosages considered in the sensitivity analysis, the
treatment with budesonide/formoterol remained cost-saving,
with a reduction per patient/year ranging from —12.9%
to —28.1%.

The availability of both generics at the prices indicated
in the Decreto Balduzzi, would confirm the results of the
base case analysis (—21.8% per patient/year for budesonide/
formoterol); however, if only the generic of fluticasone/
salmeterol were to be on the market (and the price of
budesonide/formoterol remains the actual price), the treat-
ment with budesonide/formoterol would be associated with
an increase in costs of 9.0%.

Table 3 Sensitivity analysis results

Parameter Value Source Average Average Difference
yearly cost/ yearly cost/ B/F vs FIS %
patient B/F (€) patient F/S (€)

Mean drugs dosages

Base case 568 g die B/F; 783 ug PATHOS study?* 1,311.60 1,811.50 -27.6%
die F/S

Min 333 pg die B/F; 445 ng PATHOS study dosages,* 1,032.80 1,436.30 —28.1%
die F/S lowest limit SD

Max 803 g die B/F; PATHOS study dosages,* 1,590.40 2,186.70 —27.3%
1,121 g die F/S highest limit SD

DDD 4 UD for B/F 160 ng, WHO?” 1,397.00 1,604.10 —12.9%
2 UD for B/F 320 ug;
2 UD for F/S*

Drugs prices

Base case Actual public price Italian reimbursement 1,311.60 1,811.50 -27.6%
reimbursed by INHS price list
(no generics available)

Reduction for generic B/F actual price; F/S generic Decreto Balduzzi® 1,311.60 1,203.10 9.0%

commercialization (=70% vs actual price)

Reduction for generic B/F generic (—55% vs actual Decreto Balduzzi®® 940.90 1,203.10 -21.8%

commercialization price); F/S generic (—=70% vs

actual price)
Price of F/S Elpenhaler® Farmadati® 1,311.60 1,590.90 —17.6%
Only F/S 500/50 ng dosage Italian clinical practice 1,311.60 1,626.50 —19.4%
COPD-related hospitalization costs
Base case €3,218.00 Lucioni et al,'> COPD 1,311.60 1,811.50 —27.6%
hospitalization cost
Min €2,923.00 Lucioni et al,' 1,267.30 1,749.60 —27.6%
lowest limit 95% CI
Max €3,513.00 Lucioni et al,' 1,355.80 1,873.50 —27.6%
highest limit 95% ClI

Pneumonia-related hospitalization costs

Base case €3,603.00 Merito et al,® pneumonia 1,311.60 1,811.50 -27.6%
hospitalization cost

Min €3,205.60 Merito et aI,28 age class >85 1,294.50 1,782.10 —27.4%

Max €3,717.60 Merito et al,”® age class 65-74 1,316.50 1,820.00 —27.7%

Notes: *Mean dosages based on DDD weighted for days treatment were delivered. *Farmadati is a database containing all the administrative, legislative and commercial
information about the medicines for human or veterinary use registered in Italy, equivalent medicines, homeopathic and parapharmaceutical products; available at: http:/
www.farmadati.it. PATHOS study (An Investigation of the Past 10 Years Health Care for Primary Care Patients with Chronic Obstructive Pulmonary Disease; clinical trial
identifier NCTO1 146392, ClinicalTrials.gov). Elpenhaler® (Elpen Pharmaceutical Co. Inc., Attica, Greece).

Abbreviations: B/F, budesonide/formoterol; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; DDD, defined daily dose; die, daily; F/S, fluticasone/
salmeterol; INHS, Italian National Health Service; Max, maximum; Min, minimum; SD, standard deviation; UD, unit dose; vs, versus; WHO. World Health Organization.
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The comparison of budesonide/formoterol with the
new fixed-dose combination of fluticasone/salmeterol
Elpenhaler® at the new negotiated price (—29% vs fluti-
casone/salmeterol Diskus®) suggests a savings, favoring
budesonide/formoterol, of 17.6% for the INHS, confirming
the robustness of the results.

By varying the pneumonia-related hospitalization costs
between the highest and lowest values reported above, treat-
ment with budesonide/formoterol vs fluticasone/salmeterol
could lead to an economic saving (of —27.4% and —27.7%,
respectively).

