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Abstract
Background: The aim of the study was to compare markers of local and systemic inflammation in patients with community-
acquired pneumonia (CAP) and pneumonia co-existing with lung cancer.
Material and methods: We enrolled 17 patients with CAP (Group 1), 14 patients with pneumonia co-existing with lung
cancer (Group 2), 24 patients with lung cancer (Group 3) and 16 healthy individuals (Group 4, the control group). We
evaluated the concentrations of hydrogen peroxide (H2O2), vascular endothelial growth factor (VEGF) and tumour necrosis
factor-alpha (TNF-a) in exhaled breath condensate (EBC) and serum concentrations of VEGF and TNF-a.
Results: We found significantly higher EBC concentrations of VEGF and TNF-a in patients with pneumonia co-existing with
lung cancer than in CAP patients (317.83 ± 77.78 v. 30.20 ±6.56 and 1.98 ± 0.13 v. 0.31 ± 0.05, respectively). Although
the EBC concentration of H2O2 in patients with pneumonia co-existing with lung cancer was higher than that in CAP patients
(0.96 ± 0.16 v. 0.66 ± 0.09), the difference was not significant (p > 0.05). In CAP patients, however, we observed
significantly higher serum concentrations of both cytokines compared to patients with pneumonia co-existing with lung
cancer (VEGF: 1112.62 ± 244.38 v. 392.9 ± 78.2; TNF-a: 2.6 ± 0.48 v. 1.6 ± 0.2).
Conclusions: Patients with pneumonia co-existing with lung cancer show a distinct tendency towards local oxidative stress
and a significantly increased local response compared to CAP patients. On the other hand, systemic inflammation in patients
with pneumonia co-existing with lung cancer is markedly reduced compared to patients with CAP.
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Introduction

Community-acquired pneumonia (CAP) is one
of the most common infectious diseases. The inci-
dence of CAP increases with age of a given popu-
lation. Among individuals over the age of 70 the
incidence rate reaches about 30 per 1000 inhibi-
tants per year [1]. Although the course of CAP is
often mild, about 20% of the patients still require
hospitalisation, which renders this condition the
sixth most common cause of death in developed
countries despite the advances in antibiotic thera-
py [2, 3]. The development and course of inflam-
mation is undoubtedly affected by the immune sta-
tus, which in turn is determined, at least partially,
by the patient’s co-morbidities.

Multiple studies have demonstrated elevated
levels of proinflammatory cytokines in patients
with CAP—both locally, in the respiratory system,
and systemically, in the blood. Bronchoalveolar
lavage fluid (BALF) from patients with communi-
ty-acquired bacterial pneumonia has been shown
to contain, in addition to interleukin 1-beta (IL-1b)
and IL-6, elevated levels of tumour necrosis fac-
tor-alpha (TNF-a) [4], while patients with severe
pneumonia and acute respiratory distress syndro-
me (ARDS) were characterised by a systemic in-
crease in the levels of IL-6, IL-8 and TNF-a [5].

Microorganisms that grow at the site of lo-
cal inflammation are potent stimulators of the re-
spiratory burst of phagocytes which generates
enormous amounts of reactive oxygen species
(ROS). Hydrogen peroxide (H2O2) formed in free-
radical-related processes which has not been
neutralised by the antioxidant system and has
not undergone further transformations, collected
in exhaled breath condensate (EBC), is a good
measure of local oxidative stress. It has been
shown to be markedly elevated in exhaled air
both in patients with community-acquired bac-
terial pneumonia [6] and in patients with lung
cancer. Many studies demonstrate an increased
local oxidative stress, which is directly manife-
sted by elevated exhaled H2O2 in patients with
non-small-cell lung cancer (NSCLC) and indirec-
tly manifested by increased lipid peroxidation in
tumour-invaded tissues [7, 8].

