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Breath analysis in non small cell lung cancer patients after
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Abstract. Exhaled volatile organic compounds (VOCs), mainly aliphatic and aromatic hydrocarbons, have
been proposed as a diagnostic test for early lung cancer detection, but the effect of lung cancer surgical re-
moval on exhaled VOCs pattern has never been specifically addressed. The aim of this study was to compare
VOC levels measured in non small cell lung cancer (NSCLC) patients before surgery (T0), one month (T1)
and 3 years (T2) after surgical removal of tumour. In order to better understand the pathophysiological
meaning of exhaled aromatic hydrocarbons, the same exhaled biomarkers were also assessed in cancerous and
macroscopically unaffected lung tissue samples collected during surgical operation. Exhaled breath was col-
lected in a specially designed Teflon® bulb trapping the last 150 ml of a single slow vital capacity. After sol-
id phase micro-extraction, VOCs were analysed in gas chromatography-mass spectrometry. VOC levels were
unaffected by surgical removal, except for isoprene, whose concentration was significantly reduced. Three
years after surgical operation, some VOC:s significantly changed from baseline: in particular, we noted a de-
crease in isoprene and benzene concentrations, whereas the levels of pentane, toluene and ethylbenzene were
increased in comparison with baseline values. Finally, lung tissue analysis showed that all aromatic hydro-
carbons, except xylenes, were significantly higher in cancerous than in unaffected tissue. This study showed
that surgical operation can influence the concentration of some exhaled VOCs opening a new scenario in the
use of exhaled VOCs in lung cancer patients, not only for diagnostic but also for follow up purposes.
(www.actabiomedica.it)
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of lung cancer patients contains a certain specific pat-
ter of volatile substances (4-6). In a previous paper

Introduction

Lung is the target organ for several toxic sub-
stances introduced into the body by inhalation and is
particularly subjected to oxidative stress processes that
can impair its functionality and induce lung diseases,
including cancer (1-3). Non invasive diagnostic strate-
gies, such as breath analysis, aimed at identifying bio-
markers of lung status, are of great interest.

The use of exhaled VOC:s for the early diagnosis
of lung cancer has been recently proposed and an in-
creasing body of evidence suggests that exhaled breath

published by our group, we selected a pattern of
VOC:s (aliphatic and aromatic hydrocarbon) which
was able to correctly classify about 80% of NSCLC
patients before surgery, considering chronic obstruc-
tive pulmonary disease patients, asymptomatic smok-
ers and non smokers as control groups (7).

In order to confirm and to extend our previous
observation, the aim of this study was to measure
VOC levels in exhaled breath of operated lung pa-

tients, one month and three years after surgical re-
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moval of the tumour. Furthermore, in order to im-
prove the pathophysiological meaning of exhaled
VOC:s, the concentration of selected VOCs was mea-
sured in cancerous and macroscopically unaffected
lung tissue samples collected during surgical opera-
tion.

Materials and Methods
Study design

The design of the present study was focused on
an extension and subsequent follow-up study of
NSCLC patients as previously described (7). Exhaled
breath samples from NSCLC patients were collected
before surgery (T0) and at different times after lung
resection (T1= after one month, T2= after 3 years).

Subjects

NSCLC patients who underwent tumour resec-
tion were enrolled at the Section of Thoracic Surgery
of the University Hospital of Parma. The assessment
of tumour size and node was based on the Interna-
tional Unit Against Cancer TNM staging system (8).
All patients involved were classified as having stage Ia,
Ib and Ila lung cancer. None of the patients received
radiation or chemotherapy before surgery.

Among the 36 patients who agreed to perform
sampling before surgery, only 21 and 10 patients were
willing or in good clinical conditions to repeat breath
collection 1 month (21 patients) and 3 years after
surgery (10 patients). None of them showed radiolog-
ical signs of recurrence.

For comparison purposes, 50 asymptomatic non-
smokers were selected as control group. None of them

Table 1. Demographic characteristic of the groups

referred pulmonary symptoms or a history of clinical-
ly significant pulmonary disease and had normal lung
spirometry tests (data not shown). The characteristic
of the subjects are reported in table 1.

Breath collection and analysis

Breath collections and analyses were performed
as previously described (7). Briefly, subjects were asked
to perform a single slow vital capacity breath in a one-
way Teflon® bulb (Bio-VOC® sampler, Markers In-
ternational Ltd, Rhondda Cynon Taff, UK), which
traps the last portion of exhaled breath. After adding
internal standard (I.S, n-heptane-d;; and styrene-ds
methanolic solution), exhaled VOCs were extracted
using 75 um-Carboxen-PDMS SPME fibers (Supel-
co, Bellefonte, PA, USA). Analyses were carried out in
gas chromatography mass spectrometry technique op-
erating both in fu// scan (ion range 40-350 m/z) and in
sim (selected ion monitoring) mode.

