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ABSTRACT

Introduction: The etiology of lung cancer is multifactorial. Exposure to tobacco smoke and the role played
by the carcinogenic compounds that it contains would explain the common association between lung
cancer and chronic obstructive pulmonary disease (COPD), which is closely linked to tobacco use. In both
diseases, sustained inflammation is caused by increased oxidative stress (for example, lipid peroxida-
tion). This generates low molecular weight substances called volatile organic compounds (VOC) that are
excreted during breathing. VOC metabolomics provides an indirect measure of oxidative stress.
Objective: The aim of this study was to establish the relative influence of COPD on the VOC profile in
patients with non-small cell lung cancer (NSCLC), by first studying the possible variation of VOC associated
with lung cancer histology.
Patients and methods: Exhaled air was tested in 107 NSCLC patients, who were divided into 2 groups:
NSCLC with COPD and non-COPD with NSCLC. The exhaled air sample was obtained with the
BIOVOC® sampler, and transferred to desorption tubes for later analysis by thermal desorption-gas
chromatography-mass spectrometry. The VOC analysis showed lineal aldehydes and carboxylic acids.
Results and conclusions: No statistically significant differences were found in VOC associated with histol-
ogy. NSCLC and COPD patients present a 1.7-fold (1.1-2.7) greater probability of detection of propionic
acid (95% CI: 1.22-6.2) than patients without COPD or NSCLC (p=0.013).

© 2020 Published by Elsevier Espaiia, S.L.U. on behalf of SEPAR.

Palabras clave:

Cancer de pulmdn no microcitico
Biomarcadores

Compuestos organicos volatiles

Enfermedad pulmonar obstructiva crénica

Influencia de la enfermedad pulmonar obstructiva cronica en los componentes
organicos volatiles en pacientes con cancer de pulmén no microcitico

RESUMEN

Introduccién: La etiologia del cancer de pulmén es multifactorial. La exposicién al humo del tabaco y el
papel que desempeifian los compuestos carcinégenos presentes en él explicarian la frecuente asociacion
de cancer de pulmén con enfermedad pulmonar obstructiva crénica (EPOC), enfermedad igualmente
muy ligada al tabaquismo. En ambas entidades se desencadena una inflamacién mantenida debida al
incremento del estrés oxidativo (por ejemplo, peroxidacion lipidica), que genera sustancias de bajo peso
molecular llamadas compuestos organicos volatiles (VOC), que son excretadas durante la respiracién. La
metabolomica de los VOC ofrece una medida indirecta del grado de estrés oxidativo.

Objetivo: El objetivo de este trabajo es determinar la influencia relativa de la EPOC en el perfil de los VOC
en pacientes con cancer de pulmén no microcitico (CPNM), estudiando previamente la posible variaciéon
de los VOC en funcién de la histologia.
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Pacientes y métodos: Se analizé el aire exhalado de 107 pacientes de CPNM, clasificados en 2 grupos: CPNM
con EPOC y CPNM sin EPOC. La muestra de aire exhalado se recogié mediante BioVOC® y se traspaso a
tubos de desorcidn para su posterior analisis por cromatografia de gases y espectrometria de masas. Los
VOC analizados fueron aldehidos lineales y acidos carboxilicos.

Resultados y conclusiones: No se han encontrado diferencias estadisticamente significativas de los VOC

con respecto a la histologia.

Los pacientes con CPNM con EPOC presentan 1,7 (1,1-2,7) veces mas probabilidad de deteccién de acido
propanoico (IC 95%: 1,22-6,2) que los pacientes CPNM sin EPOC (p=0,013).

© 2020 Publicado por Elsevier Espaiia, S.L.U. en nombre de SEPAR.

Introduction

The etiology of lung cancer (LC), like any other neoplasm, is
multifactorial. However, the hereditary genetic component in LC
is minor compared to the role played by carcinogens in tobacco
smoke.! This would explain why LC is often associated with chronic
obstructive pulmonary disease (COPD), which is also closely linked
to smoking. Other factors, such as exposure to diverse substances,
environmental pollution, and radiation,?? also determine multiple
genetic mutations (EGFR, EML4-ALK fusion protein which is espe-
cially important in adenocarcinomas,* p53 alterations, and many
others®).

