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Abstract

N-Acetylcysteine (NAC) is widely used in respiratory medicine, with a maximum licensed dose in chronic use of 600 mg/day;
however, some clinical trials have studied the efficacy of NAC at higher doses. The aim of this review was to evaluate the adverse
effects profile of NAC at higher than the standard dose in chronic respiratory diseases to establish a risk—benefit ratio in increas-
ing the daily dose; therefore, studies using NAC at a dose of at least 600 mg/day were selected. Forty-one articles where NAC
has been used at 600 mg and above, up to 3000 mg/day, and with a specific report on safety, were considered. Most of the stud-
ies used oral NAC and were conducted on patients with chronic obstructive pulmonary disease, idiopathic pulmonary fibrosis,
bronchiectasis, chronic bronchitis and cystic fibrosis. In general, the safety profile was similar at both the high and standard doses
with the oral formulation; gastrointestinal symptoms were reported but they were no more common than in the control group.

N-Acetylcysteine (NAC) has several indications and can
be used in respiratory medicine [chronic obstructive pul-
monary disease (COPD), interstitial lung diseases such
as idiopathic pulmonary fibrosis (IPF), bronchiectasis,
and influenza], and has been used worldwide for over 50
years.

When treatment requires chronic use, as in COPD and
cystic fibrosis, the maximum licensed dose is 600 mg/
day, but doses > 600 mg daily have been studied in some
clinical trials.

Studies of high doses of NAC (up to 3000 mg/day) in
respiratory diseases with explicit reports on safety found
that NAC was safe and well tolerated. In general, the
safety profile is similar at both the high and standard
doses.
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1 Introduction

N-Acetylcysteine (NAC) has been used worldwide for over
50 years. It has several indications and can be used in
respiratory medicine [chronic obstructive pulmonary dis-
ease (COPD), interstitial lung diseases such as idiopathic
pulmonary fibrosis (IPF), bronchiectasis, and influenza],
as an antidote for paracetamol poisoning, and in contrast-
induced nephropathy (CIN), psychiatric and neurological
illnesses, and addictive behaviours [1-6].

NAC administered intravenously at a total dose of 300
mg/kg can be safely used to prevent liver necrosis in cases
of paracetamol (acetaminophen) poisoning [6, 7]. It has
also been safely used at high doses to limit CIN [2, 3,
8—10]). In both situations, high doses of NAC are admin-
istrated for a relatively brief period.

When treatment requires chronic use, as in respira-
tory diseases, the maximum licensed dose is 600 mg/day,
usually administered once daily. The main indication for
chronic use has been COPD, which is characterized by
chronic symptoms in patients with airflow obstruction
as a result of exposure to inhaled noxious agents, and
sometimes as a result of additional abnormalities in lung
development [11]. It is often accompanied by exacerba-
tions of the disease symptoms. NAC has also been used on
aregular basis in patients with cystic fibrosis (CF), which
is characterized by severe bronchiectasis and tenacious
sputum, and in patients with IPF subtypes, predominantly
interstitial pneumonia, which leads to chronic, progressive
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fibrosis, a progressive decline in lung function and respira-
tory failure [12].

The optimal dose for effective treatment has not been
determined and doses > 600 mg daily have been studied
in some clinical trials. To properly evaluate the cost ben-
efit of NAC treatment, we need to understand the adverse
effect profile of the drug and whether it changes with
higher doses. This is the focus of the current manuscript.

2 Methods

Literature searches of the PubMed database (with no date
limitations) were conducted in December 2019 and Janu-
ary 2020 using the search terms ‘N-acetylcysteine’, ‘NAC’,
‘respiratory tract infection’, ‘cystic fibrosis’, ‘COPD’,
‘bronchitis’ and ‘idiopathic pulmonary fibrosis’ in titles
and abstracts, and restricting the results primarily to arti-
cles written in English. The focus of this review was the
safety of NAC at high doses in chronic respiratory dis-
eases, therefore studies using NAC at a dose of at least 600
mg/day were selected. Articles not explicitly reporting on
safety in either the full text or the supplementary mate-
rials were excluded. The authors examined the resulting
lists of articles and excluded those that did not mention
data on safety. Studies on patients not affected by chronic
respiratory diseases were excluded. Using these criteria,
a total of 41 articles were identified and are considered in
this review.

3 Results and Discussion

Studies are presented as daily NAC doses according to the
pathology; oral formulations are the most commonly used.
High doses administered orally have been studied in trials
involving COPD, IPF and CF. Other formulations (intrave-
nous and inhaled) are considered separately because they do
not have the same issues in terms of safety (Table 1).

3.1 N-Acetylcysteine (NAC) 600 mg/day

There is a lot of evidence on oral NAC at the 600 mg/day
dose because this is the maximum amount approved to date
in most countries.

3.1.1 Chronic Bronchitis
The definition of chronic bronchitis used in these studies
varied, with the most common being cough and sputum pro-

duction for at least 3 months in 2 consecutive years without
any indication for airflow obstruction. In a systemic review,
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Stey et al. [13] focused on the effects of NAC in chronic
bronchitis. Eleven randomized controlled studies (published
between 1976 and 1994) totalling 2540 patients randomized
to NAC or placebo were considered in that study. Data on
2011 patients (996 receiving oral NAC 400-600 mg/day and
1015 receiving placebo) were analysed to evaluate the effi-
cacy of NAC on exacerbation. Overall, 10.2% of patients
treated with NAC reported dyspepsia, diarrhoea or heartburn
during the study period, compared with 10.9% of patients
in the control group, leading the authors to conclude that
NAC was no more harmful than placebo in the treatment of
chronic bronchitis.