Lung Tissue analysis

In 27 NSCLC patients during surgery, 50-100 mg
of cancerous and macroscopically unaffected lung tissue
samples were collected and stored until analysis at
-20°C in RNA-later™ solution (Ambion, USA).
Before analysis, each sample was weighed and placed in
a 4ml SPME-vial containing 0.5 g of NaCl and buffer
solution. Styrene -ds was added as Internal Standard.

Extraction was performed using 75 um-Carboxen-
PDMS fiber sampling at 70°C for 20 min. Fiber was
desorbed into gas chromatography injection port at
280°C for 5 mins. Under this operative condition no
memory effect was observed.

Analyses were carried out in gas chromatography
mass spectrometry technique operating in sizz mode.

NSCLC (T0) NSCLC (T1) NSCLC (T2) Controls
Subjects (n) 36 10 50
Age (median, years) 67.2 66.52 68.56 55.7
Sex (male/female) 28/8 15/6 91 27/23
Current smokers 2 1 0
Ex smokers 28 9 0
Never smokers 6 0 50
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Table 2. Exhaled VOC levels in studied groups®

(10 M NSCLC (T0) NSCLC (T1) NSCLC (T2) Controls
Pentane 647.5 529.5 1569.0 268.0
(388.5-1013) (329.6-960.0) (497.9-3214) (107.7-462.7)
Isoprene 6121 4125 678.9 3789
(4069-9031) (2415-7407) (359.8-1111.0) (1399-6589)
2-methylpentane 139.5 123.5 87.9 27.7
(68.8-291.6) (81.1-227.6) (35.5-278.9) (3.4-50.3)
Benzene 95.7 99.6 46.0 447
(62.9-132.2) (60.0-119.2) (34.6-76.0) (27.7-68.6)
Heptane 15.1 18.7 10.8 8.4
(0.9-34.6) (9.5-39.5) (6.1-105.5) (5.0-15.3)
Toluene 161.9 160.3 297 80.8
(118.7-232.5) (119.0-232.7) (202.6-297.0) (58.9-140.0)
Octane 65.7 49.7 44.3 20.2
(45.8-131.4) (28.5-102.5) (32.6-60.4) (4.0-50.8)
Ethylbenzene 24.0 19.7 46.4 13.6
(14.8-28.0) (15.7-34.5) (38.6-90.9) (10.8-15.1)
Styrene 22.1 18.0 21.3 12.3
(11.5-38.1) (12.1-43.1) (11.8-26.4) (5.3-21.8)
Xylenes 69.0 67.8 56.2 31.1
(45.8-105.6) (51.2-129.4) (38.9-80.4) (21.1-56.4)
Trimethylbenzene 15.2 13.2 15.3 6.2
(10.1-22.3) (10.2-22.5) (11.7-22.3) (4.7-11.0)
Pentamethylheptane 2.6 2.5 8.8 0.9
(1.7-10.0) (1.1-8.8) (2.2-15.2) (0.1-2.6)

* Concentrations are expressed as median values (25°-75° percentile). These values have been partially described in a previous study (7)

Statistical analysis

The comparisons between NSCLC patients at
time TO, T1, and controls were already described in
our previous study (7). Due to the low number of
NSCLC patients enrolled at time T2, instead of re-
peated measure analogue, non parametric test for in-
dependent measures (Kruskal-Wallis test followed by
Dunn’s post-hoc test) was used to compare NSCLC
patients at time T0, T'1, T2, and controls. In addition,
Wilcoxon test was used to compare VOC levels in
cancerous and unaffected tissue. The relationships be-
tween different VOCs at all times of the follow-up
study were evaluated by means of non-parametric
Spearman’s rho test.

Results

Table 2 summarizes exhaled VOC levels in
NSCLC patients before and after surgery and in con-
trols; Table 3 shows statistically significant differ-
ences between groups in pairs. At T1, isoprene con-
centrations were significantly decreased in compari-
son with TO levels, whereas the levels of other VOCs
were similar to those measured at TO. Nevertheless,
comparing VOC levels before (T0) and 3 years after
surgery (T2) five substances were significantly differ-
ent: in particular, isoprene and benzene concentra-
tions were decreased while pentane, toluene and eth-
yl benzene levels were increased compared to values

sampled at TO.
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Table 3. Statistical differences between groups®

