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Abstract. — OBJECTIVE: COPD is one of the
major causes of morbidity and mortality world-
wide and represents one of the most import-
ant issues for public health. Frequent exacer-
bations induce a faster decline in lung function
and poorer quality of life, increase mortality, and
have a socio-economic impact with a high bur-
den in terms of resources and healthcare costs.
The clinical trials evaluated the effect of muco-
lytics in COPD and showed that the long-term
carbocysteine, associated with bronchodilators,
anticholinergics, and steroids, reduces the fre-
quency of exacerbations and improves the qual-
ity of life.

PATIENTS AND METHODS: The aim of this
prospective real-life study was to evaluate the
long-term impact on exacerbations (at 1 year)
in COPD patients treated with carbocysteine ly-
sine salt (single dose of 2.7 g once a day) in ad-
dition to background therapy with or without in-
haled steroids.

RESULTS: In a total of 155 evaluable patients,
our study showed that the addition of a sin-
gle dose of carbocysteine lysine salt to back-
ground therapy determines a statistically signif-
icant reduction of the average number of exac-
erbations vs. the number observed in the previ-
ous year (from 1.97+0.10 to 1.03+0.11; p<0.01), ir-
respective of treatment with or without inhaled
steroids. In particular, in patients with =2 exac-
erbations in the previous year, the addition of
carbocysteine lysine salt resulted in a statisti-
cally significant reduction in the exacerbations
rate from 69% to 33% and from 58% to 25%, re-
spectively (p<0.01) in patients with or without in-
haled steroids.

CONCLUSIONS: In summary, our data high-
lighted the efficacy of long-term administra-
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tion of a single daily dose of carbocysteine ly-
sine salt (2.7 g/day) in reducing the number and
rate of exacerbations in COPD patients, inde-
pendently from the use of inhaled steroids.
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Introduction

Chronic Obstructive Pulmonary Disease
(COPD) is a progressive lung disease charac-
terized by persistent respiratory symptoms and
airflow limitation due to airway and alveolar
abnormalities. COPD pathogenesis seems based
on the innate and adaptive inflammatory re-
sponse to continued exposures to risk factors,
especially cigarette smoking. The inflammatory
response causes damage with consequent lung
remodeling and irreversible airflow wall thick-
ening"2. Moreover, oxidative stress may play an
important role in COPD pathogenesis. In fact,
oxidative stress biomarkers are increased in
exhaled breath condensate, sputum, and blood
samples of COPD patients!. The most common
respiratory symptoms include dyspnea, cough,
and/or sputum production!. COPD is currently
the fourth leading cause of death and morbidity
in the world and is predicted to become the third
cause of death by 2020 due to continuous expo-
sure to risk factors®*. The estimated number of
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patients in 2010 was 384 million'. Viegi et al®
evaluated that the prevalence of COPD in Italy
is approximately 11%, using the spirometric
criteria of the European Respiratory Society
(ERS). COPD has a huge economic impact since
new and more expensive drugs have begun to be
used’. COPD is characterized by periods of acute
worsening of airway function and respiratory
symptoms, also known as exacerbations, that
result in additional therapy'®. This condition is
usually associated with inflammation commonly
triggered by viral or bacterial infections™ and
a key aspect of the treatment of COPD should
be exacerbation prevention. Frequent exacerba-
tions induce a faster decline in lung function,
poorer quality of life and increased mortality;
in addition, these episodes have a socio-eco-
nomic impact with very high healthcare costs''.
Therefore, treatments that reduce the frequency
and duration of acute exacerbations will provide
benefits for both individual patients and health-
care systems'>. From 2006, several Cochrane
reviews that evaluated the efficacy of drugs in
the prevention of exacerbations have been pub-
lished. The use of mucolytic agents has led to a
statistically significant reduction in exacerbation
frequency and a decrease in the number of dis-
ability days'?. Clinical studies have been carried
out to evaluate the effect of mucolytic agents on
the prevention and the reduction of exacerbation
episodes. Zheng et al”® in the PEACE Study,
a randomized placebo-controlled study carried
out in China on 709 patients, showed that long-
term use (12 months) of carbocysteine, asso-
ciated with a bronchodilator, anticholinergics,
and steroids therapy, reduced the frequency of
exacerbations and improved the quality of life.
More recently, in an observational study on a
Caucasian population (CAPRI study), Esposito
et al'* demonstrated that the daily administration
of carbocysteine lysine salt for 12 months sig-
nificantly reduces the number of exacerbations
(»<0.001), in a manner completely independent
from the use of inhaled corticosteroids. Car-
bocysteine (S-carboxymethyl L-cysteine also
available in the lysinate form, SCMC-Lys) is a
thiol derivative of the amino acid L-cysteine. It
is conventionally used as a mucolytic agent be-
cause of its effectiveness in normalizing mucus;
however, it should be more properly defined as
a mucoactive agent or mucoregulator because
of its effect in normalizing mucus properties.
Carbocysteine has antioxidant and anti-inflam-
matory properties and has shown to restore the
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balance between sialomucins and fucomucins
contributing to the viscoelastic properties of
mucus, along with a capability to reduce neutro-
phil infiltration into the airway lumen and ILS.
Furthermore, carbocysteine lysine salt reduces
exhaled TL6- and 8-isoprostane in COPD"-8,
Carbocysteine action on inflammation levels
and oxidative stress may play an important role
in reducing COPD exacerbations'. Carbocyste-
ine was effective in suppressing inflammation
in human alveolar epithelial cells upon stim-
ulation with TNF-a in vitro. These effects are
intimately associated with the inhibition of the
NF-kB and ERK1/2 MAPK signaling pathways,
suggesting that carbocysteine may have a con-
siderable therapeutic potential for the preven-
tion and management of airway inflammation
in COPD?. Carbocysteine may also modulate
airways inflammation by decreasing virus-in-
duced cytokine production and inhibiting bacte-
rial adherence to epithelial cells*?>. The aim of
our study was to evaluate the long-term effect
(1 year) of carbocysteine lysine salt on COPD
exacerbations in addition to background therapy
with or without inhaled steroids in the Cauca-
sian population.

