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Abbreviations

Cl confidence interval

COPD chronic obstructive pulmonary disease
OR Odds ratio

RCT randomized controlled trial

RD risk difference

RR relative risk

Context and Policy Issues

Mucus secretion clearance is a defense mechanism used by the lung to protect itself from
pathogens and particles present in the inhaled air."-2 Mucus traps pathogens and particles
in inhaled air, and is usually cleared from the lungs and airways by airflow and ciliary hairs.?
Impaired mucous clearance results in abnormal lung function.?

Mucus is a viscoelastic gel-like substance and consists of glycoproteins known as mucins,
mixed with other proteins, lipids and water.? In healthy individuals, mucus has low viscosity
and elasticity and is easily cleared, however in certain lung diseases the mucus has higher
viscosity and elasticity and is not easily cleared. Pharmacologic treatments for impaired
mucous secretion clearance include agents such as isotonic saline, hypertonic saline,
dornase alpha, and acetylcysteine (also known as N-acetylcysteine [NAC]). NAC
hydrolyzes the disulfide bonds of mucus proteins to decrease mucus viscosity, thereby
facilitating its clearance.* NAC is used as a treatment option in various conditions in which
there are problems with clearance of lung mucosal secretions (such as chronic obstructive

pulmonary disease [COPD], chronic bronchitis, and intubated or post-operative patients)."*
7

The purpose of this report is to review the comparative clinical effectiveness and safety of
NAC for treating adult patients requiring mucous secretion clearance. Additionally, tfor this
patient population, the clinical effectiveness of treatment with nebulized acetylcysteine
versus oral acetylcysteine will be reviewed. A subsequent report will review the evidence-
based guidelines regarding NAC for the treatment of adult patients requiring mucous
secretion clearance.

Research Questions

1. What is the comparative clinical effectiveness of acetylcysteine versus other treatments
for patients requiring mucous secretion clearance?

2. What is the evidence regarding the safety of acetylcysteine when used for patients
requiring mucous secretion clearance?

3.  What is the comparative clinical effectiveness of nebulized acetylcysteine versus oral
acetylcysteine for patients requiring mucous secretion clearance?

Key Findings

Relevant clinical effectiveness data were sparse. Mucous expectoration, mucous viscosity,
and oxygenation tended to improve with acetylcysteine (NAC) compared with isotonic
saline (IS), however the between-group differences were either not statistically significant or
statistical significance was not reported.
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For patients with chronic obstructive pulmonary disease or chronic bronchitis, or
hospitalized patients with acute lung disease, findings were variable with respect to adverse
events for treatment with NAC compared with placebo, and definitive conclusions were not
possible. Other safety-related outcomes for the comparison of NAC versus placebo, such
as hospitalization, atelectasis, and mortality, were sparsely reported and results were
variable. Similarly, evidence for the safety of NAC compared to IS was sparse and definite
conclusions were not possible.

No relevant evidence regarding the comparative clinical effectiveness of nebulized NAC
versus oral NAC for patients requiring mucous secretion clearance were identified.

Methods

Literature Search Methods

A limited literature search was conducted by an information specialist on key resources
including MEDLINE, Embase, the Cochrane Library, University of York Centre for Reviews
and Dissemination (CRD) databases, Canadian and major international health technology
agencies, as well as a focused Internet search. The search strategy was comprised of both
controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject
Headings), and keywords. The main search concepts were acetylcysteine and mucus or
mucous secretions. No filters were applied to limit the retrieval by study type. Where
possible, retrieval was limited to the human population. The search was also limited to
English-language documents published between January 1, 2014 and May 17, 2019.

Selection Criteria and Methods

One reviewer screened citations and selected studies. In the first level of screening, titles
and abstracts were reviewed and potentially relevant articles were retrieved and assessed
for inclusion. The final selection of full-text articles was based on the inclusion criteria
presented in Table 1.

Table 1: Selection Criteria

Population ‘ Adult patients, in any setting, requiring mucous secretion clearance

Intervention Q1: Nebulized or oral acetylcysteine; nebulized acetylcysteine in combination with saline; nebulized
acetylcysteine in combination with salbutamol (either nebulized or inhaled via a metered dose inhaler)
Q2: Nebulized or oral acetylcysteine; nebulized acetylcysteine in combination with saline

Q3: Nebulized acetylcysteine; nebulized acetylcysteine in combination with saline

Comparator Q1,2: Dornase alfa; guaifenesin; hypertonic saline; isotonic saline; inhaled mannitol; non-drug measures
(e.g., mobilization, hydration, percussions, mechanical aspiration)

Q2: Placebo, no comparator

Q3: Oral acetylcysteine

Outcomes Q1,3: Effectiveness (e.g., mucus clearance, decreased mucus production; improvements in wheeze and
cough frequency, exacerbations, lung function, quality of life, improvements in dyspnea);
Q2: Safety (e.g. adverse events, side effects, admission to hospital, mortality)

Study Designs Health technology assessments, systematic reviews/meta-analyses, randomized controlled trials, and non-
randomized studies
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Exclusion Criteria

Studies were excluded if they did not meet the selection criteria outlined in Table 1, they
were duplicate publications, or were published prior to 2014. Studies which included a
mixed population (adult and pediatric) were excluded unless results were presented
separately for adults. Studies already included in a selected systematic review were
excluded.

