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Background: Clinical outcomes are worse in patients with COPD and chronic bronchitis.
N-acetylcysteine (NAC) is commonly prescribed for such patients but with uncertain clinical
benefits. We postulated that oral NAC, at much larger doses than those ordinarily prescribed,
would improve clinical outcomes in a subset of patients with COPD and chronic bronchitis.
Obijective: The aim of this study was to determine whether very high-dose NAC would improve
respiratory health status in patients with COPD and chronic bronchitis.

Methods: Patients with COPD and chronic bronchitis were enrolled in a randomized, controlled,
double-blinded trial. Patients received oral NAC (1,800 mg) or matching placebo twice daily
for 8 weeks in addition to their usual respiratory medications. The primary outcome, respira-
tory health status, was assessed by changes in the St George’s Respiratory Questionnaire. The
effects of NAC on lung function and circulating markers of oxidative stress and inflammation
were also evaluated.

Results: We terminated the study prematurely because new external information suggested the
possibility of a safety issue. Of the planned 130 patients, 51 were randomized and 45 (22 in the
placebo arm and 23 in the NAC arm) completed the study. There was no statistically significant
difference between changes in the St George’s Respiratory Questionnaire total score, comparing
NAC to placebo (adjusted mean difference, 0.1 U; 95% CI, —7.8 to 8.18 U; P=0.97). There were
also no significant NAC-related improvements in any of the secondary outcomes.
Conclusion: In this 8-week trial, we were unable to show any clinical benefit from a very high
dose of NAC in patients with COPD and chronic bronchitis.

Keywords: COPD, chronic bronchitis, N-acetylcysteine

Introduction
Chronic obstructive pulmonary disease (COPD) remains a major public health problem.
Advanced COPD severely restricts work opportunities and impairs the ability to per-
form household chores, social activities, and family activities.! Inhaled long-acting
bronchodilators and inhaled corticosteroids are widely prescribed for patients with
COPD. These drugs reduce exacerbation risk but have only a modest effect on symp-
toms and overall respiratory health status. In the majority of patients, these classes
of drugs fail to confer improvements in the St George’s Respiratory Questionnaire
(SGRQ) that are considered clinically significant.>?

Chronic bronchitis, traditionally defined as chronic cough and phlegm for at least
3 months a year for at least two consecutive years, is common among patients with
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COPD, especially in current smokers.*> When adjustments are
made for age, sex, and severity of airflow obstruction, patients
with chronic bronchitis experience more exacerbations, have
worse respiratory health status, and have higher mortality than
do patients without chronic bronchitis, highlighting the need
for therapies that might improve symptoms and other clinical
outcomes in this subset of patients with COPD.?

N-acetylcysteine (NAC) possesses well-described antiox-
idant, anti-inflammatory, and mucolytic properties, making it
attractive as a potential COPD therapy.® Oral NAC is thought
to enhance the synthesis of glutathione (GSH), a tripeptide
with critical systemic antioxidant and anti-inflammatory
effects. Increased levels of GSH in the lung might improve
clinical outcomes by suppressing oxidant-induced inflamma-
tion and mucus production and by reducing the viscosity of
mucus via the cleavage of mucin disulfide bonds.”

Oral NAC is widely prescribed in many countries and
has been evaluated in numerous placebo-controlled, random-
ized clinical trials. Oral NAC, usually given in split doses of
300-1,200 mg daily, may have a modest effect in prevent-
ing COPD exacerbations and may also improve symptoms
of cough and sputum, though results have not been entirely
consistent.®*!' NAC has a good safety profile and has been
administered in oral doses of 6,000-8,000 mg daily for
several months to HIV-infected patients without evident ill
effects.!”” We hypothesized that NAC doses substantially
higher than those usually used in patients with COPD might
improve the clinical outcomes while remaining both tolerable
and safe. We also reasoned that patients with both COPD and
chronic bronchitis might be most likely to benefit.

