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ABSTRACT

Objective: To measure the cost of Chronic Obstructive Pulmonary Disease (COPD) in
Brazil to present an updated overview of the economic impact. Methods: A descriptive
and retrospective analysis was carried out using macro and micro-costing techniques. It
was based on information available in the Brazilian Ministry of Health’s databases, na-
tional and international guidelines for the clinical management of COPD, and the opinion
of specialists. The time horizon adopted included the period from January to December
2019 and considered the direct medical costs linked to the provision of health care.
Results: The analysis revealed that the costs of hospital management of COPD totaled
BRL107,867,664.40. In addition, it was evidenced that there is a substantial increase
in the cost related to the management of the stable phase of the disease according to
the severity of the condition, ranging from BRL 418.50 [2019] (USD 253.69 [price
year 2024]) for Stage | to BRL 4,257.53 [2019] (USD 2,580.88 [price year 2024]) for
Stage IV. Conclusion: This cost analysis and the estimated prevalence of COPD identified
in Brazil demonstrate the importance of implementing effective strategies and public
policies aiming to reduce risk factors associated with the disease.

Keywords: Chronic Obstructive Pulmonary Disease (COPD); Cost of lliness; Unified
Health System; Brazil

RESUMO

Objetivos: Mensurar o custo da Doenca Pulmonar Obstrutiva Crénica (DPOC) no Brasil
para apresentar um panorama atualizado do impacto econémico. Métodos: Foi realiza-
da uma analise descritiva e retrospetiva, utilizando técnicas de macro e micro-custeio.
Sendo baseadas em informacoes disponiveis nas bases de dados do Ministério da Satde
do Brasil, em diretrizes nacionais e internacionais para o manejo clinico da DPOC e na
opinido de especialistas. O horizonte temporal adotado compreendeu o periodo de janei-
ro a dezembro de 2019 e considerou os custos médicos diretos vinculados a prestacao
de assisténcia a satde. Resultados: A analise revelou que os custos da gestao hospitalar
da DPOC totalizaram R$107.867.664,40. Além disso, evidenciou-se que ha um au-
mento substancial no custo relacionado ao manejo da fase estével da doenca de acordo
com a gravidade do quadro, variando de R$ 418,50 [2019] (USD 253,69 [preco ano
2024]) para o Estagio | a R$ 4.257,53 [2019] (USD 2.580,88 [preco ano 20241])
para o Estagio IV. Conclusoes: Esta analise de custos e a prevaléncia estimada de DPOC
identificada no Brasil demonstram a importancia da implementacéo de estratégias e
politicas publicas efetivas visando a reducao dos fatores de risco associados a doenga.
Palavras-chave: Doenca Pulmonar Obstrutiva Cronica (DPOC); Custo da Doenca: Siste-
ma Unico de Sadde; Brasil
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Introduction

Chronic  Obstructive  Pulmonary Disease
(COPD), a condition characterized by persistent
respiratory symptoms and airflow limitation, is a
pathology with high mortality, morbidity, and eco-
nomic impact on the world."> The main etiology
associated with the disease is smoking, identified as
the primary cause of the development of COPD, in-
cluding passive exposure.* Other triggering factors
involve occupational exposure, contact with pollu-
ting chemical agents, infections, and genetic pre-
disposition.’ The diagnosis is traditionally made in
the presence of chronic respiratory signs and symp-
toms, associated with risk factors for the disease and
an irreversible obstructive ventilatory disorder on
pulmonary function tests.® The Global Initiative
for Chronic Obstructive Lung Disease (GOLD), an
international reference document for COPD mana-
gement, classifies the disease into four stages, accor-
ding to the severity of airflow limitation, ranging
from mild cases (Stage I), in which Forced Expira-
tory Volume (FEV1) values after administration of
a bronchodilator are equal to or greater than 80% of
predicted, to very severe cases (Stage IV), in which
these values are less than 30% of predicted.!

Global estimates indicate that the prevalence of
the disease is related to the population’s different
geographic regions and lifestyles. A systematic re-
view that synthesized global data on the prevalen-
ce and severity of COPD by geographic region, age
groups, and smoking habits, found global prevalen-
ce values of 12.16% (95% CI, 10.91 -13.40%), being
the most common clinical presentation in the early
stages of the disease.”

As an illness of wide prevalence in different re-
gions of the world, COPD can substantially impact
health systems due to the costs of its treatment and
hospitalizations caused by its clinical exacerbations.
A systematic review that evaluated the economic bur-
den associated with severe and very severe COPD,
highlighted that the disease severity, frequency of
exacerbations, and symptoms were significantly as-
sociated with increased use of health resources. In
addition, the same research stressed the number of
previous exacerbations and the presence of comorbi-
dities as predictors of COPD-related economic bur-
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den.® A study coordinated by the Instituto de Efectivi-
dad Clinica y Sanitaria and Fundacdo Oswaldo Cruz,
which sought to study the burden of diseases attribu-
table to tobacco use in Brazil, estimated a total cost
in Brazilian real (BRL) of 22.47 billion for COPD in
2015, being 71% of this attributed to smoking.’

Given the expressive values found in previous
evaluations, the need to understand the components
of the costs associated with this disease is evident. In
this context, Cost of Illness studies can help in the
evaluation of priority demands, as they encompass
several aspects of the impact of diseases and health
outcomes in a given country, region, or community,
contributing to the formulation and prioritization
of public policies, in addition to allowing greater ef-
ficiency in the allocation of health resources.!”

The present study aimed to measure the cost of
COPD in Brazil, from the perspective of Brazilian
Unified Health System, through the computation of
direct medical costs associated with the provision of
health care. Thus, this research intends to present
an updated scenario regarding the cost of illness stu-
dies of this illness in the country.