In several studies,”8 COPD is considered a risk factor for LC, but
this, on the other hand, begs the question why, in populations with
similar etiological risk factors, a large group of COPD patients do
not develop LC. Generally, when cases do overlap, COPD precedes
LC, which is logical when the pathogenesis of both diseases is taken
into consideration.

The strain of non-small cell lung cancer (NSCLC) most closely
linked to tobacco use is squamous cell carcinoma, while smoking
plays a more minor role in adenocarcinoma.”!'? Over the past few
decades, the incidence of adenocarcinomas compared to squamous
cell carcinoma has increased at rates that vary from country to
country.!! Some authors conclude that women are more vulner-
able to the harmful effects of smoking,'? possibly due to the role of
estrogens in tumor growth.!3

Exposure to tobacco smoke and other environmental substances
triggers sustained inflammation due to increased oxidative stress,
a phenomenon that is common to both diseases. One example of
the effects of oxidative stress is lipid peroxidation,'* caused by
the action of free radicals or reactive oxygen species on polyun-
saturated fatty acids that form part of cell membranes. Disrupting
these molecules generates low molecular weight substances called
volatile organic compounds (VOCs) that are excreted during breath-
ing. VOC metabolomics provide an indirect measure of the level of
oxidative stress.

The first relevant studies that differentiated patients with LC
using highly specific and sensitive VOC patterns were published by
Philips et al.’>16 and Poli et al.'” These studies were highly criti-
cized for not having demonstrated the biological origin of the VOCs,
but notwithstanding, they opened up a line of research based on the
determination of alkanes.

In 2010, Fuch et al.’® and Poli et al.’® published studies inves-
tigating VOC in LC, focusing on the determination of aldehydes
as biomarkers, given their known association with lipid peroxida-
tion.

In2017, Callol-Sanchez et al.,?? in a study that included a healthy
population, a COPD group, and an LC group, analyzed aldehydes
(hexanal, heptanal, and nonanal) and carboxylic acids (propanoic
and nonanoic) in exhaled air, a novel approach at the time. They
concluded that nonanoic acid differentiated between the LC group
and the healthy and COPD groups.

In view of these data, we propose that the coexistence of LC with
COPD will produce a characteristic VOC pattern.

The aim of this study was to determine the relative influence of
COPD on the VOC profile of patients with NSCLC (squamous cell,
adenocarcinoma, and large cell undifferentiated carcinoma).

Patients and methods

This was a cross-sectional study with consecutive non-
probabilistic sampling. In total, 107 individuals were selected and
divided into 2 groups: NSCLC with COPD (n=67)and NSCLC without
COPD (n=40).

All patients were recruited from the Hospital Central de la
Defensa Gdmez Ulla and the Hospital Clinico San Carlos in Madrid.

The data collection period was from October 2010 to December
2017.

The inclusion criteria for both groups were: informed consent,
age over 40 years old, and never smokers, former smokers or active
smokers, according to World Health Organization criteria. There
was no gender limitation.

All patients underwent protocolized clinical and laboratory
diagnostic tests for the diagnosis and stratification of LC and COPD
(GOLD).%!

The existence of active or previous malignancy in any system or
organ was considered an exclusion criterion.

All participants were informed about the study objectives, risks,
benefits, tests, and techniques. Data were collected subject to the
provisions of the Organic Data Protection Law 15/1999, of 13
December, and Law 41/2002 Regulating Patient Autonomy and
Health Documentation and Information-Related Rights and Obli-
gations, of 14 November. The study protocol was approved by the
Ethics and Clinical Research Committee of the Hospital Central de
la Defensa Gémez Ulla (No. R: IS-404030-S-06-000153).

Samples of 900 ml of exhaled air were obtained for analysis from
all patients in 3 forced expiratory maneuvers using a BioVOC device,
and the air was transferred to thermal desorption tubes. The same
amount of room air was collected from the area where the study
subject performed the test to compare VOC levels in room and
exhaled air. Samples were analyzed using thermal desorption-gas
chromatography and mass spectrometry within 24 h of collection
to minimize reactions between compounds and their oxidation.
A compound was defined as endogenous when it was present in
exhaled air and not in room air or, if it was present in both, when
the exhaled/room air ratio was greater than 1. This protocol has
been described in previous publications by our group.!?22:23

The compounds studied were: hexanal, heptanal, nonanal,
propanoic acid, and nonanoic acid.