Patients and Methods

This is an observational prospective real-life
study in COPD patients treated with a single dai-
ly dose of carbocysteine lysine salt (2.7 g/day) in
addition to background therapy with or without
associated inhaled steroids. COPD exacerbations
were defined according to Anthonisen criteria *:
at least 2 days’ persistence of 2 major symptoms
(worsening of dyspnea, increase in sputum puru-
lence, or volume, or both), and any major symp-
tom plus more than one minor symptom (upper
airway infection, unexplained fever, increase of
wheezing). Patients on systemic steroids or with
respiratory diseases other than COPD or system-
ic diseases involving lungs or diffuse bilateral
bronchiectasis were excluded from the study.
At baseline, our study population was stratified
by the number of COPD exacerbations during
the previous years (<2 or >2 exacerbations). Pa-
tients received carbocysteine lysine salt 2.7 g/day
(Fluifort®) for 12 months together with baseline
therapy with or without inhaled steroids. The
patients were evaluated at baseline and after 12
months when pulmonary function tests and phys-
ical examinations were performed. The study was
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Table I. Gender.

Female Male Total
Treatment No. % No. % No. % p-value
Carbocysteine lysine salt (no inhaled steroids) 32 40.5 47 59.5 79 100.0 0.9999
Carbocysteine lysine salt + inhaled steroids 15 417 21 583 36 100.0 (NS
Total 47 40.9 68 59.1 115 100.0 -

approved by the local Ethics Committee (#144
August 2011) and all patients gave their written
informed consent.

Statistical Analysis

Age was analyzed using ANOVA performing
multiple comparisons between groups and, where
applicable, within groups. Gender was analyzed
by the Chi square test with Yates correction. The
changes in the mean number of exacerbations
between time assessments (at baseline and after
12 months) were analyzed using the #-test for
paired data. McNemar test was used to compare
changes in the frequency of subjects with exac-
erbations, expressed as a dichotomous parameter
(<2/>2 exacerbations), between baseline, and after
treatment. The number of exacerbations after 12
months, expressed as binary data (<2/>2 exacer-
bations), was also analyzed using a multivariate
logistic regression model, testing the prognostic
effect of treatment, age, gender, and a number of
exacerbations (<2/>2 exacerbations) in the previ-
ous year (baseline). The primary endpoint was the
exacerbation rate over 12 months of carbocysteine
lysine salt treatment, in addition to standard thera-
py, compared with the previous years. The Statisti-
cal Analysis was performed using SAS v.9.4.

Results
Overall, 115 subjects completed the I-year

follow-up, of whom 79 (68.7%) were treated with
carbocysteine lysine salt without inhaled steroids

and 36 (31.3%) with carbocysteine lysine salt plus
inhaled steroids; 68 were males (59.1%) and 47
females (40.9%) with an average age of 70.4 years
(SD 9.6). Demographic characteristics tabulated
by treatment group are reported in Table I and
Table I1.

Over one year of treatment with carbocyste-
ine lysine salt, the number of patients with <2
exacerbations increased to 72.2% from 38.3% in
the previous year, whereas the number of more
severely affected patients with >2 exacerbations
dropped from 61.7% to 27.8% (p<0.01) (Figure
1). The average number of exacerbations fell from
1.9740.10 in the previous year to 1.03=0.11 after
12 months of carbocysteine lysine salt treatment
(mean+SE; p<0.01) (Figure 2) .

