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Objectives: This study analyzed the long-term cost-effectiveness of fluticasone/umeclidinium/vilanterol triple combination (FF/UMEC/VI) vs. budesonide/formoterol double combination (BUD/FOR) in the treatment of moderate-to-severe chronic obstructive pulmonary disease (COPD) and provides evidence for COPD treatment decisions.

Methods: From the perspective of the healthcare system, a Markov model was established that consists of four states—stable period, non-severely deteriorating period, severely deteriorating period, and death—according to real-world COPD progression. The model period comprises 6 months, with a cycle length of 14 years. The initial state, transition probabilities, costs, and utility data were collected from the FULFIL trial, published literature, hospital record surveys, and China Health Statistics Yearbook. The discount rate was 5%, and the threshold was set as the Chinese per capita GDP in 2020 (¥72,447). The cost, utility, transition probabilities, and discount rate were calculated through TreeagePro11 software. The results were analyzed via one-way factor analysis and probability sensitivity analysis.

Results: The baseline study shows that the 14-year treatment for FF/UMEC/VI and BUD/FOR groups are ¥199,765.55 and ¥173,030.05 with effectiveness at 8.54 quality-adjusted life years (QALYs) and 7.73 QALYs, respectively. The incremental cost-effectiveness ratio is ¥33,006.80/QALY, which is below the threshold. A tornado diagram of a one-way sensitivity analysis shows that the top three factors that affected the results are the non-severe deterioration rates of FF/UMEC/VI, the cost of FF/UMEC/VI and the non-severe deterioration rates of BUD/FOR. Probabilistic sensitivity analysis shows that FF/UMEC/VI (compared to BUD/FOR) can be made cost-effective under the willingness-to-pay (WTP) threshold (¥38,000). Furthermore, the likelihood of cost-effectiveness increases with a higher WTP.

Conclusions: Compared with the double combination (BUD/FOR), the triple combination (FF/UMEC/VI) is more cost-effective under the Chinese per capita GDP threshold.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a kind of chronic bronchitis and/or emphysema characterized by airflow obstruction that can further develop into the common chronic diseases of pulmonary heart disease and respiratory failure. COPD is related to an abnormal inflammatory reaction to harmful gases and particles and has high disability and mortality rates (1). It is also one of the most rapidly growing causes of death in developed countries. While the mortality rates of cardiovascular and cerebrovascular diseases have fallen sharply during the period from 1990 to 2010, the mortality rate associated with COPD has increased by 163% (2). In China, more than one million COPD patients die every year (3), and COPD is the fourth leading cause of death worldwide (4).

COPD severely affects quality of life and imposes substantial burden on patients, their families, and society, which in turn severely impacts public health and the economy (5). The results of a survey on disability adjusted life years (DALYs) due to a total of 306 diseases in 188 countries showed that DALY loss due to COPD ranked 7th in the world in 2013, 6th in economically developed countries, and 10th in developing countries (6). Data from the World Bank and the World Health Organization indicates that by 2020, the economic burden of COPD will rank it as the 5th most expensive disease in the world. The New European Lung White Book points out that the direct and indirect economic burden caused by COPD is expected to exceed €100 billion in 2013, which is significantly higher than €3.86 billion in 2003 (7). In 2006, The Chinese Center for Disease Control and Prevention noted that COPD ranked second in terms of burden from chronic diseases in China (8). There are currently 100 million patients with COPD in China, and COPD has become the third most common chronic disease in China after hypertension and diabetes mellitus. The prevalence rates of COPD among adults over 20, 40, and 60 years old are 8.6, 13.7, and over 27%, respectively (9). According to the 2015 Global Burden of Disease Report, COPD ranked third in terms of causes of disease death in China after cerebrovascular disease and ischemic heart disease, and the number of deaths accounted for 9.7% of overall deaths (10).

