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Early recognition of lung cancer is a prerequisite for any strategy to improve lung cancer treatment out-
come. Here we report a cross-sectional study intended as a proof of principle investigation using breath
based detection (exhaled breath condensate, EBC) of angiogenic markers (VEGF, bFGF, angiogenin), TNF-
� and IL-8 to discriminate 74 individuals, with confirmed presence or absence (X-ray, CT) of non-small
lung cancer (NSCLC). Levels of angiogenic markers bFGF, angiogenin and VEGF in EBC significantly dis-
criminated between 17 individuals with newly detected NSCLC versus stable and exacerbated chronic
xhaled breath condensate
ultiplex bead based immunoassay

ngiogenic markers
ung cancer
iomarkers
EGF

obstructive pulmonary disease (COPD) patients as well as healthy volunteers. Levels of IL-8 and TNF-� in
EBC indicated acute inflammation, e.g. in acute exacerbated COPD (AECOPD) and were not indicative of
lung cancer. In a different group of patients that were already treated with two cycles of chemotherapy
and who responded with at least a 25% reduction in primary tumor diameter, levels of angiogenic markers
were lower compared to patients with newly diagnosed NSCLC. We suggest that breath based detection

y hel
FGF
ngiogenin

of angiogenic markers ma

. Introduction

Three out of four patients with lung cancer are diagnosed
ecause symptoms of advanced disease are recognized. A practical,
on-invasive and relatively inexpensive method for the detection
f lung cancer in a population at risk would be a prerequisite to
mprove the unfavorable outcome of this disease, which is the lead-
ng cause of cancer related death in the United States (Cancer facts
nd Figures 2007, in American Cancer Society, 2007) [1]. Currently
arly detection by screening for lung cancer is considered by using
ow dose CT and other means such as fluorescent bronchoscopy,
nduced sputum or attempts to measure patterns of volatile organic
ompounds in the exhalate by one of several different methods
2–4] In addition to costs, radiation exposure or invasiveness (in
ase of bronchoscopy), a significant effect of even the more thor-
ughly studied methods in improving outcome has not yet been
emonstrated. Several large trials investigating the role of low dose
Please cite this article in press as: Gessner C, et al. Angiogenic marker
Cancer (2009), doi:10.1016/j.lungcan.2009.06.010

T in lung cancer screening are ongoing throughout the world, but
esults will have to be awaited.

While looking for tumors in imaging tests may be quite sensitive,
t will of cause never be highly specific. In theory, a sensitive test
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for the presence of lung cancer would be preferred over a sensitive
test for the presence of a nodule.

One approach to specific detection of lung cancer in the future
may involve molecular markers [1]. Recent progress in understand-
ing tumor biology has facilitated the search for potential markers.
Several closely tumor associated markers have been identified and
some of these may prove to be suitable for early tumor detection.
Molecular abnormalities such as mutations in the tumor suppres-
sor gene p53 [5], deletion or mutation of the retinoblastoma gene
[6] were detected and have been suggested to be potential markers
for the detection of lung cancer.

An important aspect of tumor biology is angiogenesis [7].
Tumors induce the generation of blood vessels that are neces-
sary for further growth [8]. Angiogenic molecules have therefore
been suggested as tumor biomarkers [9]. Increased levels of vas-
cular endothelial growth factor (VEGF) in serum and tumor tissue
have already been correlated with poor prognosis in patients with
lung cancer [10–12]. Similarly, increased levels of basic fibroblast
growth factor (bFGF), another potent angiogenic molecule, have
been associated with poor outcome in lung cancer [13]. However,
these investigations used angiogenic growth factor levels in lung
tissue of lung cancer patients which requires invasive diagnostic
s in breath condensate identify non-small cell lung cancer. Lung

procedures not suited for broad application.
Breath based methods may be a novel approach for identify-

ing highly tumor-specific molecules in exhaled breath condensate
(EBC) [14] and may be used for selecting patients for further diag-
nostic work ups. We have previously demonstrated that detection

dx.doi.org/10.1016/j.lungcan.2009.06.010
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f p53 mutations in EBC of NSCLC patients is possible although
uite time-consuming [15]. In this study we set out to investigate
he possibility of detecting more tumor-specific molecules in the
xhalate. We chose angiogenic molecules for their well-established
ssociation with tumor tissue as well as indicators of inflammation
n order to differentiate inflammation from tumor, e.g. in COPD.
etecting more than one marker in the small volume samples of
xhaled breath condensate became possible using multiplex bead
ased immunoassays as previously reported in a study from this
roup investigating cytokines in EBC of COPD patients [16,17].

