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Background: COPD is the fourth leading cause of death in the world. It is a common,
progressive, treatable and preventable disease. The exacerbation of COPD is associated with
the peripheral muscle force, forced expiratory volume in 1 second (FEV)), the quality of
life and mortality. Many studies indicated that the mucoactive medicines could reduce the
exacerbations of COPD. This study summarized the efficacy of carbocisteine as a treatment
for COPD.

Methods: We searched the randomized controlled trials (RCTs) following electronic
bibliographic databases: MedLine, Embase, Cochrane Library and Web of Science. We addition-
ally searched gray literature database: OpenSIGLE. We also additionally searched the clinical
trial registers: ClinicalTrials.gov register and International Clinical Trials Registry Platform
Search Portal. We used RCTs to assess the efficacy of the treatments. We included studies of
adults (older than 18 years) with COPD. We excluded studies that were published as protocol
or written in non-English language (Number 42016047078).

Findings: Our findings included data from four studies involving 1,357 patients. There was a
decrease in the risk of the rate of total number of exacerbations with carbocisteine compared
with placebo (—0.43; 95% confidence interval [CI] —0.57,—0.29, P<<0.01). Carbocisteine could
also improve the quality of life (—6.29; 95% CI1-9.30, —3.27) and reduce the number of patients
with at least one exacerbation (0.86; 95% CI 0.78, 0.95) compared with placebo. There was no
significant difference in the FEV, and adverse effects and the rate of hospitalization.
Interpretation: Long-term use of carbocisteine (500 mg TID) may be associated with lower
exacerbation rates, the smaller number of patients with at least one exacerbation and higher
quality of life of patients with COPD.

Keywords: COPD, carbocysteine, systematic review, meta-analysis, exacerbation, humans,

drug-related side effects and adverse reactions, respiratory function tests

Introduction

COPD, the fourth leading cause of death in the world, is a common, progressive,
treatable and preventable disease.! According to the studies made before, the preva-
lence of COPD was ~7%—11%. The prevalence of the male was higher than that
of female.? It is characterized by predominantly fixed airway obstruction through
a variety of processes. The pathogenesis involves many components, including the
hypersecretion of mucus, oxidative stress and inflammation in the airway and lung.?
COPD had effects on not only the lung but also the other organs. In the later phase, the
patients usually had the symptoms of low weight, malnutrition and depression. It also
can induce pulmonary heart disease, pulmonary encephalopathy and so on. COPD
leads to many health and financial problems, so it is important to make appropriate
strategies to prevent and treat COPD.
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COPD exacerbations are defined as an acute worsening
of respiratory symptoms that result in additional therapy
(Global Initiative for Chronic Obstructive Lung Disease
[GOLD] 2017).* The low frequency of COPD exacerbations
was associated with the improvement in peripheral muscle
force, forced expiratory volume in 1 second (FEV)) and
the quality of life.>”7 The frequency of severe exacerbations
lead to the increased mortality.® Bacterium, virus or sputum
eosinophilia was related to exacerbations of COPD (59%,
29% and 28%, respectively).” Therefore, there is a high
need to develop an optimal strategy that can control the
frequencies of exacerbations. There were many methods to
control the exacerbations of COPD, such as long-term use of
long-acting inhaled anticholinergics, inhaled beta2-agonists
and inhaled corticosteroids (ICSs). The long-term use of
mucoactive medicines was still a controversial treatment for
COPD because of the heterogeneity detected in each study.'”
Although the effects on selected patients differ when different
doses are used, it is necessary to find an appropriate dose.

Carbocisteine (S-carboxymethylcysteine or SCMC) is
a mucoactive drug that is widely used in Europe and Asia.
It is both available in SCMC and its lysine salt. The half-life
of carbocisteine is 1.33 hours.!! The dose of carbocisteine
for COPD is various, ranges from 750 mg twice daily to
4.5 g once daily. Carbocisteine has efficacy on antioxida-
tion, anti-inflammation and mucolysis. The antioxidation
and anti-inflammation of carbocisteine are effective to
preserve alpha-1-antitrypsin activity, which is inactivated
by oxidative stress. The inactivation of alpha-1-antitrypsin
is associated with the extensive tissue injury, which can be
observed in chronic emphysema.'?> The antioxidation and
anti-inflammation of carbocisteine may play an important
role in the long-term usage in COPD. In this study, we inves-
tigated the efficacy of carbocisteine on stable COPD.

