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a b  s t  r a  c t

Objectives:  Carbocysteine  can reduce  the  frequency  of acute  exacerbations  and improve  respiratory symp-

toms to  a  certain extent  in severe  to very  severe  chronic obstructive  pulmonary  disease  (COPD)  patients.

The objective  of the  study  was to evaluate  the  efficacy  of carbocysteine on the  rate  of exacerbations  and

pulmonary function  for  mild-to-moderate  COPD patients.

Methods: In  this phase 4, multicenter,  double-blind,  randomized, placebo-controlled,  parallel-group  trial,

we randomly  assigned mild-to-moderate  COPD patients  in a 2:1 ratio to treatment  with  carbocysteine

(500  mg, thrice  daily) or  matched  placebo  for  12 months.  Eligible  participants were  40–80 years  of age.

The  coprimary outcomes  were  the  annual rate  of exacerbations  of COPD (mild,  moderate  or  severe)

during  the  12-month trial period or  the  difference in the  FEV1 before  bronchodilator  use at  12-month

from  baseline.

Results: Owing to slower-than-anticipated  recruitment caused  by  the  COVID-19 pandemic, recruitment

of an estimated  sample  size  of 732 patients stopped  after  539 patients.  The sample  size  was indeed

reached  for  the  annual  rate  of exacerbations  but not for  pulmonary  function.  Among  539  patients,  362

were randomized  to receive  carbocysteine  and  177  to receive  matched  placebo.  There was no  significant

difference  in the  annual  rate of exacerbations  of COPD between carbocysteine  group and  placebo group

(0.39 vs. 0.46 per patient year;  relative risk [RR], 0.85;  95%  confidence  interval  [CI], 0.64–1.13;  P = 0.273).

Based  on the  available sample  size,  the  difference in the  change  of FEV1 before bronchodilator  use  at 12

months  between  carbocysteine  group and  placebo group has  not  been observed  (46 ± 12 vs. 50 ± 17  ml;

mean  difference,  6 ml; 95%  CI, −24  to 36;  adjusted P =  0.700).
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Conclusions: Our  findings  suggested  that  carbocysteine might  not significantly  reduce  the  annual  rate  of

total  exacerbations  in patients  with mild-to-moderate  COPD. The findings may  have  been  compromised  by

an  overestimation  of the  efficacy  of carbocysteine  on reducing  exacerbations  in mild-to-moderate  COPD

and  potential confounding  by  baseline imbalances. The efficacy  on lung  function  could  not be  adequately

evaluated.

Clinical trial registered  with Chictr.org.cn  (ChiCTR1800016712).

©  2025 SEPAR.  Published by  Elsevier  España,

S.L.U. All  rights  are reserved,  including  those  for  text and  data  mining,  AI training, and  similar technologies.

Introduction

Chronic obstructive pulmonary disease (COPD) is currently the

third leading cause of death worldwide.1 Exacerbations of COPD

are the main cause of COPD disease progression, so reducing the

frequency of exacerbation in COPD patients is the main treatment

goal of COPD. Accumulating evidence indicates that early interven-

tion for COPD can bring more benefit.2–5 Mild-to-moderate COPD

accounts for 92.7% of COPD patients in  China,6 and exacerbations

cause worse damage to their lung function than severe to  very

severe COPD.7

Although mild-to-moderate COPD patients have mild symp-

toms, they often present with cough, sputum and dyspnea. These

symptoms are often caused by  increased airway secretions and

increased viscosity.8 Carbocysteine is a mucolytic agent that can

help relieve mucus obstruction in  the respiratory tract by break-

ing down the mucin structure in  sputum and improving sputum

clearance. In addition, carbocysteine has free radical scavenging

and anti-inflammatory properties.9 The PEACE study showed that

carbocysteine can reduce the frequency of acute exacerbations and

improve symptoms to a certain extent in patients with severe to

very severe COPD.10 For patients with mild-to-moderate COPD, the

effect of carbocysteine remains unclear. We conducted a  prospec-

tive trial to investigate the effect of carbocysteine on the annual

rate of exacerbations and the lung function in patients with mild-

to-moderate COPD.