The 2020 Global Initiative for Chronic Obstructive Lung Disease (GOLD) states that COPD treatment goals are to prevent disease progression, relieve symptoms, improve exercise capacity, improve health status, prevent and treat complications, prevent exacerbations, and reduce mortality (11). The current main treatments for COPD are drug and non-drug interventions. Drug therapy is an essential method for addressing COPD, as this can help to prevent and control symptoms, reduce the frequency of acute exacerbations, and improve the quality of life and exercise tolerance of patients. The “China Chronic Obstructive Pulmonary Diagnosis and Treatment Guidelines (2013),” “NICE: Chronic Obstructive Pulmonary Disease in over 16s: Diagnosis and Management,” and other guidelines mention that drug treatment can relieve symptoms experienced by COPD patients and improve their lung function. Furthermore, drug treatment plays an essential role in improving patients' quality of life (12, 13).

Patients with moderate-to-severe COPD often need to use a combination of drugs with three different mechanisms of inhaled corticosteroid/long-acting muscarinic antagonist/long-acting b2-agonist(ICS/LAMA/LABA) at the same time. GOLD also recommends inhaled triple-drug therapy (ICS/LAMA/LABA) for COPD patients with persistent symptoms and exacerbations (11). However, although these treatment options with various underlying mechanisms are widely used, few randomized controlled trials have shown sustained advantages in lung function and patient-reported outcome indicators compared with using ICS/LABA alone. In addition, the triple treatment plan requires the use of more than two inhalation devices, which can lead to dosing errors. Therefore, there is an urgent need to improve the approach used to administer the triple combination of ICS/LAMA/LABA.

At present, there are alternative triple combinations for treating COPD, including fluticasone/umeclidinium/vilanterol (FF/UMEC/VI) and budesonide/glycopyrrolate/formoterol. However, there is insufficient economic evidence to support the use of these triple combinations. Here we developed a Markov model to simulate and analyzed the long-term cost-effectiveness of FF/UMEC/VI and the double combination budesonide/formoterol (BUD/FOR) based on the published results of the Phase III FULFIL study of a COPD triple combination (FF/UMEC/VI) (14). The results provide evidence to support a reasonable treatment strategy for COPD.



MATERIALS AND METHODS


Analytical Method

A Markov model was constructed to evaluate the cost and output of an intervention group and a control group.



Intervention

This study was based on a Phase III, randomized, double-blind, double-simulation, parallel-group, multi-center FULFIL study (GSK: CTT116853; ClinicalTrials.gov: NCT02345161). In the FULFIL study, patients with COPD were defined as being in Gold Initiative for Chronic Obstructive Lung Disease group D (Appendix II) (11). It was conducted over a total of 24 weeks and involved 1,810 patients with a mean age of 63.9 years.

In the intervention group (n = 911), FF/UMEC/VI, patients mainly used a single ELLIPTA inhaler to deliver once-daily FF/UMEC/VI 100 μg/62.5 μg/25 μg inhalation powder; in the stable period, non-severely deteriorating period, and severely deteriorating period, drugs and oxygen therapy were added to address the patients' symptoms.

In the control group (n = 899), BUD/FOR, patients mainly used Turbuhaler to deliver twice-daily BUD/FOR 400 μg/12 μg; in the stable period, non-severely deteriorating period, and severely deteriorating period, drugs and oxygen therapy were added to address the patients' symptoms.



Markov Model Structure

Decision analysis software (TreeAge Pro 2011, Williamstown, MA) was used to establish a Markov model to realize the calculation process, which consisted of four states (Figure 1)—stable period, non-severely deteriorating period, severely deteriorating period, and death—according to the real-world disease progression of COPD. The degree of deterioration was divided according to whether additional medical resources were needed: patients in the non-severely deteriorating period only need to have their medication adjusted according to their general practitioner's instructions, while patients in severe exacerbation stages need to be hospitalized for treatment. According to the FULFIL test, the cycle length was 6 months.


[image: Figure 1]
FIGURE 1. Model structure.




Cost Parameters

From the perspective of the healthcare system, all direct medical costs were included in this study, which mainly include drug costs, diagnosis costs and maintenance treatment costs in the stable and deteriorating periods. The costs of medicines were taken from the average bid price of 2020 in China by querying the bid information of www.yaozh.com.1 The costs of diagnosis and laboratory tests were derived from a real-world clinical data survey. The maintenance treatment cost was based on a previous COPD pharmacoeconomic study (15). The maximum and minimum values of the parameters were based on the basic value ±10% of all costs and the mean value of that cost ±10% (Table 1).