Methods

Study population and trial sites

We conducted a randomized, double-blinded, placebo-
controlled trial comparing high-dose NAC, 1,800 mg twice
daily, versus placebo for 8 weeks in COPD patients with
chronic cough and sputum production. Principal eligibility
criteria were: 1) ratio of postbronchodilator forced expiratory
volume in 1 second (FEV) to forced vital capacity of <0.70
along with an FEV, <65% of predicted, 2) age >40 years
and =85 years, 3) current or past history of cigarette smoking
of at least ten pack-years, 4) no COPD exacerbation in the last
4 weeks, and 5) presence of chronic bronchitis. We defined
chronic bronchitis as a positive response to questions 1 and 2
of the SGRQ, meaning that cough was present “several days
per week” or “almost every day” and sputum production was
present “several days per week” or “almost every day.”'3 This
definition correlates well with the more traditional definition

of chronic bronchitis but identifies more patients with this
phenotype.'* Principal exclusion criteria were: 1) primary
clinical diagnosis of asthma, 2) uncompensated heart failure,
3) cirrhosis with ascites and edema, 4) estimated glomerular
filtration rate of <30 mL/min/1.73 m?, 5) use of long-acting
nitrates, and 6) inability to provide informed consent. Patients
with a propensity to develop edema from heart failure
or liver disease were excluded because each tablet of the
study drug contained 200 mg of sodium for a daily total of
800 mg. Patients taking long-acting nitrates were excluded
because NAC may potentiate drugs of this class.'> The trial
was conducted with a common protocol at three sites in the
Minneapolis—St Paul metropolitan area: the Minneapolis VA
Health Care System, the HealthPartners Research Foundation,
and the University of Minnesota Medical Center. The Institu-
tional Review Boards at each participating site approved the
study (Minneapolis VA Health Care System, the HealthPart-
ners Research Foundation, and the University of Minnesota
Medical Center), and all patients gave written informed
consent. An independent Data Monitoring Committee was
established to review the study progress and safety. The trial
was registered with ClinicalTrials.gov (NCT01599884).

Randomization

At each site, patients were randomized 1:1 to active drug or
placebo in permuted blocks of size two. Research pharma-
cists at each site were the only study personnel with access
to the randomization list, and they assigned the treatment
accordingly. All other study personnel and study patients
were fully blinded to the allocation arm.

Intervention

The NAC was synthesized and formulated according to Good
Manufacturing Practice standards by BioAdvantex Pharma,
Inc. (Mississauga, ON, Canada), which donated the study
drug and matching placebo. Effervescent tablets containing
900 mg of NAC were packaged in airtight packets made of
aluminum foil to prevent oxidation. Placebo tablets were
indistinguishable from active drug in terms of appearance,
effervescence, taste, and odor. Patients were instructed to take
two tablets dissolved in water or fruit juice twice daily. The
duration of study drug administration was 8 weeks. Patients
were allowed to continue all of their usual medications, except
for guaifenesin and other over-the-counter antitussives.

Study outcomes
The primary outcome was change in the total score of the
SGRQ), a well-validated measure of health status in patients
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with chronic lung disease.'* The SGRQ is scored on a scale
of 0-100 with 100 representing the worst respiratory health
status. This instrument was self-administered at baseline and
again at the end of the 8-week study. As secondary clinical
outcomes, we evaluated changes in the three domains of
the SGRQ, the Chronic Bronchitis Symptoms Assessment
Scale (CBSAS), and the Short Form-36 Health Survey
(SF-36).'%17 We assessed lung function with postbroncho-
dilator spirometry, systemic inflammation with serum
C-reactive protein levels, and systemic oxidative stress
with plasma 8-isoprostane levels.!* We further assessed
oxidative stress and biochemical efficacy of NAC, by mea-
suring changes in thiol redox couples, GSH/GSH disulfide
(GSSG) and cysteine/cystine (Cys/CySS) in plasma. Trained
laboratory technicians separated and processed plasma
from collected blood, closely following the methodology
described by Jones and Liang.!” Samples were immediately
frozen and then shipped to the Clinical Pediatric Center
Biomarkers Core Laboratory at Emory University for the
measurement of the thiol redox couples. Plasma samples
were also processed for the measurement of 8-isoprostane,
as described previously.?” Measurements of plasma thiol
redox couples and 8-isoprostane were performed only in the
subset of patients who were randomized at the Minneapolis
VA Health Care System.