Methods

A descriptive and retrospective study was con-
ducted following the recommendations proposed
by international guidelines for the reporting of eco-
nomic evaluations (Consolidated Health Economic
Evaluation Reporting Standards/CHEERS), Inter-
national Society for Pharmacoeconomics and Out-
comes Research/ISPOR)!! and the scientific literatu-
re regarding the cost of illness studies.!>!*

Perspective and time horizon

The analysis was conducted from the perspecti-
ve of the Brazilian Unified Health System, a public
health system that is the only way to access health
care for more than 70% of the Brazilian population.’
The time horizon adopted included the period from
January to December 2019, considering the availa-
bility of consolidated information in the accessed
databases. In addition, the year 2019 was chosen to
avoid possible influences of the Covid-19 pandemic
on the analyses.
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Approach and types of costs analyzed

The study design was based on the prevalence
of COPD in Brazil and used a combination of ma-
cro and micro-costing techniques with a top-down
approach, according to the type and availability of
each data analyzed. The prevalence of COPD within
the country was a critical factor that guided the cost
analysis. The prevalence data allowed for the extra-
polation of our findings to the national population,
thereby providing a more accurate depiction of the
economic burden across the healthcare system. Dis-
tinct approaches were adopted for various cost com-
ponents to ensure a nuanced understanding of the
economic burden of COPD.

For hospitalization costs, we used a top-down
approach — this method allowed us to capture the
total expenditures for COPD - related hospital ad-
missions during 2019, offering a macroscopic view
of the hospitalization costs within the healthcare
system.

In contrast, the costs associated with the stable
phase of COPD - encompassing clinical follow-up,
pulmonary rehabilitation, oxygen therapy, vaccina-
tion, and pharmacological treatment — were asses-
sed using a mixed approach. This approach combi-
ned top-down and bottom-up methods, where the
top-down aspect involved the extraction of broad
expenditure categories from health system databa-
ses.

Concurrently, the bottom-up method was em-
ployed to meticulously itemize and calculate the
costs associated with individual components of ou-
tpatient COPD care. This detailed, mixed methodo-
logy facilitated the estimation of average per-patient
annual costs, segmented by disease stage. Through
this approach, we aimed to provide a detailed break-
down of the direct medical costs associated with
COPD management, reflecting the intricacies of
cost allocation across different care components and
stages of the disease. Further details regarding each
phase are described below.

Costs related to hospitalizations: Data were ob-
tained in a grouped way, using the macro-costing
technique, based on information available in the
Sistema de Informacoes Hospitalares (SIH; Hospi-
tal Information System). The platform allows the
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assessment of total hospital costs, considering all
Autorizagoes de Internacdo Hospitalar (ATH, Hospital
Admission Authorizations) paid in the period. To
visualize these values, the TABNET tool was used
(link: https://datasus.saude.gov.br/informacoes-de-
-saude-tabnet/) following this path: it was chosen on
the menu bar “Epidemiologicas e Morbidade > Morbi-
dade Hospitalar do SUS (SIH) > Geral”, by place of
residence - from 2008. Chapter ICD-10 X — Respira-
tory Tract Diseases was selected, including the CID-
10 Morbidity Tabulation List code 175, covering
ICD-10 classifications from J40 to J44. The total
costs related to the management of related clinical
conditions were estimated from January to Decem-
ber 2019.

Costs related to the stable phase of the disease:
The direct medical costs were obtained by micro-
-costing, estimating the average cost of follow-up of
one patient per year, according to the stage of the
disease. The composition of these costs included the
following elements:

Clinical follow-up: The procedures performed
during the care of patients with COPD were listed
according to the conduct recommended by the Pro-
toloco Clinico e Diretriz Terapéutica (PCDT; Clinical
Protocol and Therapeutic Guidelines) of COPD is-
sued by the Brazilian Ministry of Health'® and the
International Guideline of GOLD.! The individual
values were extracted from the Sistema de Geren-
ciamento da Tabela de Procedimentos, Medicamentos,
()rteses, Proteses e Materiais Especiais (SIGTAP;
Management System of the Table of Procedures,
Medications, Orthotics, Prostheses, and Special
Materials) of the Brazilian Unified Health System.
Given the need to establish the respective frequen-
cies of each performed clinical procedure, we chose
to use a panel of pulmonology specialists based on
a modified Delphi technique.!”'® For this, a simpli-
fied questionnaire was developed (supplementary
material), based on previous literature,'’”'® aiming
to reflect the clinical practice in the management
of the disease. Three pulmonologists were consult-
ed, after sending the respective questionnaire via
e-mail. As there were no significant disagreements
between the answers, the panel was set up in just
one round, estimating the average frequency of
performance of each procedure per year. These val-
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ues were multiplied by the individual costs of each
procedure, obtaining the annual cost of clinical fol-
low-up according to the stage of the disease. The
consulted experts were physicians who reside and
work in the state of Parand, southern Brazil. They
have experience in the private and public health-
care sectors.

Pulmonary rehabilitation and home oxygen ther-
apy: The costs related to physical therapy support
and home oxygen therapy for the treatment of the
disease were estimated based on literature recom-
mendations,!® extracting their respective individu-
al values from the SIGTAP Table.

Vaccination: The costs associated with reducing
exposure to risk factors for exacerbations, through
vaccination, were evaluated against influenza and
pneumococcal pneumonia, using the information
provided by informational materials from the Bra-
zilian Ministry of Health.!>?

Pharmacological treatment: The individual val-
ues of each drug and presentation were obtained
from the weighted averages present in the reports
of the Banco de Precos em Saiide (BPS; Health Price
Database) and prices stipulated by the Tabela da
Camara de Regulacdo do Mercado de Medicamentos
(Table of the Medicines Market Regulation Cham-
ber) of 2019, considering the following columns:
tax rate (ICMS) of 0% and Preco Maximo de Venda
a0 Governo (Maximum Price of Sale to the Govern-
ment). The data were related to the dosage recom-
mended by the PCDT (ORDINANCE SAS/MS No.
609, OF JUNE 6, 2013), estimating the cost per dose,
the annual cost of the minimum dose, and the annu-
al cost of the maximum dose.

Calculation of the final costs of disease: After
obtaining the individual values of each component
of the costs related to the management of the stable
phase of COPD, these were added according to the
stage of the disease, presenting the estimated annual
values for the treatment and follow-up of one patient
per year, according to the degree of airflow limita-
tion.

To ensure the integrity of our cost analysis when
using varying unitary prices, we have closely exa-
mined the pricing structures provided by SIGTAR
hospital reimbursement rates, and the Medicines
Price Tables. It is important to clarify that SIG-

Sallum FSV, Oliveira WA, Penha M, Menezes FG

TAP, which operates under Brazil’s Unified Heal-
th System, standardizes prices nationally and does
not adjust for geographical or institutional factors,
such as the type of hospital. This contrasts with
systems like that of the United States, where reim-
bursement can vary based on hospital teaching sta-
tus or location.