In this proof of principle study, we chose to investigate the fol-
owing set of five markers in a customized array: three markers
ssociated with angiogenesis (VEGF, bFGF, angiogenin) and two
ssociated predominantly with inflammation, e.g. in COPD (TNF-
, IL-8). These markers were tested in a group of individuals, of
hom 17 were just previously diagnosed with NSCLC while oth-

rs included exacerbated and stable COPD patients, and individuals
ithout lung disease.

. Materials and methods

.1. Study subjects and clinical scores

EBC was collected from 74 individuals (49 men, 25 women;
ge: 61 ± 9 years): (a) healthy non-smoking individuals (volunteers,
= 12); (b) patients admitted for suspected lung cancer at the time
f confirmation of NSCLC (NSCLC; n = 17); (c) a different group of
SCLC patients with tumors in at least partial remission (i.e. reduc-

ion in primary tumor diameter of at least 25%) following two cycles
f a platinum based chemotherapy (NSCLC-PR; n = 15); (d) patients
ith stable COPD (sCOPD; n = 15; stable COPD was defined by the

ack of symptoms typical for an acute exacerbation and no need
or a change in medication for at least eight weeks prior to pre-
entation); (e) patients with exacerbated COPD according to the
nthonisen criteria [18] (AECOPD; n = 15).

Patient characteristics are depicted in Table 1. NSCLC was ver-
fied in all patients by histological examination of tumor biopsies.
BC of patients with AECOPD was collected as early as possible and
Please cite this article in press as: Gessner C, et al. Angiogenic marker
Cancer (2009), doi:10.1016/j.lungcan.2009.06.010

ithin 36 h of hospitalization. All AECOPD patients exhibited one
r more criteria for admission to a hospital as suggested by Burge
nd Wedzicha (respiratory rate > 25/min; pulse rate > 110/min;
aO2 < 8 kPa; abnormal chest radiograph; serious concomitant dis-
ase; altered mental state; living alone [19]). Diagnosis of AECOPD

able 1
atient’s characteristics.

atients VOL Stable COPD

otal number 12 15
ge (mean ± S.D.)* 60.3 ± 10.0 58.5 ± 8.5

ex
Male 8 10
Female 4 5

moking statusa Smokers/non-smoker Smokers/ex-smo

5/7 7/8
ack years 25 ± 5 29 ± 6
EV1 (L)b 3.25 ± 0.66 1.21 ± 0.32
VC (L)b 3.80 ± 0.62 2.09 ± 0.40
EV1/FEVC (%)b 85.1 ± 4.89 57.3 ± 8.53
aO2 (kPa)c 9.76 ± 0.40 7.44 ± 0.54
aCO2 (kPa)c 5.14 ± 0.23 5.90 ± 0.28
rotein in EBC (�g/ml) (mean ± S.D.)* 13.7 ± 2.7 12.9 ± 2.8

ll data are shown as mean ± S.D.
* p > 0.05 (no significant difference between investigated groups).
a Smoking was defined as current smokers or ex-smokers that discontinued smoking n
b Results were measured after AECB.
c Results were measured at time of hospitalization.
 PRESS
r xxx (2009) xxx–xxx

was based on criteria described by Anthonisen (presence of at least
one of the following three major symptoms: increase in dyspnoea,
sputum volume increase, sputum change to purulence and at least
one of the following minor symptoms: cough, wheeze, sore throat,
nasal discharge, and fever). All AECOPD patients were treated with
oral corticosteroids and i.v. antibiotic therapy. All patients with
sCOPD, AECOPD, NSCLC and healthy individuals reported to be
non/ex-smokers for at least two years or smokers (current smokers
and ex-smokers for up to one year) with comparable rates in all
groups.

Lung function (Table 1) was performed the same day as EBC col-
lection in all stable COPD patients, tumor patients and volunteers
and within one week in AECOPD patients. Capillary blood gas anal-
ysis was performed on all patients within the first couple of hours
following admission.