Methods

Trial Design and Oversight

We  conducted this phase 4, multicenter, double-blind, ran-

domized, placebo-controlled, parallel-group trial at 14 centers in

mainland China. The recruitment was conducted in tertiary care

hospitals with specialized respiratory departments. Patients who

met  the eligibility criteria during a 2-week screening period were

randomly assigned in  a  2:1 ratio to receive 1500 mg  (500 mg,  thrice

daily) carbocysteine or matching placebo taken orally daily for

12 months. Randomization was centralized and conducted with

the use of block sizes of four, stratified according to trial site.

Salbutamol (100 �g)  was provided as rescue medication. Long-

term use (regular and continuous use of drugs for more than one

month is considered long-term use) of other COPD medications (i.e.,

inhaled glucocorticoid, LAMA or LABA) should be avoided during

the trial. Participants who were taking COPD medications at enroll-

ment were allowed to  continue to  use them during the trial. This

study was registered on the Chinese Clinical Trial Registry, number

ChiCTR1800016712.

The trial protocol was approved by the local institutional review

board or independent ethics committee at each site, according

to the requirement of the Chinese guidelines for Good Clinical

Practice, and all the patients provided written informed consent.

The  trial protocol, including the statistical analysis plan, is  avail-

able in the Supplementary Appendix.  The National Key Technology

Research and Development Program of the 13th National 5-year

Development Plan funded the trial but had no role in  the design,

acquiral or analysis of the data, or interpretation of the results in

this trial. The BaiYunShan Pharmaceutical General Factory donated

masked trial medication and placebo. The first and last authors

designed the trial and analyzed the data. All the authors had access

to and participated in  the interpretation of the data presented

herein and provided input into the drafting and final approval of

the manuscript for submission. The authors vouch for the accuracy

and completeness of the data and for the fidelity of the trial to the

protocol.

Patients

Eligible patients were 40–80 years of age and had had physician-

diagnosed COPD at the time of screening, and had no COPD

exacerbation occurring in the 4 weeks before randomization.

Patients were required to have  a  postbronchodilator ratio of  the

forced expiratory volume in  1 s (FEV1) to  the forced vital capac-

ity (FVC) of less than 0.70 and a  postbronchodilator FEV1 of 50%

or  more of the predicted value, had chronic respiratory symptoms

and/or risk  factors for COPD (e.g., smoking, biofuel exposure, air

pollution). The key exclusion criteria were asthma, bronchiectasis,

active pulmonary tuberculosis, diffuse panbronchiolitis, intersti-

tial lung disease, major systemic disease, and patients receiving

mucolytic agents for more than 3 months since before the screening

period. Details of the inclusion and exclusion criteria are provided

in the Supplementary Appendix.

End Points

The coprimary end points were the annual rate of  exacerba-

tions of COPD (mild, moderate or severe) during the 12-month

trial period and the difference in the FEV1 before bronchodilator

use at 12-month from baseline. A COPD exacerbation was defined

as worsening of at least two major symptoms (cough, sputum vol-

ume, sputum purulence, wheezing, or dyspnea) that persisted for

at least 48 h, after the presence of cardiac insufficiency, pulmonary

embolism, pneumothorax, pleural effusion, or cardiac arrhythmia

had been ruled out.11 The primary end point was not adjusted for

multiplicity.

Secondary end points included: the difference in  the FEV1 after

bronchodilator use at 12-month from baseline, the difference in the

FVC before and after bronchodilator use at 12-month from baseline,

the time until the first COPD exacerbation of any severity during

the treatment period; the change from baseline to month 12  in

the COPD Assessment Test  (CAT) score (scores range from 0 to  40,

with higher scores indicating more severe disease). The key safety

end points were adverse events and serious adverse events that

occurred after initiation of carbocysteine or  placebo.

Subgroup analyses of the primary end point were also per-

formed. A subgroup analysis was  performed post hoc for subgroups

defined according to CAT score (≥10). All the secondary and sub-

group analyses are exploratory in nature and were not adjusted for

multiplicity.
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Fig. 1. Randomization and follow-up of patients with chronic obstructive pulmonary disease of GOLD stage 1  or 2.

Statistical Analysis

Efficacy was evaluated in  full analysis set (FAS), which included

all patients who underwent randomization, were treated with at

least one dose of study medication, and had available post-baseline

data on exacerbation (FAS for exacerbation) or available spirometry

data (FAS for lung function) within 12 months. Safety was evaluated

in the safety population, which included all  patients who received

at least one dose of study medication.