Methods
We followed the Preferred Reporting Item for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines for
meta-analyses and systematic reviews.!* The statement was
registered at International Prospective Register of Systematic
Reviews (PROSPERO; Number 42016047078; https:/www.
crd.york.ac.uk/PROSPERO).

We included randomized, placebo-controlled studies

of oral carbocisteine for a period of at least 3 months. Our
findings included studies of adults (older than 18 years) with
COPD. COPD was defined by the criteria of the GOLD or the
World Health Organization. We excluded studies that were
published as protocol or written in non-English language.

We searched the following electronic bibliographic
databases: MedLine, Embase, Cochrane Library and
Web of Science. We additional searched gray literature
database OpenSIGLE and the clinical trial registers such
as ClinicalTrials.gov register and International Clinical

Trials Registry Platform Search Portal. The search for
randomized, controlled trials published up to September 1,
2016. The search strategy is shown in the “Supplementary
materials” section.

Two authors checked the relevant studies independently.
Trials were selected from identified studies, based on previ-
ously agreed inclusion criteria. Study characteristics and
outcomes were collected by two authors. Two authors inde-
pendently extracted data from included studies and entered
results into the RevMan5.3 software. We used RevMan5.3
for this analysis.

Two authors independently assessed the risk of bias
in included studies, as recommended by the International
Cochrane Collaboration. Disagreements between the authors
over the risk of bias in particular studies were resolved
by discussion.

The primary outcomes included exacerbation rates
(total number). COPD exacerbations are defined as an acute
worsening of respiratory symptoms that result in additional
therapy.*

The secondary outcomes were 1) measurement of lung
function, including FEV ; 2) the rates of hospitalization
and mortality; 3) the number of patients with at least one
exacerbation; 4) the quality of life (St George’s Respiratory
Questionnaire) and 5) the adverse effects.

We pooled the results using mean differences (MDs) for
continuous outcomes and risk ratios for binary outcomes and
calculated 95% confidence intervals and two-sided P-values
for each outcome. Heterogeneity between the studies in
effect measures was assessed using both the y? test and
the /2 statistic. We used subgroup meta-analyses to explore
heterogeneity in effect estimates according to dose, duration
and race. We also assessed evidence of publication bias.

Results

We identified 22 randomized clinical trials of carbocisteine.
In all, four studies met the inclusion criteria and were included
in the meta-analysis, with a total of 1,357 patients. In the four
studies, only one study (Zheng et al'7) was of high quality.
The four trials were all published before 2016. The mean trial
duration was 10.4 months (range 6—12 months). The dose of
carbocisteine for the four trials was 1,500 mg daily (one trial
[Allegra et al'*] used carbocisteine lysine 2,700 mg daily,
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254 records identified
through database
searching:

MedLine 20, Embase 185,

Cochrane 11 and WOS 38 :

0 additional record
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<
232 records rejected
on the basis of
title/abstract

[ 254 records screened

J

<
18 records excluded:
Not English 7

Not COPD 1

Not involved the
outcomes 5

Not RCT 2
Protocol 3

A 4

22 full-text articles
assessed for eligibility

A 4

[ 4 studies included

~—

Figure | Study flow diagram.
Abbreviations: WOS, Web of Science; RCT, randomized controlled trial.

equivalent to carbocisteine 1,500 mg daily). A summary of
the study selection process is shown in Figure 1.

All trials had a randomized, double-blind, parallel-group
design. Details of studies are included in Table 1.

We wrote to authors of four studies (Allegra et al,'* Tatsumi
etal,’” Yasuda et al,'® Zheng et al'”) for more information.'*"
We received more data from one study (Allegra et al'¥).

The “Supplementary materials” section describes trial qual-

ity metrics and the list of include/exclude criteria of studies.

Exacerbation rates (total number)

A significant decrease was seen in the rate of exacerbations
in the carbocisteine group compared with the pla-
cebo group (three studies: n=1,215; MD —0.43; 95%
confidence interval [CI] —0.57,—0.29, I’=60%, P<<0.00001;
Figure 2).