Similarly, Grandjean et al. [14] performed a meta-analysis
of published double-blind, placebo-controlled clinical trials
on chronic bronchitis, which included trials from 1980 to
1995 where NAC was administered orally at a daily dose
from 400 mg (one study, 203 patients enrolled) to 1200 mg
(one study, 129 patients enrolled); most studies reported on
NAC 600 mg (a total of 1076 patients enrolled). The mini-
mum duration of treatment was 3—6 months (seven studies).
The efficacy analysis showed that a prolonged course of oral
NAC prevented acute exacerbations and, in terms of safety,
that oral treatment with NAC was well tolerated. Adverse
effects were usually mild, mostly gastrointestinal, and did
not require treatment interruption. There were no significant
differences between the treated and placebo groups in terms
of adverse events.

Some of the studies in the two review articles reported
above may overlap because they analysed the same topic in
a similar time span, but, despite this limitation, the data sug-
gest that NAC 600 mg/day is well tolerated in these patients
over extended periods of treatment.

3.1.2 Chronic Obstructive Pulmonary Disease (COPD)

An open, randomized, parallel group, controlled study con-
ducted in Italy by Pela et al. [15] and lasting 6 months evalu-
ated 169 patients with moderate to severe COPD. Eighty-
four patients continued their standard therapy (2-agonists,
anticholinergics, theophylline, inhaled and/or oral corticos-
teroids) and 80 added NAC 600 mg once daily to their stand-
ard therapy. At the end of the study, three of six patients
in the NAC group experienced adverse effects, reporting
gastric complaints (two patients) and diarrhoea (one patient);
one patient dropped out of the study because of severe
adverse events. Gastric complaints were also reported by one
patient in the standard therapy group; one patient had loss of
appetite and one patient had pyrosis. The total dropout rate
was two patients in the NAC group and four patients in the
standard therapy group. The authors observed that NAC 600
mg/day was well tolerated, and the oral formulation likely
improves compliance with the treatment.
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A double-blind, double-dummy comparison between
active drug and placebo in two parallel groups explored the
effect of NAC 600 mg/day on the concentration of H,O, and
thiobarbituric acid reactive substances (TBARs) in expired
breath condensate and serum levels of two lipid peroxidation
products (TBARSs, lipid peroxides). Forty-four patients with
stable COPD were enrolled and completed the study [16]—
22 were assigned to NAC and 22 to placebo. The study
was an extension of the protocol for the BREATHE project
involving 44 patients (of the 295 in the BREATHE project
[17]). In the 12-month period of the study, two patients in
the NAC group and three in the placebo group experienced
gastrointestinal discomfort, pyrosis, and epigastralgia. The
authors affirmed that there was a low rate of adverse events
and noted that there were no clinically significant changes in
haematology, serum chemistry, electrocardiography or urine
analysis in both groups.

In the BRONCUS study [18], the effect of NAC on dis-
ease progression and exacerbation rate in patients with mod-
erate to severe COPD was evaluated using a multicentre,
randomized, double-blind, placebo-controlled design. The
study enrolled 523 patients; 256 were treated with NAC 600
mg/day and 267 were allocated to placebo. After 3 years
of treatment, 186 patients allocated to NAC completed
the study (vs. 168 in the placebo group). Among the 2809
adverse events reported (1428 in the NAC group and 1381
in the placebo group), most were related to COPD exacer-
bations (e.g. bronchitis, rhinitis, cough and dyspnoea), and
no adverse events were thought to be drug-related. In the
study, no significant differences in adverse event rates were
found between the treated and placebo groups, even when
considering the specific digestive/gastrointestinal symptoms
(Table 2). The study did not achieve its primary endpoint
of changing the rate of decline of forced expiratory volume
in the first second of expiration (FEV,) but did decrease
the number of COPD exacerbations in patients not taking
inhaled corticosteroids. Given the safety of NAC, the authors
suggested that the efficacy of NAC on COPD exacerbation
should be tested at higher doses.

In their meta-analysis, Cazzola et al. [19] examined
data from 13 studies on NAC treatment in COPD, explor-
ing the effect of high (> 600 mg/day up to 1200 mg/day)
versus low doses (< 600 mg/day). The authors concluded
that high doses should be administered to prevent exacerba-
tions in COPD. Overall, these authors did not find evidence
that NAC significantly increased the risk of adverse effects
(mainly gastrointestinal disorders) compared with placebo,
nor was there any evidence that the risk of an adverse reac-
tion was dose-dependent.

Thus, the safety data on oral NAC 600 mg daily in res-
piratory disease showed that the treatment is well tolerated
and the adverse events reported (mostly gastrointestinal)
were not more frequent than with placebo.

double-blinded,
placebo-con-

multicentre,
trolled

Study type
Randomized,

Most common
adverse effects,

NAC group
Not reported

specified in the

Other drugs
article

Control group
Placebo

No. of patients
CNTR

with AEs

recorded
18 NAC; 23

Study duration
24 weeks

Daily dose
900 mg X 3

NAC formula-

tion
Oral

Pathology

CF

NAC N-acetylcysteine, AE adverse events, /PF idiopathic pulmonary fibrosis, COPD chronic obstructive pulmonary disease, CF cystic fibrosis, CNTR controls, GERD gastroesophageal reflux

disease, IV intravenously, /CS inhaled corticosteroids, SABA short-acting B2-agonists, LABA long-acting B2-agonists, LAMA long-acting muscarinic antagonists, ST standard therapy

Table 1 (continued)

Study, year
Conrad et al.,
2015 [45]

A\ Adis



280

P. Calverley et al.

3.2 NAC 1200 mg/day
3.2.1 Chronic Bronchitis

Hansen et al. [20] evaluated general well-being in a mul-
ticentre, randomized, parallel group, placebo-controlled
study on the efficacy of NAC on chronic bronchitis. Seventy-
five patients were assigned to NAC 1200 mg (two 300-mg
controlled-release tablets twice daily) and 78 patients were
assigned to placebo. After 22 weeks of treatment, no serious
adverse events were recorded; however, one patient experi-
enced dizziness, leg pain, headache and palpitations, leading
to withdrawal from the study.

