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Aim: To compare the cost-effectiveness of low-dose budesonide versus montelukast among patients aged
1-5 years from a Chinese patient and healthcare payer perspective. Materials & methods: A Markov model
based on exacerbation states was developed. Exacerbation was defined as the need for rescue therapy
(mild exacerbation) or hoscopitalization (moderate-to-severe exacerbation). Inputs including efficacy (i.e.,
exacerbation rates), mortality, utilities, costs and treatment adherence were obtained from literature.
Results: Compared with montelukast, low-dose budesonide led to fewer exacerbation events (1.44 vs
2.15), lower costs (¥3675 vs 4130) and slightly more quality-adjusted life years (0.974 vs 0.967) over 1 year.
Conclusion: These findings may improve the use of low-dose budesonide, an economically and clinically
preferable treatment to montelukast in pediatric patients.

Lay abstract: In this study, low-dose budesonide was compared with montelukast as a Step 2 treatment
among pediatric patients (aged 1-5 years) for costs and clinical outcomes in China. Over 1 year, patients
receiving low-dose budesonide had fewer exacerbation events, incurred lower costs for treatment and
exacerbation management and had slightly better quality of life, compared with patients receiving mon-
telukast. The clinical benefits and cost savings suggest that the use of low-dose budesonide may help
reduce the burden of persistent pediatric asthma in China.
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Asthma is a chronic, heterogeneous respiratory disease that is characterized by lung inflammation and variable
expiratory airflow obstruction [1]. Asthma-related symptoms include wheezing, breathlessness, chest tightness
and cough [2,3]. Although asthma affects people of all ages, the disease commonly manifests during childhood;
according to the Global Initiative for Asthma (GINA), most children experience their first asthma attack (i.e., the
initial presentation of asthma) before the age of 6 years [3]. In China, the prevalence of pediatric asthma has been
on the rise from 0.9 to 3.0% over the last 30 years [4,5]. The continual rapid industrialization may increase the
prevalence of pediatric asthma as children are particularly susceptible to environmental triggers (e.g., pollution,
high humidity) 6-8).

Adequate symptom control among patients with asthma is critical to the clinical management of the disease
and minimizing the risk of exacerbation and other adverse health outcomes. However, noncompliance to the
GINA guidelines has been observed in China, which was associated with uncontrolled disease symptoms, increased ~ Fyture ==

exacerbation frequency and compromised patients’ quality of life (9-11. The 2015 Respiratory Disease Specific ~ Medicine ™
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Figure 1. Model structure.

Program reported that less than 15% of patients with mild asthma in China were well controlled according to
the GINA criteria and treatment intensification with inhaled corticosteroids (ICS) was suggested as an essential
strategy to improve patient outcomes [11].

With the increased prevalence of asthma and inadequate symptom control, actions should be taken to ensure
effective disease control following the stepwise approach for pharmacotherapy management [12]. In the presence
of frequent symptoms, long-term maintenance with low-dose ICS is the preferred front-line treatment option
for persistent asthma in pediatric patients according to the GINA guidelines [12]. Treatment guidelines in China
also recommend that pediatric patients with mild persistent asthma-related symptoms receive Step 2 maintenance
treatment, preferably with low-dose ICS, or alternatively with leukotriene receptor antagonists (LTRA) [13]. Regular
use of low-dose ICS or LTRA improves asthma-related symptoms and lung function and decreases the need for
additional medication and hospital admission [14,15]. Comparative studies demonstrated the low-dose ICS was
associated with clinical benefits compared with LTRA, such as faster improvement in lung function and lower
exacerbation rates [16-18].