Critical Appraisal of Individual Studies

The included systematic reviews were critically appraised by one reviewer using AMSTAR
2,8 and the included randomized controlled trial (RCT) was critically appraised based on the
Downs and Black checklist.® Summary scores were not calculated for the included studies;
rather, the strengths and limitations of each individual study were described narratively.

Summary of Evidence

Quantity of Research Available

A total of 323 citations were identified in the literature search. Following screening of titles
and abstracts, 301 citations were excluded and 22 potentially relevant reports from the
electronic search were retrieved for full-text review. One potentially relevant publication was
retrieved from the grey literature search for full text review. Of these potentially relevant
articles, 17 publications were excluded for various reasons, and six publications met the
inclusion criteria and were included in this report. These comprised five systematic
reviews,#7 and one RCT,'°. Appendix 1 presents the PRISMA "' flowchart of the study
selection.

Summary of Study Characteristics

Study characteristics are summarized in the following sections and additional details are
provided in Appendix 2, Table 2 and Table 3.

Study Design

Five relevant systematic reviews'*7 were selected. One systematic review’ included two
relevant RCTs with ventilated or post-operative patients. One systematic review* included
four relevant RCTs with hospitalized patients. Three systematic reviews'%8 included RCTs
involving patients with COPD or chronic bronchitis, and the numbers of included RCTs that
were relevant for the current report were 14 in one systematic review,’ 11 in another,® and
four in the third systematic review.® It should be noted that there was overlap in the RCTs
included in these three systematic reviews (Appendix 5).

The single included primary study'® was a single-centre, double-blind RCT involving
hospitalized patients.

Country of Origin

One systematic review,' published in 2019, was from the UK and included RCTs from
Europe, China and India. A second systematic review’ published in 2019 was from
Australia; countries of the included RCTs were not mentioned. One systematic review®
published in 2015 was from Italy; countries of the included RCTs were not mentioned.
Another systematic review* published in 2015 was from the US, and included RCTs from
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Australia, Denmark, Iran, and the US. The last systematic review,® published in 2014, was
from China; countries of the included RCTs were not mentioned.

The selected RCT,'? published in 2016, was from Turkey.'°
Population

Three systematic reviews"58included adult patients (majority of patients age > 50 years)
with COPD or chronic bronchitis; the total number of patients in the systematic reviews
ranged between 516 and 3,882; and the proportion of males in the included individual RCTs
ranged between 43% and 93%.

Two systematic reviews*” included hospitalized adult patients with acute lung disease and
the total number of patients was 51 in one systematic review” and 200 in the second
systematic review.* . Of these, one systematic review” included adult patients, but the mean
age or the proportion of males were not reported. In the second systematic review*,* the
mean age ranged from 49 years to 74 years in the three included RCTs and was not
reported in the last included RCT.

The selected RCT'"? included 38 hospitalized patients; the mean age was 69 years and the
proportion of males was 92%.

Interventions and Comparators

In four systematic reviews,"*% NAC was compared with placebo. In three systematic
reviews, %% oral NAC was used and in one systematic review” inhaled NAC was used.. In
one systematic review’” NAC was compared with isotonic saline (IS) and also NAC plus IS
was compared with IS alone; both agents were inhaled.

In the selected RCT' oral NAC was compared with placebo.
Outcomes

Outcomes reported included mucus characteristics,” mucous expectoration,” oxygenation,’
adverse events,"*7 atelectasis,* hospitalization,'*'° and mortality."”

Summary of Critical Appraisal

Critical appraisal of the included studies is summarized below and details are presented in
Appendix 3, Table 4 and Table 5.

Overall the systematic reviews were well conducted. In all five systematic reviews'#7 the
objective was clearly stated, a comprehensive literature search was conducted, article
selection was described, a list of included studies was presented, study characteristics
were described, and quality assessment of the studies were conducted and were found to
be of variable quality. A list of excluded studies was presented in three systematic
reviews'47 and not presented in two systematic reviews.>8 Article selection was done in
duplicate in four systematic reviews,'*87 and not in one systematic review.5 Data extraction
was done in duplicate in two systematic reviews, 6 and was unclear in three systematic
reviews.*%7 In three systematic reviews'>8 meta-analyses were conducted, and in two
systematic reviews* 7 it was not feasible to conduct a meta-analysis. In three systematic
reviews'®7 it was reported that the authors had no conflicts of interest, in one systematic
review® conflicts of interest were declared and a few of the authors were associated with
industry, and in one systematic review* conflicts of interest were not reported.
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In the selected RCT,° the objective and inclusion and exclusion criteria were presented;
the patient characteristics, intervention, and outcomes were described; and a sample size
calculation was conducted, however the appropriate number of patients could not be
enrolled during the study period. It was a randomized study, but the randomization method
was not described. The intervention and control were identical in appearance (both
capsules). It was reported that all parties involved with the RCT were blinded to the study
medication. Five percent of patients in the NAC group and 14% in the placebo group
discontinued within the first three days of the trial, due to worsening conditions, and were
excluded from the analysis, The imbalance in the discontinuation rates could impact results,
however the direction of impact is unclear. Discontinuation was < 15% in both groups, and
the associated reasons were reported. Intention-to-treat analysis was not conducted. It was
reported that the authors had no conflicts of interest.

