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A B S T R A C T

Background: N-acetylcysteine (NAC) 600mg twice daily is a well-tolerated oral antioxidant mucolytic that re-
duces the risk of moderate to severe chronic obstructive pulmonary disease (COPD) exacerbations. PANTHEON
was one of the largest studies to evaluate NAC in COPD. It recruited current, ex- and never-smokers, con-
comitantly treated with other medications, and used a symptom-based definition of COPD exacerbations rather
than the conventional healthcare resource utilisation (HCU) criteria.
Methods: This manuscript reports post-hoc analyses of the PANTHEON dataset investigating whether smoking
status or use of concomitant medications influenced the efficacy of NAC in terms of reducing exacerbations,
defined according to HCU.
Results: Compared with placebo (N=482), NAC (N=482) reduced the rate of HCU events by 20%
(p=0.0027), with a larger effect in current/ex-smokers (23%; p < 0.01). In patients receiving NAC and long-
acting inhaled bronchodilator(s) but no ICS, there was a 60% reduction in the rate of exacerbations compared to
those receiving placebo, long-acting bronchodilator(s) and ICS (p < 0.0001).
Conclusions: Overall, these post-hoc hypothesis-generating analyses confirm that NAC reduces the rate of COPD
exacerbations, particularly in patients with COPD who have a significant smoking history, and in those not
treated with ICS. NAC may provide an alternative to ICS-containing combinations in these patient subgroups.
Clinical trial registration: Chinese Clinical Trials Registry, ChiCTR-TRC-09000460.

1. Introduction

Chronic obstructive pulmonary disease (COPD) severity is assessed
in terms of both current symptoms and future exacerbation risk [1].
Although symptoms are often the main reason for patients to seek care,
much of the COPD-related cost and healthcare resource utilisation
(HCU) is due to exacerbations [2–5]. The recommended first-line

treatments to reduce symptoms and prevent exacerbations are inhaled
long-acting bronchodilators, alone or in combination, with inhaled
corticosteroids (ICSs) recommended for patients at high risk of ex-
acerbations, or who also have features of asthma [1].

N-acetylcysteine (NAC) is a well-tolerated oral antioxidant muco-
lytic that reduces the risk of COPD exacerbations [6,7]. One of the
largest studies to evaluate NAC efficacy was the PANTHEON study

https://doi.org/10.1016/j.rmed.2018.12.014
Received 11 October 2018; Received in revised form 20 December 2018; Accepted 21 December 2018

Abbreviations: BMI, body-mass index; CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HCU, healthcare resource utilisation; ICS, inhaled corti-
costeroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; NAC, N-acetylcysteine; RR, rate ratio; SABA, short-acting β2-agonist; SAMA, short-
acting muscarinic antagonist

∗ Corresponding author. Research Centre on Asthma and COPD, University of Ferrara, Ferrara, Italy.
E-mail address: ppa@unife.it (A. Papi).

1 AP and JZ are co-first authors.

Respiratory Medicine 147 (2019) 37–43

Available online 09 January 2019
0954-6111/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09546111
https://www.elsevier.com/locate/rmed
https://doi.org/10.1016/j.rmed.2018.12.014
https://doi.org/10.1016/j.rmed.2018.12.014
mailto:ppa@unife.it
https://doi.org/10.1016/j.rmed.2018.12.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmed.2018.12.014&domain=pdf


(Placebo-controlled study on efficAcy and safety of N-acetylcysTeine
High dose in Exacerbations of chronic Obstructive pulmoNary disease),
which randomised 1006 patients with COPD to either NAC 600mg
twice daily or placebo in addition to existing therapy [8]. Over 1 year,
the rate of COPD exacerbations was significantly lower in the NAC
group, with a similar rate of adverse events in both groups.

Whereas randomised trials in COPD typically recruit current and ex-
smokers, PANTHEON also recruited never-smokers, and patients were
permitted to receive a range of background medication for the duration
of the study. Furthermore, the definition of exacerbations in PANTH-
EON was based on the symptom-based criteria of Anthonisen et al. [9],
rather than more commonly used HCU criteria [1]. In a previous study
(BRONCUS), which recruited only current and ex-smokers, a lower dose
of NAC (600mg per day) had no effect on HCU-defined exacerbations in
the overall population, but there was a suggestion of an effect in pa-
tients not receiving inhaled corticosteroids (ICSs) [10].