3.2.2 COPD

A large study of Chinese patients with COPD evaluated
the effects of oral NAC 600 mg twice daily on prevent-
ing acute exacerbation, in a multicentre, prospective, ran-
domized, double-blind, placebo-controlled, parallel-group
trial. The PANTHEON study [21] enrolled a total of 1006
patients who were randomly assigned to NAC 1200 mg
daily (n = 504; one 600-mg tablet twice daily) or placebo
(n = 502) in addition to their usual therapy. The study lasted
for 12 months and NAC treatment or placebo was added to
existing individual therapy. The study concluded that long-
term use of NAC 1200 mg daily is useful in preventing exac-
erbations, especially when disease is of moderate severity.
Safety analysis was performed on all patients who received
at least one dose of the study drug. Among the 146 patients
who had adverse effects in the treated group, 44 (9%) had
adverse events possibly related to the study product, as did
34 (of 130 [26%]) patients who received placebo (p = 0.29).
The most frequently reported adverse events were upper
and lower respiratory tract infections, gastrointestinal pain,
epigastric discomfort, pruritus, dizziness and diarrhoea.
Forty-eight (10%) patients who received NAC and 46 (9%)
patients who received placebo had serious adverse events,
such as hospitalization due to COPD, coronary artery dis-
ease, cerebral infarction, upper and lower respiratory tract
infection, and osteoarthropathy. Five patients (four from the
NAC group) died during the study but clinicians did not
consider any of the deaths to be related to treatment. The
authors observed that the overall safety profile of NAC 1200
mg/day was consistent with the established safety profile of
NAC 600 mg/day.

A similar safety profile was found in a smaller, double-
blinded, randomized, placebo-controlled trial (HIACE)
[22] that evaluated the effect of high doses of NAC (1200
mg; 600 mg effervescent tablets twice daily) on air trap-
ping and airway resistance of COPD. All patients continued
their standard therapy. An improvement in small airway
function and a decrease in the frequency of exacerbations

A\ Adis

was recorded in the group taking the higher NAC dose.
Among the 58 patients assigned to NAC for 1 year, 5.2%
showed mild adverse effects, mainly gastrointestinal symp-
toms (diarrhoea, gastroesophageal reflux disease). This rate
was similar in the placebo group (n = 62), i.e. five patients
(8%) experienced adverse effects. Three patients died for
reasons considered to be unrelated to treatment. A post hoc
analysis [23] of the HIACE data did not reveal differences
in terms of safety between the high and low exacerbation
risk subgroups.

In a smaller, randomized, double-blind, crossover study,
24 patients with moderate to severe COPD were allocated to
NAC 1200 mg (600 mg twice daily) or placebo for 6 weeks
and switched to the other condition for another 6 weeks
(after a 2-week washout period). The authors recorded only
mild epigastric discomfort in a few patients in the treatment
group [24].

In the randomized, double-blind, placebo-controlled trial
by Black et al. [25], 50 patients admitted to the hospital for
acute COPD exacerbations were enrolled and were randomly
assigned to placebo (n = 25) or oral NAC 600 mg effer-
vescent tablets two times daily (n = 25) in addition to the
standard treatment prescribed for their exacerbation. NAC
or placebo treatment was continued for 7 days or until dis-
charge. One of the patients treated with NAC reported nau-
sea, compared with two of the patients treated with placebo,
and there were no serious adverse events.

Zhang et al. [26] tested the efficacy of NAC on patients
with COPD with different genotypes. Three hundred and
sixty-eight patients were classified into two groups with dif-
ferent polymorphisms in their HO-1 gene promoter with or
without the L allele. All patients were allocated to standard
therapy plus NAC 600 mg twice daily over a 1-year period.
In both groups, patients reported gastrointestinal complaints
(8 in the L+ group and 15 in the L— group) and no other
major adverse events occurred. Ten patients died during the
study but no deaths were considered to be related to the
study products.

In 2015, while reviewing the available data on oral NAC,
Cazzola et al. [19] noted that patients with COPD taking
NAC 1200 mg/day had no more adverse effects than those
receiving placebo.

A recent meta-analysis aiming to compare the efficacy of
erdosteine, carbocysteine, and high-dose NAC (1200 mg/
day) on the risk of acute exacerbation of COPD compared
with placebo explored safety as a secondary endpoint [27].
In terms of safety, the authors concluded that among 523
patients chronically treated with NAC 1200 mg/day, about
18% had mild and well-tolerated adverse effects, with res-
piratory tract infection being the most common (10.85%)
followed by gastrointestinal disorders (4%).