All COPD patients were in GOLD classes III or IV ([20], update
2006). None of the patients in this series was treated with oral
steroids prior to admission. Instead all patients were on oral
theophylline and inhalation therapy (LABA and/or long acting
anticholinergic and/or inhaled corticosteroid) according to GOLD
recommendations. All patients were regularly seen by a pulmonary
physician. Approval for this investigation was obtained from the
ethics committee of the University of Leipzig.

2.2. EBC collection and markers

EBC was collected for 20 min during regular breathing through
a mouth piece of the EcoScreen® (Jaeger/Cardinal Health, Hoech-
berg, Germany) while wearing a nose clip as previously described
[21]. All EBC samples were examined for amylase activity in order
to exclude contamination by saliva (100 �l of reconstituted EBC;
alpha-Amylase ESP1491300 kit; Boehringer Mannheim, Germany).
EBC protein concentration was measured using the Micro-BCA-
Protein-Assay (Pierce, Rockford USA; detection limit: 0.5 �g/ml).

2.3. Lyophilization of EBC fluid

Immediately upon collection, condensate samples were frozen
s in breath condensate identify non-small cell lung cancer. Lung

at −20 ◦C. A major portion of the samples (2 ml) used in the fluores-
cent bead array assay, was lyophilized on the evaporator (Uniequip,
Martinsried, Germany). The resulting pellet was resuspended in
60 �l of ddH2O for direct use in the assay. This procedure resulted
in a 33-fold concentration.

AECB-GW NSCLC NSCLC-PR

15 17 15
60.2 ± 10.2 62.7 ± 6.4 63.5 ± 8.1

10 11 10
5 6 5

ker Smokers/ex-smoker Smoker/ex-smokers Smokers/ex-smoker

9/6 7/10 4/11
27 ± 5 37 ± 6 36 ± 9
1.04 ± 0.29 1.37 ± 0.39 1.38 ± 0.41
1.91 ± 0.40 2.25 ± 0.38 2.21 ± 0.48
53.7 ± 5.63 59.9 ± 8.57 61.8 ± 5.94
6.72 ± 0.19 7.59 ± 0.53 7.69 ± 0.58
6.49 ± 0.19 5.79 ± 0.33 5.80 ± 0.33
12.1 ± 2.5 13.2 ± 3.2 13.2 ± 3.2

o longer than twelve month, non-smoking as no smoking longer than one year.

dx.doi.org/10.1016/j.lungcan.2009.06.010
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Fig. 1. Calibration curves of VEGF (A), bFGF (B), angiogenin (C), TNF-� (D) and IL-8 (E) for EBC concentration ranges (2.5–312 pg/ml). For improved visualization of lower
c

2

a
t
l

oncentrations, both axes were broken.

.4. Multiplex bead based immunoassay
Please cite this article in press as: Gessner C, et al. Angiogenic marker
Cancer (2009), doi:10.1016/j.lungcan.2009.06.010

A multiplex fluorescent bead immunoassay (cytometric bead
rray, CBA; Becton-Dickinson, San Jose, CA, USA) was adapted
o exhaled breath condensate. A mixture of five bead popu-
ations with distinct fluorescence intensities and coated with
capture antibodies specific for angiogenin, bFGF, VEGF, IL-8,
s in breath condensate identify non-small cell lung cancer. Lung

and TNF-� proteins were incubated with 1 ml of lyophilized
breath condensate reconstituted with 60 �l of ddH2O (dupli-
cate samples were prepared). Angiogenic factors in EBC samples
and recombinant standards bound to capture beads were
detected by phycoerythrin (PE)-conjugated detection antibodies

dx.doi.org/10.1016/j.lungcan.2009.06.010
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Table 2
Recovery and variance of angiogenin, VEGF, bFGF, IL-8, and TNF-� in samples following spiking, lyophilization, reconstitution, and flow cytometric detection.

Cytokine c (defined) (pg/ml) Precision Recovery (%)

Mean S.D. 95% CI Variance

Min Max

Angiogenin 7.3 6.7 1.0 5.2 8.4 0.9 91.8
14.7 14.1 1.2 12.2 16.1 1.4 95.9
29.3 27.1 2.0 24.3 30.5 3.86 92.5
58.7 56.5 3.2 51.8 60.8 9.0 96.3

117.3 120.1 7.2 112.7 125.6 17.7 102.4
234.5 233.2 13.1 219.4 259.6 171.3 99.4

VEGF 7.3 6.6 1.1 5.3 8.5 1.2 90.4
14.7 14.1 0.9 12.9 15.8 0.9 95.9
29.3 26.2 2.2 22.4 28.4 5.0 89.4
58.7 55.5 2.6 51.7 58.9 6.6 94.5