This latter parameter is even more interesting,
if we look at the effect of the single treatments: for
carbocysteine lysine salt without inhaled steroids,
the reduction was from 1.82+0.10 to 0.96+0.12
(mean+SE; p<0.01) while for carbocysteine ly-
sine salt plus inhaled steroids the effect seems
even more evident dropping from 2.31+0.19 to
1.1940.21 (mean=SE; p<0.01) (Figure 2).

The effect of treatment with carbocysteine
lysine salt without inhaled steroids is statistically
significant (p<0.01); in particular, the number of
patients with >2 exacerbations decreases from
58.2% to 25.3% (Figure 3). Similarly, the effect
of treatment with carbocysteine lysine salt +
inhaled steroids shows statistically significant
results (p<0.01); here, the number of patients with
>2 exacerbations decreases from 69.4% to 33.3%
(Figure 3).

Table II. Age.
Treatment No. Mean = SD Min Max p-value
Carbocysteine lysine salt (no inhaled steroids) 79 70.6 +9.2 40.0 84.0 -
Carbocysteine lysine salt + inhaled steroids 36 69.9+104 43.0 84.0 -
Total 115 70.4 +£9.6 40.0 84.0 -
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Figure 1. Percentage of subjects with exacerbations before
and after treatment with carbocysteine lysine salt.

The results of the multivariate analysis show
that the sole variable with a statistically signifi-
cant prognostic effect (p<0.01) on exacerbations
at 12 months is the number of exacerbations (<2
or > 2) observed in the previous year. Older age
seems to increase the risk of exacerbations >2,
but this observation does not reach the statistical
significance. Similarly, the risk of exacerbations
>2 in females is lower than in males, but again
without statistical significance. As far as treat-
ment is concerned, the probability of observing
a number of exacerbations >2 is slightly lower

in the group receiving only carbocysteine lysine
salt than in the group treated with carbocysteine
lysine salt + inhaled steroids, irrespective of the
basal state of the subjects. No significant side ef-
fects were reported during the study period.

Discussion

Many studies and the GOLD guidelines' un-
derline the importance of exacerbation frequency
in the progression of chronic obstructive pulmo-
nary disease (COPD) together with the role of
systemic inflammation in the disease process.
According to GOLD 2019 Guidelines, regular
treatment with mucolytics in COPD patients not
receiving inhaled corticosteroids may reduce ex-
acerbations and improve health status. Further-
more, several trials demonstrating the positive
effects of mucoactive drugs on exacerbations
rates and quality of life, underline that the drugs
commonly used for their mucoactive properties
have different mechanisms of action, including
significant antioxidant activity. In a recent me-
ta-analysis, Zeng et al** showed that the long-
term use of carbocysteine may be associated
with a reduced rate of exacerbations, a decrease
in the number of patients with at least one exac-
erbation and an improvement of quality of life.
A recent meta-analysis including 11 random-
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Figure 2. Average number of exacerbations.
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Figure 3. Effect of treatments on exacerbations.

ized clinical trials (RCTs) conducted by Cazzola
et al® examined the impact of 4 mucolytics
(N-acetylcysteine, carbocysteine, erdosteine, and
ambroxol) on COPD exacerbations: the results
showed that carbocysteine, erdosteine, and high
dose of NAC are effective in reducing the rate of
COPD exacerbations and that concomitant use of
corticosteroids, both systemic and inhaled, does
not modify the efficacy. In our study, we used
carbocysteine lysine salt at a dosage of 2.7 g/day
for 12 months; our results demonstrated that the
regular use of carbocysteine lysine salt was ef-
fective into reducing the number of exacerbations
both in patients treated and those not treated with
inhaled steroids, confirming the results of other
studies'*!"*. The effect of carbocysteine in reduc-
ing exacerbations and improving quality of life
in COPD seems related to its anti-inflammatory,
antioxidant, antimicrobial proprieties, in addition
to its mucolytic activity, together with a possi-
ble action in reverting steroid resistance'®267].
Chronic obstructive pulmonary disease (COPD)
is characterized not only by airways inflamma-
tion but also by the enhanced generation of re-
active oxygen species®®*. In preclinical studies,
Pace et al***’ demonstrated the effect on oxidative
stress of carbocysteine in airway epithelial cells
stimulated with Cigarette Smoke Extracts (CSE).