Costs are presented in Brazilian Reais (BRL) for
the year 2019. Total costs are presented in Brazi-
lian Reais (BRL) and in US Dollars (USD) for the
price years 2019 and 2024. We used CCEMG-EPPI
Centre Cost Converter (available at https://eppi.ioe.
ac.uk/costconversion/) for currency conversion and
adjusting estimates for the price year 2024.

Ethical Aspects

Due to the use of secondary data, obtained from
publicly accessible databases, this analysis did not
require consideration and approval by the Research
Ethics Committee.

Results

Costs related to the clinical management of
the disease during hospitalizations

Considering all the AIH linked to the hospital
treatment of the conditions contemplated by the
ICD-10 J40-J44 classifications in 2019, the results
pointed to a total value of BRL 107,867,664.40 (FI-
GURE 1). The national average cost per hospitaliza-
tion, which corresponds to the estimate of the ave-
rage individual cost per hospitalization, was BRL
980.66.

Costs related to the clinical management of
the disease during the stable phase

Clinical procedures

The individual values of each clinical procedure
were associated with the average frequencies estab-
lished by the Panel of Experts, allowing the determi-
nation of the average annual cost of clinical follow-
-up of patients with COPD, according to the degree
of airflow obstruction (TABLE 1).
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Figure 1. Total value of AIH approvals from January to December 2019.
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Pulmonary rehabilitation

Given the heterogeneity of studies concerning
the duration of pulmonary rehabilitation programs,
the values of this procedure within the scope of the
Brazilian Unified Health System were estimated
considering a rehabilitation program of 36 sessions,
according to relevant literature.?’?> Based on the
procedure code 03.02.04.002-1 (PHYSIOTHERA-
PY CARE IN PATIENTS WITH RESPIRATORY
DISORDER WITHOUT SYSTEMIC COMPLI-
CATIONS) of the SIGTAP table, with a unit value
of BRL 4.67, an average value of BRL 168.12 was
obtained.

Vaccination

COPD is one of the priority conditions included
in vaccination both against Influenza and in the pre-
vention of pneumococcal pneumonia. According to
the technical report of the 21st National Influenza

Vaccination Campaign, published by the Ministry of
Health in April 2019, 64 million doses were purcha-
sed at a unit price of BRL 15.14 for the annual cam-
paign.’ Since vaccination occurs in a single dose,
this data was considered as the respective annual
dose to be accounted for in the final calculation of
the analysis, in a more realistic estimate of the value
practiced. Regarding the pneumococcal vaccine,
considering its availability by the Brazilian Unified
Health System from the second half of 2019, and in-
dication in a single dose®, the unit values of this im-
munobiological were not included, according to the
perspective and time horizon adopted in the study.

Oxygen therapy

The indication of home oxygen therapy is direc-
ted to chronic hypoxemic patients, who are usually
in more severe stages of the disease. The values of
the procedure code 03.01.05.006-6 (INSTALLA-
TION/MAINTENANCE OF NON-INVASIVE
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MECHANICAL VENTILATION AT HOME) are
BRL 27.50 and for procedure code 03.01.05.00-15
(FOLLOW-UP AND HOME ASSESSMENT OF
PATIENTS SUBMITTED TO NON-INVASIVE
MECHANICAL VENTILATION - PATIENT/
MONTH) are BRL 55.00. The total amount of BRL
687.50 was included for the follow-up of patients in
stage IV of the disease.

Pharmacological treatment

The drugs used in the treatment of the stable
phase of COPD are standardized by the Brazilian
PCDT. The weighted averages for each pharmaceu-
tical presentation were obtained in BRL from the
BPS reports, relating the cost per dose, the annual
cost of the minimum dose, and the annual cost of
the maximum dose, according to the respective do-
sages (TABLE 2).
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Considering the complexity of the possible drug
associations for the pharmacological therapy of
COPD, scenarios were established for each stage of
the disease, according to the minimum and maxi-
mum standardized doses and indications of an asso-
ciation between therapies recommended by clinical
guidelines (TABLE 3).

Based on the definition of the average costs rela-
ted to clinical follow-up and maintenance of phar-
macological therapy in the stable phase of COPD,
it was possible to estimate the total annual costs,
per patient, linked to the outpatient management
of each stage of the disease. In the total values, the
impact of the pharmacological treatment of COPD
was verified, being the most representative compo-
nent in the increase of costs according to the seve-
rity of the condition. The total costs in BRL and
USD for the price years 2019 and 2024 are presen-
ted in Table 4.

Table 1. Average annual cost, in BRL*, of clinical follow-up performed on an outpatient basis for patients with
COPD™ in the stable phase, related through the mean frequencies of each procedure and the corresponding

values in the SIGTAP*+ Table

PROCEDURE N R AVERAGE FREQUENCY OF PERFORMANCE
STAGE | STAGE Il STAGE Il STAGE IV

Follow-up consultation 10 1 2 3 4
Spirometry 6.36 1 1 1 2
Complete blood count 4.11 1 1 1 2
Erythrocyte sedimentation 2.73 1 1 1 1
rate (ESR)

C-reactive protein (CRP) 2.83 1 1 1 1
Arterial blood gas 2.78 0 0 1 1
Biochemical profile? 16.95 1 1 1 2
Sputum culture 5.15 0 0 1 1
Chest X-ray 9.50 1 1 1 1
Electrocardiogram 5.15 1 1 1 1
Lung tomography 136.41 1 1 1 1
TOTAL VALUE (BRL*) 194.04 204.04 221.97 259.39

*BRL (Braziliam Real); *COPD (Chronic Obstructive Pulmonary Disease); **SIGTAP (Management System of the Table of Procedures, Medi-
cations, Orthotics, Prostheses, and Special Materials); 2Biochemical profile: urea, creatinine, sodium, potassium, serum calcium, oxalacetic
transaminase/aspartate aminotransferase, pyruvic transaminase/alanine aminotransferase, lactate dehydrogenase.
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Table 2. Weighted averages of the values of drugs available for the treatment of COPD*, obtained from the
BPS+ platform, and estimates of annual costs in the recommended minimum and maximum doses