117.3 115.4 5.8 108.3 124.5 33.1 98.4
234.5 238.7 13.9 219.4 259.2 192.7 101.8

bFGF 7.3 6.8 1.3 12.5 16.0 1.8 93.2
14.7 14.3 1.6 5.2 8.3 3.1 97.3
29.3 27.9 2.4 23.4 31.3 5.8 95.2
58.7 56.1 3.4 49.2 60.3 11.9 95.6

117.3 119.3 8.8 104.5 134.8 7.0 101.7
234.5 228.0 13.0 209.4 246.3 168.2 97.2

IL-8 7.3 6.8 0.8 5.3 7.8 0.8 93.2
14.7 13.9 1.3 11.9 15.8 1.6 94.6
29.3 28.6 2.7 24.7 33.5 7.2 97.6
58.7 60.0 4.6 54.6 69.2 21.0 102.2

117.3 113.9 5.0 105.3 119.5 25.2 97.1
234.5 227.1 9.7 213.2 238.5 93.7 96.8

TNF-� 7.3 6.5 1.4 4.9 7.7 1.3 89.0
14.7 12.7 1.5 10.2 15.1 2.2 86.4
29.3 29.4 4.6 22.7 35.9 20.8 100.3
58.7 55.2 2.5 51.4 58.9 6.5 94.0
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117.3 120.0 4.8
234.5 244.0 8.4

: concentration; S.D.: standard deviation; CI: confidence interval of mean; n = 3.

f equal specificity in a flow cytometer (FC500TM, Beckman Coul-
er).

.5. Low concentration calibration of fluorescent bead array assay

A calibration curve has been devised for the lower range of con-
entrations of angiogenic markers, IL-8 and TNF-� known from
ilot experiments to be expected in exhaled breath condensate
Fig. 1A–E). A threshold concentration of 2.5 pg/ml was observed
or reliable measurements. The calibration curve therefore ranged
rom 2.5 to 312 pg/ml. All data points were repeated five times.

.6. Statistical analysis

Statistical analysis was performed with the SPSS software pro-
ram (SPSS Inc., Chicago, USA). Linear regression analysis was
pplied to investigate the correlation of cytokine levels in EBC. Com-
arison of patient groups (three or more) was performed using the
ruskal–Wallis and Mann–Whitney U-tests. Statistical significance
as accepted at the 5% level.

. Results

.1. Exhaled breath condensate characteristics

None of the condensate samples exhibited amylase concentra-
Please cite this article in press as: Gessner C, et al. Angiogenic marker
Cancer (2009), doi:10.1016/j.lungcan.2009.06.010

ions measurable with the assay used. Even though the detection
imit of the amylase assay may be higher than concentrations
xpected in pure EBC [22,23] a relevant saliva contamination may
e excluded since amylase concentration in saliva is 10,000 times
igher than that in EBC.
113.6 127.5 23.3 102.3
231.6 253.7 69.7 104.0

Total EBC protein concentration was measured from 100 �l
aliquots in all unprocessed samples. Results are shown in Table 1.
There was no significant difference in any of the subgroups analyzed
(p = 0.27).

3.2. Validation of the multiplex bead based immunoassay

The fluorescent bead array assay was validated in terms of recov-
ery and variance by measuring a known concentration of each of the
angiogenic factors in 1 ml samples of a spiked reconstitution buffer
following the procedure of freezing, lyophilization and reconstitu-
tion. Three separate series of 6 concentrations (7.3, 14.7, 29.3, 58.7,
117.3, and 234.5 pg/ml) were prepared in triplicates and frozen at
−20 ◦C. Test samples were then lyophilized using a vacuum con-
centrator (Uniequip, Martinsried, Germany) and reconstituted at
days one, seven and thirty. Data are shown in Table 2. Recovery
of all markers and concentrations ranged from 86.4 to 104%. Previ-
ously the effects of lyophilization, reconstitution, and varying buffer
composition of a different set of markers have been shown to be
negligible [17].