Table 1. Cost parameters.
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Effectiveness Parameters

Quality-adjusted life years (QALYs) were used as the effect indicators of this model. The utility value of each state was extracted and calculated based on previous literature. Non-severe deterioration will cause a loss of 0.01/year of health utility, severe deterioration will cause a loss of 0.04/year of health utility, and the health utility of death is 0 (Table 2). The utility of the stable phase was converted from the St George's respiratory questionnaire (SGRQ) score of the FULFIL study population using the published formula (16) (Equation 1).

[image: image]


Table 2. Model utility parameters.

[image: Table 2]



Transition Probability

The transition probability mainly came from clinical trials, the literature, and official Chinese databases. The annual natural mortality rate of the population was obtained from the “National Death Population Status by Age and Sex (2017–2018)” and was transformed into the natural mortality rate of patients during the study period (Appendix I). The transition probability of patients from a stable period to non-severe and severe deterioration was calculated from the deterioration of the patient population in the FULFIL study. The mortality rate of severely deteriorated patients comes from the “2008 National Chronic Obstructive Pulmonary Disease Audit in the UK” (17) (Table 3).


Table 3. Transition probability.
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Willingness-to-Pay Threshold

Concerning the reference threshold value of Chinese medical insurance drug negotiations in recent years, this study set one-time per capita GDP as the threshold value for willingness-to-pay (WTP). According to official data from the National Bureau of Statistics, the 2020 per capita GDP was ¥72,447 in China.2 When the incremental cost-effectiveness ratio (ICER) is lower than ¥72,447/QALY, the treatment scheme is considered cost-effective.



Cycle Length and Discount Rate

The average life expectancy in China in 2019 (77.3 years), minus the average age of subjects included in the FULFIL study (63.9 years), was used as the basis for the model's operating time limit. Therefore, the study set 28 cycles to simulate the long-term cost-utility of patients 14 years after treatment. The baseline discount rate was 5% according to the Chinese Pharmacoeconomic Evaluation Guidelines and Guide (2020) Edition (18).



Sensitivity Analysis


One-Way Sensitivity Analysis

In the one-way sensitivity analysis, the value was assigned with a varied range of ±10% of the basic value; the discount rate's variation range was 0–8%. The key factors that had the most significant impacts on the research results were obtained through one-way sensitivity analysis. The results are presented in a one-way analysis table and an ICER tornado chart.



Probabilistic Sensitivity Analysis

Monte Carlo simulation was used for probabilistic sensitivity analysis (PSA). The research results for different parameters changing simultaneously were obtained through 1,000 simulations. Based on this stochastic simulation method, the research results from simultaneous changes in multiple parameters and the influence of threshold changes on decision-making were analyzed. The results are presented in Monte Carlo simulation scatter plots, cost-effectiveness acceptability curves, and other charts.





RESULTS


Baseline Results

FULFIL demonstrated clinically meaningful and statistically significant improvements at Week 24 in SGRQ total scores. There was a difference of −2.2 (95% CI −3.5, −1.0; p < 0.001) in change from baseline in SGRQ total score for FF/UMEC/VI vs. BUD/FOR (Appendix II) (14).

Following cohort simulation with the Markov model, the cumulative costs of the FF/UMEC/VI treatment for each COPD patient was determined to be ¥199,765.55, and total QALY gains were 8.54. The costs of BUD/FOR were ¥173,030.05, and the QALY gains were 7.73. The FF/UMEC/VI group paid ¥26,735.50 more in costs compared to the BUD/FOR group but gained 0.81 extra QALYs. The ICER was ¥33,006.80/QALY, which was less than the set threshold of ¥72,447/QALY, indicating that the FF/UMEC/VI treatment is more cost-effective than BUD/FOR (Table 4).


Table 4. Basic analysis results.
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One-Way Sensitivity Analysis

A one-way sensitivity analysis was performed with the changes in cost, utility, transition probability, and discount rates of the two drug treatment options. The ICER tornado chart is shown in Figure 2. The top three factors that affected the results are the non-severe deterioration rates of FF/UMEC/VI, the cost of FF/UMEC/VI and the non-severe deterioration rates of BUD/FOR.