Unit value (BRL) Unit Annual cost Annual cost
Drug Presentation [average amount Dosage (minimum dose) (maximum dose)
Weighted (BPS)] (BRL**) (BRL*+)
Ipratropium . . 0.25-0.5mg/1 to 2ml of
bromide Nebulizer solution 0.35 20 m nebulizer solution) every 25.55 76.65
0.25 Mg/ml
4-6 hours
Inhalation aerosol 40-80 mcg; dosimetric
of 0.02 Mg/dose 21.54 200 doses aerosol 3 to 4 times a day 235.79 628.17
Inhalation aerosol 40-80 mcg; dosimetric
of 0.02 Mg/dose 18.21 10 mL aerosol 3 to 4 times a day 199.29 531.44
Albuterol Inhalation aerosol 6.91 200 doses 200-400 mcg every 100.74 297 84
100 mcg 4-6 hours
Nebulizer solution 200-400 mcg every
5 mg/ml 10.61 10 mL 4-6 hours 193.63 387.27
Fenoterol Inhalation aerosol 19.28 200 doses 200-400 mcg every 281.49 843.15
100 mcg 4-6 hours
Formoterol 'I”th]'fct;” capsule 0.52 1 capsule  12-24 mcg, 2 times/day 379.60 1,518.40
H”;‘f}'gon powder 64.83 60 doses  12-24 mcg, 2 times/day 780.37 1,560.74
Formoterol + Inhalation capsule )
budesonide 12+400 mcg 1.60 1 capsule 12-24 mcg, 2 times/day 1,168.00 2,336.00
Inhalation powder )
12+400 mcg 60.46 60 doses 12-24 mcg, 2 times/day 735.48 1,470.22
Inhalation powder? .
6-+200 mcg 67.26 60 doses 12-24 mcg, 2 times/day 1,636.66 3,273.32
Budesonide Inhalation capsule 0.38 1 capsule  800-1,500 mcg/day 554.80 1,109.60
200 mcg
Inhalation capsule
400 mcg 0.53 1 capsule  800-1,500 mcg/day 386.90 773.80
Inhalation aerosol 84.00 100 doses  800-1,500 mcg/day 1,226.40 2,452.80
200 mcg
Beclomethasone  Inhalation capsule 0.36 1 capsule  800-1,500 mcg/day 525.60 1,051.20
200 mcg
Inhalation powder
200 mcg 85.81 100 doses  800-1,500 mcg/day 1,252.68 2,505.36
Inhalation powder
200 mcg 44.23 200 doses  800-1,500 mcg/day 322.66 645.32
Inhalation capsule?
400 mcg 0.40 1 capsule  800-1,500 mcg/day 297.11 594.22
Inhalation powder 55.31 100 doses  800-1,500 mcg/day 403.76 807.53++
400 mcg
Inhalation aerosol 49.55 200 doses  800-1,500 mcg/day 271.23 542.46
250mcg.
Inhalation aerosol 46.19 200 doses  800-1,500 mcg/day 335.80 671.60

200 mcg

* COPD (Chronic Obstructive Pulmonary Disease); *BPS (Health Price Database); **BRL (Braziliam Real); a In view of the incongruity of data
present in the database, due to possible registration errors, the values in the Medicines Market Regulation Chamber table were used for the
presentations formoterol 6 mcg + budesonide 200 mcg (inhalation powder) and beclomethasone 400 mcg (inhalation capsule), considering
the values of tax rates at 0% and the Maximum Price of Sale to the Government.
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Table 3. Costs of pharmacological treatment for each stage of COPD*, considering the indications of associa-
tion of therapies recommended by the PCDT* of the Ministry of Health.

. Total Cost Average Annual Cost per Stage
Copd Pharmacological Therapy Annual (BRL**) verag (;RLH) P g
stage
SABA' LABA® ICS!I Dose Min* Dose Max* Dose Min* Dose Max*
' el 199.29 531.44
Bromide
Albuterol 147.19 342.55 209.32 572.38
Fenoterol 281.49 843.15
Il Ipratropium Formoterol 779.28 2,071.01
Bromide
Albuterol Formoterol 727.17 1,882.12 789.31 2,111.95
Fenoterol Formoterol 861.48 2,382.72
IIl'and IV Ipratropium Formoterol beclomethasone 1,115.08 2,742.61
Bromide
Albuterol Formoterol beclomethasone 1,062.97 2,553.72
Fenoterol Formoterol beclomethasone 1,197.28 3,054.32 1,360.29 3,127.38
Ipratropium Formoterol + 1,601.62 3,336.10
Bromide Budesonide
Albuterol Formoterol + 1,549.52 3,147.21
Budesonide
Fenoterol Formoterol + 1,683.82 3,647.81
Budesonide

*COPD (Chronic Obstructive Pulmonary Disease); *PCDT (Clinical Protocol and Therapeutic Guidelines); **BRL (Braziliam Real); "SABA
(short-acting "2 agonists); *LABA (long-acting 2 agonists); !'|CS (inhaled corticosteroids); *MIN (minimum), *MAX (maximum).

Table 4. Total costs, by stage, of treatment and clinical follow-up of patients with COPD in the stable phase,
considering the average annual values per patient. Costs are presented in Brazilian Reais (BRL) for the price
year 2019 and in US Dollars (USD) for the price years 2019 and 2024.