We therefore decided to conduct a series of post-hoc analyses to
investigate: whether the exacerbation definition influenced the main
results; to evaluate the effect of NAC 600mg twice daily in current and
former smokers; and to examine the effect of NAC 600mg twice daily in
patients receiving different background COPD medication, specifically
long-acting β2-agonists (LABAs) or long-acting muscarinic antagonists
(LAMAs).

2. Materials and methods

The design of PANTHEON has been published [11], as have the pre-
planned results [8]. This was a randomised, double-blind, placebo-
controlled, parallel-group study conducted at 34 hospitals in China.
Following screening and a two-week run-in, 1006 patients were ran-
domised equally to receive either NAC 600mg twice daily or matching
placebo in addition to usual COPD maintenance medications. Rando-
misation was stratified according to baseline ICS use, with all patients,
investigators, and site staff blinded to treatment for the study duration.
Patients returned for clinic visits at Months 1, 3, 6, 9 and 12.

All recruited patients had a clinically confirmed diagnosis of COPD
(based on Global Initiative for Chronic Obstructive Lung Disease
[GOLD] 2011 recommendations), had experienced ≥2 COPD exacer-
bations in the previous two years but were clinically stable for the four
weeks prior to enrolment, were aged 40–80 years, and had post-
bronchodilator forced expiratory volume in 1 s (FEV1) 30–70% pre-
dicted and FEV1 to forced vital capacity ratio< 0.7. The main exclusion
criteria were poor reliability or compliance, and a clinically confirmed
diagnosis of bronchial asthma (based on Global Initiative for Asthma
2011 recommendations, specifically recurrent episodes of respiratory
symptoms such as wheezing, breathlessness, chest tightness, and
coughing, and confirmed by variable airflow obstruction). All patients
provided written informed consent prior to any study-related proce-
dure. The study was approved by local ethics committees and was
performed in accordance with the principles of the Declaration of
Helsinki, and the International Conference on Harmonization Notes for
Guidance on Good Clinical Practice (ICH/CPMP/135/95). This trial is
registered in the Chinese Clinical Trials Registry, ChiCTR-TRC-
09000460.

The primary endpoint was annual exacerbation rate. In the pre-
planned analyses, exacerbations were defined based on data collected
from daily patient diaries or hospital visits according to the symptom-
based criteria used by Anthonisen et al., with severity graded as: severe,
all three major symptoms present (worsening dyspnoea, increase in
sputum purulence and increase in sputum volume); moderate, two of
the major symptoms; mild, one major symptom plus at least one minor
symptom (upper respiratory tract infection in the previous five days,
increased wheezing, increased cough, fever unexplained by other
causes, or a 20% increase in respiratory rate or heart rate above base-
line) [9,11]. However, given many clinical trials define exacerbations
by HCU criteria, we applied the following event-based criteria in these

post-hoc analyses:

• Mild: resulted in an increase in respiratory symptoms that were
managed by the patient with an increase in usual medications, based
on data collected in daily patient diaries;

• Moderate: required treatment with systemic corticosteroids and/or
antibiotics;

• Severe: resulted in hospitalisation or death.

Exacerbations were also grouped as moderate-to-severe and overall
(i.e., mild, moderate and severe) events.

3. Statistical methods

The post-hoc analyses reported here were not formally powered and
the reported p values should be viewed as being indicative rather than
definitive. The adjusted mean exacerbation rates and rate ratios (RRs)
were analysed using a negative binomial regression model, with
number of COPD exacerbations as dependent variable, treatment, ICS
use, GOLD stage, smoking status, and body-mass index as factors, and
age as covariate. Log-time on study in years was used as an offset, to
adjust for patients who withdrew prematurely from the study; this as-
sumed there was no relationship between the response and the missing
outcome, i.e., the event rate after withdrawal from the study is the same
as the event rate on study treatment. All analyses reported in this
manuscript were on the set of patients who received at least one dose of
study medication and had a record of at least one follow-up study visit.

4. Results

Baseline demographics and disease characteristics were well ba-
lanced between the two groups (Table 1), with a similar proportion of
patients completing in both arms (75% with NAC and 76% with pla-
cebo; Fig. 1).

Table 1
Baseline demographics and disease characteristics.