Many studies on NAC have been performed on non-White
populations, raising the question of the possible different
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Table2 BRONCHUS and PANTHEON studies: treatment-emergent adverse events considered as being related to treatment, sorted by system
organ class and preferred term

BRONCUS: NAC 600 mg/day; safety population®

PANTHEON: NAC 600 mg twice daily (1200 mg/day); safety

population®
Body NAC 600 mg [n = 256] Placebo [n =267] Body NAC 600 mg twice daily Placebo [n = 495]
system/pre- system/pre-  [n = 495]
ferred term ferred term
No. of No. (%) of  No. of No. (%) of No. of No. (%) of  No. of No. (%) of
events patients events patients events patients events patients
Patients with 31 23 (9.0) 38 23 (8.6) Patients with 51 44 (8.89) 73 34 (6.87)
at least one at least one
definitely/ definitely/
possibly/ possibly/
probably probably
related related
adverse adverse
event event
Body as a Body as a
whole whole
Allergic 1 1(0.4) 0 0(0.0)
reaction
Fatigue 0 0 (0.00) 1 1(0.20)
Hernia 1 1(0.4) 0 0(0.0)
Neoplasm 0 0(0.0) 1 1(0.4)
Mucosal 1 1 (0.20) 0 0 (0.00)
dryness
Cardiovas- Cardiovas-
cular cular
Hyperten- 0 0(0.0) 1 1(0.4)
sion
Palpitation 1 1(0.4) 0 0(0.0)
Angina 0 0 (0.00) 1 1(0.20)
unstable
Coronary 1 1(0.20) 0 0 (0.00)
artery
disease
Extrasysto- 0 0 (0.00) 2 1(0.20)
les
Digestive Digestive
Abdominal 6 4(1.6) 2 2(0.7) Abdominal 4 4(0.81) 0 0 (0.00)
pain pain
Gastrointes- 9 8 (1.62) 10 7(1.41)
tinal pain
Dyspepsia 6 3(1.2) 18 7 (2.6) Dyspepsia 1 1 (0.20) 3 3(0.61)
Nausea 4 4(1.6) 1 1(0.4) Nausea 6 4(0.81) 3 1(0.20)
Diarrhoea 0 0(0.0) 2 1(0.4) Diarrhoea 2 2 (0.40) 3 3(0.61)
Dilation of 1 1(0.4) 0 0(0.0) Abdominal 1 1 (0.20) 0 0 (0.00)
stomach discomfort
Flatulence 1 1(0.4) 1 1(0.4) Abdominal 2 2 (0.40) 0 0 (0.00)
distension
Gastritis 1 1(0.4) 1 1(0.4) Epigastric 5 5(1.01) 8 6 (1.21)
discomfort
Vomiting 1 1(0.4) 0 0(0.0) Eructation 1 1 (0.20) 0 0 (0.00)
Constipation 0 0(0.0) 1 1(0.4) Gastric 1 1 (0.20) 0 0 (0.00)
infection
Duodenal 0 0(0.0) 1 1(0.4) Gastric ulcer 1 1 (0.20) 0 0 (0.00)
ulcer
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Table 2 (continued)

BRONCUS: NAC 600 mg/day; safety population® PANTHEON: NAC 600 mg twice daily (1200 mg/day); safety
population®
Body NAC 600 mg [n = 256] Placebo [n = 267] Body NAC 600 mg twice daily Placebo [n = 495]
system/pre- system/pre-  [n = 495]
ferred term ferred term
No. of No. (%) of  No. of No. (%) of No. of No. (%) of  No. of No. (%) of
events patients events patients events patients events patients
Gastroin- 0 0(0.0) 1 1(0.4) Gastroin- 1 1(0.20) 0 0 (0.00)
testinal testinal
disorder disorder
Sialadenitis 0 0(0.0) 1 1(0.4) Gastroe- 1 1(0.20) 4 3(0.20)
sophageal
reflux
Stomach 0 0(0.0) 1 1(0.4) Colonic 0 0 (0.00) 1 1(0.20)
ulcer polyp
Chest pain 1 1(0.4) 0 0(0.0) Constipation 0 0 (0.00) 3 1(0.20)
substernal
Gingivitis 0 0 (0.00) 2 1(0.20)
Mouth 0 0 (0.00) 1 1(0.20)
ulceration
Toothache 0 0 (0.00) 2 2 (0.40)
Metabolic Metabolic
and nutri- and nutri-
tional tional
Gout 0 0(0.0) 1 1(0.4)
Decreased 0 0 (0.00) 1 1(0.20)
appetite
Musculo- Musculo-
skeletal skeletal
Bone metab- 0 0 (0.00) 1 1 (0.20)
olism
disorder
Bone pain 0 0 (0.00) 2 2 (0.40)
Muscle 0 0 (0.00) 5 1(0.20)
oedema
Nervous Nervous
Tremor 1 1(0.4) 0 0(0.0) Tremor 1 1 (0.20) 0 0 (0.00)
Headache 0 0 (0.00) 1 1(0.20)
Dizziness 0 0 (0.00) 4 4(0.81)
Poor quality 0 0 (0.00) 1 1(0.20)
sleep
Respiratory Respiratory
Bronchitis 1 1(0.4) 3 3(1.1)
Rhinitis 1 1 (0.20) 0 0 (0.00)
allergic
Cough 1 1(0.4) 0 0(0.0) Cough 2 2 (0.40) 0 0 (0.00)
increased
Dyspnoea 1 1 (0.20) 0 0 (0.00)
Pharyngitis 1 1(0.4) 0 0(0.0)
Upper 4 4(0.81) 4 3(0.61)
respiratory
tract infec-
tion
Chest pain 0 0 (0.00) 1 1(0.20)
Chest dis- 0 0 (0.00) 1 1(0.20)
comfort
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Table 2 (continued)
BRONCUS: NAC 600 mg/day; safety population® PANTHEON: NAC 600 mg twice daily (1200 mg/day); safety
population®
Body NAC 600 mg [n = 256] Placebo [n = 267] Body NAC 600 mg twice daily Placebo [n = 495]
system/pre- system/pre-  [n = 495]
ferred term ferred term
No. of No. (%) of  No. of No. (%) of No. of No. (%) of  No. of No. (%) of
events patients events patients events patients events patients
Musculo- 0 0 (0.00) 1 1 (0.20)
skeletal
chest pain
Skin and Skin and
skin struc- skin struc-
tures tures
Rash 0 0(0.0) 1 1(0.4) Rash pruritic 0 0 (0.00) 2 2 (0.40)
Pruritus 1(0.4) 1 1(0.4) Pruritus 2 2 (0.40) 0 0 (0.00)
Urticaria 1 1(0.4) 0 0(0.0)
Urogenital Urogenital
Cystitis 1 1(0.4) 0 0(0.0)
Blood and
lymphatic
system
disorders
Lymph node 0 0 (0.00) 2 1(0.20)
pain
Hepato-
biliary
disorders
Hepatic 0 0 (0.00) 1 1(0.20)
lesion
Investiga-
tions
Alanine ami- 1 1 (0.20) 0 0 (0.00)
notrans-
ferase
increased
Heart rate 1 1 (0.20) 0 0 (0.00)
increased
Heart rate 1 1(0.20) 2 2 (0.40)
irregular
NAC N-acetylcysteine