3.3. Angiogenic factors, TNF-˛, and IL-8 in EBC

VEGF, angiogenin and bFGF were clearly elevated although
to varying degrees in patients with newly diagnosed lung
cancer (VEGF: 40 ± 10 pg/ml; angiogenin: 68.8 ± 32.8 pg/ml;
s in breath condensate identify non-small cell lung cancer. Lung

bFGF: 82.3 ± 34.4 pg/ml; TNF-�: 0.22 ± 0.24 pg/ml; IL-8:
0.34 ± 0.47 pg/ml) compared to stable COPD patients with-
out lung carcinoma (VEGF: 5.7 ± 5.5 pg/ml; angiogenin:
4.2 ± 3.3 pg/ml; bFGF: 7.0 ± 5.1 pg/ml; TNF-�: 0.16 ± 0.20 pg/ml;
IL-8: 0.29 ± 0.40 pg/ml) but also to all other groups (Fig. 2A–C and

dx.doi.org/10.1016/j.lungcan.2009.06.010
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Fig. 2. Concentrations of VEGF (A), bFGF (B), angiogenin (C), TNF-� (D) and IL-8 (E) in volunteers and patients with newly diagnosed NSCLC, NSCLC in partial remission,
AECOPD and stable COPD (pg/ml). Means are indicated by horizontal lines. Inserts in the upper right quadrants are receiver operating curves (ROCs) for VEGF (A), bFGF (B)
and angiogenin (C). Asterisks demonstrate significant difference of the marked group versus all other groups (p < 0.05).

Table 3
Patient’s cytokine and angiogenetic levels.

Patients VOL Stable COPD AECB-GW NSCLC NSCLC-PR

Total number 12 15 15 17 15
IL-8 (pg/ml; mean ± S.D.) n.d. (0.26 ± 0.23) n.d. (0.29 ± 0.40) 6.54 ± 7.41 n.d. (0.34 ± 0.47) n.d. (1.12 ± 0.82)
TNF-� (pg/ml; mean ± S.D.) n.d. (0.12 ± 0.15) n.d. (0.16 ± 0.20) 5.16 ± 6.23 n.d. (0.22 ± 0.24) n.d. (0.41 ± 0.35)
VEGF (pg/ml; mean ± S.D.) 4.72 ± 2.80 5.71 ± 5.49 12.42 ± 6.65 39.97 ± 9.96 12.27 ± 5.54
bFGF (pg/ml; mean ± S.D.) 5.40 ± 2.12 6.99 ± 5.11 12.92 ± 6.24 82.33 ± 34.37 12.79 ± 4.80
Angiogenin (pg/ml; mean ± S.D.) 3.03 ± 1.56 4.20 ± 3.25 7.51 ± 3.52 68.76 ± 32.76 6.15 ± 2.66

All data are shown as mean ± S.D.

dx.doi.org/10.1016/j.lungcan.2009.06.010
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Table 4
Tumor parameters and correlation with VEGF, bFGF, angiogenin, IL-8, and TNF-� (ANOVA rank test [Kruskal–Wallis one-way analysis of variance on ranks] for three or more
groups, Mann–Whitney rank sum test for two groups).

VEGF bFGF Angiogenin IL-8 TNF-�

T-stage of primary tumor
T1 3 (18%) p = 0.71 p = 0.72 p = 0.56 p = 0.33 p = 0.16
T2 7 (41%) n.s. n.s. n.s. n.s. n.s.
T3 6 (35%)
T4 1 (6%)

Lymph node metastases
N0 2 (12%) p = 0.42 p = 0.43 p = .45 p = 0.78 p = 0.93
N1 4 (23%) n.s. n.s. n.s. n.s. n.s.
N2 8 (47%)
N3 3 (18%)

Distant metastasis
M0 10 (59%) p = 0.22 p = 0.22 p = 0.09 p = 0.12 p = 0.49
M1 7 (41%) n.s. n.s. n.s. n.s. n.s.

Tumor stage groups
I 2 (12%) p = 0.26 p = 0.26 p = 0.20 p = 0.45 p = 0.89
II 4(23.5%) n.s. n.s. n.s. n.s. n.s.
III 4(23.5%)
IV 7 (41%)

Tumor location
Central 4 (24%) p = 0.19 p = 0.23 p = 0.61 p = 0.50 p = 0.36
Peripheral 13 (76%) n.s. n.s. n.s. n.s. n.s.