Despite the demonstrated clinical benefits, the use of ICS remains limited in current real-world clinical practice
in China [9-11]. A nationwide survey revealed that, among patients with mild asthma receiving Step 2 treatment,
less than one fourth received low-dose ICS while over half received LTRA [11]. The asthma control outcome
of these patients was disappointing, with less than 15% achieving asthma control [(11]. The observed discrepancy
between real-world practice and theoretical guidelines suggested the need of evidence to support informed treatment
selection. In informed treatment selection, not only drug acquisition costs, but also disease management costs and
clinical outcomes should be considered [19,20]. Therefore, in this study a cost—effectiveness analysis was conducted
to compare two guideline-recommended Step 2 maintenance treatments for patients aged 1-5 years old in China
with mild persistent asthma: the ICS, low-dose budesonide inhalation suspension, versus the LTRA, montelukast.
In the cost—effectiveness analysis, clinical outcomes were balanced against costs to provide evidence to patients and
healthcare payers for their treatment selection.

Materials & methods

Model structure

A Markov model was constructed based on the following health states: no exacerbation, mild exacerbation,
moderate-to-severe exacerbation and death (Figure 1). Patients aged 1-5 years old with persistent asthma receiving
Step 2 maintenance treatment entered the model and all started from the ‘no exacerbation’ state. Patients in the
‘no exacerbation’ state were at risk of exacerbations and the risk of exacerbations would be informed by clinical
evidence. Once patients experienced an exacerbation, healthcare resource use (HRU) in addition to maintenance
treatment was required. To reflect the extent of HRU for exacerbation events of different severities, mild and
moderate-to-severe exacerbations were considered separately as two model states. Mild exacerbation was defined as
the need for rescue therapy (e.g., short-acting beta-agonists, oral corticosteroids) in addition to the maintenance
therapy and moderate-to-severe exacerbation was defined as the need for an increased dose of rescue therapy in
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Table 1. Summary of model inputs.

Model input Base case value Sources and notes Ref.
Exacerbation rates

Low-dose budesonide

- Mild exacerbation 0.91 Szefler et al. [18]
- Moderate-to-severe exacerbation 0.44

Montelukast

- Mild exacerbation 1.42 Szefler et al. [18]
- Moderate-to-severe exacerbation 0.88

Case-fatality rate

- Hospitalized patients 0.25% Lin et al. [22]

Hospitalization rate

— Moderate-to-severe exacerbation 24.3% KAP Project Team [23]
Utilities

— No exacerbation 0.99 Rodriguez-Martinez et al. [24]
- Mild exacerbation 0.71

— Moderate-to-severe exacerbation 0.28

Drug and device costs

- Budesonide per 0.5 mg vial ¥10.25 Provincial/municipal drug procurement databases [25]
- Montelukast per 4.0 mg chewable tablet ¥5.91
- Montelukast per 4.0 mg granules ¥6.73
- Nebulizer annual cost ¥73.78 Market data [26]

Exacerbation management costs

- Outpatient visit per event ¥180.70 Du et al., Lin et al., Zhou et al. [22,27,28]
- Hospitalization per event ¥9044.75

Treatment adherence rates

- Budesonide 62.3% Hu et al., expert opinion [29]
- Montelukast 85.0%

a short period of time (e.g., 6 doses of a short-acting beta-agonist in a 24-hour period) or hospitalization for
worsening symptoms [18].

The model compared the cost—effectiveness of low-dose budesonide inhalation suspension, representing
guideline-preferred Step 2 maintenance treatment, with montelukast, representing the alternative treatment. A
patient and healthcare payer perspective was adopted, with all direct medical costs considered. Early childhood
asthma management is of significant clinical importance (e.g., influencing lung function development) and may
increase or decrease patients’ disease severity [21]. To capture the outcomes in early childhood asthma management,
costs and effectiveness were compared over a 1-year time horizon. Considering the cyclical exacerbation and recovery
characteristics of asthma, a 1-week cycle length was used.

The model was validated with a health economics expert (BW) over the course of two in-depth interviews, one
during the design and construction of the model and the other prior to finalizing the model.