While in patients with CAP mainly the dama-
ging effects of ROS on pathogenic microorganisms
are observed, their role in lung cancer patients is
not so clear. ROS have been shown to play a role
in carcinogenesis, both in the initiation and in the
promotion phase [9]. Furthermore, thanks to its
involvement in angiogenesis, a significant role in
the spread of cancer is played by vascular endo-

thelial growth factor (VEGF) [10]. Overexpression
of VEGF in tumour tissue or elevated serum levels
of this factor have been demonstrated in patients
with breast, gastric, colorectal and lung cancers
[11–14]. For this reason antiangiogenic agents that
inhibit the activity of VEGF and block its recep-
tors have been introduced for the treatment of can-
cer in the recent years [15]. The role of TNF-a in
lung cancer patients continues to be investigated,
as this cytokine has been shown to suppress tu-
mours in some studies and to promote tumours in
others: TNF-a may suppress clonal proliferation of
tumour cells but it may potentially facilitate the
pathway of carcinogenesis by increasing the for-
mation of ROS, which are known to be mutagenic
[16, 17].

Based on the changes occurring in the pro- and
antioxidant systems, which are paralleled by chan-
ges in the levels of selected markers, we decided
to evaluate local and systemic inflammation in
patients with CAP compared to patients with pneu-
monia co-existing with lung cancer. We therefore
evaluated:
— local oxidative stress by measuring the con-

centration of H2O2 in EBC,
— local inflammation by measuring the concen-

trations of VEGF and TNF-a in EBC,
— systemic inflammation by measuring the con-

centrations of VEGF and TNF-a in the serum,
— association between local and systemic in-

flammation and selected clinical parameters.

Material and methods

Patients’ characteristics
We enrolled 55 patients hospitalised at the

Clinical Department of Pneumonology, Medical
University of Lodz, Poland, in 2008 and 16 heal-
thy volunteers, all subjects were divided into four
groups:
— The group of 17 patients with CAP (9 men and

8 women), mean age 60 ± 6 years, mean tobac-
co exposure 17 ± 3 pack-years, mean number
of pulmonary fields affected by inflammation
2.12 ± 0.23.

— The group of 14 patients with pneumonia co-
existing with lung cancer (8 men and 6 wo-
men), mean age 76 ± 8 years, mean tobacco
exposure 74 ± 3 pack-years. This group inc-
luded 10 patients with NSCLC (3 patients with
stage IIIB and 7 with stage IV disease) and 4
patients with small-cell lung cancer (SCLC) (2
patients with limited disease [LD] and 2 with
extended disease [ED]; 2 patients with stage
IIIB and 2 with stage IV disease).
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— The reference group consisting of 24 patients
with lung cancer without co-existing pneu-
monia (16 men and 8 women), mean age
61 ± 2 years, mean tobacco exposure 42 ± 5
pack-years. The group included 17 patients
with NSCLC (7 patients with stage IIIB and
10 with stage IV disease) and 7 patients with
SCLC (1 patient with LD and 6 with ED; 1
patient with stage IIIB and 6 with stage IV di-
sease).

— The control group consisting of 16 healthy
volunteers (11 men and 5 women), mean age
49 ± 3 years, mean tobacco exposure
19 ± 3 pack-years.
All study subjects were current smokers. Ma-

nifestations of chronic bronchitis were present in
all the study groups but they did not meet the dia-
gnostic criteria for chronic obstructive pulmonary
disease (COPD).

In patients with pneumonia the diagnosis was
based on the signs and symptoms of lower respi-
ratory tract infection, clinical signs (fever [body
temperature >38°C], tachycardia [heart rate
>100 bpm], tachypnoea [breathing rate >24/min]),
focal abnormalities on chest auscultation and spe-
cific findings on a chest X-ray.

Lung cancer was diagnosed based on cytolo-
gy or histopathology. Cases of NSCLC were staged
according to the new TNM classification published
in 2009 and cases of SCLC were divided into LD
and ED and also staged according to the TNM clas-
sification.

EBC concentrations of H2O2, VEGF and TNF-a
were measured in all the study subjects within the
first three days of hospitalisation. Serum concen-
trations VEGF and TNF-a were also determined.

The subjects had provided written informed
consent and the study had been approved by the
Ethics Committee of the Medical University of
Lodz, Poland.