Parameters NAC (N=504) Placebo
(N=502)

Sex, n (%)
Female 89 (18) 93 (19)
Male 415 (82) 409 (81)

Age (years), mean (SD) 66.2 (8.7) 66.4 (8.8)
Smoking status, n (%)
Current smoker 95 (19) 84 (17)
Ex-smoker 285 (57) 303 (60)
Never smoker 124 (25) 115 (23)

BMI (kg/m2), mean (SD) 23.1 (3.7) 22.8 (3.6)
Exacerbations in previous 2 years, mean

(SD)
3.47 (2.01) 3.53 (1.95)

Predicted post-bronchodilator FEV1 (%),
mean (SD)

49.1 (11.9) 48.8 (11.7)

Post-bronchodilator FEV1/FVC (%), mean
(SD)

50.0 (10.0) 49.0 (9.8)

COPD medication at entry to the study, n (%)
ICS alone 22 (4.4) 21 (4.2)
ICS-LABA combination 236 (46.8) 243 (48.4)
LABA 11 (2.2) 13 (2.6)
LAMA 48 (9.5) 50 (10.0)
SABA 54 (10.7) 60 (12.0)
SAMA 77 (15.3) 81 (16.1)
Theophylline 135 (26.8) 134 (26.7)

NAC = N-acetylcysteine; BMI= body-mass index; FEV1= forced expiratory
volume in 1 s; FVC= forced vital capacity; COPD= chronic obstructive pul-
monary disease; ICS= inhaled corticosteroid; LABA= long-acting β2-agonist;
SABA= short-acting β2-agonist; SAMA= short-acting muscarinic antagonist;
LAMA= long-acting muscarinic antagonist.

A. Papi et al. Respiratory Medicine 147 (2019) 37–43

38



4.1. Exacerbation definition

In the original symptom-based analysis, NAC significantly reduced
the overall rate of exacerbations by 22% versus placebo (RR 0.78 [95%
CI 0.67, 0.60]; p= 0.0011), with rates of 1.16 exacerbations per pa-
tient per year with NAC and 1.49 with placebo (497 exacerbations in
274 patients receiving NAC and 641 exacerbations in 291 patients re-
ceiving placebo) [8]. Using the HCU-based criteria, the reduction in the
overall rate of exacerbations with NAC was consistent with the original
analysis, with a significant 20% reduction versus placebo (RR 0.80
[0.69, 0.93]; p= 0.0027) (Fig. 2), and rates of 1.09 and 1.37 per pa-
tient per year, respectively (491 exacerbations in 274 patients receiving

NAC and 610 exacerbations in 291 patients receiving placebo).
Most exacerbations in both groups were moderate in severity, for

which there was a significant 18% reduction with NAC compared with
placebo (p= 0.0275; Fig. 2). Additionally, there was a statistically
significant 26% reduction in the rate of mild exacerbations
(p= 0.0337). Severe exacerbations were infrequent, and although
there was a numerical reduction with NAC, the difference did not reach
statistical significance.

4.2. Smoking status

In the subset of patients who were current or ex-smokers, the

Fig. 1. Patient flow diagram. NAC = N-acetylcysteine.

Fig. 2. Adjusted annualised rates (and 95% CIs) of exacerbations by exacerbation severity in the overall population, together with risk reductions (and 95% CIs).
*p < 0.05; **p < 0.01. CI = confidence interval; NAC = N-acetylcysteine.
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reduction in the overall rate of exacerbations for NAC was similar to
that in the overall population, with a significant 23% reduction versus
placebo (p=0.0025; Fig. 3), and a significant 23% reduction in mod-
erate exacerbations (p=0.0156). Although the rates of mild and severe
exacerbations were lower with NAC than placebo, the reductions did
not reach significance. In the subset of never-smokers, all evaluable
rates were lower with NAC than placebo, but the reductions did not
reach statistical significance (Supplementary Fig. 1).

4.3. Background COPD medication

When exacerbation rates were analysed according to background
medication, the rates were lower in patients receiving NAC than pla-
cebo. The majority of events in each subgroup were moderate in se-
verity, with severe exacerbations being infrequent (Fig. 4a [overall] 4b
[moderate and severe], and Supplementary Fig. 2 [moderate]).