[image: Figure 2]
FIGURE 2. One-way sensitivity analysis tornado diagram. The influencing factors from highest to lowest are: A: non-severe deterioration rate of FF/UMEC/VI; B: FF/UMEC/VI drug treatment costs; C: non-severe deterioration rate of BUD/FOR; D: BUD/FOR drug treatment costs; E: severe deterioration rate of BUD/FOR; F: severe deterioration rate of FF/UMEC/VI; G: severe deterioration loss/year; H: maintenance treatment costs for severe deterioration period; J: discount rate; K: probability of non-severe deterioration returning to stable period; L: stable period utility value; M: non-severe deterioration loss/year; N: stable maintenance treatment costs; O: probability of severe deterioration returning to death; P: cost of spirometry; Q: maintenance treatment costs for non-severe deterioration; R: medical expenses.




PSA

According to the distribution of various parameters, Monte Carlo simulation was used to simulate the research results 1,000 times. The ICER scatter plot is shown in Figure 3. A total of 86.9% points fell below the threshold line in Figure 4, indicating that in 1,000 simulations, FF/UMEC/VI had a higher probability of offering economic advantages over BUD/FOR.


[image: Figure 3]
FIGURE 3. Monte Carlo simulation pseudo-scatter plot. Dotted line: WTP = ¥72,447/QALY.



[image: Figure 4]
FIGURE 4. Cumulative cost-acceptable probability of effect. FF/UMEC/VI, fluticasone/umeclidinium/vilanterol; BUD/FOR, budesonide/formoterol.


To further illustrate the relationship between the cost-effectiveness threshold change a cost-effectiveness acceptability curve (CEAC) was drawn, as shown in Figure 5. According to the CEAC, when WTP was higher than about ¥38,000, FF/UMEC/VI was more likely to be economically advantageous than BUD/FOR.


[image: Figure 5]
FIGURE 5. Cost-effectiveness acceptable curve plotting. Willingness-to-pay vs. iterations cost-effective.





DISCUSSION

A variety of COPD treatment drug regimens are currently available, including the most prominent class of bronchodilators and expectorants, corticosteroids, phosphodiesterase-4 inhibitors, and antimicrobials that target airway obstruction. Among bronchodilators, single-agent use and the combination of LABA, LAMA, and inhaled corticosteroids are recommended in the COPD related guidelines. The common diphasic combinations are LABA/LAMA (Indacaterol/Glonoprost, Umeclidinium/Vilanterol, etc.), and LABA/ICS (Salmeterol/Tikasone, Budesonide/Formoterol, etc.); inhalation formulations are more widely used in clinical practice. The triple combination system ICS/LAMA/LABA (Budesonide/Glycopyrronium/Formoterol, Fluticasone/ Umeclidinium/Vilanterol, Beclometasone/ Formoterol/Glycopyrronium) is also continuously being developed and produced and is recommended by GOLD and other guidelines for the treatment of moderate-to-severe COPD.

Regarding triple combination preparations, FF/UMEC/VI can significantly reduce the hospitalization rate and all-cause mortality of COPD patients compared with LAMA/LABA preparations (19, 20). Compared with the commonly used ICS/LABA preparation, FF/UMEC/VI can also significantly alleviate COPD symptoms, improve lung function, and reduce acute exacerbations (21). Schroeder showed that although the cost of FF/UMEC/VI is greater than that of BUD/FOR, the benefit of FF/UMEC/VI is higher than it is for BUD/FOR or other double combinations in terms of long-term cost effects (22). Papi and Martinez also showed that other triple combination preparations are advantageous compared to double combinations; for instance, the triple combination Beclometasone/Formoterol/Glycopyrronium is associated with a significantly larger reduction in the rate of moderate-to-severe COPD exacerbations compared to the dual bronchodilator combination of Indacaterol/Glycopyrronium over 52 weeks of treatment. Likewise, Budesonide/Glycopyrronium/Formoterol offers greater benefits in reducing moderate/severe and severe exacerbation rates relative to Glycopyrrolate/Formoterol, even among COPD patients with no history of exacerbations in the prior year (23, 24). Thus, the findings of the present study are in line with those of extant literature.