Sample size was calculated based on the coprimary outcomes.

First, referring to the Tie-COPD study,3 we  estimated that a  sam-

ple of 433 patients (288 in carbocysteine group and 145 in placebo

group) would provide the trial with 90% power to detect a  between-

group difference in the annualized rate of mild, moderate or severe

exacerbations of 0.23 (0.27 per patient-year for the carbocysteine

group and 0.50 per patient-year for the placebo group) at month

12 at a two-sided alpha level of 0.05 based on an anticipated with-

drawal rate of  15%. Second, we estimated that a  sample of 732

patients (488 in  carbocysteine group and 245 in  placebo group)

would provide the trial with 90% power to  detect a between-group

difference in the FEV1 before and after bronchodilator use at 12-

month from baseline of 105 ml at month 12 at a two-sided alpha

level of 0.05 based on an anticipated withdrawal rate of 15%. We

estimated that a total of 732 patients (488 in carbocysteine group

and 245 in placebo group) would be required for the primary anal-

ysis.

The exacerbation rate was analyzed with the use of a  pois-

son regression, with correction for exposure to  the trial regimen

and overdispersion. The total number of events occurring during

the 12-month trial  period as the response variable, and the nat-

ural log of the duration of receipt of medication was  used as an

offset variable. The difference in the FEV1 before and after bron-

chodilator use at 12-month from baseline was  assessed with the

use of a random coefficient regression model that time as the ran-

dom effect, group, age, sex, baseline smoking status, GOLD grading,

body mass index and baseline FEV1 as the fixed effect. The change

from baseline to month 12 in  the CAT total score was assessed

with the use of a Repeated-measures ANOVA. The time until the

first COPD exacerbation of any severity was  evaluated using the

Kaplan–Meier survival curve and log-rank test to  determine the dif-

ference between the two groups. Additional details regarding the

statistical methods are provided in the Supplementary Appendix.

Statistical analyses were performed using SAS 9.4 (SAS Institute,

USA), and all reported P values are two-sided.

Results

Patients

From March 8,  2018 through January 15, 2022, a  total of 539

patients underwent randomization: 362 to the carbocysteine group

and 177 to  the placebo group (Fig. 1). The sample size was indeed

reached for the annual rate of exacerbations but not  for  pulmonary

function. In total, 83.4% of the patients in the carbocysteine group

and 81.4% of those in  the placebo group completed the 12-month

trial period. The demographic and disease characteristics of  the

two  groups were well balanced at baseline (Table 1). The mean

age of the patients was  64 ±  7 years. Patients were predominantly

male. Overall, 51.6% of the patients were current smokers, and

14.9% were receiving therapy. At baseline, 6.0%, 0.0%, 3.8%, 0.4%

3
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Table  1

Characteristics of the Patients at Baseline (Full Analysis Set).a

Variable Carbocysteine Group (N =  356) Placebo Group (N = 175) P value†

Age-yr 64  ± 7  65  ± 7  0.063

Male  sex-no. (%) 318 (89.3) 159 (90.9) 0.583

Body-mass indexb 22.8 ± 3.5 22.5 ± 3.1 0.357

Smoking  status 0.252

Never  smoked 60 (16.9) 20 (11.4)

Current smoking 115 (32.3) 62  (35.4)

Former  smoking 181 (50.8) 93  (53.1)

Smoking  index-pack-yrd 46.4 ± 29.8 41.0 ± 23.3 0.051

Previous medication for COPD-no. (%) 51  (14.3) 28  (16.0) 0.610

LAMA  21  (41.2) 11  (39.3)

LAMA  + LABA 0  0

LABA + ICS 15  (29.4) 5 (17.9)

LAMA + LAMA + ICS 1 (2.0) 1 (3.6)

Other medicationsc 14  (27.5) 11  (39.3)