In bronchial epithelial cells, carbocysteine was
able to reduce the reactive oxygen species (ROS)
production and to increase cytoprotective events
including glutathione (GSH). Furthermore, ox-
idative stress increases the production of in-
flammatory mediators in the airway epithelial
cells**#, Carpagnano et al'® demonstrated the
presence of higher concentrations of 8-isopros-
tane and Interleukine-6 in the breath condensate
of COPD subjects than in healthy controls, with
an increase during acute exacerbations. Daily
treatment with carbocysteine lysine salt mono-
hydrate (SCMC-Lys) significantly decreased the
levels of these markers after 6 months in patients,
indicating that the drug has both antioxidant and
anti-inflammatory properties. Our study shows a
statistically significant reduction of the average
number of exacerbations irrespective of the treat-
ment groups (carbocysteine lysine salt without
or with inhaled steroids) and that the long-term
use of carbocysteine lysine salt was effective in
reducing the number of exacerbations, particu-
larly in more severe patients (with >2 exacerba-
tions at baseline observation). At 12 months the
effects of carbocysteine on exacerbations was
similar in the 2 subsets of subjects, regardless of
concomitant use of inhaled steroids. Our results
in reducing exacerbations may be related to the
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antioxidant, anti-inflammatory, and antimicrobial
effects of carbocysteine. Moreover, the reduction
of exacerbations in patients treated with inhaled
steroids may be also related to the effect of car-
bocysteine in reverting steroid sensitivity'®2**". In
the PEACE study, Zheng et al”® demonstrated the
positive effect on the frequency of exacerbations
and quality of life using long-term carbocyste-
ine (alone or in association with bronchodilatator,
anticholinergics, and steroids therapy; of note,
only 17% of enrolled individuals received inhaled
corticosteroids). Esposito et al'* have more recent-
ly showed similar results on Caucasian patients
(median exacerbations at T0:2'® vs. at T12:1'2;
p<0.001). Prevention of acute exacerbations of
COPD could lead to substantial savings in terms of
healthcare costs. Though steroids, long-acting be-
ta-agonists and anticholinergics may be indicated
ad more appropriate according to some treatment
guidelines, while mucolytics could be more cost
effective, particularly for long-term use** and are
recommended by some national guidelines (Czech,
Poland, Russia, Germany, and Spain at least in
some patient subgroups)®”. In the United States,
COPD exacerbations are estimated to result in
110,000 deaths and more than 500,000 hospital-
izations per year, with over $18 billion spent in di-
rect costs annually**#. In addition to the financial
burden required to care for these patients, other
“costs”, such as days missed from work and severe
limitations in the quality of life, are important fea-
tures of this condition’. In Italy, the direct annual
costs per COPD patient have been estimated to be
$1172, while the indirect costs reach $18417; other
authors, using a different calculation approach, re-
port that, on average, the Italian healthcare system
spends €6725 a year per person*® or €3291 (total
cost to society)*”’. Hence, among the available ef-
fective treatments, mucolytics, and particularly
carbocysteine lysine salt, could be more affordable
and should be preferred, particularly for long-term
use and in “low-income” countries. For instance,
Zheng et al” reported that the annualized cost
per patient for carbocysteine therapy (in China)
is $90 which is equal to the US, while combined
treatment with inhaled steroids and long-acting
beta-agonists is six times higher ($580).

Conclusions
We showed that the addition of carbocysteine

lysine salt to background therapy was effective
in reducing the number of exacerbations even
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in patients with >2 exacerbations at baseline
observation, and that at 12 months the effects of
carbocysteine lysine salt on exacerbations was
similar in the 2 subsets of subjects (with or with-
out inhaled steroids). These results suggested
that patients with COPD exacerbator phenotype
may have better outcomes using carbocysteine
lysine salt. Hence, our data indicate the effec-
tiveness of a single daily dose of carbocysteine
lysine salt (2.7 g/day) in reducing the number of
exacerbations in COPD patients, independently
from the use of inhaled steroids, and may support
its recommendation in clinical practice. We are
aware of the possible pitfalls of our study as it is
a single site, observational, and non-RCT study
and because of the limited number of enrolled
subjects; however, as reported by Janson et al*, it
might be that, because of the observational design
of the study, the applicability of our findings to
general, real-life, clinical practice may be greater
than controlled trials. Moreover, confirmation of
effectiveness in prospective study design may be
considered more exhaustive in patients with a
chronic disease that leads to a sequential respira-
tory functional decline. We suggest that our data,
together with those from other studies, should be
taken into consideration for the future revision of
guidelines, also with the aim of better managing
the economic burden linked to exacerbations in
the natural history of COPD.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements

G. Puglisi designed the study, supervised and reviewed re-
sults and manuscript. G. Paone designed the study, wrote
and reviewed the manuscript. S. Toti, P. Palermo, and C.
Graziani enrolled, interviewed and evaluated the patients.
M.C. Flore and M. Ramaccia helped write the manuscript
and reviewed the statistical analysis. Funding/support: The
study was supported by Dompé Farmaceutici S.p.A, Milan,
Italy through an unrestricted grant.