In the statistical study, independent variables were assessed:
age, sex, smoker, former smoker, never smoker, histology, individ-
uals with NSCLC with COPD, and individuals with NSCLC without
COPD. Dependent qualitative variables were those derived from the
determinations of the following VOCs: aldehydes and carboxylic
acids.

After verification of normality (Kolmogorov-Smirnov) of the
distributions of the different VOCs in exhaled air, the arithmetic
mean and standard deviation or median and interquartile range
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Table 1
Demographic characteristics of study population.

NSCLC with COPD: N=67

NSCLC without COPD: N =40

Age (mean and SD in years) 69 (£11) 68 (£13)
Sex
Men 56 (83%) 26 (65%)
Women 11 (17%) 14 (35%)
Smoking history Percentage PYI (median and IQR) Percentage PYI (median and IQR)
Smokers 21 (31%) 52 (45) 5(13%) 58 (13)*
Former smokers 46 (69%) 64 (55) 20 (50%) 35(38)"
Never smokers 0 15 (37%)
Histology
Adenocarcinoma 31 26
Squamous cell 22 6
Undifferentiated 14 8
* Mean and SD.
Table 2
Detection of VOC in different histological strains of NSCLC.
Adenocarcinoma N=57 n (%) Squamous cell N=28 n (%) Undifferentiated N=22 n (%) p
Hexanal 16 (28) 10(36) 6(27) 0.735
Heptanal 23 (40) 10(36) 10 (45) 0.704
Nonanal 41(72) 26 (93) 19(86) 0.054
Propanoic acid 25 (44) 16 (57) 13(59) 0.341
Nonanoic acid 15(26) 10(36) 6(27) 0.655

p Value based on Pearson’s x? test.

for non-parametric distributions were used for central tendency
measures and dispersion for parametric distributions.

Associations between dichotomous independent and quantita-
tive dependent variables were verified using the Mann-Whitney U
test Effect and precision were verified by the difference in medians
and their corresponding 95% CI.

The association between independent and dependent categori-
cal variables was verified by Pearson’s x? test. Risk estimation was
made using prevalence ratios and their corresponding 95% CI.

A p value of < 0.05 was considered a statistically significant
association for all statistical analyses.

The statistical program SPSS® v. 24. (SPSS Inc. Chicago, IL, USA).

Results

Our population consisted of 107 patients with a mean age (+SD)
of 68 (£11.4) years, 77% men with a mean age of 70 (+10) years,
and 23% women aged 65 (£13).

Overall, 86% were smokers or former smokers, with a median
pack-year index (PYI) of 59 and interquartile range (IQR) of 59. A
total of 87% were men with a median PYI of 59 (IQR: 59) and 23%
women with a PYI of 35 (IQR: 34). This difference in medians is
statistically significant (p =0.039).

The population was divided into 2 groups (67 with NSCLC with
COPD and 40 with NSCLC without COPD). The most prevalent
non-small-cell histologies, adenocarcinoma, squamous cell, and
large cell undifferentiated, were selected. Patient characteristics
are listed in Table 1.

The NSCLC group with COPD consisted of 67 patients, with a
mean age of 69 (& 11) years, 56 of whom were men (83%) and 11
women (17%). Overall, the group comprised active smokers with a
median PYI of 52 (IQR 45) or former smokers with an PYI of 64 (IQR:
55).

The NSCLC group without COPD consisted of 40 patients, with a
mean age of 68 (& 13) years, 26 of whom were men (65%) and 14
women (35%); 13% were active smokers with a PYI of 58 (IQR: 13),
while 50% were former smokers with a PYI of 35 (IQR: 38).

In all cases, COPD was 1.6 (1-2.5) times more prevalent in men
than women (p =0.028).

Table 3
Influence of COPD on the determination of VOC in patients with NSCLC with COPD
and without COPD.

LC with COPD n (%) LC without COPD n (%) p

Hexanal 17 (25) 15(37) 0.185
Heptanal 24 (36) 19 (47) 0.233
Nonanal 56 (84) 30(75) 0.280
Propanoic acid 40 (60) 14 (35) 0.013
Nonanoic acid 19 (28) 12 (30) 0.856

p Value based on Pearson’s x? test.