Acute  exacerbation in the previous year-no. (%) 88  (24.7) 35  (20.0) 0.226

No.  of Acute exacerbation in the previous year 0.40 ± 0.83 0.37 ± 0.91 0.728

Spirometric values at baseline

Before bronchodilator use

FEV1-liters 1.90 ± 0.54 1.83 ± 0.54 0.201

FEV1-%  of predicted value 72.2 ± 16.0 69.5 ± 17.6 0.070

FVC-liters 3.31 ± 0.75 3.22 ± 0.80 0.226

FEV1:FVC ratio 57.3 ± 8.8 56.9 ± 8.6 0.622

After bronchodilator use

FEV1-liters 2.01 ± 0.54 1.95 ± 0.53 0.258

FEV1-%  of predicted value 76.5 ± 15.6 74.6 ± 16.2 0.178

FVC-liters 3.42 ± 0.74 3.36 ± 0.79 0.483

FEV1:FVC ratio 58.9 ± 8.2 58.2 ± 7.9 0.377

Airflow  reversibility-no. (%)e 60 (16.9) 33  (18.9) 0.568

GOLD  stage, n (%) 0.710

1  177 (49.7) 84  (48.0)

2  179 (50.3) 91  (52.0)

CAT  scoref

Mean score 6.7 ± 5.6 6.7 ± 5.8 0.990

Distribution-no. (%) 0.501

<10  268 (75.3) 127 (72.6)

≥10 88 (24.7) 48  (27.4)

mMRC  dyspnea scale scoreg

Mean score 0.7  ± 0.7 0.7  ±  0.7  0.932

Distribution-no. (%) 0.283

<2  308 (87.0) 157 (90.2)

≥2  46  (13.0) 17  (9.8)

CCQ  scoreh 0.96 ± 0.78 1.00 ± 0.74 0.594

a Data are mean ± standard deviation or n (%).
b Body mass index is the weight in kilograms divided by  the height in meters squared.
c Other medications include methoxyphenamine, theophylline and traditional Chinese medicine.
d The smoking index is defined as the number of cigarettes smoked per day multiplied by  the number of years of smoking. The  smoking index was 296 current or former

smokers  in the Carbocysteine group and 155 in the placebo group.
e Airflow reversibility is defined as an increase of 200 ml  or more in FEV1 after the use of bronchodilators, which is  12% or higher than that measured before the use of

bronchodilators.
f The score of the chronic obstructive Pulmonary Disease Assessment Test (CAT) ranges from  0  to 40, and a  higher score indicates that the disease is more serious.
g The modified Medical Research Council (mMRC) dyspnea scale scores between 0 and 4, and the  higher the score, the more severe the dyspnea.
h The score of the Clinical COPD questionnaire (CCQ) is between 0  and 6. The higher the score, the worse the clinical control.
† The P value of continuous variable is calculated by Student t test or Wilcoxon rank sum test, and the P value of classified variable is  calculated by Chi square test.

and 4.7% of patients were using LAMA, LAMA +  LABA, LABA +  ICS,

LAMA + LAMA + ICS, or other medications, respectively. Changes in

concomitant medications during the trial  are shown in  Fig.  S3. The

mean percentage of predicted FEV1 value after bronchodilator use

was 75.9 ± 15.8. The mean number of moderate or severe exacer-

bations of COPD in the previous year, the mean CAT score, the mean

mMRC dyspnea scale score, and the mean CCQ score were similar

in the two groups (Table 1).

Primary End Point

At month 12, the annual rate of total COPD exacerbations

was no different in  the carbocysteine group compared with the

placebo group. The annualized rate of total exacerbations of COPD

was 0.39 ±  0.03 per patient-year in  the carbocysteine group and

0.46 ± 0.05 per patient-year in  the placebo group (relative risk,

0.85; 95% CI, 0.64–1.13; P =  0.273) (Table 3). The annualized rate

of moderate or severe exacerbations of COPD was  0.28 ± 0.03  per

patient-year in  the carbocysteine group and 0.29 ±  0.04 per patient-

year in the placebo group (relative risk, 0.96; 95% CI, 0.67–1.37;

P =  0.819). Results were similar in exploratory subgroup analyses.

The efficacy on lung function could not be adequately evaluated.

