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Purpose: Tiotropium/olodaterol (TIO/OLO) fixed-dose combination (FDC) can improve lung function and quality of life for patients 
with chronic obstructive pulmonary disease (COPD), and is not inferior to other LAMA/LABAs. The aim of this study was to assess 
the cost-effectiveness of TIO/OLO FDC in patients with moderate to very severe COPD in China.
Methods: A Markov model was developed to estimate the cost-effectiveness of TIO/OLO FDC versus TIO in the treatment of COPD 
from Chinese health system perspective. Four health states were based on 2021 Global Initiative for Chronic Obstructive Lung Disease 
(GOLD 2021), which included moderate (GOLD II, 50% ≤ FEV1 ≤ 80% of predicted), severe (GOLD III, 30% ≤ FEV1 ≤ 50% of 
predicted) and very severe (GOLD IV, FEV1 > 30% of predicted) COPD and death. The model simulated in cycles yearly. The 
indicators of total costs, number of COPD exacerbations, life years (LYs) and quality-adjusted life-years (QALYs) were used as the 
model output. Costs and outcomes were discounted at a 5% annual rate. A cost-effectiveness analysis was conducted over a 10-year 
time horizon. The threshold of incremental total cost per unit effectiveness gained (ICER) was 1.5 times of GDP per capita. 
Uncertainty was assessed by one-way and probabilistic sensitivity analysis.
Results: TIO/OLO was 0.007 QALYs more than TIO but 0.012 LYs lower, which increased the total cost by $2268.17 per patient, but 
the total exacerbations number was less. Incremental cost effectiveness analysis had shown that the ICER exceeded the willingness to 
pay threshold. Results were robust under most parameter variation, except the parameters of total drug cost of TIO/OLO FDC in 
univariate sensitivity analyses.
Conclusion: Although TIO/OLO FDC could reduce the exacerbation risk, it was not cost-effective, and needed to be repriced.
Keywords: tiotropium, olodaterol, cost-effectiveness, chronic obstructive pulmonary disease, COPD, Markov

Introduction
Chronic obstructive pulmonary disease (COPD) is a common preventable and treatable disease, characterized by 
persistent airflow limitation that is not fully reversible. In mainland of China, the prevalence of COPD in people over 
60 years old can reach more than 50% of the total prevalence.1,2 COPD can cause declining in the quality of life and 
increasing of mortality. Exacerbations may lead to hospitalization, which will further increase the disease burden.3

Among the effective drugs, the combinations of long-acting muscarinic antagonists (LAMAs) and long-acting β-receptor 
agonists (LABAs) are associated with a clinically significant improvement in lung function and health-related quality of life in 
patients with COPD, and have fewer exacerbations, a larger improvement of forced expiratory volume in one second (FEV1) 
and more frequent improvement in quality of life compared with inhaled LABAs + corticosteroids (ICS) or LAMA 
monotherapy.4–7 Tiotropium bromide/olodaterol as a LAMA/LABA has been newly approved and marketed in China.

Tiotropium bromide/olodaterol (TIO/OLO) is specially delivered via the Respimat® soft mist inhaler (SMI), which has active 
spray and is easy for patients to breathe in.8 The TOnado 1 and 2 trials evaluate the efficacy and safety of TIO/OLO FDC, in 
which 5162 patients were involved and randomized to OLO 5 μg, TIO 2.5 μg, TIO 5 μg, TIO/OLO 2.5/5 μg, or TIO/OLO 5/5 μg 
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groups.9 The results showed that TIO/OLO 5/5 μg significantly improved FEV1 AUC0–3 and trough FEV1 in all GOLD 
severity groups compared to other groups. The OTEMTO 1 and 2 trials10 and VIVACITO trial11 indicated that TIO/OLO 
improved lung function or quality of life compared to placebo and TIO 5 μg. In ENERGITO trial, TIO/OLO was superior to 
salmeterol/fluticasone in several lung function end points.12 COPD exacerbations were assessed in DYNAGITO trials showed 
that TIO/OLO did not reduce exacerbation rate compared with TIO alone.13 In several network meta-analysis researches, TIO/ 
OLO FDC was similar to other LAMAs/LABAs in improving trough FEV1, transition dyspnea index (TDI), St George’s 
Respiratory Questionnaire (SGRQ) score, exacerbation, all-cause mortality, risks of major adverse events and incidence of 
pneumonia, such as aclidinium/formoterol, Glycopyrronium Bromide/indacaterol, umeclidinium/vilanterol, tiotropium/salme-
terol and Glycopyrronium Bromide/Formoterol.14,15 Another network analysis indicated that TIO/OLO 5/5μg was significantly 
more effective than both aclidinium/formoterol 400/12μg and Glycopyrronium Bromide/formoterol 14.4/9.6μg in improving 
trough FEV1, significantly more effective than Glycopyrronium Bromide/formoterol 14.4/9.6μg in improving TDI, and had the 
best cardiovascular safety.16 So, among the LAMA/LABA combinations, TIO/OLO FDC has certain advantages.