Summary of Findings

Relevant study findings are summarized below and a table of the main study findings and
authors’ conclusions are presented in Appendix 4, Table 6 and Table 7. Of note, for studies
comparing NAC with placebo, only the safety outcomes (not the effectiveness outcomes)
were relevant of the current report and are presented here, as indicated in Table 1.

Clinical Effectiveness of Acetylcysteine (NAC)

One relevant systematic review,” was identified regarding the clinical effectiveness of NAC
compared with IS, in hospitalized patients with acute lung conditions (ventilated or post-
operative). Relevant study findings are summarized and a table of the main study findings
and authors’ conclusions are presented in Appendix 4, Table 6 and Table 7.

Mucous expectoration

One RCT included in the selected systematic review” showed that ease of mucous
expectoration tended to be better with NAC compared to IS (numerically better on the visual
analog scale 10) in post-operative patients, however the statistical significance of the
between group difference was not stated.

Mucous characteristics

One RCT included in the selected systematic review? reported that mucous viscosity
improved with NAC but not with IS in post-operative patients, however the statistical
significance of the between-group difference was not stated. The second RCT included in
the selected systematic review’ reported that neither NAC nor IS lowered mucous density
in ventilated patients.

Oxygenation

One RCT included in the selected systematic review” reported that oxygenation (peripheral
capillary oxygen saturation [SpOz2] level) improved with NAC but not with IS, in post-
operative patients, however the statistical significance of the between-group difference was
not stated. The second RCT included in the selected systematic review’ reported that
oxygenation improved with NAC and there was no change with IS, in ventilated patients.

Safety of Acetylcysteine (NAC)

Safety-related outcomes were available in all six included publications,'*7:1° however, the
types of outcomes reported varied. Adverse events, were reported in five publications,'47
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atelectasis was reported in one publication,* hospitalization was reported in three
publications,'*1° and mortality was reported in two publications.’”

Atelectasis

In the selected systematic review* that included hospitalized patients, one included RCT
found that fewer patients developed atelectasis with NAC compared with IS (however, the
between-group difference was non-significant), and a second included RCT found that
there was no significant between-group difference in atelectasis with NAC compared with
placebo.

Adverse events

COPD and chronic bronchitis

Three systematic reviews "6 that included patients with COPD and chronic bronchitis
compared NAC with placebo and reported on adverse events; findings were variable and
inconsistent. In one systematic review' the odds ratios for adverse events in the individual
included RCTs ranged from 0.36 to 2.05 and in majority of the RCTs the between-group
differences were not statistically significant. In the second systematic review® the relative
risk (RR) of adverse events with NAC compared to placebo was 0.94, and 95% confidence
interval (Cl) was 0.88 to 0.99. In the third systematic review,® the RR of adverse events was
1.30 (95% CI, 0.71 to 2.39); the between-group difference was statistically not significant.

Hospitalized patients

In one systematic review” there were no adverse events reported with either NAC or IS, in
post-operative or ventilated patients. One systematic review* that included hospitalized
patients, reported nausea in 10% of patients with NAC and 5% of the patients with placebo
in one included RCT, and no adverse events during the study period in another included
RCT. The single included primary study reported that 5% of patients in the NAC group and
14% in the placebo group discontinued within 3 days, due to worsening conditions and
were excluded from the analysis; statistical significance of the difference in proportions was
not presented.

Hospitalization

In one systematic review* that included hospitalized patients, the median hospital stay was
6.0 days in the NAC group and 5.5 days in the placebo group (statistical significance of the
findings was not reported). In the single included primary study,® that included hospitalized
patients, the length of hospital stay was 10.5 days in the NAC group and 9.8 in the placebo
group; the between-group difference was not statistically significant. Also, in this RCT, there
were no significant between-group differences for the number of hospital admissions or
time to admission during the six month follow-up.

Mortality

In one systematic review' that included patients with COPD or chronic bronchitis, the ORs
for death for NAC compared with placebo in the individual included RCTs ranged from 0.13
to 3.24, and the between-group differences were not statistically significant.

In one systematic review’ that included hospitalized patients with acute lung conditions, the
in-hospital mortality rate was 50% in the NAC group, and 35% in the IS group (data from
one included RCT); statistical significance of the findings was not reported.
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Clinical Effectiveness of Nebulized versus Oral Acetyicysteine (NAC)

No relevant evidence regarding the comparative clinical effectiveness of nebulized NAC
versus oral NAC for patients requiring mucous secretion clearance were identified;
therefore, no summary can be provided.