Table 4

Detection of VOCs in patients with LC without COPD by smoking habit.

S+FSn (%) NS n (%) p

Hexanal 10 (40) 5(33) 0.673
Heptanal 11 (44) 8(53) 0.567
Nonanal 18(72) 12 (80) 0.572
Propanoic acid 8(32) 6 (40) 0.608
Nonanoic acid 8(32) 4(27) 0.722

FS: former smoker; NS: never smoker; S: smoker.

The comparative study of VOCs according to histology is shown
in Table 2, which presents the number of cases and the rate of
detection of each of the VOCs studied, comparing the 3 histological
groups, and p values based on the Pearson x? test.

The data obtained in our series showed no statistically signifi-
cant differences in VOCs associated with histology, possibly due to
the size of our series.

The comparative study of VOCs in the NSCLC with COPD and
NSCLC without COPD groups is shown in Table 3.

Statistically significant differences were found in the detection
of propanoic acid only. Propanoic acid is 2.7 (1.1-1.7) times more
likely to occur in NSCLC patients with COPD (95% CI: 1.22-6.2) than
in NSCLC patients without COPD (p=0.013).

The NSCLC without COPD subgroup consisted of both smokers
(smokers and former smokers) and never smokers. Even though
the groups are very small, we studied the influence of smoking in
this subgroup (Table 4), but failed to find any influence of smoking
on the detection of VOCs.
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Discussion

The paper aimed to establish differences between exhaled VOCs
in a NSCLC population with and without COPD.

We focused on non-small-cell tumors which have important
differences in terms of pathology and chronicity, and on VOC
determinations described in previous papers.'?292223 The numer-
ous studies on the determination of VOC in LC have shown
wide variation in populations, sample collection and process-
ing, methodology, and the search and identification of possible
markers.?42>

Our study focused on aldehydes and carboxylic acids, as these
2 groups of compounds were frequently detected in previous
studies.!92022.23 Priority was given to these compounds because
their origin as final metabolites of fatty acid lipid peroxidation in
cell membranes and oxidative metabolism of glucose is well estab-
lished. In our studies, we assess the interference of environmental
VOCs and problems with the sample collection.?%-2223

As COPD and cancers are both the cause and the result of oxida-
tive processes, the coexistence of both diseases may be important
in the detection of VOC.

We first studied possible differences in VOC in exhaled air
according to the most prevalent histology (Table 2), and found no
statistically significant differences between the 3 groups (adeno-
carcinoma, squamous cell, and large cell undifferentiated). The p
value of 0.054 for nonanal was close to statistical significance, so
this parameter should be reevaluated in larger numbers of squa-
mous cell and undifferentiated types. The results are consistent
with the proposal that VOCs originate from lipid peroxidation?6
of tumor cells, as mentioned above. This appears to be a common
process not affected by histology, in contrast to findings from other
authors,?” who, using similar techniques, established VOC profiles
specific to certain LC cell lines.2® However, the VOCs determined
in those studies (benzaldehyde, 2-ethylhexanol and 2,4-decadien-
1-ol) are of uncertain metabolic origin, and this choice has been
criticized in other publications.2022.23.29

Secondly, VOCs were determined in groups of patients with
NSCLC with COPD and NSCLC without COPD.

LC is a variable that influences the determination of nonanoic
acid,?? indicating its importance as a lipid peroxidation factor. We
also know that hexanal is more frequently detected in COPD.23
On the other hand, a current or former smoking habit affects the
presence of nonanal, another VOC generated by lipid peroxidation,
which persists for long periods after smoking cessation.??

It is still unclear how these variables (LC, COPD and smok-
ing) interconnect. In patients with NSCLC with COPD and patients
with NSCLC without COPD, the presence of propanoic acid was
statistically significant (p= 0.013). We have not found this find-
ing reflected in any publication in which similar groups have been
studied.

Although propanoic acid derives from both the degradation of
membrane fatty acids and the oxidation of glycolysis metabolites
(glycerol and glyceraldehyde), its significance in the development
of malignant disease or COPD has not yet been clarified.

The NSCLC without COPD subgroup is heterogeneous in terms
of smoking. Smokers without COPD show a significant difference
in PYI values compared to smokers with COPD (p= 0.035). How-
ever, no relationship was detected between VOC determinations
and smoking in this subgroup.