AVERAGE ANNUAL COST PER PATIENT

STAGE | STAGE Il STAGE Il STAGE IV
Clinical 194.04 (BRL/2019) 204.04 (BRL/2019) 221.97 (BRL/2019) 259.39 (BRL/2019)
rocedures 93.78 (USD/2019) 98.62 (USD/2019) 107.28(USD/2019) 125.37 (USD/2019)
p 117.63 (USD/2024) 123.69 (USD/2024) 134.56 (USD/2024) 157.24 (USD/2024)
Pulmonar 168.12 (BRL/2019) 168.12 (BRL/2019) 168.12 (BRL/2019)
rehabilitat\'ﬁn 81.26 (USD/2019) 81.26 (USD/2019) 81.26 (USD/2019)
101.91 (USD/2024) 101.91 (USD/2024) 101.91 (USD/2024)
15.14 (BRL/2019) 15.14 (BRL/2019) 15.14 (BRL/2019) 15.14 (BRL/2019)
Vaccination 7.32 (USD/2019) 7.32 (USD/2019) 7.32 (USD/2019) 7.32 (USD/2019)
9.18 (USD/2024) 9.18 (USD/2024) 9.18 (USD/2024) 9.18 (USD/2024)
687.50 (BRL/2019)
Oxygen therapy 332.29 (USD/2019)
416.76 (USD/2024)

MIN. DOSE MAX. DOSE MIN. DOSE MAX. DOSE MIN. DOSE MAX. DOSE MIN. DOSE MAX. DOSE

Pharmacological

.”?atme"f 209.32 (BRL/2019) 572.38 (BRL/2019) 789.31 (BRL/2019) 2,111.95 (BRL/2019)  1,360.29 (BRL/2019)  3,127.38 (BRL/2019) ~ 1,360.29 (BRL/2019)  3,127.38 (BRL/2019)
(Mm_\mum dose/ 101.17 (USD/2019) 276.65 (USD/2019) 381.49 (USD/2019) 1,020.76 (USD/2019) 657.46 (USD/2019) 1,511.54 (USD/2019) 657.46 (USD/2019) 1,511.54 (USD/2019)
Maximum dose) 126.89 (USD/2024) 346.97 (USD/2024) 478.47 (USD/2024) 1,280.25 (USD/2024) 824.60 (USD/2024) 1,895.79 (USD/2024) 824.60 (USD/2024) 1,895.79 (USD/2024)

418.50 (BRL/2019) 781.56 (BRL/2019)  1,176.61 (BRL/2019)  2499.25 (BRL/2019)  1,765.52 (BRL/2019)  3,532.61 (BRL/2019)  2,490.44 (BRL/2019)  4,257.53 (BRL/2019)
TOTAL 202.27 (USD/2019) 377.75 (USD/2019) 568.69 (USD/2019)  1,207.95 (USD/2019)  853.32 (USD/2019)  1,707.40 (USD/2019)  1,203.69 (USD/2019)  2,057.77 (USD/2019)
253.69 (USD/2024) 473.77 (USD/2024) 713.25 (USD/2024)  1,515.02 (USD/2024)  1,070.24 (USD/2024)  2,141.44 (USD/2024) ~ 1,509.68 (USD/2024)  2,580.88 (USD/2024)
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Discussion

Given the context presented, it is possible to per-
ceive the economic impact of COPD at the hospital
and outpatient levels on the use of health resour-
ces in Brazil. Even with defined clinical guidelines
and availability of access to standardized drugs for
treatment, some factors can negatively impact the
management of the disease, leading the patient to
frequent exacerbations. One of them is low adhe-
rence to treatment and the other is failures in the
indication and difficulties in accessing pulmonary
rehabilitation programs.?»* It is important to notice
that, despite the free access policy to COPD treat-
ment in Brazil, a high frequency of undertreatment
is observed. A cohort study conducted with patients
with moderate to severe COPD followed in a public
disease management program in Brazil showed that
non-adherent patients were almost twice as likely to
die compared to those who were adherent, highli-
ghting the need of adherence monitoring and opti-
mization strategies.” In this sense, the lack of treat-
ment and poor adherence to the prescribed drugs
are related to more severe COPD, which leads to a
higher hospitalization rate, increasing the costs as-
sociated to hospital services, and a higher mortality
rate, which also impacts on the costs of the disease
for the health system.?

Regarding pharmacological treatment, it is ne-
cessary to highlight the absence of bronchodilators
of the class of antimuscarinics (long-acting musca-
rinic antagonists — LAMAs) standardized within
the PCDT for COPD management in Brazil during
the study period. The last update by GOLD for ad-
vanced stages of the disease and patients with grea-
ter symptoms recommends the use of LAMA as a
bronchodilator agent, reserving the use of the asso-
ciation of LABA+ICS (long-acting 2 agonists +
inhaled corticosteroids) for symptomatic patients
with an eosinophil count greater than 300 cells/ul.
Previous studies have demonstrated the superiority
of LAMA bronchodilators in terms of controlling
exacerbations and improving quality of life indica-
tors. A study compared the benefits and harms of
the LABA+LAMA versus LABA+ICS associations
in a systematic review that included 11 studies and
9,839 participants, revealing the superiority of the

Sallum FSV, Oliveira WA, Penha M, Menezes FG

LABA+LAMA association in outcomes related to
exacerbation rates (OR 0.82, 95% CI: 0.70 - 0.96, P
= 0.01, I? = 17%) and improvement in FEV1 (MD
0.08 L, 95% CI: 0.06 - 0.09 L P < 0.0001, I = 50%
). In addition, the same study pointed to a reduction
in the risk of pneumonia and improvement in the
St. George’s Respiratory Questionnaire.?’

Furthermore, in the face of a possible inappro-
priate therapy, the lack of accessibility to drugs clas-
sified as LAMA can also trigger other burdens on
health systems, such as judicialization processes. An
exploratory study that aimed to survey the types of
lawsuits filed for the drug tiotropium bromide iden-
tified that between 2010 and 2016 tiotropium bro-
mide presented an increase of more than 61% in the
number of units dispensed, being the drug with the
highest number of lawsuits in the Brazilian state of
Parana. This study states that the possible costs of
acquiring tiotropium bromide by making it availa-
ble to the patients would be lower than values spent
on legal proceedings initiated by patients who de-
mand the drug judicially, representing a potential
saving of public resources.?