Limitations

There was considerable overlap in the RCTs included in three systematic reviews,'56
hence findings are not exclusive, i.e. some of the same RCTs were used in assessing
outcomes in these systematic reviews (Appendix 5).

There was a limited amount of evidence on the effectiveness of NAC compared with IS. No
studies comparing NAC with pharmacologic agents (dornase alpha, guaifenesin, hypertonic
saline or inhaled mannitol) or non-drug measures were identified.

Evidence on safety was available in terms of adverse events, atelectasis, hospitalization,
and mortality, and not all of these outcomes were assessed in all of the included studies.
One systematic review,{Poole, 2019 #331) though well conducted, reported summary
estimates for several mucolytic agents taken together, hence only estimates from the
individual studies on NAC could be incorporated in this current report.

No studies comparing nebulized NAC with oral NAC were identified.

Findings need to be interpreted with caution given these limitations.

Conclusions and Implications for Decision or Policy Making

A total of six relevant publications were identified regarding the clinical effectiveness or
safety of NAC for patients requiring mucous secretion clearance. These comprised three
systematic reviews"%% and one RCT'® comparing NAC with placebo, one systematic
review* comparing NAC with both placebo and IS, and one systematic review” comparing
NAC with IS.

Relevant clinical effectiveness data were sparse. In one systematic review’ that included
hospitalized patients with acute lung disease, one included RCT reported that mucous
expectoration, mucous viscosity, and oxygenation improved with NAC compared with IS,
however the between-group differences were either not statistically significant or statistical
significance was not reported.

In terms of safety, for patients with COPD or chronic bronchitis, or for hospitalized patients
with acute lung disease, findings were variable with respect to adverse events for treatment
with NAC compared with placebo, and definitive conclusions were not possible. Other
safety-related outcomes for the comparison of NAC versus placebo, such as
hospitalization, atelectasis, and mortality, were sparsely reported and results were variable;
definitive conclusions were not possible. Similarly, evidence for the safety of NAC
compared to IS was sparse and definite conclusions were not possible.

No relevant evidence regarding the comparative clinical effectiveness of nebulized NAC
versus oral NAC for patients requiring mucous secretion clearance were identified.

Studies on idiopathic pulmonary fibrosis patients did not meet the inclusion criteria for the
present report as idiopathic pulmonary fibrosis is generally associated with non-productive
cough (i.e., dry; not bringing up mucus). However the findings from these studies may
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provide some useful insights regarding treatment with NAC in comparison to placebo, and
so are briefly discussed here. One systematic review'? showed that in terms of risk of
serious adverse events or mortality, there were no statistically significant between-group
differences for NAC compared to placebo. One RCT'3 comparing NAC with placebo,
reported numerically similar proportions of life-threatening adverse events (2% in each
group), moderate adverse events (42% in NAC, 45% in placebo), and serious adverse
events (5% in NAC, 3% in placebo); between-group differences were not tested statistically.
One case-control study' compared pirferindone plus NAC with pirferindone alone, and
reported that no adverse events were attributed to NAC.

High-quality studies are needed to definitively determine the clinical effectiveness and
safety of NAC. Also studies comparing NAC with other active pharmacologic treatments or
non-drug treatments are warranted.
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Appendix 1: Selection of Included Studies

323 citations identified from electronic
literature search and screened

v

301 citations excluded

22 potentially relevant articles retrieved
for scrutiny (full text, if available)

One potentially relevant
report retrieved from
other sources (grey

literature, hand search)

23 potentially relevant reports

17 reports excluded:

-irrelevant population (5)

-irrelevant intervention (1)

-irrelevant outcome (4)

-study included in a selected systematic
review (2)

-systematic review with irrelevant
comparator or outcome, or unclear
comparison (1)

-other (review articles) (4)

v

6 reports included in review
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Appendix 2: Characteristics of Included Publications

Table 2: Characteristics of Included Systematic Reviews and Meta-Analyses
First Author,

Publication

Study Designs and
Numbers of Primary
Studies Included

Population
Characteristics

Intervention and
Comparator(s)

CADTH

Clinical Outcomes,?
Length of Follow-Up

Year, Country
Poole,' 2019, UK

SR included 14 relevant
RCTs published between

1980 and 2014 (RCTs were:

3 Chinese, 2 European, 1
German, 1 Netherlands, 2
Indian, 2 Italian, 1 Swedish,
2 UK)

Setting: Outpatient or
general practice

(This SR had a broad focus
and included placebo-
controlled RCTs; only RCTs
relevant for this current
report are included here)

Patients with COPD or
chronic bronchitis

N = 3,882 (primary
study size ranged from
59 to 990)

Age (mean) (years): 60
to 71in 12 RCTs; age
>20 years in 1 RCT;
and age >50 years in
60% patients in 1 RCT.

% Male: 59% to 93% in
13 RCTs, and not
reported in 1 RCT

NAC versus placebo

NAC dose:

200mg bid (2 RCTs),
200 mg tid (2 RCTs),
300mg bid (1 RCTs),
600 mg daily (5 RCTs),
600 mg bid (3 RCTs),
600 mg tid (1 RCT),

Adverse effects,
hospitalization,
mortality.