References

1) GOLD (2019) Global Strategy for the Diagno-
sis, Management, and Prevention of Chronic Ob-
structive Pulmonary Disease. Available at: http://
www.goldcopd.org.

2) Kim V, Rocers TJ, Criner GJ. New concepts in the
pathobiology of chronic obstructive pulmonary
disease. Proc Am Thorac Soc 2008; 5: 478-485.



Effects of carbocysteine lysine salt w/wo inhaled steroids in COPD exacerbations

3)

5)

6)

Lozano R, NAGHAvI M, ForemaN K, Lim S, SHiBUYA K,
ABOYANS V, ABRAHAM J, ADAIR T, AGGARWAL R, AHN SY,
ALVARADO M, ANDERSON HR, ANDERSON LM, ANDREWS
KG, AtkinsoN C, BADDoOUR LM, BArRker-CoLLO S, BAR-
TeELs DH, BelL ML, BenusamiNn EJ, BENNETT D, BHAL-
LA K, Bikeov B, BiN AeDuLHAK A, BirBeck G, BLYTH
F, BoLuGer I, Bourous S, BuceLo C, BurcH M, Bur-
NEY P, CArRAPETIS J, CHEN H, CHou D, CHugH SS, Cor-
FENG LE, CoLan SD, CorauHoun S, CoLson KE, Con-
poN J, ConNor MD, Coorer LT, Corriere M, Cor-
TiNovis M, pe Vaccaro KC, Couser W, Cowie BC,
Crioui MH, Cross M, DaBHADKAR KC, DAHODWALA
N, De Leo D, DeGENHARDT L, DeLossANTOs A, DENEN-
BERG J, DEes JArLAls DC, DHARMARATNE SD, DORSEY
ER, DriscorL T, DuBer H, EBeL B, ERwIN PJ, ESPIN-
poLA P, Ezzati M, FeiGIN V, FLAxmAN AD, ForouzAN-
FAR MH, Fowkes FG, FRANKLIN R, FRANSEN M, FRrEe-
MAN MK, GaBrieL SE, GAkibou E, GAsparl F, GiLLum
RF, GonzaLEz-MEDINA D, HALAsA YA, HARING D, HAR-
RISON JE, HAVMOELLER R, HAY RJ, Hoen B, Hotez PJ,
Hov D, JacosseN KH, JAMES SL, JASRASARIA R, JAYARA-
MAN S, JoHNs N, KARTHIKEYAN G, KasseBauM N, KEREN
A, Koo JP, Knowiton LM, KoBusiNGYE O, KoRrAN-
TENG A, KRISHNAMURTHI R, Lipnick M, LipsHuLtz SE,
OHNo SL, MaBweuANO J, MACINTYRE MF, MALLINGER
L, MARrcH L, MARks GB, MARks R, MATSUMORI A, MAT-
zorPouLos R, MAavosi BM, McANuLty JH, McDEermoOTT
MM, McGRraTH J, MensAH GA, MERRIMAN TR, MicHAUD
C, MiLLer M, MiLLer TR, Mock C, Mocumsl AO, Mok-
pAD AA, MoraN A, MuLHoLLAND K, NAR MN, NAL-
DI L, NARAYAN KM, NAsserl K, NorMAN P, O’'DONNELL
M, Owmer SB, OrtBLAD K, OsBorNE R, OzGepiz D, Pa-
HARI B, PANDIAN JD, RivEro AP, PaDILLA RP, Perez-Ruiz
F, Perico N, PHiLLips D, Pierce K, Pore CA 3rD, PORRI-
NI E, PourRmALEK F, RAJu M, RANGANATHAN D, Rexm JT,
ReN DB, Remuzzi G, RivARA FP, RoBerts T, DE LEON
FR, RosenreLD LC, RusHTON L, SAacco RL, SALomon JA,
SAampsoN U, SANMAN E, ScHweBeL DC, SeGcu-Gomez M,
SHEPARD DS, SINGH D, SINGLETON J, Stiwa K, SmiTH E,
Steer A, TAavior JA, THomAs B, TLevieH IM, TowsiN JA,
TRUELSEN T, UNDURRAGA EA, VENKETASUBRAMANIAN N,
VUAYAKUMAR L, Vos T, WAGNER GR, WANG M, WANG W,
WATT K, WEINsTOck MA, WEINTRAUB R, WiLkinsoN JD,
WooLr AD, WuLF S, YEH PH, Yip P, ZABETIAN A, ZHENG
ZJ, Lorez AD, Murray CJ, ALMAzroA MA, MEemisH ZA.
Global and regional mortality from 235 causes of
death for 20 age groups in 1990 and 2010: a sys-
tematic analysis for the Global Burden of Disease
Study 2010. Lancet 2012; 380: 2095-2128.