Regarding the stable phase of the disease, the
severity of the condition is highlighted as a major
factor in the increase in costs, with pharmacologi-
cal treatment representing the component with the
greatest burden on the total values. A systematic
review on the cost analysis of COPD published in
2021 included 18 publications reporting data from
developed and European countries (no study from
Brazil was retrieved). The results of the systematic
review showed that the higher costs associated with
COPD corresponded to more severe disease con-
ditions, mainly exacerbations. In addition, the hi-
ghest costs were related to hospitalizations and the
pharmacological treatment associated.” The resul-
ts found in our study are in line with international
data that demonstrate the increase in costs linked to
the severity of the disease. A cross-sectional study
with 189 patients treated at the pulmonology de-
partment of the University Hospital of Larissa, in
Greece, evaluated the cost of COPD maintenance
treatment and the impact of the country’s financial
crisis on these patients. The study estimated an an-
nual cost ranging from €615.44 for patients in Stage
I of the disease, to €1,302.03 for patients in Stage
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IV. The costs of pharmacological treatment were
also estimated considering the ABCD classifica-
tion, ranging from €715.01 for patients classified
in group A, to €1,101.05 for patients in group D.
The authors highlighted that the costs of the drug
treatment of COPD were significantly higher for
patients in the most severe stages of the disease
(Stages III and IV) and at high risk of exacerba-
tion (groups C-D).*°* The annual cost-of-illness of
COPD was also evaluated by Dal Negro (2021) in
Italy, revealing that in the last two decades, the ma-
jor cost component included direct costs, mainly
hospitalization costs due to exacerbations, which
corresponded to almost 70% of total direct costs. As
in our study, the author also exposed that the mean
cost per patient depends on COPD severity, ran-
ging from € 1830.60 (mild COPD) to € 5451.70
(severe COPD). Despite our analysis including
only direct costs focusing on the pharmacological
treatment, Dal Negro (2021) highlights that in his
review on the cost-of-illness of COPD in Italy, di-
rect costs accounted for almost 90% of total costs
related to COPD management.?! Hence, it is fair to
state that our analysis provides valuable informa-
tion for decision-makers in planning economic and
political strategies for COPD management from
the perspective of the public health system.

It is also necessary to highlight the current cost
of disease management, considering its prevalence
in the Brazilian population. A systematic review
that summarized the prevalence of COPD in Brazil
included 12 studies in the meta-analysis, obtaining
a prevalence of 17% (95% CI: 13-22%) among adults
over 40 years of age.?? Although the epidemiological
data do not relate the prevalence according to the
severity of the disease, it is possible to estimate, ba-
sed on the measures of central tendency of the costs
by stage obtained in this analysis, a value of BRL
29,036,988,226.85 destined to the management of
the disease. Although this value reflects only an es-
timate and may be overestimated due to the lack of
concise data on the proportion of individuals affec-
ted in each degree of disease severity, the repercus-
sion of COPD on the demand for the use of health
resources in the country is visible.

Being a preventable situation, the need to encou-
rage the development of strategies that can avoid
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the occurrence of the disease is even more evident.
The World Health Organization recommends the
following interventions to reduce the global impact
of COPD: smoking cessation, encouragement of
physical activity, vaccination, adequate use of inhala-
tion devices, and access to pulmonary rehabilitation
programs. In addition, COPD is one of the patholo-
gies included in the Global Action Plan for the Pre-
vention and Control of Noncommunicable Diseases
2013-2030, a global strategy that aims to reduce the
avoidable burden of morbidity, mortality, and disa-
bility related to non-communicable diseases. Such
actions are key elements in reducing the incidence
and worsening of the illness, consequently leading
to a reduction in the economic burden associated
with its clinical management.

Study limitations

In the hospitalization cost analysis, our study pri-
marily accounted for the per diem (daily rates) char-
ged by hospitals. These rates typically include room
charges and routine care but do not encompass ad-
ditional expenses such as medical materials, specific
drug costs, the utilization of medical equipment, or
other infrastructural costs. The reliance on per diem
rates was dictated by the data available from the
Sistema de Informacoes Hospitalares (SIH), which
predominantly captures these daily charges. Conse-
quently, the exclusion of these supplementary costs
may limit the comprehensiveness of our hospitali-
zation cost estimates, potentially underrepresenting
the full economic burden of COPD-related hospital
stays.

The lack of information on the prevalence of
COPD by disease stage also made it impossible to
correlate hospitalizations with the severity of the
condition, as it could be included in the total cost
per patient per year. As for pharmacological treat-
ment, charges linked to access to medicines through
supplementary health care (health insurance) were
not included. Moreover, while adopting the Brazi-
lian Unified Health System perspective, our study
did not include costs associated with judicialization
—legal actions taken by patients to access treatments
outside the standard Brazilian Unified Health Sys-
tem coverage — due to the challenges in estimating
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these costs with the available data, despite their po-
tential impact on the overall economic burden of
COPD.

In conclusion, it is estimated that the cost of
treatment and follow-up of a patient with COPD in
the stable phase in Brazil can range from BRL 418.50
[price year 2019] (USD 202.27 [price year 2019] /
USD 253.69 [price year 2024]) to BRL 4,257.53 [pri-
ce year 2019] (USD 2,057.77 [price year 2019] / USD
2,580.88 [price year 2024]), and the exacerbations of
this condition also present a considerable impact on
costs related to hospital management of respiratory
diseases in the country. Given this scenario, it is ne-
cessary to highlight the importance of promoting
and implementing effective strategies and public
policies to reduce exposure to risk factors for the
disease, early diagnostic methods, and control the
progression of the condition.

Furthermore, the study’s methodology, which
employs an eclectic mix of cost approaches and
relies on input from a small expert panel, carries
inherent limitations. The cost of illness methodo-
logy may not fully capture indirect costs or the in-
tangible aspects of disease burden, and the limited
panel size may not reflect a broader range of cli-
nical practice, potentially introducing bias. Addi-
tionally, the combination of macro and micro-cos-
ting techniques, while comprehensive, may lead
to inconsistencies due to varying data resolution.
These methodological considerations are crucial in
interpreting the findings and should inform future
research that might benefit from a more uniform
costing approach and an expanded multidiscipli-
nary expert panel.

Authors' contributions

Conceptualization: H.H.L. and A.C.M.; Data curation:
S.M.; Formal analysis: S.M., H.H.L. and A.C.M.; Fun-
ding acquisition: A.C.M.; Investigation: S.M., H.H.L.
and A.C.M.; Methodology: H.H.L. and A.C.M.; Project
administration: A.C.M.; Resources: H.H.L. and A.C.M.;
Supervision: H.H.L. and A.C.M.; Validation: W.E.B.,
H.H.L. and A.C.M.; Visualization: W.E.B.; Writing —
original draft: S.M. and W.E.B.; Writing - review & edi-
ting: W.E.B. and H.H.L.

Revisores responsaveis
Joédo Anténio Catita Garcia Pereira e Sérgio Prada.