Duration of primary
studies: 3 months to 3
years.

(Note: a number of
studies could not be
included in the analysis
as the number of
adverse events
exceeded the numbers
included in the
treatment groups)

Tarrant,” 2019,
Australia

SR included 2 relevant
RCTs published between
1970 and 1992 (country:
NR)

Setting: hospital

(This SR had a broad focus
[mucoactive agents] and
included several
comparators; only RCTs
relevant for this current
report are included here)

Adults with acute lung
condition (ventilated
patients or post-
operative patients)

N =51 (40and 11in
the two primary studies)

Age (years): NR

% Male: NR

NAC versus IS (both
nebulized)

NAC (20%) 4 mL
versus IS (0.9%) 4 mL
in RCT in post-
operative patients.

(NAC [20%], 2 mL + IS,
8 mL) versus( IS [0.9%],
10 mL) in RCT in
ventilated patients

Mucus characteristics,
mucous expectoration,
oxygenation

Adverse events,
mortality

Durations of primary
studies: unclear

Cazzola,® 2015,
Italy

SR included 11 relevant

RCTs published between
1976 and 2014 (country:

NR)

Setting: NR

(This SR included placebo-
controlled RCTs; only RCTs
relevant for this current
report are included here)

Patients with COPD or
chronic bronchitis

N = 2,828 (primary
study size [patients who
completed study]
ranged from 45 to 964)

Age (mean) (years):51
to 71in 10 RCTs; and
NRin 1 RCT

% Male: 43% to 93%

NAC versus placebo

NAC daily dose:
260 mgin 1 RCT,
400 mg in 2 RCTs
600 mg in 5 RCTs,
1,200 mg in 3 RCTs,

Adverse events

Durations of primary
studies: 4 months to 36
months

Sathe,* 2015, US

SR included 4 relevant
studies (3 RCTs and1 non-
randomized study)
published between 1966
and 2010 (Country: one

Hospitalized patients
(with COPD
exacerbations, asthma
exacerbations, or post-
operative)

NAC versus placebo (3
RCTs),

Oral NAC 600 mg, bid;
versus placebo (2

For NAC versus
placebo studies:
adverse events,
hospital stay,
atelectasis
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First Author,

Publication
Year, Country

Study Designs and
Numbers of Primary
Studies Included

Population
Characteristics

Intervention and
Comparator(s)

CADTH

Clinical Outcomes,?
Length of Follow-Up

RCT each in Australia
Denmark, Iran and the US)

Setting: hospital

(This SR had a broad focus
[assessed various
pharmacologic agents that
promote airway clearance];
only RCTs relevant for this
current report are included
here)

N = 269
(=50+50+129+40)
enrolled, and 200
(=50+50+60+40) final
number of patients

Age (years) (mean): 49,
53 and 74 for 3 studies;
and NR for 1 study

% Male: NR

RCTs).

Oral NAC 1,200 mg on
day before surgery, and
oral or intravenous NAC
200 mg, tid for 6 days
or until discharge (1
RCT)

NAC versus saline (1
study)

NAC 10% solution, 2 ml
every 2 h for 10 doses
after anesthesia
recovery and
physiologic saline 2 mL
every 2 h

NAC versus saline
study:
atelectasis, nausea

Shen,® 2015, China

SR included 4 relevant
RCTs published between
1985 and 2013 (country:
NR)

Setting: NR

(This SR included placebo
controlled RCTs; only RCTs
relevant for this current
report are included here)

Patients with COPD or
chronic bronchitis

N = 516 (primary study
size ranged from 91 to
169)

Age (mean) (years):51
to 71in 10 RCTs; and
NRin 1 RCT

% Male: 43% to 93%

NAC versus placebo

NAC dose:

200 mg tid (1 RCT),
300 mg bid (1 RCT),
600 mg daily (1 RCT),
600 mg bid (1 RCT),

Adverse events
(gastrointestinal)

Durations of primary
studies: 5 months to 1
year

bid = two times daily; COPD = chronic obstructive pulmonary disease; IS = isotonic saline; NAC = N-acetylcysteine; neb = nebulizer; NR = not reported; RCT =
randomized controlled trial; SR = systematic review; tid = three times daily.

20nly outcomes relevant for the current report are included here.

Table 3: Characteristics of Included Primary Clinical Study

First Author,

Publication Year,

Country

Study Design

Population
Characteristics

Intervention and
Comparator(s)

Clinical Outcomes,?
Length of Follow-
Up

Randomized controlled trials

Ayfer Aytemur,'® 2015,

Turkey

RCT, double blinded,
single center

Setting: single center

Patients with COPD
who were hospitalized
for their current
exacerbation

N =42 (38 were
analyzed; 19 in each

group)

Age (mean) (years):

NAC versus placebo

NAC capsules 200 mg
tid for 30 days

Hospitalization

Follow-up =6 m
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First Author, Study Design Population Intervention and Clinical Outcomes,?