TOvs. T1 TO vs. T2 T1vs. T2 Controls vs. TO  Controls vs. T1 ~ Controls vs. T2
Pentane n.s. p<0.05 p<0.01 p<0.001 p<0.05 p<0.001
Isoprene p<0.05 p<0.01 p<0.01 n.s. n.s. p<0.01
2-methylpentane n.s. n.s. n.s. p<0.001 p<0.001 p<0.05
Benzene n.s. p<0.05 p<0.05 p<0.001 p<0.01 n.s.
Heptane n.s. n.s. n.s. n.s. p<0.05 n.s.
Toluene n.s. p<0.01 p<0.01 p<0.001 p<0.01 p<0.001
Octane n.s. n.s. n.s. p<0.001 p<0.05 n.s.
Ethylbenzene n.s. p<0.05 p<0.01 p<0.01 p<0.001 p<0.001
Styrene n.s. n.s. n.s. n.s. n.s. n.s.
Xylenes n.s. n.s. n.s. p<0.001 p<0.01 p<0.05
Trimethylbenzene n.s. n.s. n.s. p<0.01 p<0.001 p<0.001
Pentamethylheptane n.s. n.s. n.s. p<0.001 p<0.05 p<0.001

* Non parametric test for independent measures (Kruskal-Wallis test followed by Dunn’s post-hoc test) was used to compare

NSCLC patients at time TO0, T1, T2, and controls

Figure 1 shows the distribution for the substances
and the observed differences. Considering controls
versus NSCLC subjects, the same substances were sig-
nificantly different at time TO and T1. At time T2,
benzene, heptanes, and octane levels became similar to
those measured in the control subjects. On the other
hand, isoprene concentrations that were similar to the
controls both at time TO and T1, 3 years after surgery
(T2) had significantly decreased.

Correlations between substances in NSCLC
both before and after surgery were also evaluated.
Pentane correlated with its methylated form, 2-
methylpentane, at time TO (r=0.59, p<0.001) while at
time T2 the correlation was negative and near signifi-
cance (r=-0.59; p=0.074). Pentane correlated also with
isoprene both at time TO (r=0.48, p<0.01) and T2
(r =-0.71, p<0.05) with opposite slopes as shown in
Figure 2.

Heptane and octane, whose levels became similar
to the controls at time T2, did not correlate before
surgery but at time T1 (r=0.80; p<0.001). At time T2
the correlation was close to statistical significance
(r=0.55, p=0.08).

Regarding aromatic hydrocarbons, benzene cor-
related at time TO with the other BTEX, in particular
with toluene (r=0.68, p<0.001), ethyl benzene (r=0.49,
p<0.01), xylenes (r=0.62, p<0.001), trimethylbenzene
(r=0.51, p<0.01). At time T, benzene correlated only
with trimethylbenzene and at time T2 correlation was
near significance only with toluene (r=0.58, p=0.08).

Ethylbenzene and toluene correlated at time TO
(r=0.36, p<0.05) and strongly at time T1 (r=0.92,
p<0.001).

During surgery, cancerous and unaffected lung
tissue samples were also collected from 27 NSCLC
patients. In these specimens, it was possible to mea-
sure only aromatic hydrocarbon concentrations, in
particular BTEX (benzene, toluene, ethylbenzene and
xylenes), styrene and trimethylbenzene because the
other VOCs had been lost during collection and stor-
ing. Their distribution and relatively statistic differ-
ences are reported in Figure 3. All aromatic hydrocar-
bons, except xylenes, were significantly higher in can-
cerous than in unaffected tissues.

Discussion

This is the first study aimed at monitoring VOC
pattern in exhaled breath of lung cancer patients over a
3-year period after surgical removal of the tumour. The
main finding is that all selected VOCs (with the excep-
tion of isoprene) did not show significant differences
one month after surgery in comparison with baseline
values, whereas VOC variations were observed when
sampling was done 3 years after surgical removal of the
tumour. Of note, most of the studied VOCs in lung
cancer patients were higher at baseline in comparison
with control values and this difference was still evident
either one month after surgery and 3 years later.
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Figure 1. Distribution of the substances in studied group where significant differences were observed before and after surgery and
at time T2 with respect to the controls. The differences between controls and NCLC at time T0 and T'1 have been described in our

previous study (7)*

Lung cancer surgical removal did not change
VOC levels (except for isoprene) at T1: this points out
an important issue related to the pathophysiological
meaning of VOC measurement if exhaled air. In fact,
our data shows that exhaled VOCs do not, or only in
part, derive from cancerogenous tissue, being their
concentration is unaffected by surgical removal. In ad-

dition, post surgical VOC levels remained higher than
control values. A possible explanation of this data is
that exhaled VOCs cannot be considered biomarkers
of lung cancer per se, rather epiphenomena which ac-
company lung cancer development, probably due to
the chronic load and burden of VOCs in overall lung
tissue. Therefore, the majority of studied VOCs can
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Figure 2. Correlation between pentane and isoprene in

NSCLC patients at time TO (A) and T1 (B)

not be proposed as specific biomarkers of lung cancer,
as for blood biomarker frequently used in other can-
cerogenous lesions (i. e. PSA in prostatic cancer).