MartHers CD, Loncar D. Projections of global mor-
tality and burden of disease from 2002 to 2030.
PLoS Med 2006; 3: e442.

ADELOYE D, CHUA S, Lee C, BasauiLL C, PAPANA A, THE-
oboratou E, NAR H, Gasevic D, SRIDHAR D, CAMPBELL
H, CHAN KY, SHEIKH A, RUDAN |, GLOBAL HEALTH EPIDE-
MioLoGY RerereNce Grour (GHERG). Global and re-
gional estimates of COPD prevalence: systematic
review and meta-analysis. J Glob Health 2015; 5:
020415.

Vieal G, PeprescHl M, PisteLur F, Di Pepe F, BALDAcCI S,
Carrozzi L, Giuntint C. Prevalence of airways ob-
struction in a general population: European Re-
spiratory Society vs American Thoracic Society
definition. Chest 2000; 117: 339S-3458S.

7)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Foo J, Lanpis SH, MaskelL J, OH YM, vaN DER Mo-
LEN T, HAN MK, MANNINO DM, IcHINOSE M, PUNEKAR Y.
Continuing to confront COPD international patient
survey: economic impact of COPD in 12 coun-
tries. PLoS One 2016; 19: e0152618.

MacIntyrRe N, Huang YC. Acute exacerbations and
respiratory failure in chronic obstructive pulmonary
disease. Proc Am Thorac Soc 2008; 5: 530-535.

SEEMUNGAL T, HARPER-OWEN R, BHowmik A, Moric |,
SANDERSON G, MEssAGE S, MAccaLLum P, MEeApe TW,
JerrriEs DJ, JonnsToN SL, WebzicHa JA. Respiratory
viruses, symptoms, and inflammatory markers in
acute exacerbations and stable chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care
Med 2001; 164: 1618-1623.

BHowwmik A, SEEMUNGAL TA, SApsForRD RJ, WEDZzICHA
JA. Relation of sputum inflammatory markers to
symptoms and lung function changes in COPD
exacerbations. Thorax 2000; 55: 114-120.

Anzueto A. Impact of exacerbations on COPD.
Eur Respir Rev 2010; 19: 113-118.

PooLe P, Biack PN. Mucolytic agents for chronic
bronchitis or chronic obstructive pulmonary dis-
ease. Cochrane Database Syst Rev 2006; 15:
CD001287.

ZHENG JP, KANG J, HuAaNG SG, CHEN P, Yao WZ, YANG
L, Bal CX, WanG CZ, WanG C, CHEN BY, SHi Y, Liu
CT, CHEN P, LI Q, WANG ZS, HuanG YJ, Luo ZY, CHEN
FP, Yuan JZ, Yuan BT, QiaN HP, Zni RC, ZHoNG NS.
Effect of carbocisteine on acute exacerbation of
chronic obstructive pulmonary disease (PEACE
Study): a randomised placebo-controlled study.
Lancet 2008; 371: 2013-2018.

Esposito A, VALENTINO MR, Bruzzese D, BoccHino M,
PonTicieLLo A, StanzioLa A, Sanbuzzi A. Effect of car-
bocisteine in prevention of exacerbation of chron-
ic obstructive pulmonary disease (CAPRI study):
an observational study. Pulm Pharmacol Ther
2016; 37: 85-88.

Rogers DF. Mucoactive drugs for asthma and
COPD: any place in therapy? Expert Opin Inves-
tig Drugs 2002; 11: 15-35.

Havez R, DeGanD P, RousseL P, Ranpoux A. Mode
d’action biochemique des dérivés de la cysteine
sur le mucus bronchique. Poumon Coeur 1970;
26: 81-90.

PucHeLLE E, Auc F, Poru M. Effect of the mucoreg-
ulator Scarboxy-methyl-cysteine in patients with
chronic bronchitis. Eur J Clin Pharmacol 1978; 14:
177-184.

CARPAGNANO GE, Resta O, FoscHINO-BArRBARO MP,
SPANEVELLO A, STEFANO A, DI Gioia G, Servibpio G,
Grawmicciont E. Exhaled interleukine-6 and 8-iso-
prostane in chronic obstructive pulmonary dis-
ease: effect of carbocysteine lysine salt monohy-
drate (SCMC-Lys). Eur J Pharmacol 2004; 505:
169-175.

Laceponia D, PatriceLll G, CARPAGNANO G, FoscHINO
Barearo M. Effects of carbocysteine lysine salt in
patients with COPD. Am J Respir Crit Care Med
2016; 193: A6848.



