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Appendix 1: Effect of antibacterial resistance on treatment effect 

 

To model a gradual decline in the efficacy of the treatment through the time horizon, we 

used a negative exponential equation to calculate the relative risk of exacerbations in each 

year relative to the base case value. 𝑅𝑅 =  𝑅𝑅0𝑒𝑥𝑝(−𝑘(𝑦𝑒𝑎𝑟−1)) 

With the parameter k controlling the speed of decline in the treatment effect. We estimated 

the base case value of k as 0.22 based on the results of the efficacy of azithromycin in the 

first and third year of therapy in the study by Pomares et al.[1] This value was subjected to 

dedicated threshold anlaysis. 
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Appendix 2: Background incidence of hearing loss 

 We adopted the World Health Organization’s definition of hearing loss: bilateral hearing 

loss of more than the 25 decibels in speech frequency pure-tone averages (the average of 

hearing sensitivity at different frequencies)[2]. We evaluated studies that used audiometry 

tests as opposed to less objective methods such as questionnaires to evaluate hearing loss.  

 

A population-based US study[3] reported the prevalence rate of hearing loss for adults age-

groups older than 70. Based on the reported data, we parameterised a linear model for the 

risk of hearing loss as a function of age:  

 

hearing prevalence =  𝛽0  + 𝛽1  ×  𝐴𝑔𝑒 

 

with ß0= -1.169 (95% CI: -0.173, -2.166) and ß1= 0.023 (95% CI: 0.011, 0.035). Ignoring the 

(negligible) effect of one-year mortality, ß1 is also an estimator of the annual incidence of 

hearing loss in the general population. 
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Appendix 3: Health State Utility Values (utilities) 
 

GOLD grades and exacerbations  

Baseline utilities for each GOLD grade were taken from the study by Rutten-van Mölken et 

al. (involving 1,235 COPD patients from 13 different countries[4]). To obtain the disutility 

associated with exacerbations, we used the data provided by Spencer et al.[5] and modelled 

the reduction in QALY similar to the approach used by Sadatsafavi et al.[6]. Assuming that 

each patient had at most one exacerbation in three months, the difference between the 

baseline utility and the utility weight for a three-month exacerbation period divided by 

four gave us the average disutility associated with each exacerbation (see the main paper 

by Sadatsafavi et al. [6] for more details). The variance of the disutility is estimated by 

summing the variance of the baseline utility and the utility weight in the exacerbation 

period, assuming the two variables are independent.  

 

Hearing impairment 

As EQ-5D may not capture the changes in quality of life due to hearing loss[7],[8], we used 

the HUI-3 instrument to model the impact of hearing loss on quality of life. Following the 

same approach as a previous study on the management of hearing loss in adults [9], we 

assigned an average disutility of 0.187 (95% CI: 0.167-0.207) for hearing loss. However, we 

assumed that after the first year the use of hearing aids would result in a partial recovery of 

hearing and an increase of 0.06 (95% CI: 0.044 - 0.073) in quality of life, as reported 

previously[10]. 

 

Gastrointestinal symptoms 

To find the disutility related to GI symptoms, we used a comprehensive report on the EQ-5D 

scores associated with various conditions from US-based samples[11]. Among the list of chronic conditions reported in this study, we identified three relevant conditions, “stomach 

function disorder”, “other gastroduodenal disorders”, and “other intestinal disorders”, to 

represent the reported GI symptoms associated with azithromycin use[12]. We pooled the 

disutility associated with these three conditions using a fixed-effect meta-analysis[13]. 
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Appendix 4: Calculating the rate ratio of exacerbation based on previous patterns 

 

To estimate exacerbation rates conditioned on previous 12-month history, we analysed 

data from the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints 

(ECLIPSE) study, which was a three-year prospective cohort study of GOLD II-IV patients 

where exacerbation was a prespecified end-point[14]. We used data from the second year 

of ECLIPSE to calculate rate multipliers conditional on the exacerbation patterns in the 

previous year. We included patients who were followed for at least 360 days both in the 

first and the second year. The average rate of moderate and severe exacerbations in the 

second year was calculated for four subgroups with different patterns of exacerbations in 

the first year: patients with no exacerbations, with at least one moderate or severe 

exacerbations (base case), with at least two moderate or severe exacerbations or patients 

who have had two or more moderate or at least one severe exacerbations (frequent 

exacerbators[15]).  

 

The rate ratios of exacerbations were then estimated for each subgroup relative to the base 

case rates. The same analysis was done to estimate the rate ratios of severe exacerbations, 

separately.   The following table provides the estimate of rate ratios: 

 

Table 1. Rate ratio of exacerbation by 12-month history pattern  

 
Total exacerbations_no. 

(95% CI) 

Severe exacerbations_no. 

(95% CI) 

No exacerbations in the first year 0.16 (0.14-0.17) 0.16(0.12 - 0.20) 

≥1 moderate/severe exacerbations in 
the first year 

1 1 

≥ 2 moderate or ≥ 1 severe 
exacerbation in the first year 

1.25 (1.16-1.33) 1.36 (1.17 - 1.58) 

≥ 2 moderate/severe exacerbations 
in the first year 

1.3 (1.2 - 1.4) 1.26 (1.07 - 1.48) 
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Appendix 5: Sensitivity Analyses 

 

In the first sensitivity analysis, we assumed that azithromycin does not result in any excess 

risk of cardiac death. In the second analysis, we followed a Cochrane systematic review, 

and set the base case value of the treatment effect to a pooled estimate of the relative rate 

of 0.69 [95% CI: 0.54,0.89] for exacerbations among COPD patients receiving prophylactic 

macrolide therapy compared with those who do not[16]. In the next analysis, we repeated 

the results for the case that hearing loss was also measured by EQ-5D (in the main analysis 

hearing loss disutility was based in HUI3 values). We used the value of 0.006 (95% CI: 

0.0059-0.0061) reported by Sullivan et al.[17]. In the fourth and the fifth sensitivity 

analyses, we estimated the result for different values of discount rates: 0% and 5%.  In two 

other analyses, we first limited the time horizon to 1-year, as in MACRO study, and then 

expanded the follow-up to 35 years which is assumed as a life-time, considering the 

average age of 65 in the model.    

 

In the last analysis, we modeled non-adherence to azithromycin over and above the 

adherence rate observed in the empirical studies informing our model. Based on findings 

from a global survey of antibiotic use, we modeled an annual probability of 14.9% for 

discontinuation. To model this, we added three states to the original Markov model, 

representing patients who permanently discontinue azithromycin without experiencing 

adverse events.[18] 

 

The net QALYs gained for all scenarios are represented in table 2. 
 

 
Table 2. Expected net QALY gain and probability of positive net QALY in different scenarios.  

 
Expected net QALY gain 

per 100 patients 

Probability of net QALY 

> 0 

No excess risk of cardiovascular death 18.3 (6.1-29.8) 99.8% 

Treatment effect of 0.69 21.2 (2.5-37.9) 98.9% 

Using EQ-5D to estimate disutility 

related to hearing loss 
22.5(11.3-33.8) 99.6% 

5% discount in net QALY 16.0 (6.3 – 26.2) 99.8% 

No discount in net QALY 22.3 (7.8-36.7) 99.8 % 

Time horizon of 1 year 2.1 (0.9-3.5) 99.9% 

Time horizon of 35 (life-long) 18.8 (5.8-31.5) 99.8% 

Annual Non-adherence rate of 14.9% 12.9 (3.4-22.0) 99.6% 
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