Monitoring adverse events

Patients were questioned during a mid-study telephone call
at week 4 and at the final study visit at week 8 regarding
all adverse events, including possible drug reactions and
health care utilization. Reports of serious adverse events
were promptly filed with the Institutional Review Board per
institutional policies. As an added safety measure, common
laboratory tests, including a complete blood count, electro-
lytes, creatinine, alanine aminotransferase, and prothrombin
time, were obtained at baseline and at the 8-week visit.

Sample size and data analysis

The trial was designed to detect a between-group differ-
ence of 4 U in the mean change of the total score for the
SGRQ from baseline to 8 weeks. The 4-U change is widely
accepted as the minimal clinically important difference for
the SGRQ.?! For our sample size calculation, we assumed a
SD of 7.5 U for the change in SGRQ measurements, based on
a prior trial of similar patients with COPD and similar dura-
tion conducted at the Minneapolis VA Health Care System.>
Based on these assumptions, 55 patients in each arm would
provide 80% power for detecting a four-point difference

between groups with a two-tailed alpha error of 0.05.
To account for the potential dropout of patients, we had
planned for a total sample size of 130 patients, 65 patients
in each arm.

Baseline comparisons of treatment groups applied two
sided Student’s #-test to continuous measures and chi-square
tests to categorical measures, while Wilcoxon signed-rank
sum tests were used for highly skewed continuous measures
and Fisher’s exact test was used for categorical measures
with low expected cell counts. The primary analysis of the
changes in the total SGRQ score from baseline to the 8-week
visit compared the two treatment arms, including only those
patients who had completed the study, using an initial #-test
and an additional planned analysis regressing the change in
SGRAQ total score on the study arm, baseline total score, and
age, sex, and % predicted FEV . The secondary outcomes
were analyzed in a similar manner. Changes in outcomes
were compared using a simple #-test and an analysis regress-
ing the change in outcome on the intervention arm, respective
baseline measure, age, sex, and baseline percentage pre-
dicted FEV . Residual diagnostics for the SGRQ, CBSAS,
SF-36, and lung spirometric outcomes indicated no problems
with the analyses mentioned earlier, and diagnostic results
for the measures of systemic oxidative stress and inflam-
mation indicated some lack of normality and skewness.
Additional analyses of the logarithmic transformation of
these measures yielded better diagnostic measures of fit for
some of the outcomes, but the results were comparable to
those from the initial analyses.

Study termination

Due to a potential safety issue, we terminated the trial after
51 patients had been randomized. This decision was largely
based on the study of Sayin et al* that was published after
we had started the study. They showed that vitamin E and
NAC given orally stimulated tumor growth and prolifera-
tion in mouse models of B-RAF- and K-RAS-induced lung
cancer by reducing oxidative stress and DNA cell damage
and by suppressing activation of p53, a key tumor suppressor
protein. They were able to replicate these findings in cell
lines from both human and mouse lung tumors, suggesting
that these findings may have relevance to human lung
cancer. We terminated the trial because of concerns about
administering very large doses of NAC to patients with
severe COPD who were at a very high risk for developing
lung cancer. The study team was unblinded to the efficacy
outcomes only after the decision had been made to termi-
nate the trial.

International Journal of COPD 2016:1 |

submit your manuscript

801

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Johnson et al

Dove

Results

The first patient was randomized in September 2012, and
the last randomization occurred in February 2014. Of the
58 patients who provided informed consent, 51 were ran-
domized, and 45 completed the trial: 22 being assigned to
placebo and 23 to NAC (Figure 1). Failure to complete the
study was due to the termination of the trial prior to the
scheduled final visit in five patients, while one patient was
physically unable to make the final visit. All patients were
Caucasian with both treatment arms having an average age
of ~70 years, an average FEV, of ~40% of predicted, and
a high frequency of prior exacerbations and cardiovascular
events (Table 1). As might be anticipated in a trial with a
relatively small sample size, there were imbalances. Patients
in the placebo arm were more likely to be current smokers
but less likely to be using home oxygen. Baseline scores for
the symptom domain of the SGRQ and of the CBSAS sug-
gest that the symptoms of chronic bronchitis were somewhat
more severe among patients in the placebo arm. Based upon
the counts of returned study drug, the overall compliance
was estimated at 94% in the placebo arm and 93% in the
NAC arm.