Exhaled breath condensate
EBC was collected using a method described

previously [18, 19]. The device used for collec-
ting on of the condensate consisted of a mouth-
piece connected to a glass Liebig tube whose
length was 55 cm, internal diameter was 10 mm
and shield diameter was 36 mm (Labmed, Lodz,
Poland; catalogue number 6010). The Liebig tube
was cooled with ethanol at a temperature of –9°C
which was pumped into the closed external cir-
culation with MultiTemp III (Pharmacia Biotech
AB, Sweden). EBC was collected into 10-ml pla-
stic tubes (Sarstedt), which were then placed in
a container with ice.

The examination, which lasted 20 minutes,
was performed between 8.00 and 10.00 in the
morning. The subject exhaled through a mouth-
piece and inhaled beyond the mouthpiece. An
average of 5 ml of EBC was obtained, which was
stored at –80°C for no more than 2 weeks until
analysis.

Measurement of the concentration of H2O2

in exhaled breath condensate
The concentration of H2O2 was measured ac-

cording to the method described by Ruch et al. [20]:
10 μl of EBC was mixed with 90 μl of phosphate-
buffered saline (PBS) at pH of 7.4 and with 100 μl
of horseradish peroxidase (HRP) solution (1 U/ml),
which contained 400-μM homovanillic acid (HVA).
The mixture was incubated at 37°C for 60 min,
which was followed by the addition of 300 μl of
0.1-M glycine/NaOH buffer at pH of 12.0 and 25-
mM ethylenediaminetetraacetic acid (EDTA). A
luminescence spectrophotometer (Perkin Elmer
Luminescence Spectrometer, Beaconsfield, UK)
was used, excitation was set at 312 nm and emis-
sion was measured at 420 nm. The lower limit of
detection for VEGF was 9 pg/ml and for TNF-a —
0.06 pg/ml.:

Y = 0.012 × (X – X°) – 0.007

where: Y — concentration of H2O2 in μM, X —
emission at 420 nm in U. The lower limit of detec-
tion for H2O2 was 0.083 μM.

Measurement of the concentrations of VEGF
and TNF-aaaaa in EBC and in the serum

The concentrations of VEGF and TNF-a in EBC
and in the serum were measured by enzyme-lin-
ked immunosorbent assay (ELISA) using a com-
mercial kit (Quantikine, R&D Systems, USA) ac-
cording to the manufacturer’s instructions. Peri-
pheral blood collected into an anticoagulant-free
test tube was left for 30 min for clotting and cen-
trifuged at 1000 rpm for 10 min. The resulting se-
rum was retained at –20°C until analysis. The lo-
wer limit of detection was 9 pg/ml for VEGF and
0.06 pg/ml for TNF-a.

Statistical analysis
The results were expressed as means ± stan-

dard errors of the mean (SEM). The distributions of
variables in individual groups were evaluated with
the Shapiro-Wilk test. Correlations were evaluated
with the Pearson test (r) and the Spearman test (R).
The statistical significance of the differences was
evaluated with the t-Student test and the Kolmogo-
rov-Smirnoff test. A significance level of p<0.05 was
adopted in all the cases.
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Results

Exhaled breath condensate

The concentration of H2O2 in exhaled breath
condensate

The mean concentrations of H2O2 in EBC were
significantly higher in all the three patient groups than
in the group of healthy individuals (p<0.05) (Table
1). Although the highest concentration was found in
patients suffering from pneumonia co-existing with
lung cancer, which was significantly higher than in
patients with lung cancer (p < 0.05), it did not differ
significantly from that observed in patients with CAP
(p > 0.05). No significant difference was found in the
concentrations of H2O2 between patients with CAP and
patients with lung cancer (p>0.05) (Figure 1).

The concentrations of VEGF in exhaled breath
condensate

The mean concentrations of VEGF in EBC in
all the three patient groups showed a distinct trend
towards higher values than those observed in he-
althy volunteers. However, they were significan-
tly higher only in patients suffering from pneumo-
nia co-existing with lung cancer and in patients
with lung cancer (p<0.05). The highest concentra-

tion of VEGF was observed in patients suffering
from pneumonia co-existing with lung cancer and
it was significantly higher than that in patients
with CAP (p<0.05) and patients with lung cancer
(p<0.05) (Table 1). The mean concentration of
VEGF in EBC in patients with CAP did not differ
significantly from that in patients with lung can-
cer alone (p>0.05).