This finding appears to contradict the results of a study in smok-
ing in a healthy population,?? but the influence of the LC variable
must be taken into account. We can conclude that smoking con-
tributes to oxidative stress less than cancer.

In summary, tumor histological type does not appear to influ-
ence the determination of exhaled VOC, but there is an association
with propanoic acid in NSCLC patients with COPD. Larger studies

need to be conducted before these findings can be applied in the
clinic.

Funding

This study was funded by the Carlos III Institute of Health
(PI07/1116), SEPAR 2013 (registry no.° 135).

Conflict of interests

The authors state that they have no conflict of interests.

References

1. Martin-Ruiz A, Rodriguez-Gémez I, Rubio C, Robert C, Hardisson A. Efectos t6x-
icos del tabaco. Rev Toxicol. 2004;21:64-7.

2. Samet]M, Eradze GR.Radon and lung cancer risk: taking stock at the millennium.
Environ Health Perspect. 2000;108 suppl 4:635-41.

3. Paris C, Do P, Mastroianni B, Dixmier A, Dumont P, Pichon E, et al.
Association between lung cancer somatic mutations and occupa-
tional exposure in never-smokers. Eur Respir ]. 2017;50:1700716,
http://dx.doi.org/10.1183/13993003.00716-2017.

4. El-Telbany A, Ma PC. Cancer genes in lung cancer: racial disparities: are there
any? Genes Cancer. 2012;3(7-8):467-80.

5. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et al. EGFR mutations
in lung cancer: correlation with clinical response to gefitinib therapy. Science.
2004;304:1497-500.

6. William A, Freed P, Prives C. Mutant p53: one name, many proteins. Genes Dev.
2012;26:1268-86.

7. Barriero E. EPOC y Cancer de pulmén. Arch Bronconeumol. 2008;44:399-401.

8. De Torres JP, Marin JM, Casanova C, Cote C, Carrizo S, Cordoba-LanusE, et al. Lung
cancer in patients with chronic obstructive pulmonary disease. Am ] Respir Crit
Care Med. 2011;184:913-9.

9. Subramanian J, Govindan R. Lung cancer in never smokers: a review. ] Clin Oncol.
2007;25:561-70.

10. Sanchez de Cos J. Carcinoma broncogénico: epidemiologia, factores etioldgicos
y manifestaciones clinicas. In: Luis Alvarez-Sala Walther José, Garrido Victoria
Villena, Hermosa Juan Luis Rodriguez, Rodriguez de Castro Felipe, Clara Pere
Casan, editors. Neumologia Clinica. 2¢ edicién Madrid: Elsevier; 2010. p. 466-73.

11. Gullén]JA, SuarezY, Medina A, Martin C, Cabrera E, Gonzalez IJ. Carcinoma de pul-
moén: cambios en epidemiologia y supervivencia. Rev Clin Esp. 2012;212:18-23.

12. Sanchez De Cos Escuin J. El cancer de pulmoén en Espafia. Epidemiologia, super-
vivencia y tratamiento actuales. Arch Bronconeumol. 2009;45:341-8.

13. Cantos B, Majem M, Garrido P, Vifiolas N, Isla D, Garcia-Campelo MR, et al. Men-
strual status and lung cancer in female patients from the Spanish WORLD 07
database. ] Clin Oncol. 2012;30 (suppl;abstr e2).

14. Valko M, Leibfritz D, Moncol J. Free radicals and antioxidants in normal physio-
logical functions and human disease. Int | Biochem Cell Biol. 2007;39:44-84.

15. Phillips M, Gleeson K, Hughes JM, Greenberg ], Cataneo RN, Baker L, et al. Volatile
organic compounds in breath as markers of lung cancer: a cross-sectional study.
Lancet. 1999;353:1930-3.

16. Phillips M, Cataneo RN, Cummin AR, Gagliardi A], Gleeson K, Greenberg ],
et al. Detection of lung cancer with volatile markers in the breath. Chest.
2003;123:2115-23.

17. Poli D, Carbognani P, Corradi M, Goldoni M, Acampa O, Balbi B, et al. Exhaled
volatile organic compounds in patients with non-small cell lung cancer: cross
sectional and nested short follow-up study. Respir Res. 2005;6:1186-95.