Number of patients with at least one

exacerbation

There were three studies (Allegra et al,'* Yasuda et al'® and
Zheng et al'?) that reported the outcome of the number of
patients with at least one exacerbation. One study (Zheng
et al'”) showed no difference in the risk of the outcome.
Each of the others showed a significantly reduced number
of patients with at least one exacerbation. A significant dif-
ference was noted in the number of patients with at least
one exacerbation compared with placebo (three studies:
n=1,215; relative risk [RR] 0.86; 95% CI 0.78, 0.95, I’=84%,
Supplementary materials, P=0.002). The number needed to
treat (NNT) was 12.

Quality of life (St George’s Respiratory
Questionnaire)

There were two studies (Tatsumi et al'* and Zheng et al'’)
that reported this outcome. All the outcomes were evalu-
ated by St George’s Respiratory Questionnaire. A signifi-
cant decrease was seen in the rate of exacerbations in the
carbocisteine group compared with the placebo group (two
studies: n=849; MD —6.29; 95% CI -9.30, —3.27, I*=61%,
Supplementary materials, P<<0.0001; total St George’s

Respiratory Questionnaire.

Table | Major study characteristics from the four studies in the meta-analysis

Characteristics Study (year)
Allegra et al (1996)" Tatsumi et al (2007)'® Yasuda et al (2006)'¢ Zheng et al (2008)"7
Duration of study (months) 6 12 12 12
Dose of carbocisteine (mg/day) 1,500 1,500 1,500 1,500
Number of patients (T:C) 171:181 70:72 78:78 353:354
Mean age (SD), years 60.0£9.8 70.1£7.5 72.7488 65.219.2
Withdraw 89 - 0 91
Adverse effects (T:C) 6:11 0:0 0:0 57:56
Ever-smokers (T:C) 168:157 - - 265:262
COPD severity - - 1:28:23 II: 167:177
1I: 42:43 II: 139:149
11: 8:12 IV: 47:37
Bronchodilator (T:C) - 71%:69% - 140:115
Use of ICSs (T:C) - - 0:0

Season Included winter -

61:54

Notes: Allegra et al'* used carbocisteine lysine 2,700 mg daily, which is equivalent to carbocisteine 1,500 mg daily. Endash refers to unavailable data.
Abbreviations: T, treatment group; C, control group; SD, standard deviation; ICS, inhaled corticosteroid.
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Study or Carbocisteine Placebo Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) IV, fixed, 95% CI 1V, fixed, 95% CI

Allegra et al (1996)* 092 146 171 148 148 181 205 —0.56 (-0.87, —0.25) —

Yasuda et al (2006)'® 0.54 0.97 78 138 177 78 9.7 —-0.84 (-1.29, -0.39) R

Zheng et al (2008)"" 1.01 1.13 353 135 1.13 354 69.8 —-0.34 (-0.51,-0.17) =

Total (95% CI) 602 613 100 —-0.43 (-0.57, -0.29) <

Heterogeneity: y?=5.03, df=2 (P=0.08); 1>=60% k t + 1
-2 -1 0 1 2

Test for overall effect: Z=6.10 (P<0.00001)

Figure 2 Forest plot of comparison. The rate of total number exacerbations.
Abbreviations: SD, standard deviation; IV, intravenous; Cl, confidence interval.

Adverse effects

There were three studies (Allegra et al,'* Tatsumi et al'> and
Zheng et al'”) that reported this outcome. The most common
adverse events reported were gastrointestinal problems. No
significant difference was seen with carbocisteine compared
with placebo (three studies: n=1,201; RR 1.02; 95% CI
0.73, 1.43, P=61%, Supplementary materials, P=0.75).
In addition, no significant difference was noted in the adverse

effects of gastrointestinal problems (three studies: n=1,201;
RR 1.38;95% CI10.71, 2.66, P=77%., Supplementary materials,
P=0.34). No fatal adverse effects were found in the four studies.

FEV

|
Only one study (Tatsumi et al'®) reported the values of the

FEV, after treatment. No significant difference was noted
in it (one study: n=142; MD —0.18; 95% CI -0.01, 0.37,
Supplementary materials, P=0.07).

Rates of hospitalization
Only one study (Allegra et al¥) involved the rate of hos-
pitalization. No significant difference was seen in it (one

Carbocisteine

study: n=352; RR 9.52;95% CI 0.52, 175.57, Supplementary
materials, P=0.13).