#Zambon internal data from the BRONCUS study final report
®Zambon internal data from the PANTHEON study final report

effects of NAC in different populations. However, this may
be driven by comparing the data on adverse events related
to treatment reported in the safety population of the BRON-
CUS (White) and PANTHEON (Chinese) studies (Table 2).
Notably, the number of patients with adverse events consid-
ered to be related to study medication was generally low in
both studies, and no significant differences in the incidence
of adverse events were found between the groups (NAC
vs. placebo) in both studies. The type of adverse events
reported was similar between the studies and, in particular,
the adverse events affecting the digestive system were low

and similar between the treatment groups (NAC vs. placebo)
either at 600 mg/day or 600 mg twice daily (1200 mg/day),
without differences in the safety profile. Considering the
available data, it seems that NAC is equally well tolerated
in White and Chinese populations.

3.2.3 Bronchiectasis
In a recent, prospective, randomized, multicentre, controlled

trial, Qi et al. [28] evaluated the effect of NAC on exacerba-
tions of bronchiectasis (BENE study). The aim of the study
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was to assess whether the long-term use of oral NAC (600
mg twice daily, 12 months) reduced the incidence of exacer-
bations and improved the quality of life in patients with idi-
opathic or post-infective bronchiectasis. Eighty-one patients
received oral NAC and 80 were in the control group. NAC
was added to usual medications (inhaled corticosteroids and
long-acting P-agonist 45; inhaled short-acting p-agonist;
inhaled anticholinergics), which did not differ between the
two groups. Results show a reduction in the incidence of
exacerbations and improvement in quality of life in patients
treated with NAC compared with the control group. The
time to the first exacerbation was similar between the two
groups; however, significantly more patients remained
exacerbation-free in the NAC group than in the control
group. Serious adverse events were not observed during the
study period. The most common adverse events reported
were epigastric discomfort (9.9% in the NAC group, 7.5%
in controls); abdominal pain (2.5% in both groups); vomit-
ing (1.3% in the NAC group, 5% in controls); body odour
(6.2% in the NAC group, 0% in controls); anorexia or nausea
(8.6% in the NAC group, 10% in controls); diarrhoea (1.2%
in the NAC group, 3.8% in controls); dyspnoea (2.5% in the
NAC group, 6.3% in controls); rash (2.5% in the NAC group,
1.3% in controls) and hepatic dysfunction consisting of mild
elevation of liver enzymes (3.7% in the NAC group, 2.5% in
controls) and relieved by application of hepatoprotective or
antiallergic agents.

3.3 High Doses
3.3.1 COPD

A study by Hirai et al. [29] evaluated the effects of NAC
1800 mg daily on exercise tolerance in a small group of
patients with mild COPD. Nine patients were treated for
4 days. NAC increased circulating glutathione levels com-
pared with placebo, but there were no differences in exercise
tolerance; one patient had a mild adverse reaction (bloat-
ing and increased intestinal gas) that did not interfere with
activities of daily living.

In a longer, randomized, controlled, double-blinded trial
by Johnson et al. [30], patients with COPD received oral
NAC (effervescent tablets containing NAC 900 mg twice
daily) or placebo, in addition to their standard therapy, for 8
weeks. The study was designed to randomize 130 patients,
but patient enrolment was stopped in relation to an animal
model safety report [31] (see below) when 22 patients had
been assigned to placebo and 23 to NAC. The small num-
ber of patients precluded any efficacy assessment; NAC was
well tolerated and most adverse events were unrelated to the
study drug. Mild gastrointestinal symptoms were reported in
the NAC group more frequently than in the placebo group
(5/23 vs. 1/22).
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Table 3 Adverse events in the PANTHER-IPF study [37]

Combina- Placebo [n = 78] p value

tion therapy

[n=177]
Serious adverse event
Any 24 (31) 8 (10) 0.001
Respiratory system 12 (16) 4(5) 0.03
Infectious 5(6) 1(1) 0.12
Gastrointestinal system 1 (1) 3(4) 0.62
Cardiac 34) 0 0.12
General disorder® 3(4) 0 0.12
Neoplasm 23) 0 0.25
Metabolism 1(1) 0 0.50
Musculoskeletal system 0 1(1) 1.00
Nervous system 1(1) 0 0.50
Reproductive system 1(1) 0 0.50
Adverse event®
Any 68 (88) 61 (78) 0.09
General disorder 34 (44) 21 (27) 0.03
Skin 13 (17) 4(5) 0.02
Renal and urinary 10 (13) 1(1) 0.005

system

Data are expressed as number of patients (%)