In the primary outcome, the total SGRQ score improved
from baseline to the 8-week visit in both treatment arms with
differences that were not statistically significant (adjusted
mean difference, 0.1 U; 95% CI, —-7.8 to 8.18 U; P=0.97;
Table 2). Similarly, there were no statistically significant
treatment-related differences in any of the individual SGRQ

domains, in the CBSAS, or in either the physical or the
mental component of the SF-36. Compared to placebo,
NAC had no statistically significant effect on any of the
spirometric parameters, except for a marginal improve-
ment in the unadjusted FEV, in patients who received
NAC (Table 3). There was no statistically significant effect
on plasma concentrations of any component of the redox
pairs, GSH/GSSG and Cys/CySS (Table 4). NAC also had
no statistically significant effect on reducing the levels of
serum C-reactive protein or plasma 8-isoprostane, compared
to placebo (Table 4).

After terminating the study, we assessed the conditional
probability of having found statistically significant results
had the study continued, using the stochastic curtailment
method of of Lan and Wittes, as discussed by Lachin.?** We
calculated the conditional probability of rejecting the null
hypothesis for the primary outcome conditional on the data
collected from the 45 patients who completed the SGRQ at
the beginning and at the end of the 8-week trial. Under the
original study design assumptions, the conditional probabil-
ity that data acquired from the planned completion of 110
patients would have detected the differences in the SGRQ
total score, given the findings to date, was 0.096. Using the
observed data to estimate the drift parameter central to this
calculation, this conditional probability of detecting the
differences in the SGRQ total score was <107¢. Had a mid-
study futility analysis been incorporated into the protocol,
this result would in itself have terminated the study.

Visited study site and provided informed
consent (n=58)

Excluded (n=7)

Spirometry disqualification (n=3)
Abnormal laboratory value (n=1)
Consented but study terminated
before randomization (n=3)

Randomly assigned to placebo (n=24) |

| Randomly assigned to N-acetylcysteine (n=27)

A 4

A 4

Completed trial and study drug therapy (n=22)
Did not complete trial (n=2)
Early trial termination (n=2)

Completed trial and study drug therapy (n=23)
Did not complete trial (n=4)

Early trial termination (n=3)

Unable to make final study visit (n=1)

Figure | Flow chart of screening, randomization, and follow-up.
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Table | Baseline characteristics

Placebo (N=22) N-acetylcysteine (N=23) P-value

Age, years (mean * SD) 68.918.2 70.1£7.7 0.62
Sex, M/F 19/3 18/5 0.38
Caucasian race, n (%) 22 (100) 23 (100) 1.00
Smoking history

Current smoker, n (%) 11 (50) 3 (13) 0.006

Pack-years (mean * SD) 60+40 74+38 0.11°
Respiratory medications at baseline

LAMA, n (%) 15 (68) 18 (78) 0.44

LABA, n (%) 17 (77) 21 (91) 0.19

ICS, n (%) 16 (73) 19 (83) 0.42

Home oxygen, n (%) 6 (27) 14 (61) 0.02
FEV, (L), mean £ SD 1.15+0.50 I.11+0.44 0.78
% predicted FEV , mean + SD 41£12 40+13 0.70
FVC (L), mean + SD 2.73+0.88 2.65+0.70 0.73
FEV /FVC, mean + SD 0.42+0.11 0.43%0.14 0.73
=| exacerbation past year, n (%) 16 (73) 18 (78) 0.67
=| COPD hospital admission past year, n (%) 7(32) 5(22) 0.44
History of cardiovascular disease, n (%) 14 (64) 18 (78) 0.28
SGRQ