Histological classification
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Adenocarcinoma 7 (41%) p = 0.26
Squamous cell carcinoma 8 (47%) n.s.
Large cell carcinoma 2 (12%)

able 3). There was almost no overlap with any of the other groups
xcept for the two lowest individual values in the NSCLC group
hich were at a similar level as were the highest individual values

n all of the other groups, and the AECOPD group specifically. We
bserved no influence of age, gender, tumor location or histology,
umor stage or TNM classifiers on the levels of VEGF and other
ngiogenic factors in this limited number of patients (Table 4).

In a different group of patients with NSCLC following two
ourses of chemotherapy resulting in at least partial tumor
emission (>25% reduction in primary tumor diameter) sig-
ificantly lower EBC levels of all angiogenic factors were
bserved—comparable to the levels seen in patients with AECOPD
p < 0.0001). However, in these patients pro-inflammatory mark-
rs were somewhat elevated (p < 0.03). When levels of angiogenic
olecules in EBC were analyzed for sensitivity and specificity using

eceiver operating curves (ROCs) we observed excellent character-
stics for all angiogenic molecules, with VEGF being just slightly
nferior compared to bFGF and angiogenin (Table 3). The ROC curve
nalysis of patients with lung cancer compared to healthy con-
rols, stable and exacerbated COPD showed an area under the
urve for VEGF of 0.994 (standard error 0.013, p = 0.0001, sensitivity
00%, specificity 95.2%), for angiogenin of 1.0 (standard error 0.0,
< 0.0001, sensitivity 100%, specificity 100%), and of 1.0 for bFGF

standard error 0.0, p < 0.0001, sensitivity 100%, specificity 100%).

. Discussion

In this study, levels of angiogenic markers in breath condensate
learly differentiated between patients with NSCLC at the time of
istological confirmed diagnosis, and patients with either stable
r exacerbated COPD, or healthy volunteers. There is no overlap in
ngiogenic factors between patients with and without NSCLC for
Please cite this article in press as: Gessner C, et al. Angiogenic marker
Cancer (2009), doi:10.1016/j.lungcan.2009.06.010

ngiogenin and bFGF and almost no overlap for VEGF. In contrast, a
reat increase of inflammatory markers, IL-8 and TNF-�, in EBC was
een in exacerbated COPD albeit not in all cases. The increases of
ngiogenic markers did not correlate with the central or peripheral
ocalization of the tumor, or the T, N or M classification, or with
p = 0.33 p = 0.49 p = 0.23 p = 0.38
n.s. n.s. n.s. n.s.

NSCLC histological subtype in this limited number of patients.
Early diagnosis of NSCLC is highly desirable because early recog-

nition will allow detection of possibly curable disease. We are
however aware of the ongoing discussion on the general useful-
ness of lung cancer screening and the connected arguments both
pro and contra [24,25].

A practical way of diagnosing lung cancer in the future might
be a two-step process that involves a test that is easily performed
and very “cancer specific”. This highly specific test would select
patients, in whom CT imaging tests would have a high likelihood to
turn out positive. One advantage of this scenario could be a great
reduction of unnecessary diagnostic work ups due to “nodules”.
Another possible advantage might be improved patient acceptance
due to the fact, that a breath based test is easily performed within
the doctor’s office, without the need of additional visits at a radiol-
ogist’s office.

A breath based test however would have to be of great speci-
ficity and sensitivity. This proof of concept study of detection of
angiogenic molecules in exhaled breath condensate demonstrates
that the method described is indeed highly specific and sensitive
in the relevant population (lung cancer versus COPD patients: both
current and ex-smokers). For the proof of concept purpose of this
study it was necessary to investigate a group of patients with a
definite and verified diagnosis of NSCLC as early as possible fol-
lowing verification. This meant examining patients at the time of
histological verified diagnosis. Due to this prerequisite we could
not at this point test the detection of angiogenic molecules in EBC
for the diagnosis of NSCLC at any time point earlier than that of
the definite diagnosis of NSCLC as achieved by conventional diag-
nostic procedures. Our study is therefore limited to demonstrating
the feasibility of a sensitive identification of lung cancer patients
among a relevant group of individuals with either known disease
s in breath condensate identify non-small cell lung cancer. Lung

(NSCLC) or individuals at risk (COPD) using the levels of angiogenic
factors from breath condensate. Further validation of this method in
the future will have to demonstrate the ability of detecting NSCLC
in a previously undiagnosed population at risk. It will also have
to be elucidated whether SCLC will also be detectable from angio-

dx.doi.org/10.1016/j.lungcan.2009.06.010
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enic molecules in breath condensate. An additional limitation of
his study is the limited number of patients involved with very few
arly cancer stages.