Model assumptions
The following key assumptions were incorporated into the model:

e Datients were assumed to receive the maintenance treatment throughout the modeled time horizon, regardless
of their exacerbation status.

e Treatment adherence was considered and assumed to impact both drug costs and exacerbation rates.

e Datients experiencing exacerbations were assumed to leave the exacerbation state at the end of a model cycle and
transition back to the ‘no exacerbation’ state or to death.

Model inputs
Model inputs included efficacy and mortality, udilities, costs and treatment adherence (Table 1). Inputs and assump-

Research Article

future science group www.futuremedicine.com

1143



Research Article

Wang, Fang, Shen et al.

tions related to clinical practice (i.e., treatment efficacy, proportions of patients hospitalized during exacerbations,
costs used in exacerbation management and treatment adherence rates) were verified with a clinical expert (WZ)
in an in-depth interview. The implications of adverse events on cost—effectiveness were trivial and therefore not
explicitly considered in the model [18].

Efficacy & mortality

A targeted literature review identified a randomized clinical trial comparing low-dose budesonide inhalation
suspension versus montelukast in children with mild persistent asthma within the age range of interest [18]. This
trial followed patients for 1 year to compare their asthma exacerbation outcomes; in this trial, exacerbation events
were categorized into two severity levels based on the need for HRU, which corresponded to the defined model
states [18]. The exacerbation rates obtained from this trial were used to estimate the transition probabilities from no
exacerbation to each severity of exacerbations in the model.

For the risk of death, a case-fatality rate for hospitalized patients with asthma were identified from a nationwide
survey in China [22]. No additional risk of death was found for patients who were not hospitalized and therefore
the natural mortality rate was applied [30]. The case-fatality rate and natural mortality rate were used to estimate
the transition probabilities from all other states to death.

Utilities

No utility values for Chinese patients with asthma were identified from a literature review. However, a Colombian
utility valuation study was found [24]. This study used the standard gamble methodology to elicitate utility values
for pediatric patients with persistent asthma. Three health states were measured in the study, and based on the
description of HRU in each state, the utility values could be mapped to no exacerbation, and mild and moderate-
to-severe exacerbation states in the model. Because of the availability of utility values, the consistency in study
population and the relatively similar socioeconomic development status between China and Colombia, udility
values from the Colombian study were considered appropriate for the model and therefore used in the base case.

Utility values for children with stable asthma were also assessed in several other studies, but none of them
reported the utility changes during exacerbations [31-35]. Another study provided disutility values associated with

exacerbations in an adult population (36]. These values were used as alternative utility values in the model and were
tested in the sensitivity analyses.

Costs

Because of the patient and payer perspective, all direct medical costs were considered in the model. These included
drug costs, inhalation delivery device costs and exacerbation management costs. All cost inputs were inflation-
adjusted to 2018 Chinese Yuan (¥) using the medical care component of the Consumer Price Index [37).

Drug unit costs were obtained from the drug procurement database [25]. Montelukast had brand name and
generic versions, and dosage forms of chewable tablets and granules. In the base case, the brand name drug cost
was used and patients were assumed to receive chewable tablets and granules in a 50-50% split. Budesonide had
two package sizes of 1.0 and 0.5 mg per vial. In patients receiving low-dose budesonide, 0.5 mg per vial is often
used to avoid drug wastage. Doses and dosing frequencies were obtained from China’s National Medical Product
Administration drug labels (38]. Per the approved labels, budesonide inhalation suspension was administered as
0.25 mg twice daily and montelukast was administered as 4 mg once daily.

In addition to drug costs, patients on budesonide also incurred inhalation delivery device costs. The inhalation
delivery device costs were calculated as the average of devices at different costs weighted by their market shares
while accounting for the product life cycle and were applied to the model [26].