On the contrary, among studied biomarkers, iso-
prene gradually reduced after surgical removal, thus
suggesting a possible role as prognostic biomarker, af-
ter we had excluded the effect of known confounding
factor being able to modify isoprene levels (i.e. drugs).
The gradual reduction in isoprene levels is somehow
difficult to interpret. The same lobe or segmental lung
removal might be able to reduce isoprene levels, but
this can hardly explain its further reduction three years
after surgical intervention. A further possible, but still
speculative interpretation could be a chronic oxidative
stress role occurring in the lung after its partial resec-
tion, causing a reduction in isoprene levels. In this re-

gard, isoprene, being an unsaturated molecule with
conjugated double bonds, could be the target of free
radicals in oxidative stress process, both a short and
long term after surgery. In fact, the role of isoprene in
oxidative stress is confirmed by its capacity to scav-
enge OH radicals in plants, in particular to protect
photosynthetic apparatus against ozone and singlet
oxygen damage and therefore reduce lipid peroxida-
tion of cellular membranes (9-11).

Low levels of isoprene have been reported in
chronic conditions associated with oxidative stress
(12-15). These results are in lines with oxidative stress
conditions described after lung resection, even if only
short term post-operative investigations were de-
scribed (16, 17). In literature, it is reported that lung
equilibrium can be modified by lung resection due to
the considerable tissue manipulation and the follow-
ing lung re-expansion reperfusion, conditions that can
induce oxidative stress. In fact, although lung tissue is
resistant to hypoxia condition because of its dual
blood flow and the use of reserves in alveolar spaces,
re-oxygenation can significantly increase the reactive
oxygen species (ROS) through a well known mecha-
nism (18, 19). In this regard, a prospective random-
ized study has shown that lung resection in NSCLC
patients can induce an increase in lipidic peroxidation,
monitored through malondialdehyde (MDA) plasma
levels, after the first postoperative hours (20). Addi-
tionally, the important role of one-lung ventilation
(OLV) as a powerful free radical generator has been
demonstrated, and cellular damage following a hypox-
ic insult is biphasic, considering the initial lack of oxy-
gen and exacerbation during re-oxygenation (21). In
particular, free radicals mainly generated in mitochon-
dria can cause oxidative damage to a wide variety of
biological molecules including DNA, proteins and
polyunsaturated fatty acids (PUFAs) (22, 23). It has
been also described that hyperoxia induces an increase
in methylated alkanes produced by lipid peroxidation,
and that these biomarkers of oxidative stress can be
monitored in exhaled breath (24).

According to this hypothesis, after surgical oper-
ation, even though only at 3 years (T2), pentane levels
increased significantly respect to time T0. Also in this
case, this could be related to chronic oxidative stress
processes, since it is known that pentane is a final



70

D. Poli, M. Goldoni, A. Caglieri, et al.

benzene

1004 p=0.0001
10=

'
'
‘444, v?

C.am::araus Uﬂﬂﬂ!ﬁclﬁﬂ
Lung Tissue

Hg/Kg

0.01

ethylbenzene

E*:GI.DS
10+

1 v
A . vv? gvV
Ajaa dﬁ%%ﬁﬁh

“ v

v
7v

Cancerous Unaffected
Lung Tissue

ng/Kg
e e e

0.1+

0.01

Styrene

10+ =005

v
v
T W

0.1+ Wk Vv

na/Kg
3
L

W

vv
Cancerous Unaffected
Lung Tissue

0.01

toluenea
100+ =0.017
104 &
n "1
EREE R
o 14
3 v
0.1 Vv
0.01 T T
Cancerous Unaffected
Lung Tissue
xylenes
104 "
i
< 14 “'fﬂ"‘l Y v§ Epv"? v
= Y Voor T
= v
0.14 Vv
g%
0.01
Cam:lerous unal'l’e:tnd
Lung Tissue
Trimethylbenzene
105
<0.05
14
g |yt g
s da,a 4
g A Vi
0.1+ T
Vu
v
0.4 T T
Cancerous Unaffected
Lung Tissue