In recent years, more studies focused on the efficacy and safety of TIO/OLO FDC compared with other treatments, but less on 
its economy. In addition, the economic evaluation research on TIO/OLO FDC for COPD patients under Chinese background was 
none. This article presented a Markov model to access the cost-effectiveness of TIO/OLO FDC versus TIO for moderate to very 
severe COPD from Chinese health system perspective.

Materials and Methods
Model Structure
A Markov model was developed to assess the cost-effectiveness of TIO/OLO FDC for COPD patients in China. The model 
was followed the Guidelines for Pharmaceutical Economic Evaluation of China (2020 edition).17 The cycle length was 1 year. 
The average life expectancy of Chinese residents was 76.34 years old,18 and patients with COPD had shorter lives. Too long 
research period may bring more uncertainty and make the results deviate from reality. Therefore, it was more appropriate to set 
the time horizon of the model to 10 years.

Four states were defined as follows: moderate, severe and very severe COPD, and death (Figure 1). Each of COPD health 
states (moderate to very severe COPD) was defined by Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
recommendations.4 Exacerbations could happen in all COPD health states, and could be treated in hospital or in community 

Figure 1 State transition diagram of Markov model.
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care with different associated costs and utilities. Specific values of mortality, utility, resource use, cost, and risk of exacerbation 
varied with different COPD disease states.

Comparators
The main intervention measures of this study were TIO/OLO FDC (5/5 µg, 1 inhalation administered once daily) and 
TIO (5 µg, 1 inhalation administered once daily). TIO was selected as the control drug because it was widely used in 
China and was an important inhaled drug for the treatment of COPD. Other maintenance measures of the two groups 
were assumed to be consistent.

Model Inputs
Clinical Data
The patient-level characteristics were mainly from the TOnado/DYNAGITO trials (Table 1).19,20 At the beginning of the 
simulation, 37.5% of patient had moderate COPD, 49.4% had severe COPD and 13.1% had very severe COPD in TIO/ 
OLO FDC group, while in TIO group, 39.5% were moderate, 48.5% severe, and 12.0% very severe. An average patient 
age was about 65 years in the TOnado/DYNAGITO trials.20,21

The annual transition probabilities between moderate, severe, and very severe COPD were based on the method 
described by Spencer et al.22,23 The first cycle uses the initial probability from base to new, and all subsequent cycles use 
the new probability (Table 2). Patients in the model could experience different levels of exacerbations or no exacerba-
tions. Severe exacerbations were classified as events requiring hospitalization, and non-severe exacerbations as events 
requiring treatment such as systemic corticosteroids and/or antibiotics and/or contact with a health care provider without 
hospitalization. The risks of exacerbation were taken from Wedzicha et al, and varied with COPD severity and treatments 
(Table 2).20 The severe and non-severe exacerbation risks were adjusted proportionally. The incidences of adverse events 
(AEs) for each treatment were extracted from the pooled subgroup analysis of Tonado study.19

Mortality was estimated based on a large clinical trial (TIOSPIR trial) of COPD patients (Table 3).24 TIOSPIR trial 
involved 17,135 participants from 50 countries and lasted for 3 years, which compared the efficacy and safety of three 
dosage groups of tiotropium. The annual risk of death in TIOSPIR trial was based on age and COPD severity stage, and 
estimated for nine groups.25 Mortality was not impacted by the incidence of exacerbations as it would be double counting 
the risk.