Publication Year, Characteristics Comparator(s) Length of Follow-
Country Up

68.6 in NAC group and
69.4 in placebo group

% Male: 89 in NAC
group and 95% in
placebo group

Duration of COPD
(years): 19 £14.9 in
NAC group and 11.4 +
7.5 in placebo group

COPD = chronic obstructive pulmonary disease; m = month; NAC = N acetylcysteine; RCT = randomized controlled trial; tid = three times daily.

20nly outcomes relevant for the current report are included here.
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Appendix 3: Critical Appraisal of Included Publications

Table 4: Strengths and Limitations of Systematic Reviews and Meta-Analyses using
AMSTAR 28

Strengths

Limitations

Poole," 2019, UK

The objective was clearly stated

Multiple databases (MEDLINE, EMBASE, Airways Group
Trials Register, PsychINFO, CINAHL) were searched up to
April 2019 (a previous version of the review included
searches up to July 2014 and this current version included
also additional search between July 2014 to April 2019). In
addition proceedings of major respiratory conferences, and
reference list of included studies and reviews, were
searched.

Study selection was described and a flow chart was
presented

A list of included studies was provided

A list of excluded studies was provided

Article selection was done independently by two reviewers
Data were extracted by two reviewers. This Cochrane review
was an update from a previous Cochrane review and the
extracted data were double checked against the original
publication.

Quality assessment was conducted using the Cochrane risk
of bias tool; the studies were of variable quality
Characteristics of the included studies were presented
Meta-analysis was conducted. However as all mucolytic
agents were included in the meta-analysis, pooled estimates
for NAC alone could not be presented; instead, individual
estimates were considered.

Publication bias was explored using Funnel plots when
feasible (i.e., > 10 studies were available). The quality of the
studies was variable.

It was mentioned the authors had no known conflicts of
interest

¢ No apparent major limitations

Tarrant,” 2019, Australia

The objective was clearly stated

Multiple databases (Medline, Embase, CINAHL and
CENTRAL) up to January 2018. In addition grey literature
was searched.

Study selection was described and a flow chart was
presented

A list of included studies was provided

A list of excluded studies was provided

Article selection was done by two reviewers

Quality assessment was conducted using the Cochrane risk
of bias tool (7 items). For the 7 items, risk of bias was low for
4 items, unclear for 2 items, and high for 2 items for both of
the two relevant RCTs. Risk of bias was low for some items

e Unclear if data extraction was done in duplicate
e Unclear if publication bias was explored
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Strengths

and unclear or high for some items.

Characteristics of the included studies were presented,
however lacked some details (e.g., age of the population,
duration of the study)

Narrative synthesis was done (the authors mentioned that if
meta-analysis was not possible, a narrative synthesis would
be done)

It was mentioned the authors had no known conflicts of
interest

CADTH

Limitations

Cazzola,5 2015, Italy
e The objective was clearly stated e Alist of excluded studies was not provided
e The search was performed on PubMed and Google scholar e Unclear if article selection was conducted in duplicate
up to July 2014. Also relevant reviews and meta-analysis e Unclear if data extraction was done in duplicate
were examined to identify studies. o Publication bias does not appear to have been examined
e Study selection was described and a flow chart was e Declarations were provided by two of the seven authors, and
presented both received fees (not related to the current review) from
¢ Alist of included studies was provided industry
e Quality assessment was conducted using the Jadad score
(scale: 1 to 5, with higher scores indicating better quality).
Scores ranged from 1 to 4, with 55% of the studies having a
score of 4
Characteristics of the included studies were presented
Meta-analysis was conducted
Sathe,* 2015, US
The objective was clearly stated e Unclear if data extraction was done in duplicate
Multiple databases (MEDLINE, EMBASE) were searched ¢ Meta-analysis was not conducted
from 1970 until July 2014. Also, reference lists of include e Publication bias does not appear to have been examined
studies and relevant narrative and systematic reviews and e Conflicts of interest of the authors were not presented
meta-analysis were searched.
e Study selection was described and a flow chart was
presented
e Alist of included studies was provided
o Alist of excluded studies was provided
o Atrticle selection was done independently by two reviewers
¢ Quality of the studies was assessed by independently by two
reviewers, using the Cochrane Risk of Bias tool for RCTs
and the Newcastle-Ottawa scale for non-randomized studies.
The majority of the studies were judged to be of low quality.
e Characteristics of the included studies were presented
Shen,® 2014, China
e The objective was clearly stated o Alist of excluded studies was not provided
e Multiple databases (MEDLINE, EMBASE, Cochrane library) e Publication bias does not appear to have been examined

were searched until August 2013. Also, reference lists of
include studies and relevant reviews were searched.
Study selection was described and a flow chart was
presented

A list of included studies was provided
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Strengths ’ Limitations

o Atrticle selection was done independently by two reviewers

o Data was extracted and rechecked independently by two
reviewers

e Quality of the studies was assessed by independently by two
reviewers using the Cochrane Allocation Concealment Scale
and Jadad score (scale 1 to 5, with higher scores indicating
better quality). Jadad score ranged from 2 to 4 with 75% of
the studies having score of 4.

e Characteristics of the included studies were presented

e Meta-analysis was conducted

¢ The authors mentioned that there were no conflicts of
interest

NAC = acetylcysteine; RCTs = randomized controlled trials.