Figure 3. Distribution of aromatic hydrocarbons measured in cancerous and macroscopically unaffected lung tissue samples and

their statistical differences evaluated using Wilkoxon test

product of lipid peroxidation. Therefore, the contrary
behaviour of isoprene and pentane at T2 might have
had the same origin and been related to the same free
radical induction process in the airways. Pentane cor-
related also at time TO with its methylated form, 2-
methylpentane, while at time T2 this correlation was
near significance, confirming their similar origin. In

fact, in literature, it has also been reported that methy-
lation of alkanes is a secondary process of oxidative
stress (25). On the other hand, pentane formation
process was probably more notable with respect to 2-
methylpentane, whose levels were similar both before
and after surgery, but always higher than the controls.
These results confirmed once again the endogenous
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origin for isoprene, pentane and methylpentane (7).

In contrast, heptane and octane can be considered
as mainly exogenous substances, deriving from envi-
ronmental pollution and/or related to smoking habits.
This origin was in accordance with their values which
decreased after surgery, and at time T2, the levels be-
came similar compared to controls. Therefore, their
trend was contrary compared to that of the endoge-
nous substances mentioned above. Additionally, it has
to be considered that also these substances, being alka-
nes, can undergo reactions of methylation and thus
decrease in concentration. Unfortunately, it was not
possible to measure their corresponding methylated
forms, their concentrations being lower than the
LOD:s in almost all subjects. In fact, it was possible to
monitor only pentamethylheptane levels that at time
T2 where generally higher than TO, even if the limit-
ed number of cases did not permit a complete stastis-
tical analysis to achieve significance.

With regard to aromatic compounds, whose ori-
gin was related mainly to smoking habits or environ-
mental pollution, a different trend was observed. In
fact, at T2, while benzene significantly decreased and
became similar to the controls, toluene and ethylben-
zene significantly increased as compared to the levels
measured before surgery. This behaviour is extremely
difficult to explain because BTEX, like exogenous
substances, have a similar origin as demonstrated by
their correlation at T0. According to this hypothesis,
analyses performed on tissue sample confirmed that
all BTEX, except xylenes, were always significantly
higher in cancerous and unaffected lung tissue. This
result is in line with the unexpected higher concentra-
tions of aromatic hydrocarbons in exhaled breath of
NSCLC patients with respect to the controls. These
substances, characteristic of cigarette smoke but also
environmental pollutants, accumulated in the lung tis-
sues, especially in the portion where cancer had devel-
oped. In fact, it is important to bear in mind that al-
most all NSCLC patient enrolled were ex or current
heavy smokers.

The decrease in benzene in exhaled breath after
surgery could be related to lung resection, but in this
case even other BTEX would be expected to show the
same behaviour. Therefore, the anomalous increase in
toluene and ethylene breath concentrations and their

high correlation at time T1 suggested that surgery
could have influenced both of them in a similar way.

T2 correlation between benzene and toluene was
near significance and this result can be explained due
to the fact that toluene represents benzene methylat-
ed form. On the other hand, in literature no methyla-
tion process on aromatic hydrocarbon related to ox-
idative stress have not yet been described.

We previously related BTEX origin in exhaled
breath to smoking habits, these aromatic hydrocar-
bons being characteristic compounds of the cigarette
smoke. However, the literature has described that ben-
zene has a lower solution-phase activity coefficient if
dissolved in the particular matter phase arising from
cigarette smoke as compared to toluene and ethylben-
zene (26). This evidence could suggest a higher depo-
sition and therefore a slower release of the last two
compounds as compared to benzene. In fact, it is im-
portant to note that NSCLC patients did not change
their smoking habits after surgery. However, further
investigations are necessary, mainly considering the
low number of subjects enrolled at time T2.

Conclusion

The main result of this study was that two en-
dogenous substances, i.e. isoprene and pentane,
showed an opposite trend 3 years after surgery. A fur-
ther possible, but still speculative interpretation, could
be that induced long-term oxidative stress generates
free radicals that react with isoprene and at the same
time leads to pentane formation as a secondary prod-
uct of oxidative stress. Methylation of pentane re-
mains however more difficult to interpret and addi-
tional studies are needed to better understand the role
of methylation of endogenous VOCs in oxidative
stress in general. On the other hand, the behaviour of
those VOCs that have been classified as exogenous/
related to smoking habits or of mixed origin is com-
plex and substance-dependent. In particular among
BTEX, known to have similar origin, benzene on one
side and toluene and ethyl benzene on the other
showed an opposite trend after surgery and therefore
a differential release by lungs. In conclusion, this study
showed that surgical operation can influence exhaled
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VOC levels, opening a possible new scenario in inter-

pretating the relationship between lung status and
VOC exhalation in NSCLC patients.
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