Utilities
The St. George’s Respiratory Questionnaire (SGRQ) total score was converted into utility value by mapping method, and 
the conversion formula came from the research of Starkie et al as below.26,27 Exacerbations led to the decline of utility 
value, and the decline varied with the severity of exacerbation. Monthly utility decrements were obtained from literatures 

Table 1 Baseline Characteristics

Baseline Characteristics TIO 5 μg/Day TIO/OLO FDC  
5/5 μg/Day

Reference

Participants 4974 4968 [20]

Mean (SD) age, years 65.8 (8.6) 66.0 (8.5) [20]

Male, n (%) 3596 (72.3) 3518 (70.8) [20]

GOLD I, n (%) 21(0.4) 27(0.5) [20]

GOLD II, n (%) 1953(39.3) 1850(37.2) [20]

GOLD III, n (%) 2398(48.2) 2436(49.0) [20]

GOLD IV, n (%) 595(12.0) 644(13.0) [20]

Abbreviations: FDC, fixed-dose combination; GOLD II, moderate COPD; GOLD III, severe COPD; 
GOLD IV, very severe COPD; TIO, tiotropium bromide; TIO/OLO, tiotropium bromide/olodaterol.
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and were converted into annual value, which did not vary in each COPD severity health state and each treatment group28 

(Table 4). The health utility of death was 0.
U = 0.9617- (0.0013 × SGRQ total) – (0.0001 × SGRQ total 2) + (0.0231 × male)27

Resources and Costs
As the model was performed under the perspective of health system, only direct healthcare resources and costs were 
included. The methods of gross-costing and micro-costing were both used in cost measure. All the costs were presented 
in US dollar based on 2023 prices (USD: RMB=1: 6.8767, Feb. 17th), and would be adjusted to the value in 2023 if 
possible (Table 5).

The costs of long-term inhaled drugs were calculated by resources and unit prices. The prices of TIO/OLO FDC (5ug/ 
5ug/press, CN¥722.92) and TIO (2.5ug/spray, CN¥520) were consistent in most areas of China and the daily dosages 
were consistent with the instructions. Drug costs were determined using the average bidding prices released by the 
provincial Healthcare Security Administration.29 The price of TIO/OLO FDC was significantly higher than that of other 
LABAs/LAMAs, so the average price of other LABAs/LAMAs was used as the lower price value for TIO/OLO FDC in 

Table 2 The Annual Transition Probabilities for TIO/OLO FDC and TIO

Severity Stage TIO/OLO FDC Group TIO Group Reference

From stable GOLD II to stable GOLD III (first cycle) 0.031 0.038 [22,23]

From stable GOLD III to stable GOLD IV (first cycle) 0.03 0.041 [22,23]

From stable GOLD II to stable GOLD III (subsequent cycle) 0.026 0.026 [22,23]

From stable GOLD III to stable GOLD IV (subsequent cycle) 0.043 0.043 [22,23]

From stable GOLD II to severe exacerbation 0.06 0.07 [20]

From stable GOLD III to severe exacerbation 0.14 0.16 [20]

From stable GOLD IV to severe exacerbation 0.23 0.27 [20]

From stable GOLD II to non-severe exacerbation 0.43 0.53 [20]

From stable GOLD III to non-severe exacerbation 0.62 0.68 [20]

From stable GOLD IV to non-severe exacerbation 0.77 0.73 [20]

Abbreviations: FDC, fixed-dose combination; GOLD II, moderate COPD; GOLD III, severe COPD; GOLD IV, very severe COPD; TIO, 
tiotropium bromide; TIO/OLO, tiotropium bromide/olodaterol.