Exacerbation management costs consisted of costs associated with rescue therapies and medical exams received
during unscheduled hospital visits due to exacerbations [18]. In collecting the model inputs, the lump-sum costs
for exacerbation management in outpatient and inpatient settings were identified using two China studies [22,27.
Generally, patients with mild exacerbations were managed in an outpatient setting, and thus the corresponding
lump-sum cost was applied; patients with moderate-to-severe exacerbations may be hospitalized and the proportion
from a nationwide survey among children with asthma was used to calculate the weighted average cost applied in
the model [23]. According to the clinical expert (WZ), the practice in managing moderate-to-severe exacerbations
varied substantially across different regions in China. To evaluate the impact of the variation, a range of proportions
for hospitalization were tested in the sensitivity analyses.
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Treatment adherence

Nonadherence to treatment is a common obstacle in disease management, particularly among pediatric patients
with asthma [39]. To account for nonadherence, an adherence rate of the proportion of the actual dose consumed out
of the expected dose was applied to estimate actual drug costs. Nonadherence to treatment may also compromise
treatment efficacy, therefore a hazard ratio suggesting a 12% increased exacerbation rate for every 25% reduction
in treatment adherence was also applied [40].

The adherence rate for budesonide was based on a Chinese study [29]. In this study, pediatric patients received
ICS over 1 year and the actual amount of ICS administered out of the total amount of ICS prescribed during
the period was estimated as the adherence rate (62.3%). To account for the uncertainties, the adherence rate of
low-dose budesonide was varied from 22 to 63% in sensitivity analyses, based on data from different populations
reported in a systematic review [41]. The good treatment adherence profile of montelukast has been demonstrated
in various real-world studies [42-44], but the exact adherence rate was not available. Since 85% is a cutoff value for
good adherence as per a local Chinese study in pediatric patients with asthma [29], it was applied to montelukast in
the base case and varied by 25% (capped by 100%) to reflect the potential variation in patients.

Model outputs

Model outputs included total costs and total effectiveness including the number of exacerbation events and quality-
adjusted life years (QALYs). QALYs are estimated as a function of the length of life and the quality of life (measured
with utility values) (45].

Sensitivity analyses

Sensitivity analyses were performed to assess the robustness of the model. In the deterministic sensitivity analysis
(DSA), one model input or scenario varied while others were held at the base case value. The variation of model
inputs was either based on 95% CI obtained from the literature [40] or increasing and decreasing the values by 25%.
The scenarios included the drug unit costs of montelukast based on generic drugs (chewable tablets: ¥4.43, granules:
¥6.77) (25); varying the hospitalization rate during moderate-to-severe exacerbations from 5 to 50% to reflect the
regional variation across China and utility values based on alternative data sources (utility for no exacerbation: 0.70
to 0.96, disutility for mild exacerbation: -0.10, disutility for moderate-to-severe exacerbation: -0.20) (31-36].

In the probabilistic sensitivity analysis, key model inputs were varied simultaneously, with input values randomly
drawn from prespecified distributions. A beta distribution was assumed for transition probabilities and utilities and
a gamma distribution and log-normal distribution for costs and the hazard ratio, respectively. A Monte-Carlo
simulation with 1000 iterations was carried out. The simulated incremental cost—effectiveness ratios (ICERs) were
compared with the willingness-to-pay threshold in China to estimate the probability of low-dose budesonide being
cost-effective in China. An ICER between 1-3-times a country’s annual GDP per capita is defined as cost-effective
while an ICER below a country’s annual GDP per capita is considered to be highly cost-effective (46,471. The GDP
per capita from 2018 was applied (¥64,644) (4s).

Results

Base case analysis

Opver 1 year, patients receiving low-dose budesonide were expected to have 1.44 exacerbation events (mild: 0.97
events, moderate-to-severe: 0.47 events) and to incur a total of ¥3,675. Of the total costs, 65.2% of costs were
attributed to the drug and inhalation device and 34.8% to exacerbation management. Comparatively, patients
receiving montelukast were expected to have 2.15 exacerbation events (mild: 1.32 events, moderate-to-severe:
1.83 events) and to incur a total of ¥4,130. Drug costs contributed to 47.5% of the total costs and exacerbation
management contributed to the remaining 52.5%. Low-dose budesonide was also found to be associated with
slightly higher QALYs compared with montelukast (0.974 vs 0.967, difference: 0.007). The base case results are
shown in Table 2.