Based on the available sample size, carbocysteine resulted in  a  no

difference FEV1 before bronchodilator use than placebo at month

12. Changes from baseline in the before bronchodilator use FEV1

during the 12-month trial  period are shown in Fig. 2.  At month 12,

the least-squares mean change from baseline in the before bron-

chodilator use FEV1 was 46 ±  12 ml in  the carbocysteine group and

4
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Table  2

Annual Declines in Lung Function Before and After Bronchodilator Use.a

Variable Decline per  Year P value

Carbocysteine Group (N =  329) Placebo Group (N  =  151) Mean Difference (95% CI) Unadjusted Adjusted†

FEV1 (ml)

Before bronchodilator use 46  ± 10 49 ± 14  4 (−29 to  36) 0.832 0.827

After  bronchodilator use 24  ± 9 36 ± 13  12 (−19 to  43) 0.444 0.443

FVC  (ml)

Before bronchodilator use 148 ± 21 115 ± 30 −33 (−106 to 39) 0.365 0.390

After  bronchodilator use 99  ± 19 144 ± 27  45 (−21 to  111) 0.178 0.179

FEV1 (%  of predicted value)

Before bronchodilator use 1.9 ± 0.4 2.4 ± 0.6  0.5  (−0.8 to  1.9) 0.433 0.434

After  bronchodilator use 1.1 ± 0.4 1.7 ± 0.5 0.7 (−0.6 to  1.9) 0.290 0.295

FVC  (% of predicted value)

Before bronchodilator use 4.6 ± 0.6 4.6 ± 0.9  0.0 (−1.3 to 1.3) 0.987 0.985

After  bronchodilator use 3.2 ± 0.6 4.9 ± 0.8  1.7 (−0.2 to  3.6) 0.082  0.082

Plus–minus values are means ± standard error per year.

Abbreviations: CI = confidence interval; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity.
a Analysis was in the full analysis set for lung function.
† P values were adjusted by the fixed-effect covariates, including age,  sex,  body-mass index, baseline smoking status, GOLD stage, center, and individual spirometric values

at  baseline (FEV1 , FVC, percent of predicted FEV1 , and percent of predicted FVC before and after bronchodilator use).

Fig. 2. Adjusted mean change from baseline in forced expiratory volume in 1 s and forced vital capacity before and after bronchodilator use. The unit of the y-axis is milliliters.

*Error  bars are 95% confidence intervals. *Analysis was in the full analysis set for lung function.

50 ± 17 ml  in the placebo group; the least-squares mean difference

was 6 ml  (95% CI, −24 to  36; adjusted P = 0.700). Annual declines in

lung function are shown in  Table 2.

Secondary and Other End Points

Exacerbations

The time until the first exacerbation event of any severity for

carbocysteine as compared with placebo is shown in Fig. S2 (Hazard

ratio, 0.96; 95% CI, 0.66–1.39). The time until the first exacerbation

event of moderate or severe severity for carbocysteine as compared

with placebo (Hazard ratio, 1.01; 95% CI, 0.66–1.56).

Quality of Life

At month 12, the decrease from baseline in CAT total score

was −1.3 points (95% CI, −1.8 to −0.8) in the carbocysteine group

and −1.2 points (95% CI, −1.9 to −0.5) in  the placebo group

(least-squares mean difference, −0.2 points; 95% CI, −0.8 to 0.5)

5
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Table  3

Acute Exacerbations of Chronic Obstructive Pulmonary Disease.a

Variable Carbocysteine Group Placebo Group Relative Risk†(95% CI)  P Value

Total population N = 356 N = 175

No.  of exacerbations per patient-year

Total 0.39 ± 0.03 0.46 ± 0.05 0.85 (0.64–1.13) 0.273

Of  moderate or severe 0.28 ± 0.03 0.29 ± 0.04 0.96 (0.67–1.37) 0.819

Of  severe 0.06 ± 0.01 0.09 ± 0.02 0.64 (0.32–1.29) 0.212

CAT  < 10 N = 268 N = 127

No.  of exacerbations per patient-year

Total 0.39 ± 0.04 0.41 ± 0.06 0.94 (0.67–1.33) 0.740

Of  moderate or severe 0.28 ± 0.03 0.24 ± 0.05 1.14 (0.74–1.76) 0.543

Of  severe 0.04 ± 0.01 0.05 ± 0.02 0.86 (0.32–2.32) 0.760

CAT  ≥ 10 N = 88  N = 48

No.  of exacerbations per patient-year

Total 0.42 ± 0.07 0.62 ± 0.12 0.68 (0.40–1.13) 0.140

Of  moderate or severe 0.27 ± 0.06 0.42 ± 0.10 0.65 (0.34–1.22) 0.175

Of  severe 0.10 ± 0.04 0.20 ± 0.07 0.50 (0.19–1.33) 0.164

Plus–minus values are means ± SE. The number of exacerbations or hospitalizations per patient-year was  the number of times of exacerbation for a single patient per  year.