Table 3 COPD-Related Mortality Risk by Age and Severity Stage

Age Patient 
Subgroup

Mortality in 
TIOSPIR 
(%/y)

Mortality in 
Chinese 
Research (%/y)

Ratio 
Compared to 
Chinese Data

Reference

60≤ Age<70 GOLD I~II 1.37 0.325 4.22 [24,25]

GOLD III 2.13 6.55

GOLD IV 4.56 14.03

Age ≥ 70 GOLD I~II 3.06 1.0511 2.91

GOLD III 4.00 3.81

GOLD IV 8.43 8.02

Abbreviations: GOLD I, mild COPD; GOLD II, moderate COPD; GOLD III, severe COPD; GOLD IV, very severe COPD.
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Table 4 Health State-Related Utility and Exacerbation-Related 
Disutility

Parameter Utility Reference

Health state-related utility

GOLD II 0.776 Calculated form26,27

GOLD III 0.677 Calculated form26,27

GOLD IV 0.593 Calculated form26,27

Exacerbation-related disutility(monthly)

Non-severe exacerbation 0.85 [28]

Severe exacerbation 0.5 [28]

Abbreviations: GOLD II, moderate COPD; GOLD III, severe COPD; GOLD IV, 
very severe COPD.

Table 5 Resource Use and Annual Costs for Markov Model

Parameter Cost ($) Reference

Drug costs

TIO/OLO FDC (5μg/5μg per day, $3.50/day) 1279.03 [29]

TIO (5μg per day, $2.52/day) 920.01 [29]

Management costs by COPD severity

GOLD II 1090.03 [30]

GOLD III 1485.40 [30]

GOLD IV 2246.02 [30]

Costs of exacerbations

Severe exacerbation in GOLD II 1165.52 [31]

Severe exacerbation in GOLD III 1491.69 [31]

Severe exacerbation in GOLD IV 1992.06 [31]

Non-severe exacerbation in GOLD II 84.87 [31]

Non-severe exacerbation in GOLD III 88.53 [31]

Non-severe exacerbation in GOLD IV 135.28 [31]

AEs treatment costs

Pneumonia 436.26 [30]

Nasopharyngi 14.54 [30]

Bronchitis 14.54 [30]

Upper respiratory tract infection 7.27 [30]

Abbreviations: FDC, fixed-dose combination; GOLD II, moderate COPD; GOLD III, severe 
COPD; GOLD IV, very severe COPD; TIO, tiotropium bromide; TIO/OLO, tiotropium 
bromide/olodaterol; AEs, adverse events.
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sensitivity analysis. The price of TIO powder for inhalation had multiple manufacturers in China, with significant price 
differences. The average price of TIO was used as the lower value in sensitivity analysis.

Management cost stratified by COPD severity was obtained from literature, which was estimated based on the 
healthcare resources consumption and the unit cost of healthcare resources. Management costs mainly consisted cost for 
outpatient visits, spirometry, chest imaging examinations, and influenza vaccinations, and were determined through 
expert consultation and the average healthcare service price in multiple provinces.

Cost for exacerbations was calculated from the results of a cross-sectional study was carried out among 678 COPD 
patients in four cities in China in 2011,31 including outpatient visit for non-severe exacerbations and hospital admission 
for severe exacerbations. The AEs treatment costs were obtained from previous research,30 including treatment costs for 
pneumonia, nasopharyngitis, bronchitis, dysphonia, and upper respiratory tract infection.

Model Calculation and Validation
The base case analysis was run with Treeage Pro 2021 R1.0, and the direct medical costs and COPD health outcomes 
discounted at a rate of 5.0% according to the recommendations of Guidelines for Pharmaceutical Economic Evaluation of 
China (2020 edition). The indicators of total costs, number of COPD exacerbations, life years (LYs), and quality-adjusted 
life-years (QALYs) were used as the model output. To avoid overestimating the incremental value, half-cycle corrections 
to utility were performed. Incremental total cost per unit effectiveness gained (ICER) was used to assess the cost- 
effectiveness of TIO/OLO FDC against TIO. The threshold of ICER in China was close to 1.5 times of GDP per capita.32 

According to official data from the National Bureau of Statistics (http://www.stats.gov.cn/), the GDP per capita of China 
in 2020 was $11,775.42. So, the threshold of ICER was set to $17,663.12/QALY.

The model was validated against results from the Tonado trial and DYNAGITO trial. The DYNAGITO trial was a 52- 
week, randomized, double-blind, active-controlled, parallel-group trial. It was verified according to whether TIO/OLO 
FDC reduced the annual rate of exacerbations more than TIO alone,20 and the death rate was similar after 1 year.13

Sensitivity Analyses
Both one-way sensitivity analysis (OWSA) and probabilistic sensitivity analysis (PSA) were conducted. In the OWSA, 
except for specific value variation ranges, the following variables were conducted, with modify by ±20% for costs and 
±10% for utilities and transition probability.