Sensitivity analyses

Given that low-dose budesonide was a dominant treatment in the base case, the DSA was conducted for costs and
QALYs separately (Figure 2 & Figure 3). Costs were sensitive to the hospitalization rate during moderate-to-severe
exacerbations, adherence rate of low-dose budesonide and drug unit cost for budesonide. Low-dose budesonide
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Table 2. Base case results.

Low-dose budesonide Montelukast Low-dose budesonide vs montelukast
Costs (2018 CNY)
- Drug and device costs ¥2397 ¥1962 ¥434
- Exacerbation management costs ¥1278 ¥2167 -¥889
Total costs ¥3675 ¥4130 ¥455
Effectiveness
- Total QALYs 0.974 0.967 0.007
Conclusion

Dominant

Bold values highlight the relevant results.
CNY: Chinese Yuan; QALY: Quality-adjusted life year.
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Figure 2. Deterministic sensitivity analysis results on costs.
Only variations/scenarios with impact on the base case result are shown in the chart.
BUD: Budesonide; MON: Montelukast; HR: Hazard ratio.
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Figure 3. Deterministic sensitivity analysis results on quality-adjusted life years.
Only variations/scenarios with impact on the base case result are shown in the chart.
BUD: Budesonide; MON: Montelukast; HR: Hazard ratio.
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Figure 4. Cost-effectiveness plane.
QALY: Quality-adjusted life year; WTP: Willingness-to-pay.

remained cost-saving or was associated with a cost increase that was less than ¥200. QALYs were sensitive to
exacerbation rates and utility values, but none of them would change the base case conclusion.

In the probabilistic sensitivity analysis, low-dose budesonide appeared to be a highly cost-effective treatment
compared with montelukast. Among 1000 iterations, 83% of simulated results fell below the willingness-to-pay
threshold of one-time GDP per capita (Figure 4).

Discussion

Despite treatment recommendations from GINA and the China guidelines, low-dose ICS, specifically low-dose
budesonide, is not adequately used in China [12,13]. By conducting a cost—effectiveness analysis, this study provides
evidence that echoes the guideline’s recommendation from an economic perspective. In addition to clinical benefits,
low-dose budesonide was demonstrated to be cost-saving when compared with montelukast.

The estimated cost savings were primarily driven by fewer exacerbation events in the low-dose budesonide arm.
As low-dose budesonide was associated with better clinical outcomes, use of low-dose budesonide starting at a
young age is expected to achieve and maintain effective control of asthma-related symptoms. Overall, the findings
of the present study echo the suggestion that introducing treatment with ICS as early as possible has the potential to
reduce the disease burden of asthma in China [49]. To our knowledge, this study is the first cost—effectiveness analysis
comparing Step 2 treatment options among pediatric patients aged 1-5 years old in China. With such evidence
now available, incorporating the usage of low-dose budesonide into the standard of care as a Step 2 treatment for
pediatric patients is likely to improve disease management of asthma in China.