Symptoms, mean + SD 69£18 54£17 0.004°

Activity, mean + SD 70122 71221 0.95*

Impacts, mean + SD 421422 37+£20 0.39

Total, mean £ SD 56120 49£17 0.18
CBSAS, mean + SD 22.5+8.3 17.6+7.5 0.04
SF-36

Physical, mean + SD 36+7 3847 0.05

Mental, mean £ SD 50+11 50+11 0.93

Notes: *Fisher’s exact test was used for categorical measure or Wilcoxon signed-rank sum test was used for continuous measure; if skewness measure for distribution in
either group was >0.70, Wilcoxon test was used, and if 50% of expected cell counts were <5, then Fisher’s exact test was used.
Abbreviations: CBSAS, Chronic Bronchitis Symptoms Assessment Scale; F, female; FEV,, forced expiratory volume in one | second; FVC, forced vital capacity; ICS, inhaled
corticosteroid; LABA, long-acting beta adrenergic; LAMA, long-acting antimuscarinic; M, male; SGRQ, St George’s Respiratory Questionnaire; SF-36, Short Form-36 Health Survey;

SD, standard deviation.

Table 2 Changes in survey scores over 8 weeks, according to treatment assignment

Baseline Study end Change N-acetylcysteine-placebo
(mean+SD) (mean+SD) (meantSD) Mean difference P-value Adjusted mean P-value
(95% CI) difference (95% CI)
SGRQ
Symptoms
Placebo (n=22) 69.3£17.7 59.5+21.2 -9.8+17.8 6.3 (—4.6,17.3) 0.25 1.6 (—10.4, 13.5) 0.79
N-acetylcysteine (n=23) 54.2+17.4 50.7+£20.3 -3.5£18.6
Activity
Placebo (n=22) 69.8+21.9 66.1+21.5 -3.7£145 -0.3(-8.7,82) 0.95 —1.1 (-85, 6.3) 0.76
N-acetylcysteine (n=23)  70.4+20.9 66.4+16.9 —4.0+13.6
Impact
Placebo (n=22) 42.3£22.5 34.8+22.8 —7.5420.1 3.0 (-7.6, 13.6) 0.57 —-0.4 (-10.0,9.2) 0.93
N-acetylcysteine (n=23)  36.9%19.9 32.4£17.9 —4.5%14.9
Total
Placebo (n=22) 55.5+20.0 48.4+20.7 —-7.116.1 32(-53,11.8) 0.45 0.1 (-7.8,8.1) 0.97
N-acetylcysteine (n=23)  49.6x16.9 45.8%14.9 -3.9+12.1
CBSAS
Placebo (n=22) 22.548.3 19.6+8.0 —2.8+5.2 0.6 (—2.4, 3.6) 0.69 —0.8 (-3.8,2.2) 0.60
N-acetylcysteine (n=23) 17.6£7.5 15.4+7.2 —2.2+4.8
SF-36
Physical
Placebo (n=22) 35.6+7.5 36.249.2 0.6£7.6 -1.9 (-6.0,2.1) 0.34 —0.6 (—4.4,3.2) 0.75
N-acetylcysteine (n=23)  38.4+6.5 37.116.3 —1.3£5.8
Mental
Placebo (n=22) 49.5+10.8 47.9+13.5 —1.6+12.3 2.7 (-3.5,8.8) 0.38 32(-28,9.1) 0.29
N-acetylcysteine (n=23)  50.2+10.9 51.2£12.6 1.0£7.6

Notes: Results presented as mean + SD. Adjusted mean differences in change scores estimated in the regression model for change score using intervention, baseline outcome
measure, age, sex, and percentage predicted FEV| as explanatory variables.
Abbreviations: CBSAS, Chronic Bronchitis Symptoms Assessment Scale; FEV , forced expiratory volume in | second; SF-36, Short Form-36 Health Survey; SGRQ,
St George’s Respiratory Questionnaire; SD, standard deviation; Cl, confidence interval.
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Table 3 Changes in lung function over 8 weeks, according to treatment assignment