In addition, the effects of cigarette smoking also need to be taken into account when treating COPD with the appropriate pharmacotherapy. Across the world, cigarette smoking is the most commonly encountered risk factor for COPD (11). Cigarette smokers have a higher prevalence of respiratory symptoms and lung function abnormalities and a greater COPD mortality ratee than non-smokers (25). Smoking cessation can significantly reduce morbidity and mortality associated with COPD in conjunction with pharmacotherapy. China has also taken many strategies in tobacco control: In 2006, China signed the World Health Organization Framework Convention on Tobacco Control (WHO FCTC) to combat the tobacco epidemic; Up to data as of January 2018, 18 cities, including Beijing, Shanghai, Hangzhou, and Guangzhou, have introduced local tobacco control regulations, covering nearly 10% of the country's population.3 The “Health China 2030” plan also set specific targets for tobacco control, with a reduction in the smoking rate to 20% of the population by 2030.4

Finally, pharmacist-led intervention and Effective use of the inhaler are crucial for COPD patients, too. Abdulsalim showed that Structured pharmacist-led intervention programme can improve medication adherence in COPD patients and effective use of the inhaler. Better medication adherence is associated with decrease in the number of emergency department visits and length of hospital stay among patients with COPD with improved adherence saving medicine costs and clinical pharmacy time (26–28).

Overall, we found that FF/UMEC/VI is more economical than BUD/FOR from the perspective of Chinese healthcare system. The sensitivity analysis results showed that the baseline analysis results are robust. The conclusions of this study are consistent with the GALAXY-COPD joint risk equation model (29). A systematic literature review about COPD showed that annual total societal costs of COPD ranged from $4398 to $23,049 in Japan and $453 to $12,167 in South Korea. There were no domestic comparison estimates for the remaining countries (Singapore: $2700; Taiwan: $4000; China: $3942; and Thailand: $1105) (30). This was consistent with the findings of our study that COPD imposes a significant financial burden on society, the health insurance segment, patients, etc.

In this study, a classic Markov model was constructed based on the disease outcome of COPD patients in the real world. Due to issues with data availability and to ensure experimental rigor, this study did not use the 1% forced expiratory volume value recommended by the commonly used GOLD guidelines and other COPD studies to classify the disease into several states (e.g., mild, moderate, severe, and extremely severe). Instead, the stable and deteriorating periods simulate the patient's disease progression. Additional real-world data and clinical findings are needed to support methodological refinement for the economic evaluation of COPD treatment options.

This study is subject to several limitations. First, the Markov model was based on a simulation of the patient's ideal state based on certain assumptions. For instance, it was assumed that FF/UMEC/VI and BUD/FOR had the same remission rate for non-severe deterioration, and the mortality rate of non-severe deterioration was based on natural mortality, which impacts extrapolation of the results to a certain extent. Second, the utility value was derived from calculating the formula, and this study only simulated the loss of utility value in patients with worsening conditions, without taking into account the increase in utility value brought about by improvement of the condition. Therefore, we may have underestimated the quality of health output. Third, there are currently no utility value measurement studies for the Chinese population of COPD patients with acute exacerbation and stable disease. It is thus recommended that further research on the quality of life of COPD patients be carried out in future. Fourth, more attention needs to be paid to the impact of long-term glucocorticoid use on increasing the risk of pneumonia and the prognosis of patients with proper inhaler use, these can affect the outcome and cost of treatment for patients.



CONCLUSION

Compared with the double-combination treatment option for COPD, BUD/FOR, our results showed that the triple combination FF/UMEC/VI was cost-effective under the threshold of Chinese per capita GDP. Simulations over 14 years of the model showed that FF/UMEC/VI can increase patient benefits and save on health resources. The 2020 edition of the Global Chronic Obstructive Pulmonary Disease Initiative recommends that patients with moderate-to-severe stable stages choose the ICS/LAMA/LABA triple combination for treatment. However, additional real-world data from the Chinese population and more accurate cost data are needed to test this hypothesis.
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