Abbreviations: RR =  relative risk; CI = confidence interval; CAT =  COPD Assessment Test.
a Analysis was in the full analysis set for exacerbation.
† The relative risk was calculated with the  use of Poisson regression, with correction for exposure to  the trial regimen and overdispersion.

(Table S3). There were no significant differences in  mMRC  scores

and CCQ scores between the two groups at different time points

(Tables S4 and S5).

Subgroup Analyses of Primary End  Points

Similar to the results of the primary analysis, the CAT score

(≥10) subgroup analysis suggested that the annualized rate of total

COPD exacerbations were no difference among patients in the car-

bocysteine group than among those in the placebo group (Table 3).

However, the carbocysteine group showed a lower exacerbation

risk after adjustment (Table S8).

Safety

The incidence of adverse events was similar in the two groups

(18.0% in the carbocysteine group and 15.8% in the placebo group,

P = 0.538) (Table S6). 5.5% serious adverse events were reported

in patients treated with carbocysteine, and 6.2% serious adverse

events were reported in patients treated with placebo (P =  0.747).

No adverse events that resulted in death occurred in  either the

carbocysteine group or the placebo group.

Discussion

This trial demonstrated that carbocysteine might not reduce the

annual rate of exacerbations in  mild-to-moderate COPD. The effi-

cacy on lung function could not be adequately evaluated. Based

on the available sample size, the difference in the change of FEV1

before bronchodilator use at 12 months between carbocysteine

group and placebo group has not been observed. Previous stud-

ies have shown that  mucolytics can reduce exacerbations, but

in a meta-analysis that included only studies conducted after

2000, when the authors considered that inhaled COPD treatments

had improved significantly, they did not find any effect of N-

acetylcysteine on reducing COPD exacerbations.12 The study from

Poole et al. also showed that the effect of mucolytics in reducing

exacerbations decreased significantly over time, especially after

2000.13 Therefore, the results of this study cannot be directly com-

pared with those evaluating mucolytics when COPD treatment was

less developed.

In a network meta-analysis, the authors compared the effi-

cacy of erdosteine 600 mg/day, carbocysteine 1500 mg/day, and

N-acetylcysteine 1200 mg/day in COPD, and found that carbocys-

teine and N-acetylcysteine could not  reduce exacerbation rates.14

A  trial using another mucolytics, N-acetylcysteine, 1200 mg/day to

treat mild-to-moderate COPD for 2 years also found no  benefit in

reducing exacerbation rates.15 A  meta-analysis including 28 studies

involving 6723 participants demonstrated that mucolytics appear

to  be useful for reducing flare-ups in people with COPD or  chronic

bronchitis.13 In this meta-analysis, the populations were domi-

nated by moderate to  severe COPD, and the annual exacerbation

rate in the placebo group was  2.51, while the annual exacerbation

rate in mild-to-moderate COPD in this study was only 0.46. The

effect of carbocysteine may  vary among COPD patients of differ-

ent severity. Previous studies have found that carbocysteine can

reduce the risk of acute exacerbations in people with moderate to

severe COPD and more respiratory symptoms.10,16 Our exploratory

subgroup analysis (CAT ≥ 10) also suggested that  the carbocysteine

group had a lower exacerbation risk after adjustment (Table S8).

Compared with previous studies, the study population in  this study

was mild-to-moderate COPD, 76.8% of them had no history of acute

exacerbations in the previous year, and 74.4% of them had a  CAT

score of less than 10. In patients with mild-to-moderate COPD, the

underlying lesions are mild, and sputum problems may not  be the

main cause of acute exacerbations.17 On the contrary, in  patients

with severe COPD, the viscosity and amount of sputum may  be

more significant problems, so carbocysteine may  show more obvi-

ous efficacy in  these patients.18 Cazzola et al. showed that  specific

differences in patient-related characteristics were potential effect

modifiers for statistical models, the effectiveness of mucolytics

was more effective in  patients with frequent exacerbations.19 Our

results showed that carbocysteine was  ineffective due to the milder

stage of disease, yet previous studies and our exploratory subgroup

analysis suggest that carbocysteine may  be beneficial in  COPD

patients with frequent exacerbations and more symptoms.