The concentrations of TNF-a in exhaled breath
condensate

The presence of TNF-a in EBC was shown in
all the three patient groups (Table 1). The highest
concentration of this cytokine was found in the gro-
up of patients suffering from pneumonia coexisting
with lung cancer and was significantly higher than,
the concentrations in the remaining two patients
groups' (Groups 1 and 3) (p<0.05). The concentra-
tion of TNF-a in healthy volunteers was below the
lower level of detection (Figure 2).

The concentrations of proinflammatory cy-
tokines in the serum

The concentrations of VEGF in the serum
Compared to the group of healthy volunteers,

significantly higher concentrations of VEGF were

Table 1. Concentration of H2O2, VEGF and TNF-aaaaa in exhaled breath condensate

Study groups VEGF [pg/ml] TNF-aaaaa [pg/ml] H2O2 [μM]

I Patients with community-acquired pneumonia 30.20 ± 6.56 0.31 ± 0.05 0.66 ± 0.09

II Patients with pneumonia and lung cancer 317.83 ± 77.78 1.98 ± 0.13 0.96 ± 0.16

III Patients with lung cancer (reference group) 53.96 ± 5.13 0.45 ± 0.05 0.6075 ± 0.088

IV Healthy volunteers (control group) 16.47 ± 0.96 0 0.085 ± 0.028

I — patients with community-acquired pneumonia
II — patients with pneumonia and lung cancer
III — patients with lung cancer
IV — healthy volunteers
* p > 0.05 I v. II
** p < 0.05 II v. III
*** p > 0.05 III v. I

Figure 1. Concentration of H2O2 in exhaled breath condensate

I — patients with community-acquired pneumonia
II — patients with pneumonia and lung cancer
III — patients with lung cancer
IV — healthy volunteers
* p < 0.05 I v. II
** p < 0.05 II v. III
*** p > 0.05 III v. I

Figure 2. Concentration of TNF-a in exhaled breath condensate
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I — patients with community-acquired pneumonia
II — patients with pneumonia and lung cancer
III — patients with lung cancer
IV — healthy volunteers
*p < 0.05 I v. II
**p > 0.05 II v. III
***p > 0.05 III v. I

Figure 3. Serum concentration of TNF-a

Figure 4. Positive correlation between the concentration of H2O2 in
exhaled breath condensate in patients with community-acquired
pneumonia and the extent of radiological inflammatory changes

observed in patients with CAP (p<0.05) and pa-
tients with lung cancer (p<0.05) and were the hi-
ghest in patients with CAP. The lowest concentra-
tions of VEGF in serum were observed in patients
with pneumonia co-existing with lung cancer and
they were significantly lower than those in patients
with CAP (Table 2). No significant differences were
observed in the concentrations of VEGF between
patients suffering from pneumonia co-existing with
lung cancer and patients with lung cancer (p >
0.05) or between patients with CAP and patients
with lung cancer (p > 0.05).

The concentrations of TNF-a in the serum
The concentration of TNF-a in the serum was

significantly higher in patients with CAP and in
patients with lung cancer than in healthy indivi-
duals (p<0.05). The lowest concentration of
TNF-a, which was observed in patients suffering
from pneumonia with co-existent lung cancer, was
significantly lower than that in patients with CAP
(p<0.05) and comparable to that in patients with
lung cancer (p>0.05). No significant difference in
the concentration of TNF-a was observed between
patients with pneumonia and patients with lung
cancer (p>0.05) (Table 2, Figure 3).

Correlations between the study variables
In patients with pneumonia, a positive correla-

tion was found between the concentration of H2O2 in
EBC and the extent of inflammatory changes on a chest
X-ray as measured by the number of affected pulmo-
nary fields (r=0.62, p<0.05) (Figure 4). No correlation
was found between the parameters characterising lo-
cal changes and markers of systemic response. No sta-
tistically significant differences were found in age,
except for Group 2, where patients were significantly
older than individuals in the control group. There
were, however, significant differences between the
patient groups in the number of pack-years (p<0.05).
However, the analysis of correlation between age,
number of pack-years and the investigated parame-
ters (VEGF, TNF-a, H2O2) in EBC and in the serum
evaluated with the Pearson test and the Spearman test
showed no statistical significance (p>0.05).