● Annual transition probability from one COPD state to another
● Exacerbation risk in different severities and COPD states
● Cost of routine COPD management and costs for severe and non-severe COPD exacerbation
● Health state utility values and decrements following severe and non-severe exacerbations
● Discount rate (0% to 8%)

The PSA was performed by means of Second-order Monte Carlo simulation. A total of 1000 iterations were 
conducted following the assignment of different distribution functions to the key parameters. Gamma distribution was 
applied for cost parameters, while Beta distribution for utility value and transition probability parameters and uniform 
distribution for discount rate. Scatter plots were developed to represent uncertainty, and cost-effectiveness acceptability 
curves were created based on the patient’s willingness to pay $17,663.12 per QALY (WTP=17,663.12).

Results
Base-Case Analyses
It seemed that treatment with TIO/OLO FDC was associated with lower risk of total exacerbations (both non-severe and 
severe exacerbations) versus TIO (Table 6). The results of base-case analysis indicated that TIO/OLO FDC was similar to 
TIO in QALY and LY, but the price was higher (Table 5). Patients on TIO/OLO FDC gained 4.332 QALYs and 6.655 LYs 
with a total cost of $20,938.21, while patients on TIO gained 4.325 QALYs and 6.667 LYs with a total cost of 
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$18,670.04. Incremental cost effectiveness analysis had shown that incremental costs of $2268.17 per patient, incre-
mental QALYs of 0.007 per patient, and an incremental cost-effectiveness ratio (ICER) of $324,557.91 per additional 
QALY over 10 years, which exceeded the willingness to pay threshold of 1.5 times of GDP in China.

Model Validation
One year running results of the model were compared to the Tonado trial and DYNAGITO trial with study duration of 
52-week (Table 7). All-cause mortality and total exacerbations per patient-year estimated in the model on TIO arm were 
equivalent to Tonado trial and DYNAGITO trial.13,20 TIO/OLO FDC reduced the rate of exacerbations at 1 year more 
than TIO alone, which was consistent with the results of DYNAGITO trial.

Sensitivity Analyses
Univariate sensitivity analyses were performed with the extreme values to run the model, with robust results under most 
parameter variation, except the parameters of total drug cost of TIO/OLO FDC. In the ICER tornado analysis 
(WTP=17,663.12), the 10 most sensitive parameters were shown in the tornado diagram below (Figure 2).

Probabilistic sensitivity analyses showed that TIO/OLO FDC was the cost-effective treatment in 69.5% of simulations 
at a threshold of $17,663.12 per QALYs. The Mento Carlo ICER scatterplot running with 1000 simulations can be seen 
in Figure 3. Additionally, a cost-effectiveness acceptability curve and Monte Carlo acceptability at WTP indicated that 
TIO/OLO FDC had 70.4%, 81.7% and 79.4% probability of being cost effective at the decision thresholds of 1, 1.5 and 3 
times of Chinese per capita GDP in 2020, respectively (namely $11,775.42/QALY, $17,663.12/QALY and $35,326.25/ 
QALY, respectively) (Figure 4). And when the decision threshold was below 8000, TIO was more cost-effective.

Table 6 Cost-Effectiveness Analysis of Two Regimens Over 10 
Years

TIO/OLO FDC TIO

Total Costs (C, $) 20,938.21 18,670.04

QALY 4.332 4.325

Life-year (LY) 6.655 6.667

Total exacerbations number 5.55 6.11

Non-severe 4.55 4.97

Severe 1.00 1.14

ICER

ΔC/ΔQALY 324,557.91

ΔC/ΔLY TIO dominates

Abbreviations: FDC, fixed-dose combination; ICER, incremental cost-effectiveness 
ratio; LY, life-year; QALY, quality-adjusted life-year; TIO, tiotropium bromide; TIO/ 
OLO, tiotropium bromide/olodaterol; ΔC, incremental costs; ΔQALY, incremental 
QALY; ΔLY, incremental LY.