Rates of mortality

There were two studies (Zheng et al'” and Yasuda et al'®) that
reported the rate of mortality. However, no one died in the
two studies, so we could not evaluate it.

Subgroup analysis
Considering outcome of the rate of exacerbations, the sub-
group with the population of Chinese and non-Chinese is
described in Figure 3. The subgroup with the population of
non-Chinese showed a large reduction in the carbocisteine
group (two studies: n=508, MD =-0.34; 95% CI -0.90, —0.40,
1’=2%, P<<0.00001; Figure 3) compared to placebo. The sub-
group with the population of Chinese showed no difference
in the risk of the outcome (one study: n=707, MD =-0.34;
95% CI -0.51, —0.17, P<<0.0001; Figure 3).

We used subgroup analysis with different formulations,
durations and the definition of COPD. There was substantial
heterogeneity in subgroup analysis (Supplementary materials).

Study or Carbocisteine Placebo Weight Mean difference Mean difference
subgroup Mean SD Total Mean SD Total (%) 1V, fixed, 95% CI 1V, fixed, 95% ClI
Chinese

Zheng etal (2008)7 1.01 1.13 353 135 1.13 354 698  —0.34(-0.51,-0.17) R 3

Subtotal (95% Cl) 353 354 69.8 -0.34 (-0.51,-0.17) <>
Heterogeneity: not applicable

Test for overall effect: Z=4.00 (P<0.0001)

Non-Chinese

Allegra et al (1996)" 0.92 1.46 171 148 148 181 205 —-0.56 (-0.87, —0.25) —_—

Yasuda et al (2006)'® 0.54 0.97 78 138 177 78 9.7 —-0.84 (-1.29, -0.39) —_—

Subtotal (95% Cl) 249 259 30.2 -0.65 (-0.90, —0.40) <>
Heterogeneity: y?=1.02, df=1 (P=0.31); 1*=2%

Test for overall effect: Z=5.03 (P<0.00001)

Total (95% CI) 602 613 100 -0.43 (-0.57, —0.29) <>
Heterogeneity: ¥?=5.03, df=2 (P=0.08); 1=60% ‘2 :1 : 1: 2

Test for overall effect: Z=6.10 (P<0.00001)
Test for subgroup differences: y?=4.00, df=1 (P=0.05); I>=75.0%

Carbocisteine

Figure 3 Forest plot of comparison. The subgroup analysis of rate of total number of exacerbations.

Abbreviations: SD, standard deviation; IV, intravenous; Cl, confidence interval.
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Study or Carbocisteine Placebo Weight  Risk ratio Risk ratio

subgroup Events Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI

Non-Chinese

Allegra et al (1996)" 60 171 92 181 24.6 0.69 (0.54, 0.89) -

Yasuda et al (2006)"® 28 78 47 78 12.9 0.60 (0.42, 0.84) e

Subtotal (95% CI) 249 259 37.5 0.66 (0.54, 0.81) &

Total events 88 139

Heterogeneity: y?=0.46, df=1 (P=0.50); 1?=0%

Test for overall effect: Z=4.06 (P<0.0001)

Chinese

Zheng et al (2008)" 222 353 228 354 62.5 0.98 (0.87, 1.09) ||

Subtotal (95% CI) 353 354 62.5 0.98 (0.87, 1.09) {

Total events 222 228

Heterogeneity: not applicable

Test for overall effect: Z=0.42 (P=0.68)

Total (95% CI) 602 613 100 0.86 (0.78, 0.95) [}

Total events 310 367

Heterogeneity: y?=12.38, df=2 (P=0.002); /?>=84% k t t i
0.01 0.1 1 10 100

Test for overall effect: Z=3.03 (P=0.002)
Test for subgroup differences: y?=11.24, df=1 (P=0.0008); /?=91.1%

Carbocisteine Placebo

Figure 4 Forest plot of comparison. The subgroup analysis of at least one exacerbation.

Abbreviations: M-H, Mantel-Haenszel; Cl, confidence interval.

We planned to use subgroup analysis with different concomi-
tant treatments, exacerbation rates and airway obstruction,
but failed because of the lack of data.