Discussion

Our study showed that both patients with
pneumonia and patients with pneumonia co-exi-
sting with lung cancer were characterised by se-
vere local inflammation compared to the control
group. Oxidative stress, measured by the concen-

Table 2. Serum concentration of VEGF and TNF-aaaaa

Study groups VEGF [pg/ml] TNF-aaaaa [pg/ml]

I. Patients with community-acquired pneumonia 1112.62 ± 244.38 2.6 ± 0.48

II. Patients with pneumonia and lung cancer 392.9 ± 78.2 1.6 ± 0.2

III. Patients with lung cancer (reference group) 704.70 ± 157.77 2.22 ± 0.46

IV. Healthy volunteers (control group) 183.27 ± 18.57 0.62 ± 0.09
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tration of H2O2 in EBC, was significantly higher in
patients than in healthy smokers. The elevated
concentration of H2O2 was paralleled by a local
increase in the concentrations of VEGF and TNF-a
(Table 1). We also found that the highest concen-
tration of the investigated markers was present in
patients with pneumonia co-existing with lung
cancer, while the systemic response in this group
was similar to that observed in healthy volunte-
ers. On the other hand, patients with isolated pneu-
monia had significantly higher concentrations of
VEGF and TNF-a than patients with pneumonia co-
existing with lung cancer and had the most pro-
nounced systemic response.

Other studies also demonstrate an increased
oxidative stress in the airways of patients with
pneumonia. Majewska et al. showed increased con-
centrations of H2O2 and thiobarbituric acid reacti-
ve substances (TBARs) in EBC in patients with
bacterial CAP compared to the group of asympto-
matic smokers [6]. In their study, the concentra-
tion of H2O2 correlated with the white blood cell
count and the serum concentration of C-reactive
protein (CRP). Similarly, Kietzmann et al. observed
high concentrations of exhaled H2O2 in patients
with ARDS caused among others by pneumonia
[21]. Our results are consistent with these reports
and confirm the predominance of local oxidative
processes over antioxidant processes in patients
with pneumonia and suggest a positive correlation
between the concentration of H2O2 in EBC and the
extent of radiological abnormalities. The more pro-
nounced trend towards an increased concentration
of H2O2 in EBC in patients with pneumonia co-exi-
sting with lung cancer is particularly interesting
and noteworthy. The chronic inflammation resul-
ting from smoking, which affects the airways and
is associated with local accumulation of macropha-
ges and neutrophils that are the main source of
proinflammatory cytokines and ROS, may lead to
the development of cancer [22, 23]. Free radicals
have been shown to cause point mutations and
chromosomal aberrations in the respiratory epithe-
lium, leading to neoplastic transformation. This is
confirmed by the increased concentration of H2O2

in EBC found in both healthy smokers [24] and
patients with lung cancer [7]. The increased con-
centration of H2O2 in EBC in patients with pneumo-
nia co-existing with lung cancer should therefore
be attributed to the overlap of acute inflammation,
smoking-induced chronic inflammation and the
presence of cancer. In this case, the sources of ROS
are not only leukocytes which accumulate at the site
of acute inflammatory response but also immune
cells present in the vicinity of the tumour.