G. Paone, L. Lanata, F. Saibene, S. Toti, P. Palermo, C. Graziani, M.C. Flore, M. Ramaccia, G. Puglisi

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

WanGg W, Guan WJ, Huang RQ, XiE YQ, ZHENG JP,
ZHu SX, CHEn M, ZHonG NS. Carbocisteine attenu-
ates TNF-a-induced inflammation in human alve-
olar epithelial cells in vitro through suppressing
NF-kB and ERK1/2 MAPK signaling pathways.
Acta Pharmacol Sin 2016; 37: 629-636.

YAGETA Y, IsHil Y, MorisHIMA Y, ANO S, OHTSUKA S, MAT-
SUYAMA M, TakeucH! K, Iton K, Yamamoto M, Hizawa
N. Carbocisteine reduces virus-induced pulmo-
nary inflammation in mice exposed to cigarette
smoke. Am J Respir Cell Mol Biol 2014; 50: 963-
973.

BaLsamo R, LANATA L, Ecan CG. Mucoactive drugs.
Eur Respir Rev 2010; 19: 127-133.

ANTHONISEN NR, MANFREDA J, WARREN CP, HERSHFIELD
ES, Harbing GK, Newson NA. Antibiotic therapy in
exacerbations of chronic obstructive pulmonary
disease. Ann Intern Med 1987; 106: 196-204.

ZenG Z, YanG D, Huang X, Xiao Z. Effect of car-
bocisteine on patients with COPD: a systematic
review and meta-analysis. Int J Chron Obstruct
Pulmon Dis 2017; 12: 2277-2283.

CazzoLA M, RoGLIANI P, CALZETTA L, HANANIA NA, MAT-
erA MG. Impact of mucolytic agents on COPD ex-
acerbations: a pairwise and network meta-analy-
sis. COPD 2017; 14: 552-563.

Maccio A, Mapebbu C, PanzoNe F, MANTovANI G.
Carbocysteine: clinical experience and new per-
spectives in the treatment of chronic inflammato-
ry diseases. Expert Opin Pharmacother 2009; 10:
693-703.

RaHmAN I, MAcNEE W. Antioxidant pharmacological
therapies for COPD. Curr Opin Pharmacol 2012;
12: 256-265.

Pace E, FErRrRARO M, D1 VincenzO S, CipoLLINA C, GERBI-
No S, CigNa D, Caputo V, Balsamo R, LANATA L,
Guomarkas M. Comparative cytoprotective effects
of carbocysteine and fluticasone propionate in
cigarette smoke extract-stimulated bronchial ep-
ithelial cells. Cell Stress and Chaperones 2013;
18: 733-743.

Pace E, FERRARO M, D1 VINCENZO S, GERBINO S, BRUNO
A, Lanata L, Giomarkas M. Oxidative stress and in-
nate immunity responses in cigarette smoke stim-
ulated nasal epithelial cells. Toxicol In Vitro 2014;
28: 292-299.

Bazzint C, Rossetti V, CiveLLo DA, SassoNE F, VEzzoll
V, PersaNI L, TiBerio L, LANATA L, BAgNAsco M, Paul-
micHL M, Mever G, GAravaGLIA ML. Short- and long-
term effects of cigarette smoke exposure on glu-
tathione homeostasis in human bronchial epithe-
lial cells. Cell Physiol Biochem 2013; 32: 129-145.

GARAVAGLIA ML, Bononi E, DosseNA S, MonDINI A, BA-
zzINI C, LANATA L, BALsamo R, BAGNAsco M, Conese M,
BottA G, PautmicHL M, Mever G. S-CMC-Lys pro-
tective effects on human respiratory cells during
oxidative stress. Cell Physiol Biochem 2008; 22:
455-464.

Pace E, Di ViNcenzo S, FERRARO M, Bruno A, Dino
P, BonsiGNORE MR, BATTAGLIA S, SAIBENE F, LANATA L,
Guormakas M. Carbocysteine counteracts the ef-

6734

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

fects of cigarette smoke on cell growth and on
the SIRT1/FoxO3 axis in bronchial epithelial cells.
Exp Gerontol 2016; 81: 119-128.

Pace E, Di VINCENZO S, FERRARO M, SIENA L, CHIAPPARA
G, DiNno P, VituLo P, BerTant A, SAIBENE F, LANATA L,
Guormakas M. Effects of carbocysteine and beclo-
methasone on histone acetylation/deacetylation
processes in cigarette smoke exposed bronchi-
al epithelial cells. J Cell Physiol 2017; 232: 2851-
2859.