*Included in this category were all serious adverse events that did not
fall into another body-system category, including adverse drug reac-
tions and drug fever

PListed are specific adverse events with a significant between-group
difference

The mice model studied by Sayin et al. [31] suggested
that antioxidant supplementation (NAC or vitamin E) speeds
up progression of non-small-cell lung cancer in tumour-
prone mouse models with no role in tumour initiation and/
or chemoprevention. Furthermore, it is not obvious how an
effect found in established lung cancer caused by mutation
in K-ras or B-raf in a mouse model relates to clinical prac-
tice. Considering that NAC has a long history and has been
widely used and studied, it seems reasonable to believe that
if NAC had a cancer-promoting effect in man, it would be
evident by now. At present, the clinical benefits gained by
patients with chronic respiratory conditions outweigh the
unsubstantiated risk of promoting lung cancer. Other studies
[32-34] used 1800 mg/day doses in patients with COPD, but
information on safety was not clearly reported.

3.3.2 Idiopathic Pulmonary Fibrosis

Many trials have used oral NAC 1800 mg/day in IPF. A
dose of 1800 mg/day was tested in 18 patients with an estab-
lished diagnosis of IPF [35]. Patients were treated with 600
mg NAC three times daily for 12 weeks in addition to their
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latest immunosuppressive therapy. The sample was small
and seven patients experienced temporary gastrointestinal
symptoms (diarrhoea, mild nausea); coughing was inten-
sified in three patients (17%) and improved in one patient
(6%). Increased amounts of sputum were reported by three
patients (17%).

The IFIGENIA trial was the first controlled study to
assess the efficacy of NAC (effervescent tablets 600 mg
three times daily) added to standard therapy (prednisone
and azathioprine) in IPF [36]. In this double-blind, rand-
omized, placebo-controlled multicentre study, 182 patients
were randomly assigned to treatment (92 to NAC and 90 to
placebo), and 80 and 51 patients, respectively, completed the
1-year period of treatment. In the treated group, NAC added
to therapy preserved vital capacity and diffusing capacity
of lung for carbon monoxide (DLCO) in patients with IPF
better than standard therapy alone. The overall incidence of
adverse effects did not differ between the groups, with the
exception of those related to bone marrow toxicity, which
was more frequent in controls (4% vs. 13%). Although the
authors concluded that adding NAC at high doses to pred-
nisone and azathioprine in IPF treatment was well tolerated,
the lack of placebo groups for prednisone and azathioprine
meant that there was no consensus about the safety and effi-
cacy of NAC in this condition.

Other trials were designed to further explore this topic.
The PANTHER-IPF trial explored efficacy in terms of pres-
ervation of forced vital capacity of the three-drug regimen
versus NAC alone [37]. In this randomized, double-blind,
placebo-controlled trial, patients with IPF with mild to mod-
erate impairment in lung function were assigned to one of
the following groups: combination therapy (prednisone, aza-
thioprine, and NAC), NAC alone, or placebo. NAC was pre-
scribed at 600 mg orally three times daily. In an interim anal-
ysis performed at about 50% of enrolment, increased rates of
death and hospitalization were found in the group receiving
the combination therapy regimen (77 patients) compared
with placebo, and that arm of the study was stopped (at
about 32 weeks of the 60 weeks planned), but the trial con-
tinued as a two-group study (133 patients taking NAC 1800
mg daily vs. 131 receiving placebo). After 60 weeks, the rate
of deaths was similar in both groups; frequencies of serious
adverse events (respiratory, infectious, cardiac and gastro-
intestinal) did not significantly differ between the groups
except for cardiac disorders, which were more frequent in
the NAC group (6.8% vs. 1.4%), and gastrointestinal com-
plaints, reported in the placebo (4.6%) group but not in the
NAC group [38] (Table 3). The underlying mechanisms and
the characterization of these events remain unclear. It should
be noted that cardiac comorbidities are quite common in
IPF patients [39] and the placebo arm of the study was not
exempted from these events. The analysis of the postmarket-
ing database of all available safety data collected in almost

50 years (marketing authorization for oral NAC was received
in 1972) and obtained from more than 800 million exposed
patients, did not raise safety concerns, including effects on
cardiovascular and hepatic systems (Zambon internal data).

Some studies were designed to further explore the
rationale of adding NAC at high doses to other types of
IPF treatment. Huang et al. [40] performed a double-blind,
placebo-controlled, randomized, multicentre clinical trial
on 76 Chinese patients with IPF with mild to moderate
impairment of pulmonary function randomly allocated
to pirfenidone (n = 38) or placebo (n = 38) plus NAC
1800 mg (600 mg three times daily) for 48 weeks. Patients
were assessed at weeks 1, 2, 4, 12, 24, 36 and 48. Primary
endpoints were the change in forced vital capacity in the
maximal distance on the 6-minute walk test from baseline
to week 48. Safety was evaluated at each visit based on
clinical and laboratory findings as well as adverse events.
In the pirfenidone + NAC group, the rate of adverse events
was significantly higher than in the placebo + NAC group
(52.63% vs. 26.3%, p = 0.03). Mild to moderate skin-
related adverse events were reported more frequently
in the pirferidone + NAC group, and were reported as
reversible and without any clinical sequela. Liver impair-
ment was also reported; in two patients (2.7%) aspartate
aminotransferase (AST) levels were more than threefold
above the upper limit of normal. Three patients dropped
out of this group because of adverse events (rash, back
pain, increase in alanine aminotransferase (ALT) and
AST levels). Gastrointestinal and skin related events were
the most commonly reported adverse events; these were
almost always mild to moderate in severity and rarely led
to treatment discontinuation. Elevations (> 3 X upper limit
of normal) in ALT or AST occurred in 21/789 (2.7%)
patients; the adjusted incidence of AST/ALT elevations
was 1.7 per 100 patient exposure years.