Similarly to the intensity of oxidative stress,
the highest concentrations of VEGF and TNF-a in
EBC were observed in patients with pneumonia co-
existing with lung cancer. Although the role of the
pleiotropic cytokine TNF-a and that of VEGF have
already been studied extensively, the concentra-
tion of both of these markers in the course of inflam-
matory processes have not been investigated to our
knowledge. By stimulating lymphocytes to produ-
ce antibodies and by activating neutrophils and
macrophages, TNF-a is involved in the immune re-
sponse to multiple microorganisms which often
cause pneumonia, such as Streptococcus pneumo-
niae, Klebsiella pneumoniae and Pseudomonas
aeruginosa. The protective role of this factor in in-
flammation has also been shown in a mouse mo-
del [25], as administration of anti-TNF-a to mice
was associated with increased inflammation le-
ading to death. Similarly, we observed presence of
TNF-a in EBC from patients with CAP, while the
concentrations of this cytokine were indetermina-
ble in healthy smokers. We found the highest con-
centrations of this cytokine in patients suffering
from pneumonia with co-existing lung cancer, may
result from a local mobilisation of immune cells
leading to an increased formation of proinflamma-
tory cytokines cause of chronic inflammation as-
sociated with the presence of the very tumour.
Other studies have shown that in patients with
lung cancer, tumour-associated macrophages
(TAMs) are the source of multiple proinflammato-
ry markers, such as TNF-a, IL-1 and IL-6 [26, 27].
Carpagano et al. not only showed a local increase
in the concentrations of TNF-a as well as of IL-1
and leptin in patients with NSCLC compared to
healthy ex-smokers but also a correlation between
the investigated markers and the severity of can-
cer [28]. On the other hand, given the role played
by VEGF in the process of tumour growth and spre-
ad, it is not surprising that we observed the highest
concentrations of this factor in patients with pneu-
monia co-existing with lung cancer. It was over 10-
fold higher than the value characteristic of patients
with isolated pneumonia. In our study population,
only the patients with cancer (Groups 2 and 3) had
significantly higher concentrations of VEGF in EBC
compared to healthy individuals. Gessner et al. [29]
have recently analysed markers of angiogenesis,
including VEGF, in EBC in various groups of pa-
tients and have even concluded that they may be
useful for early diagnosis of lung cancer. The si-
gnificantly increased concentration of TNF-a and
VEGF in EBC in patients with pneumonia with co-
existing lung cancer versus patients with CAP in
our study suggests extremely advanced local in-
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flammatory processes that are both associated with
the acute response to the pathogens and with the
presence of the tumour, although an association
with local progression of the cancer cannot be ru-
led out.

The systemic inflammatory response has a dif-
ferent course than the local response. The highest
concentrations of the investigated markers were
observed in patients with CAP, while patients with
pneumonia co-existing with lung cancer had only
slightly (p>0.05) elevated concentrations of TNF-a
and VEGF compared to the control group of heal-
thy smokers. Among patients with isolated pneu-
monia, on the other hand, in addition to the eleva-
ted concentration of TNF-a, an exceptionally high
concentration of VEGF was observed. Choi et al.
also demonstrated in a population of paediatric
patients with CAP a significantly elevated serum
concentration of VEGF compared to the control
group [30]. This value significantly rose if the
pneumonia was complicated by pleural effusion
and showed a positive correlation with erythrocy-
te sedimentation. On the other hand, the serum
concentrations of TNF-a and VEGF in patients suf-
fering from pneumonia co-existing with lung can-
cer which were similar to those seen in the con-
trol group suggest a decreased systemic inflamma-
tory response in these patients. Interestingly, the
concentrations of the investigated cytokines in
patients from Group 2 also showed a downward
trend (p>0.05) compared to the values seen in
patients with lung cancer, which suggests that the
overlapping inflammatory process no longer stimu-
lated further increase of the investigated markers
in the serum. This is associated with decreased
systemic counts and activities of immune cells
which have already been involved in the intensi-
ve local inflammation. Already in the 1970s an
impaired immune response in patients with lung
cancer was observed, which was manifested by a
decreased circulating T cell count and a weak de-
layed-type cell-mediated hypersensitivity respon-
se [31]. It was shown that patients with this sort of
immune system impairment were characterised by
a more advanced form of cancer and a poorer re-
sponse to chemotherapy. For this reason the deve-
lopment of pneumonia in a patient with lung can-
cer further impairs the pre-existing abnormalities
of systemic immune response and is manifested by
a marked systemic decrease in the formation of
both studied markers we. This is consistent with
the clinical observations of patients with lung can-
cer of demonstrate respiratory tract infections are
one of the main causes of death in these patients
[32, 33].

Conclusions

1. Patients with pneumonia co-existing with lung
cancer show a distinct tendency towards lo-
cal oxidative stress and a significantly incre-
ased local response compared to CAP  patients.

2.  Systemic inflammation in patients with pneu-
monia co-existing with lung cancer is marke-
dly reduced compared to patients with CAP.

3. The concentration of H2O2 in EBC in patients
with CAP shows a positive correlation with the
extent of the inflammatory changes.
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