Pace E, FERRARO M, D1 ViINcENZO S, CipoLLINA C, GERBI-
NOo S, CigNA D, Caruto V, BALsAMO R, LANATA L,
Guomarkas M. Comparative cytoprotective effects
of carbocysteine and fluticasone propionate in
cigarette smole extract-stimulated bronchial ep-
ithelial cells. Cell Stress Chaperones 2013; 18:
733-743.

PAce E, FErrarO M, SIENA L, Scaripi V, GersiNO S, Di
VINCENZO S, GALLINA S, LANATA L, Giomarkas M. Car-
bocysteine regulates innate immune responses
and senescence processes in cigarette smoke
stimulated bronchial epithelial cells. Toxicol Lett
2013; 2283: 198-204.

SUER E, SAYRAC S, SARINAY E, OzTturk HE, Turkoz M,
IcHinose A, Nacatake T, AHmvep K. Variation in the
attachment of Streptococcus pneumoniae to hu-
man pharyngeal epithelial cells after treatment
with S-carboxymethylcysteine. J Infect Chemoth-
er 2008; 14: 333-336.

YAMAYA M, NisHIMURA H, SHINYA K, HATACHI Y, SAsAki
T, YAsubA H, YosHibA M, Asaba M, Fusino N, Suzuki
T, Deng X, Kuso H, Nagatomi R. Inhibitory effects
of carbocisteine on type A seasonal influenza vi-
rus infection in human airway epithelial cells. Am
J Physiol Lung Cell Mol Physiol 2010; 299: 160-
168.

BiernaAcki WA, KHARITONOV SA, BARNES PJ. Increased
leukotriene B4 and 8-isoprostane in exhaled
breath condensate of patients with exacerbations
of COPD. Thorax 2003; 58: 294-298.

Parepl P, KHARITONOV SA, LEak D, WARD S, CrAMER D,
Barnes PJ. Exhaled ethane, a marker of lipid perox-
idation, is elevated in chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med 2000;
162: 369-373.

Barnes PJ, Karin M. Nuclear factor-kappaB: a pivot-
al transcription factor in chronic inflammatory dis-
eases. N Engl J Med 1997; 336: 1066-1071.

YosHIDA Y, MARUYAMA M, FuitA T, ArRAI N, HAvAsHI R,
ARAYA J, MATsul S, YAMASHITA N, SuGivamA E, KoBAYASHI
M. Reactive oxygen intermediates stimulate inter-
leukin-6 production in human bronchial epithelial
cells. Am J Physiol 1999; 276: 900-908.

MiraviTiies M. Prevention of exacerbations of
COPD with pharmacotherapy. Eur Respir Rev
2010; 19: 119-126.

MiraviTLLES M, VogELMEIER C, RocHE N, HALPIN D, CARr-
DOsO J, CHUCHALIN AG, KANKAANRANTA H, SANDSTROM
T, SuwiNski P, ZatLoukaL J, Brasi F. A review of na-
tional guidelines for management of COPD in Eu-
rope. Eur Respir J 2016; 47: 625-637.



Effects of carbocysteine lysine salt w/wo inhaled steroids in COPD exacerbations

44)

45)

46)

NATioNAL INsTITuTES OF HEALTH. National Heart, Lung,
and Blood Institute. Morbidity and mortality: 2002
chart book on cardiovascular, lung and blood
diseases. Bethesda, National Heart, Lung, and
Blood Institute, 2002. Available at : https:/www.
nhlbi.nih.gov/files/docs/research/2012_Chart-
Book_508.pdf.

ManNino DM, Homa DM, Akineami LJ, Forp ES, Rebb
SC. Chronic obstructive pulmonary disease sur-
veillance--United States, 1971-2000. MMWR Sur-
veill Summ 2002; 51: 1-16.

Brasi F, CEsaNnA G, ConTi S, CHIoDINI'V, ALIBERTI' S, FOR-
NARI C, MaNTovani LG. The clinical and econom-
ic impact of exacerbations of chronic obstructive

47)

48)

pulmonary disease: a cohort of hospitalized pa-
tients. PLoS One 2014; 9: e101228.

DAL NeGro RW, BonADIMAN L, Turco P, TOGNELLA S,
Iannazzo S. Costs of iliness analysis in Italian pa-
tients with chronic obstructive pulmonary disease
(COPD): an update. Clinicoecon Outcomes Res
2015; 7: 153-159.

JANsON C, LArssoN K, Lisspers KH, STALLBERG B, STRATE-
us G, Goike H, JORGENSEN L, JoHANssoN G. Pneumo-
nia and pneumonia related mortality in patients
with COPD treated with fixed combinations of in-
haled corticosteroid and long acting 2 agonist:
observational matched cohort study (PATHOS).
BMJ 2013; 346: f3306.