Gastrointestinal-related events, weight loss, back pain,
and changes in hepatic function were reported equally in the
two groups. Two patients in each group died as a result of
serious adverse events related to IPF. The authors concluded
that the association of high-dose NAC and pirfenidone is
generally well tolerated and prolonged progression-free sur-
vival in their population.

Another multicentre, double-blind, randomized trial
(PANORAMA study) evaluated the association of NAC and
pirfenidone [41]. The primary aim of that study was to assess
the safety of a treatment regimen commonly used in clinical
practice. Patients were randomly allocated to pirfenidone
(at least 1602 mg/day) and NAC (600 mg dispersible tablets
three times daily) or pirfenidone and placebo. Among the
61 patients in the treated group, 51 completed the 24-week
study period (55/62 in the placebo group). Adverse events
were collected at baseline, at each study visit and at follow-
up (28 days after the final dose of study drug). Seventy-nine
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percent of the patients reported 322 treatment-emergent mild
or moderate adverse events, most of which were considered
unrelated to the study treatment. Of the treatment-emergent
adverse events reported by more than 5% of patients overall
(cough, photosensitivity reaction, nasopharyngitis, diar-
rhoea, nausea, dyspnoea, bronchitis, upper respiratory tract
infection), photosensitivity was more frequently reported in
the NAC group compared with the placebo group (13% vs.
2%); cardiac adverse events were reported by one patient
receiving NAC (atrial fibrillation) and by two patients
receiving placebo (arrhythmia and atrial fibrillation). Only
one severe adverse event of diarrhoea reported in the NAC
group was considered to be related to treatment and the
patient dropped out of the study. A further three patients
discontinued NAC and pirfenidone due to nausea (consid-
ered related to treatment) and rash (considered related to
treatment). Seven patients experienced serious treatment-
emergent adverse events, but none were considered related
to treatment. Four deaths occurred during the study, but they
were not considered to be related to treatment. The authors
did not find a clinical advantage in the association of NAC
and pirfenidone and concluded that although safety data did
not suggest that NAC affected the tolerability of pirfenidone,
their findings did not support a rationale for combining the
two drugs.

A further analysis of the PANTHER data considering the
interaction between genotype (single nucleotide polymor-
phisms within TOLLIP and MUC5B) and the drug admin-
istered highlighted the interaction between NAC and some
specific polymorphisms [39]. The results were replicated
in an independent cohort of patients, indicating that the
effects of NAC on patients with IPF depend on genotype
characteristics. The authors observed good efficacy of NAC
in patients with IPF with a rs3750920 (TOLLIP) TT geno-
type, but a trend towards harm in those with a CC genotype
was also reported. These findings highlight that it is impor-
tant to consider the susceptibility of different genotypes to
the effects of NAC when exploring its efficacy and safety in
patients with IPF.

3.3.3 Cystic Fibrosis

NAC has been reported to reduce the viscosity of sputum in
both CF and COPD, facilitating the removal of pulmonary
secretions [42]. Moreover, by maintaining airway clearance,
it could prevent bacterial stimulation of mucin production
and hence mucus hypersecretion [43].

The use of thiol derivates such as NAC in CF is still a
matter of debate. A review concluded that evidence to sup-
port the prescription of these compounds in clinical practice
is still poor, but further studies were encouraged due to some
promising results [44].
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Subsequently, one study included 70 patients with CF
who received NAC (900 mg) or placebo orally three times
daily for 24 weeks [45]. Stable or slightly increased lung
function was observed in the treated group (mean FEV, at
baseline 62.9 + 13.4). Conversely, the control group showed
a 4-6% reduction in lung function compared with baseline
(mean FEV | at baseline 63.8 + 13.2).

Similarly, in an open-label, controlled, randomized study,
Skov et al. [46] evaluated the effect of 4 weeks of oral NAC
treatment (1200 mg three times daily) on the biochemical
parameters of oxidative stress in adults with CF and chronic
lung infection due to Pseudomonas aeruginosa, and found
an improvement in lung function although this was not sig-
nificant. Among the 11 patients in the treated group, one
discontinued NAC due to stomach pain; no other adverse
events were observed. The treatment was considered well
tolerated and worthy of further investigations on larger sam-
ples to assess its potential clinical efficacy.

CF is characterized by recurrent and chronic respira-
tory tract infections with polymorphonuclear neutrophil
inflammation. As a consequence, there is an increased bur-
den from oxidative stress, which can be counteracted by
increasing glutathione production with NAC. To evaluate
the efficacy of NAC in this theoretical frame, Tirouvanziam
et al. [47] designed an unblinded dose-escalation tolerabil-
ity and exploratory efficacy phase I trial where 18 patients
with CF were assigned to NAC treatment (0.6, 0.8, and 1.0
g/day three times daily) for a 4-week period. The authors
found that short-term high-dose oral NAC treatment sig-
nificantly increased glutathione levels in blood neutrophils
and whole-blood glutathione levels in patients with CF. The
treatment proved to be well tolerated at all three doses and
mild adverse effects were reported, such as bad taste, heart-
burn, nausea, flatulence.

4 Other Formulations

Oral NAC is the most commonly used formulation in res-
piratory diseases but some studies explored the safety of
other formulations in some of these conditions.