Table 7 Model Outcomes versus TOnado Trial on TIO Arm

Total Exacerbations per Patient-Year All-Cause Mortality (%)

TIO/OLO FDC TIO TIO/OLO FDC TIO

TOnado /DYNAGITO, 1 year 0.6820 0.7720 2.72%13 3.07%13

Model, 1 year 0.555 0.611 3.2% 3.1%
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Discussion
The base case analyses had shown that treatment with TIO/OLO FDC, compared to TIO alone, resulted in both cost 
increases and QALY gains, although the difference of QALY was marginal. The deterministic analysis found that the 
most sensitive parameter was the total drug cost of TIO/OLO FDC: when the value below $868.054, TIO/OLO FDC 
would switch to a cost-effective solution. There was uncertainty whether the model research results were consistent with 
the future situation, because there might be changes in treatment strategies and drug policies, and emergence of new 
drugs. Our research needs to be further confirmed in the future and adjusted according to the changes of new drug 
policies and treatment guidelines.

Figure 2 Tornado diagram (ICER, TIO OLO FDC vs TIO).

Figure 3 Scatter plot of incremental cost-effective of TIO OLO FDC vs TIO.
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In a previous study, with the similar model structure, TIO/OLO FDC was shown different economic evaluation 
results. Capel et al reported that aclidinium–formoterol (ACL/FF) 400/12 μg had a same clinical effect and more cost 
compared with TIO/OLO 5/5 μg for patients with moderate-to-severe COPD in Spain, so the latter was worthwhile.33 An 
individual-level Markov model for the perspective of the UK health care system had shown that TIO/OLO FDC had 
equal cost-effectiveness to Indacaterol/Glycoprronium Bromide FDC and Umeclidinium/ Vilanterol FDC, and dominated 
to Aclidinium bromide/ Formoterol fumarate FDC.34 An individual-level Markov model, performed from the Dutch 
health care payer’s perspective, showed that the ICER of TIO/OLO FDC versus TIO was €7004/QALY and the former 
was cost-effectiveness.35 In an Italian study, TIO/OLO FDC had confirmed to be a cost-effective bronchodilator against 
TIO in the maintenance treatment of COPD.36 But our model showed an opposite result for TIO/OLO FDC, and this 
might be related to the relatively high price of TIO/OLO FDC in China.

The compliance of inhaled preparations has a great impact on the treatment effect of COPD, and poor compliance may 
bring more treatment costs on AECOPD. High adherence of ICS/LABA combinations could reduce the relative risk of 
hospitalized AECOPD by 34.8%, and the mean 1-year per-patient hospitalized AECOPD costs by 37.8% in a retrospective 
cohort database study in China.37 The effect of drugs could not be separated from compliance, but the evaluation of drugs 
could be more accurate only on the premise of good compliance. Considering that introducing compliance into the model 
would make the parameters too complex, the model assumes that the compliance of the two groups was consistent and good.

COPD is a smoking-related disease. Studies have shown that there were differences in the decline of FEV1 between 
smokers and non-smokers.38 The rate of decline in FEV1 among sustained quitters was half the rate among continuing 
smokers, 31±48 versus 62±55 mL (mean 6 SD), comparable to that of never-smokers with mild-to-moderate airway 
obstruction.39 There were few studies on the decline of lung function in Chinese smoking patients, which needed further 
investigation. So, the changes of lung function whether related to smoking were not considered. It may be a better 
research direction to carry out subgroup analysis on smoking, non-smoking population and second-hand smoke exposed 
population for the economic evaluation of inhaled agents in the treatment of COPD in the future.

Despite the abovementioned limitations, the assumptions considered in the present model appeared to be reasonable 
and passed the model validation. The sensitivity analyses confirmed the robustness of the results. Future research could 
focus on the impact of drug price changes on economic evaluation results, especially when China’s medical insurance 
policy and drug policy change greatly.

Figure 4 Cost-effectiveness acceptability curve of TIO OLO FDC vs TIO.
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Conclusion
In this economic evaluation from a Chinese health system perspective, TIO/OLO FDC could reduce the exacerbation 
risk, but it was expensive and not cost-effective. Results of this analysis suggested that TIO/OLO FDC was not the first 
choice for patients with moderate to very severe COPD in China, and the drug company needed to reprice drugs.
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