In general, the efficacy of NAC was highest in patients not receiving
ICS as background COPD medication. There was a significant 27% re-
duction in the rate of all exacerbations (i.e., mild, moderate and severe)
with NAC vs placebo in the ICS naïve subgroup, and a significant 49%
reduction with NAC vs placebo in addition to one or more long-acting
bronchodilator but without ICS (Fig. 4a). For moderate-to-severe ex-
acerbations, there was a significant 57% reduction when NAC rather
than placebo was added to LABA without ICS, although this was a re-
latively small subgroup (Fig. 4b); similar results were observed for
moderate exacerbations (Supplementary Fig. 2).

Given these results, an additional subgroup analysis was conducted
to evaluate the efficacy of NAC added to long-acting inhaled broncho-
dilator(s) without ICS compared to placebo plus long-acting broncho-
dilator(s) with ICS. As shown in Fig. 5, for NAC plus bronchodilators
versus bronchodilators plus ICS there was a significant 60% reduction
in the overall rate of exacerbations, a significant 64% reduction in the
rate of moderate exacerbations, and a significant 88% reduction in the
rate of severe exacerbations.

5. Discussion

There is growing evidence that antioxidants prevent exacerbations
in patients with COPD [8,12]. In the original PANTHEON analysis,

using the symptom-based Anthonisen definition of exacerbations, NAC
reduced the exacerbation rate by 22% versus placebo. When the event-
based definition was applied, there was a very similar 20% reduction in
the rate of overall exacerbations (i.e., mild, moderate and severe).
Furthermore, the rates of symptom-based and event-based exacerba-
tions were similar (1.16 and 1.09, respectively, for NAC and 1.49 and
1.37 for placebo), suggesting that the two definitions generally identify
the same patient event.

Given most clinical trials define exacerbation rate (and severity)
using criteria similar to our event-based criteria, the updated analyses
make it possible to compare the effect of NAC with other interventions
targeted at exacerbations, most of which were studied using the nar-
rower HCU definition of moderate-to-severe exacerbations. The 18%
reduction in these events with NAC versus placebo in PANTHEON is
broadly consistent with a range of other studies in which patients were
permitted a range of background medication. For example, roflumilast
significantly reduced the rate of moderate-to-severe exacerbations by
19% compared with placebo in a 1-year study [13], maintenance use of
azithromycin significantly reduced the rate of moderate-to-severe ex-
acerbations by 17% compared with placebo [14], and in UPLIFT the use
of a LAMA reduced the rate of moderate-to-severe exacerbations by
14% compared with placebo [15]. The results of PANTHEON are also
consistent with those from studies in which background medication was
more highly controlled. In TORCH, an ICS/LABA combination reduced
the rate of moderate-to-severe exacerbations by 12% compared with
LABA alone and 9% compared with ICS alone (both p < 0.001) [16].
The results are also consistent with those of six studies that have
evaluated the efficacy of single-inhaler ICS/LABA/LAMA triple therapy
[17–22], with reductions in the rate of moderate-to-severe exacerba-
tions of 20% compared with LAMA alone [19], 15–35% vs ICS/LABA
[17,18,21], and 15–52% vs LABA/LAMA [20–22].

COPD clinical trials typically exclude non-smoking patients.
However, there is a growing recognition that a substantial proportion of
patients with COPD have never smoked. Many are believed to develop
COPD as a consequence of early events, such as premature birth, re-
current infections in childhood, or poor nutrition [23]. Others are
thought to develop COPD due to exposure to indoor, occupational, or
environmental pollution [24]. This is not only an issue in low- and
middle-income countries [25] – more than 25% of patients with COPD

Fig. 3. Adjusted annualised rates (and 95% CIs) of exacerbations by exacerbation severity in current and ex-smokers, together with risk reductions (and 95% CIs).
*p < 0.05; **p < 0.01. CI = confidence interval; NAC = N-acetylcysteine.
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in developed countries are never-smokers [26]. The population re-
cruited into PANTHEON is therefore more likely to be generalisable
than typical clinical trials, with approximately 24% of the recruited
patients being never-smokers. In the subgroup of patients in PANTH-
EON who were current or ex-smokers, there was a significant 23% re-
duction in the rate of both overall and moderate-to-severe exacerba-
tions, with a trend towards a lower rate of exacerbations with NAC in
the never smokers, although this reduction did not reach statistical
significance. Whether this finding reflects the lower statistical power in
the never smoking subgroups or differences in the biology of disease
between different causes of COPD cannot be answered here, but merits
further study.