Sallum FSV, Oliveira WA, Penha M, Menezes FG

References

1. COPD Global Initiative. Global Strategy for
the Diagnosis, Management and Prevention
of Chronic Obstructive Pulmonary Disease
(GOLD) - 2020 Report. 2020. [acesso em 07 ago
2023]. Disponivel em: https://goldcopd.org/
wp-content/uploads/2019/12/GOLD-2020-FI-
NAL-verl.2-03Decl9 WMV.pdf

2. Goémez Saenz JT, Quintano Jiménez JA, Hidal-
go Requena A, Gonzilez Béjar M, Gérez Callejas
M], Zangréniz Uruiiuela MR, et al. Enfermedad
pulmonar obstructiva cronica: morbimortalidad
e impacto sanitario. SEMERGEN - Medicina
de Familia 2014;40:198-204. [acesso em 10 ago
2023]. Disponivel em: https://doi.org/10.1016/;.
semerg.2013.12.009.

3. Rabe KE Watz H. Chronic obstructive pulmo-
nary disease. The Lancet 2017;389:1931-40.
[acesso em 10 ago 2023]. Disponivel em: https://
doi.org/10.1016/S0140-6736(17)31222-9.

4. World Health Organization. WHO highligh-
ts huge scale of tobacco-related lung disease
deaths 2019. [acesso em 17 ago 2023]. Dis-
ponivel em: https://www.who.int/news/item/
29-05-2019-who-highlights-huge-scale-of-to-
bacco-related-lung-disease-deaths .

S. Loépez-Campos JL, Tan W, Soriano JB. Global
burden of COPD. Respirology 2016;21:14-23.
[acesso em 15 ago 2023]. Disponivel em: https://
doi.org/10.1111/resp.12660.

6. Dufty SB, Criner GJ. Chronic Obstructive Pul-
monary Disease. Medical Clinics of North
America 2019;103:453-61. [acesso em 11 ago
2023]. Disponivel em: https://doi.org/10.1016/;.
mcna.2018.12.005.

7. Varmaghani M, Dehghani M, Heidari E, Sharifi
E Saeedi Moghaddam S, Farzadfar E Global pre-
valence of chronic obstructive pulmonary disea-
se: systematic review and meta-analysis. Eastern
Mediterranean Health Journal 2019;25:47-57.
[acesso em 11 ago 2023]. Disponivel em: https://
doi.org/10.26719/emh;j.18.014.

8. Theanachol, Zhang S, King D, Rizzo M, Ismaila
AS. Economic Burden of Chronic Obstructive
Pulmonary Disease (COPD): A Systematic Li-
terature Review. Int J] Chron Obstruct Pulmon

J Assist Farmac Farmacoecon, v.9, 3.2, p.33-45, jul. 2024. doi:10.22563/2525-7323.2024.v9.n.3.p.33-45 43



10.

11.

12.

13.

14.

15.

16.

ARTIGO ORIGINAL

Dis 2020;Volume 15:439-60. [acesso em 11 ago
2023]. Disponivel em: https://doi.org/10.2147/
COPD.S234942.
Pinto M, Bardach A, Palacios A, Biz A, Alcaraz
A, Rodriguez B, et al. Carga de doenga atribuivel
ao uso do tabaco no Brasil e potencial impacto
do aumento de precos por meio de impostos.
Documento técnico IECS N° 21. Buenos Aires:
2017.
Jo C. Cost-of-illness studies: concepts, scopes,
and methods. Clin Mol Hepatol 2014;20:327.
[acesso em 11 ago 2023]. Disponivel em: https://
doi.org/10.3350/cmh.2014.20.4.327.
Husereau D, Drummond M, Petrou S, Car-
swell C, Moher D, Greenberg D, et al. Conso-
lidated Health Economic Evaluation Repor-
ting Standards (CHEERS) Statement. Value
in Health 2013;16:e1-5. [acesso em 10 ago
2023]. Disponivel em: https://doi.org/10.1016/;.
jval.2013.02.010.
Oliveira ML de, Santos LMDP Silva EN da. Bases
metodoldgicas para estudos de custos da doenca
no Brasil. Rev de Nutr 2014;27:585-95. [acesso
em 10 ago 2023]. Disponivel em: https://doi.
org/10.1590/1415-52732014000500007.
Brazil. Diretriz metodolégica: Estudos de mi-
crocusteio aplicados a avaliacoes econdmicas em
satide. Brasilia: 2019. [acesso em 10 ago 2023].
Disponivel em: https://rebrats.saude.gov.br/
images/Documentos/Diretriz_Metodologica
Estudos_de Microcusteio_Aplicados_a_Avalia-
coes_Economicas_em_Saude.pdf
Tan SS. Microcosting in economic evaluations:
Issues of accuracy, feasibility, consistency and
generalisability. Erasmus Universiteit Rotter-
dam, 2009.
Brazil. Pesquisa nacional de saide 2019: infor-
magodes sobre domicilios, acesso e utilizacdo dos
servicos de saude. Brasil, grandes regides e uni-
dades da federagao. Rio de Janeiro: 2020.
Brazil. Portaria N° 609, de 6 de junho de
2013. Aprova o Protocolo Clinico e Diretrizes
Terapéuticas - Doenca Pulmonar Obstrutiva
Cronica. Brasilia: Ministério da Saude; 2013.
[acesso em 15 ago 2023]. Disponivel em: https://
bvsms.saude.gov.br/bvs/saudelegis/sas/2013/
prt0609 06 06 2013.html#:~:text=0%20

17.

18.

19.

20.

21.

22.

23.

Sallum FSV, Oliveira WA, Penha M, Menezes FG

Protocolo%2C%200bjeto%20desta%20Porta-
ria,Sa%C3%BAde%20dos%20Estados%2C%20
do%20Distrito

Souliotis K, Kousoulakou H, Hillas G, Tzanakis
N, Toumbis M, Vassilakopoulos T. The direct
and indirect costs of managing chronic obstruc-
tive pulmonary disease in Greece. Int ] Chron
Obstruct Pulmon Dis 2017;Volume 12:1395-
400. [acesso em 15 ago 2023]. Disponivel em:
https://doi.org/10.2147/COPD.S132825.
Revorédo LDS, Maia RS, Torres GDV, Chaves
Maia EM. O USO DA TECNICA DELPHI EM
SAUDE: UMA REVISAO INTEGRATIVA
DE ESTUDOS BRASILEIROS. Arq de Ciénc
Saude 2015;22:16. [acesso em 15 ago 2023].
Disponivel em: https://doi.org/10.17696/2318-
3691.22.2.2015.136.