18. Fuch P, Loesken C, Shubert JK, Miekisch W. Breath gas aldehydes as biomarkers
of lung cancer. Int J Cancer. 2010;126:2663-70.

19. Poli D, Goldoni M, Corradi M, Acampa O, Carbognani P, Internullo E, et al. Deter-
mination of aldehydes in exhaled breath of patients with lung cancer by means
of on-fiber-derivatisation SPME-GC/MS. ] Chromatogr B. 2010;27:2643-51.

20. Callol-Sanchez L, Mufioz-Lucas MA, Gémez-Martin O, Maldonado-Sanz JA,
Civera-Tejuca C, Gutiérrez-Ortega C, et al. Observation of nonanoic acid and
aldehydes in exhaled breath of patients with lung cancer. ] Breath Res.
2017;11:26004.

21. Gobal Initiative for Chronic Obstructive Lung Disease. NHLBI/WHO workshop
2017 report. National Institutes of Health, National Heart, Lung and Blood Insti-
tute [Accessed 9 de enero de 2020]. Available from www.goldcopd.org.

22. Jarefio-Esteban JJ, Mufioz-Lucas MA, Carrillo-Aranda B, Maldonado-Sanz JA, de
Granda-Orive [, Aguilar-Ros A, et al. Estudio de compuestos organicos volatiles
en aire exhalado en una poblacién clinicamente sana: efecto del tabaquismo.
Arch Bronconeumol. 2013;49:457-61.

23. Jarefo-Esteban]J, Mufioz-Lucas MA, Gomez-Martin O, Utrilla-Trigo S, Gutiérrez-
Ortega C, Aguilar-Ros A, et al. Estudio de cinco compuestos organicos volatiles
en aire exhalado en la enfermedad pulmonar obstructiva crénica. Arch. Bron-
coneumol. 2017;53:251-6.

24. Fu X-A, Li M, Knipp RJ, Nantz MH, Bousamra M. Noninvasive detection of lung
cancer using exhaled breath. Cancer Med. 2014;3:174-81.


http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0005
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0010
dx.doi.org/10.1183/13993003.00716-2017
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0020
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0025
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0030
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0040
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0045
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0050
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0055
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0060
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0065
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0070
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0075
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0080
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0085
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0090
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0095
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0100
http://www.goldcopd.org
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0105
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0110
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0115

25.

26.

27.

28.

M.A. Mufioz-Lucas et al. / Arch Bronconeumol. 2020;56(12):801-805

Marzorati D, Mainardi L, Sedda G, Gasparri R, Spaggiari L, Cerveri P. A review
of exhaled breath key role in lung cancer diagnosis. ] Breath Res. 2019,
http://dx.doi.org/10.1088/1752-7163/ab0684.

Rodriguez Perén JM, Menéndez Lopez JR, Trujillo Lopez Y. Radicales libres en la
biomedicina y estrés oxidativo. Rev Cubana Med Milit. 2001;30:36-44.
Mazzone PJ, Wang X-F, Xu Y, Mekhail T, Beukemann MC, Na J, et al. Exhaled
breath analysis with a colorimetric sensor array for the identification and char-
acterization of lung cancer. ] Thorac Oncol. 2012;7:137-42.

Jia Z, Zhang H, Ong CN, Patra A, Lu Y, Lim CT, et al. Detection of lung can-
cer: concomitant volatile organic compounds and metabolomic profiling of six

29.

805

cancer cell lines of different histological origins. TACS Omega. 2018;3:5131-40,
http://dx.doi.org/10.1021/acsomega.7b02035.

Kischkel S, Miekisch W, Sawacki A, Straker E, Trefz P, Amann A, et al. Breath
biomarkers for lung cancer detection and assessment of smoking related
effects—confounding variables, influence of normalization and statistical algo-
rithms. Clin Chim Acta. 2010;411:1637-44.


dx.doi.org/10.1088/1752-7163/ab0684
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0125
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0130
dx.doi.org/10.1021/acsomega.7b02035
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140
http://refhub.elsevier.com/S1579-2129(20)30277-9/sbref0140

	Influence of Chronic Obstructive Pulmonary Disease on Volatile Organic Compounds in Patients with Non-Small Cell Lung Cancer
	Introduction
	Patients and methods
	Results
	Discussion
	Funding
	Conflict of interests
	References