4.1 Intravenous NAC

In their study, Meyer et al. [48] administered NAC intrave-
nously to eight patients with IPF and six healthy controls.
The two administrations were 500 mL of glucose solution
containing 1800 mg of NAC and 4800 mg of NAC added to
glucose solution. Each patient received both doses in random
order, with 1 week intervening between administrations.
Healthy individuals received three different doses of NAC
each week (600 mg, 1800 mg and 4800 mg). The safety
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evaluation revealed no adverse events associated with the
study drug, which did not affect the lower respiratory tract.

4.2 Inhaled NAC
4.2.1 ldiopathic Pulmonary Fibrosis

It has been hypothesized that treatment with high doses
of NAC may repair an oxidant—antioxidant imbalance that
occurs in the lung tissue of patients with IPF. The use of
NAC in IPF is therefore a topic of increasing interest. In
a prospective, controlled, randomized, multicentre, clini-
cal trial performed in Japan, Homma et al. [49] enrolled
100 patients with IPF and randomly assigned them to an
NAC group (352.4 mg twice daily by inhalation) or a control
group. The study lasted for 48 weeks and data on safety were
recorded on 90 patients and efficacy on 76 (38 in the NAC
group and 38 in the control group) due to non-administra-
tion of NAC, protocol violations or missing data. Common
reported adverse events were bacterial pneumonia, cough,
sore throat, and hypercholesterolaemia, but there was no dif-
ference in terms of the number of adverse events between the
groups. Furthermore, the authors commented that treatment
with NAC was generally well tolerated because the severity
of the adverse events did not reach grade 2 on the grad-
ing scale used [Common Terminology Criteria for Adverse
Events (CTCAE) v3.0; https://ctep.cancer.gov/].

A study by Okuda et al. [50] enrolled 28 patients with
mild to moderate IPF in their single-centre, single-arm, pro-
spective clinical trial. Inhaled NAC (352.4 mg twice daily)
was administered for 26 weeks and changes in forced vital
capacity were recorded. Data on changes 26 weeks before
NAC administration were compared with data on changes
in the 26 weeks of NAC treatment. Inhaled NAC signifi-
cantly attenuated the decline in forced vital capacity in
cases of mild to moderate IPF. Two patients experienced
adverse events (drug-induced pneumonitis and cough),
which partially and completely improved by discontinuing
NAC inhalation. One patient experienced mild mediastinal
emphysema but was able to continue inhaled NAC therapy.
Overall, the authors conclude that inhaled NAC was well
tolerated considering that the severity of the adverse events
was generally mild to moderate.

In their retrospective observational study on patients with
early untreated IPF, Muramatsu et al. [51] explored the effect
of 12 months of treatment with inhaled NAC (352.4 mg
twice daily dissolved in saline solution to a volume of 6
mL) on 22 patients. They aimed to study the effect of NAC
monotherapy on the systemic oxidant—antioxidant imbalance
in patients with IPF, and they measured the status of redox
balance in whole-blood and urine samples (compared with
a control group of healthy volunteers) as well as the clinical
effects. More than half of the patients experienced some

mild adverse events (12/22 cough, and 3/22 discomfort of
the pharynx), which did not prevent them from continuing
the treatment. The study concluded good efficacy of NAC
inhaled therapy associated with an improved redox balance;
however, the lack of a placebo control group decreases the
strength of the results and makes it difficult to attribute
adverse effects to treatment with certainty.

In a recent case-control study, Sakamoto et al. [52] used
inhaled NAC in combination with pirfenidone in 34 patients
with IPF treated for 12 months (a control group was treated
with pirfenidone alone). Patients in the experimental group
received inhaled NAC twice daily (352.4 mg diluted with
saline to a total volume of 6 mL) in addition to pirfenidone
(1800 mg/day). Most of the adverse effects observed in the
NAC plus pirfenidone group (assessed using the grading
scale of the CTCAE v3.01; https://ctep.cancer.gov/) resolved
after reducing or temporarily discontinuing pirfenidone.
Inhaled NAC was therefore considered well tolerated in this
group because the adverse effects were related to pirfenidone
therapy.

Only one older study evaluated higher doses. Borok et al.
[53] administered an inhaled formulation of glutathione
(600 mg twice daily for 3 days) to 10 patients with IPF and
19 healthy non-smokers as controls for 3 days. The results
showed that inhaled therapy of IPF with glutathione was
well tolerated and had biologic efficacy because it interacted
favourably with both intracellular and extracellular events,
resulting in a net reduction in the oxidant burden at the alve-
olar epithelial surface.

4.2.2 Cystic Fibrosis

In patients with CF, Tam et al. [44], in their review on the
use of thiol derivates such as NAC, reported that nebulized
thiol derivatives were generally well tolerated.

5 Conclusion

Studies of high doses of NAC (up to 3000 mg/day) in res-
piratory diseases with explicit reports on safety found that
NAC was safe and well tolerated. In general, the safety pro-
file is similar at both the high and standard doses.
Gastrointestinal symptoms were reported when NAC was
administered orally; however, in most of the studies, the gas-
trointestinal symptoms were not more common than in the
control group. Cough with inhaled NAC was also common
but did not prevent patients from continuing the treatment.
NAC alone or in combination therapy has been found to be
well tolerated in chronic bronchitis, COPD and CF. How-
ever, attention should be paid in cases of IPF; a three-drug
regimen (prednisone, azathioprine and NAC) potentially
increased the rate of deaths [37] and cardiac disorders when
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used at a dose of 1800 mg/day in these patients [38]. Why
this should be the case remains unclear.

Fewer studies have explored inhaled formulations, but
similar safety profiles were reported. This remains a prom-
ising route for the delivery of higher doses of this versatile
drug directly to the lungs. Future clinical trials can be con-
ducted in diseases such as COPD and CF with the confi-
dence that a range of oral doses of NAC are both well toler-
ated and safe for chronic use in these diseases.
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