Baseline Study end Change N-acetylcysteine-placebo
(mean+SD) (meantSD) (mean:SD) Mean difference P-value Adjusted mean P-value
(95% CI) difference (95% CI)
FEV, (L)
Placebo (n=21) 1.18+0.49 1.12+0.47 -0.0610.11 0.06 (0.00, 0.13) 0.04 0.06 (-0.01, 0.12) 0.10
N-acetylcysteine (n=23)  1.14+0.42 1.14+0.42 0.00£0.10
% predicted FEV, (%)
Placebo (n=21) 41.1x12.1 38.9+12.4 —2.31£5.6 2.1 (0.9, 5.0) 0.16 1.8 (—1.1,4.8) 0.22
N-acetylcysteine (n=23)  39.1£13.2 38.9£13.1 —0.2+4.0
FVC (L)
Placebo (n=21) 2.8240.85 2.77+0.84 —0.05+0.27 0.09 (-0.09,0.27)  0.31 0.08 (—0.08, 0.26) 0.30
N-acetylcysteine (n=23)  2.7120.61 2.76£0.57 0.04+0.30
FEV /FVC
Placebo (n=21) 0.42£0.11 0.40+0.10 —0.02+0.05 0.02 (-0.01,0.05)  0.14 0.02 (—0.003, 0.045) 0.10
N-acetylcysteine (n=23)  0.4240.1 1 0.41£0.10 0.00+0.04

Notes: Results presented as mean + SD. Adjusted mean differences in change scores estimated in the regression model for change score using intervention, baseline outcome
measure, age, sex, and percentage predicted FEV| as explanatory variables.
Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital capacity; SD, standard deviation; Cl, confidence interval.

Table 4 Changes in oxidation and inflammation biomarkers over 8 weeks, according to treatment assignment

Baseline Study end Change N-acetylcysteine-placebo
(mean+SD) (mean+SD) (mean:SD) Mean difference P-value Adjusted mean P-value
(95% CI) difference (95% CI)

GSH (uM)
Placebo (n=15) 0.88+0.55 1.11+0.71 0.23+1.00 —0.10 (—0.99, 0.78)  0.82 0.02 (—0.87, 0.91) 0.97
N-acetylcysteine (n=14)  1.13+0.57 1.26+1.35 0.13£1.32

GSSG (UM)
Placebo (n=15) 0.08+0.06 0.09+0.07 0.01+0.08 0.02 (-0.07,0.11)  0.66 0.03 (—0.07, 0.12) 0.55
N-acetylcysteine (n=14)  0.10+0.10 0.13£0.16 0.03£0.16

GSSG/GSH + GSSG (%)
Placebo (n=15) 8.4315.64 7.52+3.41 —0.91£5.04 321 (-1.02,744) 0.13 2.24 (-0.54, 5.40) 0.10
N-acetylcysteine (n=14)  7.31+5.58 9.6114.36 2.30£6.05

GSH/GSSG redox state (mV)
Placebo (n=15) -117t16 —120£18 -3£19 Il (-4, 27) 0.15 8 (-6, 22) 0.24
N-acetylcysteine (n=14) —121%12 —113£15 8122

Cys (uM)
Placebo (n=15) 1.28+1.50 1.23+2.36 —0.05£1.92 —0.05 (-1.22, 1.12)  0.93 —0.25 (—1.52, 1.02) 0.69
N-acetylcysteine (n=14)  0.87+1.03 0.77£1.09 —-0.10+0.97

CySS (uM)
Placebo (n=15) 13.1248.44 15.67+8.95 2.55+11.96 2.55 (-13.21,8.11) 0.63 —1.44 (-9.74, 6.85) 0.72
N-acetylcysteine (n=14)  15.52+10.24 15.52+11.59 0.00+15.88

CySS/Cys + CySS (%)
Placebo (n=15) 88.8+13.4 94.0+7.9 5.248.0 -2.5(-84,34) 0.39 0.1 (4.1, 3.9) 0.96
N-acetylcysteine (n=14)  92.8+9.8 95.547.1 2.7+74

Cys/CySS redox state (mV)
Placebo (n=15) —18.6£39.4 —3.7442.5 14.9+30.3 0.3 (-21.8,22.4) 0.98 1.6 (-20.4, 23.7) 0.88
N-acetylcysteine (n=14)  —15.7£35.3 —0.5+£39.9 15.24+27.5

8-Isoprostane (pg/mL)
Placebo (n=13) 4884413 6561807 1681919 246 (—383, 874) 0.43 144 (406, 695) 0.59
N-acetylcysteine (n=14)  369+305 7821543 4131654

C-reactive protein (mg/dL)
Placebo (n=20) 4.816.3 5.9+10.7 1.1+£7.2 —0.3 (4.7, 4.1) 0.89 —0.3 (-4.9,44) 091
N-acetylcysteine (n=21)  5.8+5.2 6.517.5 0.817.1

Notes: Results presented as mean + SD. C-reactive protein in serum; all other measures in plasma. Adjusted mean differences in change scores estimated in the regression
model for change score using intervention, baseline outcome measure, age, sex, and percentage predicted FEV, as explanatory variables.