Results from the present study are consistent with previous evaluations in other countries [50,51). A study
published in 2018 that systematically reviewed cost—effectiveness analyses comparing ICS and LTRA concluded
that in pediatric patients with persistent asthma, ICS, including budesonide or fluticasone propionate, was more
likely to be cost-effective than LTRA, including montelukast or zafirlukast (50). The cost—effectiveness of budesonide
for patients with mild persistent asthma was confirmed in another study in which budesonide, added to the usual
asthma care regimen, was compared with the standard of asthma care in children 5 to 10 years of age [51]. Results
of that study showed that the addition of budesonide was cost-effective from a healthcare payer perspective and
cost-saving when taking indirect costs into account [51].
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This study has several advantages. The study adopted a commonly used model structure in asthma economic
evaluations [28,52-55], in which the model states were defined with patients’ exacerbation states and death. The
number of exacerbations is a key measure of clinical outcomes in asthma management and therefore, the exacerbation
rates could be obtained from the literature and directly used in the model as state transition probabilities, without
assumptions or conversion to control rates. Exacerbation is always associated with substantial HRU, and can
influence patients’ quality of life [18], and therefore modeling exacerbation could explicitly capture the implications
of clinical outcomes on economic and quality of life outcomes. The model stratified exacerbation into two severity
levels, which could capture the levels of the clinical and economic burden associated with exacerbation more
accurately. As a chronic disease that requires long-term management, treatment adherence and its impact on costs
and treatment outcomes are of high interest to both patients and payers. In this analysis, treatment adherence
was considered with well-established input values supporting the model analysis. Regional variation in clinical
practices is another key consideration in evaluating cost—effectiveness in China. To account for such variation,
the hospitalization rate during moderate-to-severe exacerbations varied remarkably from 5 to 50% in the DSA,
and the results supported the generalizability of the study’s findings. Furthermore, the present model accounted
for the novel drug procurement scheme and thriving drug market in China by including the generic version of
montelukast [56]. Considering the potential trend with generic drugs occupying the market, low-dose budesonide
was still associated with cost savings.

The present study should be interpreted within the context of inherent limitations in economic modelling.
Model inputs were obtained from different data sources and not necessarily based on a Chinese population. With
different baseline characteristics and clinical settings, patients in China may have a different asthma management
profile. To address this, model inputs were varied in sensitivity analyses. Several assumptions had been made in
this model. To verify the assumptions and account for the associated uncertainties, health economics and clinical
experts were consulted and sensitivity and scenario analyses were conducted. The sensitivity and scenario analyses
demonstrated the robustness of the model results.

Conclusion

Compared with montelukast, low-dose budesonide is a favorable Step 2 treatment option for pediatric patients
(aged 1-5 years) with mild persistent asthma, as it is not only associated with better clinical outcomes but also cost-
saving to patients and healthcare payers. These findings may be generalizable to patients residing in different regions
of China and remained robust when compared with montelukast generic drugs. This study provides evidence to
support informed treatment selection and the study’s findings may improve the use of low-dose budesonide, an
economically and clinically preferable treatment to montelukast in pediatric patients.

Summary points

e In China, the prevalence of pediatric asthma has risen from 0.9 to 3.0% over the last several decades.

e Adequate control of asthma-related symptoms is critical in reducing the likelihood of an exacerbation and other
adverse events.

e Clinical guidelines recommend long-term maintenance therapy with low-dose inhaled corticosteroids (ICS) or
leukotriene receptor antagonists (LTRA) for persistent asthma in pediatric patients. Although research suggests
that low-dose ICS is associated with greater benefits than LTRA, use of ICS in clinical practice is limited, likely due
to the perceived burden associated with its costs.

e In this study, we compared the cost-effectiveness of two recommended Step 2 maintenance treatments for
pediatric patients with mild persistent asthma, low-dose budesonide, an ICS, and montelukast, an LTRA, from a
patient and healthcare payer perspective in China, to provide evidence supporting informed treatment selection.

e A Markov model consisting of four health states (no exacerbation, mild exacerbation, moderate-to-severe
exacerbation, and death) was constructed to compare treatments over 1 year; inputs included efficacy
(i.e., exacerbation rates), mortality, utilities and costs and treatment adherence based on available literature and
verified with clinical expert opinion. Deterministic and probabilistic sensitivity analyses were also conducted.

e Compared with montelukast, low-dose budesonide was associated with fewer exacerbation events, lower costs
and slightly more quality-adjusted life years.

e This study’s results echo the guideline’s recommendation from an economic perspective.

e The better clinical outcomes and cost savings associated with low-dose budesonide may help to reduce the
clinical and economic burden of persistent pediatric asthma in China.
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