Table 5: Strengths and Limitations of Clinical Study using Downs and Black checklist®
Strengths ‘ Limitations
Ayfer Aytemur,'0 2015, Turkey

e The objective was clearly stated ¢ Intention-to-treat analysis was not conducted

e The inclusion and exclusion criteria were stated

e Patient characteristics, intervention and outcomes were
described

e Randomized study but randomization procedure was not
described

o Double-blinded — all parties were blinded to the study
medication the patients received

e Sample size calculation was conducted, however, the
appropriate number of patients could not be reached during
the study period.

o Discontinuation and the associated reasons were reported;
5% in the NAC group and 14% in the placebo group were
excluded as they had worsened and had to be admitted to
the ICU and intubated.

e The authors mentioned that there were no conflicts of
interest

e P values were reported

ICU = intensive care unit; NAC = acetylcysteine.
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Appendix 4: Main Study Findings and Authors’ Conclusions

Table 6: Summary of Findings Included Systematic Reviews and Meta-Analyses

Authors’ Conclusion

Main Study Findings?

Poole, 2019, UK

Comparison of treatment with NAC (a mucolytic agent) versus placebo,
with respect to safety for patients with COPD or chronic bronchitis (from
SR).

Adverse effects were reported in 12 RCTs. In 2 RCTs the ORs were 0.36 and
0.54 and the between-group differences were statistically significant, favoring
NAC. However, in 9 RCTs, the ORs ranged from 0.48 to 2.05, and the
between-group differences were statistically non-significant. In 1 RCT there
were zero adverse events reported in both groups.

Hospitalization during study period was reported in 4 RCTs. In 1 RCT the OR
was 0.32 and the between-group difference was statistically significant
favoring NAC; however in 3 RCTs, ORs ranged from 0.61 to 0.91 and the
between-group differences were statistically non-significant.

Death during study period was reported in 8 RCTs. In 6 RCTs, ORs ranged
from 0.13 to 3.24 and the between-group differences were statistically non-
significant. In 2 RCTs, there were zero adverse events reported in both
groups.

"There was no clear difference between
mucolytics and placebo for mortality, but the
confidence interval is too wide to confirm that
treatment has no effect on mortality" (p. 2)

"People taking mucolytics did not experience more
unwanted side effects than those taking placebo."
(p-3)

Tarrant,” 2019, Australia

Comparison of treatment with nebulized NAC versus nebulized isotonic
saline (IS) with respect to efficacy and safety for patients with acute lung
conditions (from SR with 2 relevant RCTs)

Mucus characteristics

One RCT compared NAC with IS, and showed that after two days of use of
either NAC or IS following thoracic or abdominal surgery, with NAC the mean
mucus weight (g) increased (mean + standard deviation [SD] from 2.65 + 3.47
to 7.50 + 6.29; P = 0001) and with IS there was little change (mean + SD: from
3.45 £ 2.16 to 3.55 + 2.99; not statistically significant); and mucus viscosity
improved with NAC but not with IS, however the significance of the between-
group difference was not stated in either instance.

One RCT compared NAC with IS, and showed that during invasive ventilation
neither NAC nor IS lowered mucus density after three doses over 24 hours.

Mucous expectoration

One RCT compared NAC with IS, and showed that after two days of use of
either NAC or IS following thoracotomy or laparotomy, with NAC the ease of
mucous expectoration improved (3.75 cm) and there was little improvement
with IS (0.27 cm), using visual analog scale of 10, however the significance of
the between-group difference was not stated

Oxygenation

One RCT showed that, post thoracic or abdominal surgery, oxygenation (SpO2
[%]) improved with NAC (from 91.6 + 3.75 to 93.96 + 2.67) and there was no
change with IS (93.08 + 3.23 to 93.35 + 3.64), but the significance of the
between group difference was not reported.

The authors reported that for post-surgery patients
with acute lung conditions, mucous weight,
viscosity, and expectoration; and oxygenation
improved with NAC and there was little change
with IS, however the significance of between-
group differences were not reported.

Also, for ventilated patients with acute lung
conditions there was no improvement in mucous
density with either NAC or IS; there was some
improvement in oxygenation with NAC and little
change with IS, however the between-group
difference was not statistically significant.

There were no AEs reported with either NAC or IS
in post-operative or ventilated patients.
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Authors’ Conclusion

Main Study Findings?

One RCT showed that, during invasive ventilation, oxygenation (SpO2)
improved with NAC (from 93.8 + 2.7 to 95.1 + 2.6) and there was no change
with IS (94.0 £ 2.2 to 93.9 £ 2.5), however the between-group difference was
not statistically significant (P = 0.30)

Adverse events
There were no AEs reported with either NAC or IS, in post-operative or
ventilated patients.

Mortality

In one RCT, for the ventilated patients who had a diagnosis of pneumonia or
sepsis, the in-hospital mortality rate was 50% in the NAC group and 35% in
the IS group; statistical significance of the findings was not reported.