Abbreviations: Cys, cysteine; CySS, cystine; FEV‘, forced expiratory volume in | second; GSH, glutathione; GSSG, glutathione disulfide; SD, standard deviation; Cl, confidence
interval.
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High-dose NAC was generally well tolerated, and most
adverse events were thought to be unrelated to the study
drug. Of the 22 patients in placebo arm, nine reported at
least one adverse event with a total of 19 events, three of
which were considered serious (Figure 2). Of the 23 patients
in NAC arm, 13 reported at least one adverse event with a
total of 24 events, three of which were considered serious.

Placebo } N-acetylcysteine

AE: alcohol abuse AE: 1.5 kg weight gain
AE: leg edema

AE: leg muscle spasms

SAE: COPD exacerbation
SAE: COPD exacerbation

AE: ruptured Baker’s cyst

AE: nausea

AE: rotator cuff tear { AE: worsening dyspnea }

AE: COPD exacerbation ]

SAE: COPD exacerbation
AE: ankle edema

( AE: nausea }

AE: COPD exacerbation ] ™
AE: face rash

AE: worsening prostatitis

SAE: COPD exacerbation )

AE: COPD exacerbation
AE: lower extremity edema
SAE: COPD exacerbation

AE: COPD exacerbation
AE: hematuria
} AE: urethral stricture

AE: worsening dyspnea

AE: COPD exacerbation

AE: worsening dyspnea ]

AE: diarrhea
AE: COPD exacerbation

(
(
==
(
|
(
|

AE: breast tenderness
AE: increased breathlessness
AE: leg edema
o

) AE: COPD exacerbation

AE: urinary tract infection AE: COPD exacerbation
AN

AE: diarrhea

AE: abdominal pain after
pulmonary function tests
AE: influenza

( |

( 1

- N ( j
FE— ( AE: diartes W

( |

| |

|

( SAE: pneumonia

Figure 2 Reported AEs and SAEs, according to treatment assignment.
Note: Each box represents an individual patient.
Abbreviations: AE, adverse event; SAE, serious adverse event.

Five patients in the NAC arm reported nausea or diarrhea
versus only one patient in the placebo arm. These symptoms
were mild, and the study drug did not need to be terminated
for any of these events. There were six COPD exacerba-
tions reported in the placebo arm with three requiring
hospitalization and seven in the NAC arm with two requir-
ing hospitalization. There were no statistically significant
treatment-related differences in blood counts, electrolytes,
creatinine, alanine aminotransferase, and prothrombin time,
when the baseline values were compared with those at the
8-week visit (data not shown). No deaths occurred in either
treatment arm.

Discussion

In this randomized controlled trial, we assessed the effects
of high-dose oral NAC, 1,800 mg twice daily, for 8 weeks
in patients with COPD and chronic bronchitis. This dose of
NAC is threefold larger than that tested in any other random-
ized, placebo-controlled COPD study of which we are aware.
Though this dose of NAC was generally well tolerated over
an 8-week period, it did not improve the primary outcome
of respiratory health status, as assessed by the SGRQ total
score. Similarly, NAC did not improve scores on any of
the individual domains of the SGRQ, on the CBSAS, or on
either component of the SF-36. There was also no substantial
improvement in spirometry and no improvement in any of
the circulating biomarkers of systemic oxidative stress and
inflammation.