NAC is typically used as add-on therapy, and it is important to
understand how background COPD medication impacts its efficacy.
Unlike typical controlled trials that prohibit or limit the use of back-
ground medication, the PANTHEON population was receiving a wide
range of COPD treatment. NAC was most effective in patients not re-
ceiving ICS. Although compared with the placebo group there were
fewer exacerbations in NAC treated patients taking ICS, none of these
reductions was statistically significant. These data are consistent with
the earlier BRONCUS study, in which patients received NAC for three
years, although at a lower dose of 600mg daily [10].

The greater efficacy in the non-ICS subgroups led to the additional
hypothesis that NAC could be added to bronchodilator therapy in place

Fig. 4a. Adjusted rate ratios (and 95% CIs) for
overall exacerbations, NAC versus placebo, in
subgroups according to baseline medication use.
Rate ratios in bold indicate a significant reduc-
tion versus placebo; *p < 0.05; **p < 0.01.
The patient numbers in brackets are for NAC
then placebo. aInsufficient patients were in-
cluded in the LABA plus LAMA without ICS
subgroup for the rate ratio to be analysed.
CI= confidence interval; NAC = N-acet-
ylcysteine; ICS= inhaled corticosteroid;
LABA= long-acting β2-agonist; LAMA= long-
acting muscarinic antagonist.

Fig. 4b. Adjusted rate ratios (and 95% CIs) for
moderate-to-severe exacerbations, NAC versus
placebo, in subgroups according to baseline
medication use. Rate ratios in bold indicate a
significant reduction versus placebo;
*p < 0.05. The patient numbers in brackets are
for NAC then placebo. aInsufficient patients
were included in the LABA plus LAMA without
ICS subgroup for the rate ratio to be analysed.
CI= confidence interval; NAC = N-acet-
ylcysteine; ICS= inhaled corticosteroid;
LABA= long-acting β2-agonist; LAMA= long-
acting muscarinic antagonist.
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of ICS. Therefore, we compared NAC plus long-acting bronchodilator(s)
without ICS to placebo plus long-acting bronchodilator(s) with ICS – in
other words, NAC versus ICS, both on top of background long-acting
bronchodilator(s). There was a significant 60% reduction in the risk of
overall exacerbations with NAC, supporting the hypothesis that NAC
could be a useful alternative to ICS in preventing COPD exacerbations.
These reductions are substantially higher than typically seen with
pharmacological interventions, where a difference of 11–20% is con-
sidered clinically relevant [27,28]. This potential ICS-replacement role
is of interest since ICSs are known to increase the risk of adverse events
such as oral thrush, hoarseness and pneumonia [29]. Overall in PAN-
THEON the safety profile of NAC was similar to placebo [8]. In parti-
cular, there was only one pneumonia serious adverse event (a death,
occurring in the NAC group but not considered related to study treat-
ment) [11], with two treatment-emergent pneumonia adverse events
(one in each group, neither considered related to treatment). In con-
trast, pneumonia adverse events are typically reported in 2–3% of pa-
tients receiving ICS in clinical trials [17–19], with the rates increasing
with increasing treatment duration (pneumonia was reported in 20% of
patients receiving ICS/LABA in the 3-year TORCH [16]).

The current analyses have some limitations which mean that these
data should be considered hypothesis generating. Firstly, the original
analyses were derived from symptom-based criteria; the event-based
criteria were not pre-planned – although the similarity of the rates
using the two definitions suggests that both largely detect the same
events. Secondly, a number of the subgroups are small in size, limiting
the conclusions that can be drawn from the results. In particular, 53
patients were receiving both a LABA and a LAMA, only five of whom
were not also receiving an ICS; ideally, we would like to evaluate the
effect of NAC added to dual bronchodilation. However, the consistency
of the results (with the relative efficacy of NAC greater in the non-ICS
subgroups than in the ICS-containing subgroups) suggest that this is a
valid (and generalisable) finding. Finally, PANTHEON was conducted
in a single country (although covering a geographical area similar to
Western Europe), with these results being from post-hoc analyses rather
than from a specifically designed, prospective clinical trial.

6. Conclusion

Overall, these hypothesis-generating analyses suggest that the role

of NAC could be to reduce COPD exacerbation risk as an add-on to long-
acting bronchodilators, in particular as an alternative to ICS. NAC may
be especially beneficial in both current and ex-smokers, who represent
the largest portion of COPD populations globally.
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