Cazzola,5 2015, Italy

Comparison of treatment with NAC (a mucolytic agent) versus placebo,
with respect to safety for patients with COPD or chronic bronchitis (from
SR).

NAC dose No. of | RR (95% CI) Heterogeneity,
RCTs 12 (%)

All (260 mg to 1,200 mg 11 0.94 (0.88t00.99) | 5

daily)

Low (260 mg to 600 mg 8 0.93(0.89t00.97) | O

daily)

High (1,200 mg daily) 3 1.11(0.89t01.39) | O

Adverse events reported included gastrointestinal disorders, respiratory
disorders, and other disorders (such as pyrosis, joint and muscle pain, and
dizziness)

"NAC was well tolerated and the risk of adverse
reactions was not dose dependent”. (p. 451)

Sathe,* 2015, US

Comparison of treatment with NAC (a mucoactive agent) versus placebo,
or saline with respect to adverse events for hospitalized patients
requiring airway clearance (from SR).

Atelectasis

In one RCT, 4 of 20 patients in the NAC group and 9 of 20 patients in the
saline group developed atelectasis, however the between-group difference
was reported as not significant.

In one RCT there was no significant difference in atelectasis between the NAC
group and the placebo group.

Adverse events

2 patients in the NAC group and 1 patient in the placebo group had nausea;
both groups comprised 20 patients each (1 RCT)

AE not mentioned in 1 RCT (NAC vs. placebo)

No adverse effects were reported during the study period (1 RCT: NAC vs.
placebo)

AE not mentioned in 1 RCT (NAC versus saline)

For hospitalized patients requiring airway
clearance Sathe et al. mentioned that "Further
research with clearly characterized populations
and interventions is needed to understand the
potential benefits and adverse effects of
mucoactive agents.” (p. 1061)
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Main Study Findings? Authors’ Conclusion

Hospital stay
Hospital stay (median) was 6.0 days in the NAC group and 5.5 days in the
placebo group (P value not reported) (from 1 RCT)

Shen,® 2014, China

Comparison of treatment with NAC (a mucolytic agent) versus placebo, “Gl disorders including diarrhea, reflux
with respect to adverse events (Gl disorders) for patients with COPD or esophagitis, and gastric complications were
chronic bronchitis (from SR). reported in some studies, but NAC did not
significantly increase the risk of such adverse
No. of RCTs RR (95% Cl) Heterogeneity, 12 reactions" (p. 355)
(%)
4 1.30(0.71t02.39) | O

Cl = confidence interval; COPD = chronic obstructive pulmonary disease; Gl = disorder; IS = isotonic saline; NAC = N-acetylcysteine; OR = odds ratio; RCT = randomized
controlled trial; RD = risk difference; RR = relative risk; SpO2 = peripheral capillary oxygen saturation; SR = systematic review.

20nly outcomes of interest for the current report are included here (i.e., clinical effectiveness outcomes with NAC compared to placebo or no treatment are not reported
here).

Table 7: Summary of Findings of Included Primary Clinical Study

Main Study Findings? Authors’ Conclusion

Randomized controlled trial

Ayfer Aytemur,'© 2015, Turkey

Comparison of treatment with NAC versus placebo, with "In conclusion, we found that NAC given at a daily
respect to hospitalization for COPD patients who were dose of 600 mg to patients with COPD exacerbations and
hospitalized for their current exacerbation (RCT) with a high volume of sputum production did not affect
symptoms, pulmonary function, length of hospital stay,
Outcome Effect P and exacerbation rate during the follow-up period." (p.260)
NAC Placebo value

Length of hospital stay | 10.5 + 3.8 9.8+3.0 0.52

(d)

Number of hospital 0.9+11 0609 0.42

admissions during 6 m

FU

Time (d) to hospital 456+67.2 | 2461415 0.37

admission during 6 m

FU

Unclear if effect was expressed as mean and standard deviation

d = day; m = month; NAC = N-acetylcysteine.
20nly outcomes of interest for the current report are included here (i.e., clinical effectiveness outcomes with NAC compared to placebo or no treatment are not reported
here.
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Appendix 5: Overlap between Included Systematic Reviews

Table 8: Primary Study Overlap between Included Systematic Reviews

Systematic Review Citation

Primary Study?
Citation Poole,' 2019 Cazzola,’ 2015 Shen,® 2015

Babolini, 1980

Bachh, 2007
Boman, 1983
Decramer, 2005
Grassi, 1976
Hansen, 1994
Jackson, 1984
Johnson, 2016
McGavin, 1985
Meister, 1986
Nowak, 1999
Pela, 1999

XX [ X|X|X|X

Rasmussen, 1988
Schermer, 2009
Tse, 2013

Xu, 2014

Zheng, 2014 X X

X indicates studies that were included in the systematic review.

X | X[ XX
X | X[ X | X

X IX[IX[X[X|X|X[X[X[|[X|X|X|X|X]|X]|X

2Primary studies which reported on outcomes of relevance to the current report.
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