There is uncertainty as to how best to assess clinical
symptoms associated with chronic bronchitis. We chose
to use changes in the SGRQ total score as the primary
outcome, as it is the best-validated assessment of overall
respiratory health status in patients with COPD, and the
clinically meaningful difference of four units has been
established. The symptom domain of the SGRQ contains
two questions specific to chronic bronchitis, cough and
sputum, and additional questions common to both chronic
bronchitis and COPD, such as wheezing and dyspnea.'
We did not use the symptom domain as the primary outcome
because the clinically meaningful difference has not been
established. There was concern that any signal present in
the symptom domain might be lost when combined with
the activity and impact domains, but we found changes
in the symptom domain score to be strongly correlated
with changes in the total score (r=0.78). As a secondary
outcome, we also administered the CBSAS to assess chronic
bronchitis severity. The CBSAS was designed to assess
chronic bronchitis in a more specific and comprehensive
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manner than does the SGRQ, but the instrument has not
been fully validated, and the clinically meaningful difference
has not been established.!®* We did find a moderately strong
correlation (7=0.57) between changes in the CBSAS score
and changes in the SGRQ total score, providing additional
evidence that the use of the SGRQ total score as our primary
outcome was appropriate.

Low-molecular thiol/disulfide couples, such as GSH/
GSSG and Cys/CySS, have diverse cellular redox signaling
functions, some of which occur as responses to a variety
of oxidative and inflammatory stresses.® Measurements
of GSH/GSSG and Cys/CySS couples in plasma provide a
direct measure of systemic oxidative stress in the extracellular
space and an indirect measure of the redox state within the
cells.” It has been demonstrated that plasma GSH/GSSG
and Cys/CySS couples in smokers are in a more highly oxi-
dized state when compared to nonsmokers, thus supporting
the suggestion that systemic oxidative stress may play
an important role in the pathogenesis of COPD and other
smoking-related diseases.?’?

By administering a large dose of NAC, we anticipated
that measurements of plasma thiol couples might reflect a
reduction in systemic oxidative stress. However, within the
limitations of our sample size, we were unable to show that
NAC had any such effect for reasons that are not understood.
When given orally, NAC is readily absorbed in the intes-
tine and rapidly deacylated, mostly in the liver, to produce
Cys.? It has been previously shown that increased levels of
plasma Cys can be detected for only 1-2 hours following a
single oral dose.*® The availability of Cys is a rate-limiting
step in the synthesis of intracellular GSH, but multiple
Cys metabolic pathways exist, and it is unclear as to what
net effect transient increases in plasma Cys concentrations
might have on sustained intracellular and extracellular GSH
levels.’! It has been reported that oral NAC, given in daily
doses of 1,800 mg for 5 days, increases GSH concentra-
tions in bronchoalveolar lavage fluid by ~50% in patients
with fibrotic lung disease.*> However, in another study, the
same dosing regimen did not statistically significantly raise
GSH levels in plasma or bronchoalveolar lavage fluid from
patients with mostly mild to moderately severe COPD.* We
also found that a larger than usual dose of oral NAC did not
cause sustained increases in plasma GSH concentrations in
our patients with COPD when compared to placebo. We did
not attempt to assess GSH levels in bronchoalveolar lavage
fluid due to the severity of our patients’ disease.

Oral NAC is frequently described as a mucolytic by
virtue of its capability to cleave mucin disulfide bonds.

In vitro, equimolar 50 mM concentrations of NAC, Cys,
and GSH substantially reduce mucus viscosity to about the
same extent.” This effect is highly concentration dependent,
and only small effects are evident with a tenfold dilution.
It has been reported that GSH concentrations in the alveolar
epithelial lining fluid of smokers may be in the millimolar
range, but that methodology has been questioned, and the true
values may be substantially lower.**3* If oral NAC does raise
GSH concentrations on alveolar and airway surfaces suf-
ficient to reduce mucus viscosity, it is not apparent whether
this imparts clinically important benefits in patients with
COPD and chronic bronchitis.

Conclusion

In summary, we were able to show in this randomized, pla-
cebo-controlled trial that very large doses of NAC, 3,600 mg
daily, are well tolerated over an 8-week period in patients
with stable COPD and chronic bronchitis. However, we were
unable to show that a high dose of NAC improved overall
respiratory health status, lung function, or circulating mea-
sures of systemic oxidative stress and inflammation. These
conclusions are tempered by the relatively short period of
NAC administration and by the small sample size resulting
from the early termination of the trial.
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