Brazil. Informe Técnico - 21* Campanha Nacio-
nal de Vacinacdo contra a Influenza. Brasilia:
2019. [acesso em 15 ago 2023]. Disponivel em:
https://sbim.org.br/images/files/notas-tecnicas/
informe-tecnico-campanha-influenza2019.pdf
Brazil. Manual dos Centros de Referéncia para
Imunobiolégicos Especiais [recurso eletroni-
co]. Brasilia: Ministério da Satude; 2019. [acesso
em 15 ago 2023]. Disponivel em: https://bvsms.
saude.gov.br/bvs/publicacoes/manual centros_
imunobiologicos_especiais_Sed.pdf

Spruit MA, Singh S], Garvey C, ZuWallack R,
Nici L, Rochester C, et al. An Official American
Thoracic Society/European Respiratory Society
Statement: Key Concepts and Advances in Pul-
monary Rehabilitation. Am J Respir Crit Care
Med 2013;188:e13-64. [acesso em 15 ago 2023].
Disponivel em: https://doi.org/10.1164/rccm.
201309-1634ST.

Jenkins A, Gowler H, Curtis F, Holden N, Bri-
dle C, Jones A. Efficacy of supervised mainte-
nance exercise following pulmonary rehabilita-
tion on health care use: a systematic review and
meta-analysis. Int J] Chron Obstruct Pulmon
Dis 2018;Volume 13:257-73. [acesso em 15 ago
2023]. Disponivel em: https://doi.org/10.2147/
COPD.S150650.

Chen X, Wang N, Chen Y, Xiao T, Fu C, Xu B.
Costs of chronic obstructive pulmonary disease
in urban areas of China: a cross-sectional stu-

44 | Assist Farmac Farmacoecon, V.9, 3.2, p.33-45, jul. 2024. doi:10.22563/2525-7323.2024.v9.n.3.p.33-45



24.

25.

26.

27.

28.

29.

ARTIGO ORIGINAL

dy in four cities. Int ] Chron Obstruct Pulmon
Dis 2016;Volume 11:2625-32. [acesso em 15 ago
2023]. Disponivel em: https://doi.org/10.2147/
COPD.S118523.

Oates GR, Niranjan SJ, Ott C, Scarinci IC,
Schumann C, Parekh T, et al. Adherence to Pul-
monary Rehabilitation in COPD. J Cardiopulm
Rehabil Prev 2019;39:344-9. [acesso em 15 ago
2023]. Disponivel em: https://doi.org/10.1097/
HCR.0000000000000436.

Tupind Alcintara de Moreiral 2, 3, Aramis,
Ribeiro Pintol 2, 4, 5, Charleston, Moreira Le-
mos2 AC, Assuncao-Costad L, Santana SouzaS
G, Martins Nettol 6, Eduardo. Evidence of the
association between adherence to treatment and
mortality among patients with COPD monito-
red at a public disease management program
in Brazil. J Bras de Pneumol 2022:e20210120.
[acesso em 11 ago 2023]. Disponivel em: https://
doi.org/10.36416/1806-3756/¢20210120.

Forno E, Ortega VE, Celed6n JC. Asthma and
Chronic Obstructive Pulmonary Disease. Clin
Chest Med 2023;44:519-30. [acesso em 11 ago
2023]. Disponivel em: https://doi.org/10.1016/;.
ccm.2023.03.008.

Horita N, Goto A, Shibata Y, Ota E, Nakashi-
ma K, Nagai K, et al. Long-acting muscarinic
antagonist (LAMA) plus long-acting beta-ago-
nist (LABA) versus LABA plus inhaled corti-
costeroid (ICS) for stable chronic obstructive
pulmonary disease (COPD). Cochrane Data-
base of Systematic Reviews 2017;2018. [acesso
em 10 ago 2023]. Disponivel em: https://doi.
org/10.1002/14651858.CD012066.pub2.

Szpak R, Strapasson GC, Boger B, Rattmann
YD, Gomes EC. Legal demands of the tiotro-
pium bromide for treatment of chronic obs-
tructive pulmonary disease and their financial
impact for the State of Parand, Brazil. Einstein
(Sao Paulo) 2019;18. [acesso em 10 ago 2023].
Disponivel em: https://doi.org/10.31744/eins-
tein_journal/2020GS4442.

Gutiérrez Villegas C, Paz-Zulueta M, Herrero-
-Montes M, Parés-Bravo B Madrazo Pérez M.
Cost analysis of chronic obstructive pulmonary
disease (COPD): a systematic review. Health
Econ Rev 2021;11:31. [acesso em 10 ago 2023].

30.

31.

32.

Este é um artigo publicado em acesso aberto
sob a licenga Creative Commons do tipo BY

Sallum FSV, Oliveira WA, Penha M, Menezes FG

Disponivel em: https://doi.org/10.1186/s13561-
021-00329-9.

Stafyla E, Kerenidi T, Gerogianni I, Geitona M,
Daniil Z, Gourgoulianis KI. The pharmacologi-
cal cost of COPD during Greek economic crisis.
Int ] Chron Obstruct Pulmon Dis 2017;Volume
12:461-6. [acesso em 10 ago 2023]. Disponivel
em: https://doi.org/10.2147/COPD.S123095.
Dal Negro R. COPD: The Annual Cost-Of-Il1-
ness during the Last Two Decades in Italy, and
Its Mortality Predictivity Power. Healthcare
2019;7:35. [acesso em 10 ago 2023]. Disponivel
em: https://doi.org/10.3390/healthcare7010035.
Cruz MM, Pereira M. Epidemiology of Chronic
Obstructive Pulmonary Disease in Brazil: a sys-
tematic review and meta-analysis. Cien Saude
Colet 20203;25:4547-57. [acesso em 11 ago 2023].
Disponivel em: https://doi.org/10.1590/1413-
812320202511.00222019.

O

J Assist Farmac Farmacoecon, v.9, 3.2, p.33-45, jul. 2024. doi:10.22563/2525-7323.2024.v9.n.3.p.33-45 45