Discussion

The current study aimed to evaluate the possible conse-
quences of the scenario described in the PATHOS study in
the Italian context. By using a specific statistical approach,
we found that budesonide/formoterol combination treat-
ment seems more advantageous than fluticasone/salmeterol
combination treatment, in terms of health care cost savings,
in COPD populations.

Results of the PATHOS study, in terms of reduction
of COPD-related hospitalizations, emergency department
visits, and medication utilization, in patients treated with
budesonide/formoterol vs fluticasone/salmeterol confirmed
the effectiveness data of a previous study conducted in
Canada.’! This propensity-matched, Canadian COPD cohort
study of 1-year duration suggested that efficacy differences
may exist between the inhaled corticosteroids and long-
acting 32-agonists, in favor of budesonide/formoterol. This
study highlights that the budesonide/formoterol group was
significantly less likely to have an emergency department
visit (adjusted relative risk [RR] =0.75) or hospitalization
(adjusted RR =0.61) for COPD and had fewer claims for
prescriptions for tiotropium (adjusted RR =0.71).

As all clinical outcomes reported by the PATHOS study
showed a higher effectiveness of the fixed-dose combina-
tion budesonide/formoterol, the present analysis could be
considered conservative as only the most relevant outcomes
were evaluated from the economic perspective. Moreover,
results of the PATHOS study showed a significant reduction
in concomitant treatment with oral steroids, antibiotics, and
tiotropium in patients treated with budesonide/formoterol
(P<<0.0001), which have not been costed in the present
analysis.

The base-case analysis results were confirmed by sensi-
tivity analysis in which all economic parameters and drugs
dosages were varied between upper and lower limits in
order to test the robustness of the results; the only case for

which the treatment with budesonide/formoterol resulted in
a slightly higher cost vs fluticasone/salmeterol was based on
the availability of a generic version with a discount rate of
70% vs the actual reimbursed price of fluticasone/salmeterol
Diskus® and budesonide/formoterol — this case could be
considered realistic only in the period between the patents
expiration for the two drugs. The discount rates (=70% for
fluticasone/salmeterol and —55% for budesonide/formoterol)
applied in the sensitivity analysis for the two drugs were the
minimum discounts, for which the generic manufacturer
would not have to negotiate with health authorities in Italy;
this means that manufacturers of generic versions could
apply for the negotiation and obtain a lower discount rate
(higher price). In this view, the hypothesis of a 70% discount
for fluticasone/salmeterol and 0% for budesonide/formot-
erol is the most disadvantageous condition for budesonide/
formoterol; even in this case, the slight increase in costs
(+9.0%) for the treatment with budesonide/formoterol is
associated with significantly better clinical outcomes in
terms of mortality, hospitalization rates, and use of con-
comitant medications.

The major limitation of this investigation is that we used
clinical outcomes from a study conducted in a real-world
setting in Sweden to apply to Italian health care costs,
thus assuming that the relative differences in effectiveness
between the two treatments would be maintained among the
two European countries.

Regardless, as described in an article published by the
International Society for Pharmacoeconomics and Outcomes
Research,* there is an increasing demand from payers to dem-
onstrate product effectiveness, not only in clinical trials but
also, in a real-world setting. This need is driven by the fact that
clinical trials are designed to test safety and efficacy and not
to answer questions about the effectiveness of a drug in a real-
life setting, which is the more relevant question for economic
analysis. Internationally, real-life data are increasingly used
in the development of clear, evidence-based documentation
demonstrating the effectiveness value of drugs.

Observational studies offer the opportunity to recruit a
more representative patient population and assess clinically
relevant end points, rather than the often more short-term
surrogate end points.

In the evaluation of this study limitation, it is important
to consider that the PATHOS trial was one of the largest
published observational studies in the respiratory area, con-
ducted on more than 5,400 Caucasian patients. Furthermore,
to our knowledge, the two treatments compared for efficacy
and safety in the PATHOS study were not directly compared
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before in long-term randomized, double blind, double-dummy
trials. An observational study conducted in Italy could be
useful to confirm the results of the present analysis.

Conclusion

Treatment of COPD in a real-world setting with the fixed-
dose combination of budesonide/formoterol led to a sig-
nificant improvement in relevant clinical outcomes and in
a simulation, to a possible reduction in direct health care
costs charged to the INHS vs the fixed-dose combination
fluticasone/salmeterol. Sensitivity analysis supported the
economic advantages, even once generic version of both
drugs will become available.
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