In the outcome of the number of patients with at least
one exacerbation, the subgroup with the population of
non-Chinese showed an obvious decrease in heterogeneity
(I’=0%) and a significant difference was seen in the carbo-
cysteine carbocisteine group (two studies: n=508; RR =0.66;
95% CI 0.54, 0.81, I*’=0%, P<<0.0001; Figure 4) compared
to placebo. The NNT was 6. In the subgroup with the popu-
lation of Chinese, no difference in the risk of the outcome
(one study: n=707; RR =0.98; 95% CI 0.87, 1.09, P=0.68;
Figure 4) was noted.

Discussion

Our results showed that compared with the placebo, the
long-term use of carbocisteine reduced 0.43 exacerba-
tions per participant per year (95% CI —0.57, —0.29).
A substantial heterogeneity was detected in the outcome
(I’=60%). The subgroup with the population of non-Chinese
showed an obvious decrease in heterogeneity (/>=2%) and
a noticeable reduction in the exacerbation rate (—-0.65; 95%
CI -0.90, —0.40; Figure 4). The subgroup with the popula-
tion of Chinese showed a moderate reduction (—0.34; 95%
CI-0.51,—0.17; Figure 4).

Carbocisteine significantly reduced the number of patients
with at least one exacerbation (0.86; 95% CI10.78, 0.95). The
NNT was 12. A substantial heterogeneity was detected in the
outcome (/°=84%). We additional used a subgroup analysis
with this outcome. The subgroup with the population of

non-Chinese showed an obvious decrease in heterogeneity.
The NNT was 6. The subgroup with the population of
Chinese noted no difference in the risk of the outcome.

The heterogeneity might be explained by the race of
Chinese and non-Chinese. It might indicate that carbocisteine
had a little response in Chinese. However, there is no other
study that supported this hypothesis. A similar finding was
detected in another Chinese, randomized, double-blind,
placebo-controlled study that included 964 participants.
It used a similar mucoactive medicine (N-acetylcysteine
600 mg bid) in COPD."® In this study, no significant differ-
ence was seen in the number of patients with at least one exac-
erbation (odds ratio [OR] 0.92; 95% CI1 0.69, 1.22, P=0.56).
However, there were two meta-analyses that showed that
N-acetylcysteine could reduce the number of patients with
at least one exacerbation compared to placebo.'*?* Although
the indirect evidence supported the hypothesis, it still needs
more head-to-head study to confirm.

A randomized controlled trial (RCT) of carbocisteine
(Zheng et al'”)'8 showed no significant interaction between
carbocisteine treatment and COPD stages. It also showed no
significant interaction between treatment and concomitant
ICSs or naive ICs.

It was shown that carbocisteine could improve the quality
oflife (—6.29; 95% CI1-9.30,-3.27, I*’=61%; SGRQ). It was
higher than the clinical minimally important difference,
which was 4 units.?! However, the result should be used with
caution, because of the substantial heterogeneity.

As we know, carbocisteine had anti-inflammatory and
anti-oxidant effects. Some studies proved that it could reduce

International Journal of COPD 2017:12
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the exacerbations through directly scavenging reactive oxygen
species and could protect against the development of cigarette
smoke extract-induced emphysema.?? In animal studies,
carbocisteine had benefits of decreasing airway Haemophilus
influenzae load by the expectorant action.> Other studies
also showed that carbocisteine inhibits the infection of
rhinovirus and seasonal influenza virus.”*?* In ex-smoker
patients with COPD, carbocisteine had efficacy in reduc-
ing exhaled interleukin-6 and interleukin-8 concentrations,
which improved significantly the ability of clinical variables
to predict mortality in patients with COPD.?"?®

Limitations of this analysis are as follows. First, a
substantial heterogeneity was detected in some outcomes.
The conclusion needs to be used with caution. Second, we
excluded the studies with non-English, and the four studies
reported benefitted outcomes. Publication bias may be seen
in this review. It may cause overestimate outcomes. Third,
all the data were collected from different RCTs. The trials
had their own participants and outcomes, but the participants
and outcomes were defined similarly in each trial.

No prior meta-analyses have evaluated the long-term use
of carbocisteine. Our findings supported that long-term use of
carbocisteine may be associated with reduced exacerbation
rates and decreased number of patients with at least one
exacerbation in patients with COPD. It also may improve
the quality of life.
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