Adding the information provided by increased inflammatory
ytokines in EBC was useful for detecting patients with AECOPD
nd may in rare cases increase the specificity of the test, but does
ot appear to be necessary for the question of whether or not the
atient is at high risk for having lung cancer. AECOPD is usually rec-
gnized easily by its clinical features. However a worsened cough
ue to lung cancer in an outpatient in the pulmonary physician’s
ffice may occasionally be mistaken for AECOPD. The EBC based test
sed in this study may then provide two rather specific indications

eading to both directions by suggesting increased angiogenesis and
he lack of AECOPD typical inflammation.

Other authors have previously described EBC findings in lung
ancer patients. Carpagnano et al. reported increased IL-6 in a study
f elderly NSCLC patients versus younger healthy controls [26].
BC IL-6 is also increased in other clinically relevant situations
uch as COPD and we and others have demonstrated this recently
16,27]. IL-6 therefore does not seem to qualify as a highly tumor-
pecific marker in EBC. Similarly, endothelin was reported to be
ncreased considerably in EBC samples of NSCLC patients by the
ame group and may well be of greater specificity [28]. Several
ung diseases however also exhibit increased levels of endothe-
in in the lung such as pulmonary hypertension and pulmonary
brosis [29]. It is unclear however, whether endothelin levels are

ncreased in EBC in any of these diseases. DNA alterations mea-
ured from minute amounts of DNA in EBC have been demonstrated
y our group in form of somatic mutations of p53 in a number
f lung cancer patients but not in controls [15]. In addition, the
roup of Carpagnano et al. has described microsatellite instabil-
ty and loss of heterozygosity in smokers and in patients with
SCLC [30]. While the presence of NSCLC correlated to increased
icrosatellite instability, a more severe smoking history did the

ame. Thus microsatellite instability appears to reflect field cancer-
zation in the respiratory tract, but may not efficiently demarcate
SCLC.

Elevated VEGF in BALF of NSCLC patients compared to con-
rols has previously been reported by Ohta et al. [31]. Dalaveris
t al observed increased VEGF levels in serum but not in EBC
f lung cancer patients [32]. We cannot completely resolve this
ncongruency of normal EBC VEGF levels in Dalaveris study and
he significantly increased VEGF levels in NSCLC patients of our
nvestigation. However, there are important differences in the two
tudies: (a) the methods of measuring angiogenic molecules were
ifferent; (b) Dalaveris et al. included both SCLC as well as NSCLC
atients while our patient group was very homogenic with only
SCLC patients; (c) Dalaveris and coauthors did not state whether
ll patients included in their study were untreated at the time of
reath condensate collection. Since we observed a great difference

n EBC levels of VEGF in patients being treated with chemother-
py (and responding), compared to other newly diagnosed NSCLC
atients, this might explain much of the difference.

TNF-� was increased in both EBC and serum of lung cancer
atients (SCLC and NSCLC) in the study by Dalaveris et al. [32].
imilarly TNF-� in EBC was elevated in NSCLC patients in a study
f Carpagnano et al. [33]. However, considerable overlap existed
etween lung cancer patients and healthy controls for TNF-� levels

n both serum and EBC. In our study, TNF-� was generally lower
ompared to the study of Dalveris et al, and a trend for increased
alues in tumor patients compared to controls was observed, but
Please cite this article in press as: Gessner C, et al. Angiogenic marker
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his effect was not significant. Again the reason for this difference
emains unclear. In our study EBC was concentrated and TNF-�
as measured by a different technology (multiplex bead based

mmunoassay). In AECOPD patients our test kit worked well in
icking up greatly elevated EBC TNF-� levels.

[
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5. Conclusion

In summary, EBC has potential to aid in the early diagnosis of
lung cancer [14]. A number of divers efforts have been reported
to detect lung cancer from exhaled air/breath condensate. They all
have their strong points and weaknesses. Sensitivity but also speci-
ficity appears to be of greatest importance to avoid anxiety and
anger in potential patients. Our investigation demonstrates that
highly tumor-specific markers such as angiogenic factors measured
by sensitive assays in breath condensate might help to differenti-
ate patients with and without NSCLC. This study will have to be
followed by a validation in a larger population.
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