The main mechanism of action of carbocysteine is to  reduce the

viscosity of sputum by breaking down glycoproteins in sputum.9

However, the pathophysiological mechanism of acute exacerba-

tion of COPD is complex, involving multiple factors such as airway

inflammation, infection, and airway smooth muscle spasm.20

Treating sputum problems with mucolytics alone may not be

enough to  significantly improve the overall symptoms and course

of acute exacerbation. This suggests that in  the treatment of acute

exacerbation, a  single pharmacological action may  not cover all

pathophysiological mechanisms, and a  comprehensive treatment

strategy may  be more effective.

Randomized controlled trials performed in different

countries10,16,21 used different dosages of carbocysteine
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(1500–2700 mg/d). Different dosages may  produce different

efficacy and safety. This variation limits the applicability of the

findings of this study in  clinical contexts where higher dosages are

standard. Higher dosages may  provide better benefits, yet the GOLD

guidelines do not make recommendations on dosage. In China,

the recommended dosage of carbocysteine is 1500 mg/day.22 The

dosage in this study is  consistent with the PEACE Study which

has been previously proven to  reduce the rate of exacerbations in

moderate to severe COPD in the Chinese population.10 For dosage

selection, a balance should be achieved between efficacy and safety.

Several studies have documented that both inhaled corticos-

teroids and long-acting bronchodilators can reduce exacerbation

rate,23 so concomitant COPD medications during the trial are

potential confounding factors. To minimize the potential impact,

we reanalyzed the primary end point by adding previous medica-

tion for COPD at baseline as a  covariate, and the results remained

after adjustment (Tables S7 and S8). In  addition, the trial pro-

tocol required that participants were not  allowed to add new

COPD medications during the trial. Therefore, concomitant COPD

medications during the trial are unlikely to affect the results.

Part of this trial was conducted during the COVID-19 pandemic,

previous studies found that the strict lockdown was  associated

with the reductions in acute exacerbations of COPD, likely due

to reduced transmission of respiratory virus infections in  the

COVID-19 pandemic.24–26 Nevertheless, COVID-19 is unlikely to

have affected the results of this study for the following reasons.

Firstly, a lower baseline exacerbation rate may  have an impact on

the exacerbation rate in this trial, however, 95% of participants

were enrolled in this study before the presence of COVID-19 (Jan-

uary 30, 2020). Therefore, the influence of COVID-19 on patient

screening and enrollment in this study was minimal. Secondly,

we observed an exacerbation rate of 0.46 per patient-year in  the

placebo group, which is  comparable to  the annual exacerbation

rate of mild-to-moderate COPD reported previously.3,27 Therefore,

we believe that the strict lockdown policy during the trial had a

little effect on reducing the exacerbation rate in this study. Since

this study is a double-blind clinical trial, the impact of COVID-19

on follow-up and the rates of exacerbations for both the carbo-

cysteine group and the placebo group should be consistent. It  is

unlikely that COVID-19 would significantly affect the study con-

clusions.

This study had some limitations. Firstly, the coronavirus 2019

(Covid-19) pandemic led to slow recruitment and termination of

the trial before full recruitment, with 10 sites ultimately partici-

pating and recruitment stopped after 539 patients were enrolled

(362 in carbocysteine group and 177 in  placebo group). A post hoc

power analysis showed that this sample size could provide 98%

power for the difference in  annualized rate of exacerbations and

81% power for the difference in the change of the FEV1 before and

after bronchodilator use. The sample size was indeed reached for

the annual rate of exacerbations but not for pulmonary function.

Secondly, because the difference in  the annual rate of COPD exac-

erbation of any severity and lung function between the two groups

was overestimated when calculating the sample size, this trial  may

not have been sufficiently powered to detect the effect of carbo-

cysteine on primary end point. Thirdly, the study population was

mainly Chinese male, which may  limit the inference of the results to

other demographics, particularly females or populations from dif-

ferent regions. Future studies in more diverse study populations are

needed to improve the applicability of the findings across various

patient groups.

In conclusion, our findings suggested that carbocysteine might

not significantly reduce the annual rate of total exacerbations in

patients with mild-to-moderate COPD. Our findings may  have been

compromised by an overestimation of the efficacy of carbocysteine

on reducing exacerbations in mild-to-moderate COPD and poten-

tial confounding by baseline imbalances. In addition, carbocysteine

was  very well tolerated.
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