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Summary

Introduction. Research in NSCLC biomarker field and application of new methods is essential as it is promising strategy to reduce
cancer mortality.

Aim of the study. The aim of the study was to develop new approach for lung cancer biomarker research and introduce novel method
into surgical practice, verifying method’s safety and evaluate intraoperative and postoperative complications.

Materials and methods. 50 patients with early stage NSCLC undergoing lobectomy were randomized into two groups — experimental
(n = 25) and control group (n = 25). In experimental group at the time of thoracotomy and resection of the lung, paired blood
samples were obtained from the lobar pulmonary vein draining lung segment containing tumor and from the peripheral vein which
represents the systemic circulation. Safety of the procedure and its influence on surgery was evaluated.

Results. New approach for lung cancer biomarker research was developed. Injuries of major anatomical structures as pulmonary
blood vessels, bronchi, trachea and pericardium due to blood sample collection were not observed. There was no difference in
hospital stay and chest tube drainage duration. There were no perioperative deaths in both groups. Morbidity rate in experimental
group was similar to control group.

Conclusions. Application of new method for developing multimodal lung cancer model is safe and does not increase the risk of

intraoperative and postoperative complications.
Key words: biomarkers; lung cancer; lung resection.

INTRODUCTION

Lung cancer is the most common cancer worldwide
with the number of incident cases around 1.6 million
annually (14). Overall, survival rate at 5 years is less
than 20% and the search for prognostic factors has led
to extensive research and publication of an impressive
number of papers. There are plenty of publications in the
literature about lung cancer biological markers which
can facilitate early detection of lung cancer in such a way
improving results of treatment and improving 5-year
survival. A blood based biomarkers are attractive targets
because blood is easily accessible and measurements
may be repeated over time (5, 9, 16). Blood is a medium
which carries information about cellular processes,
tumor progression and growth, signaling and much
more (20). It is enormous amount of data which
cannot be processed without building strategy allowing
targeted approach. Isolating blood draining tumor gives
insight into metabolism of cancer cells. Combination of
surgical practice with new research strategies could help
to achieve progress in NSCLC biomarker discovery. We
describe a novel approach to biomarker discovery that
used the same subject as control to identify elevated
proteins in the pulmonary venous effluent draining the
tumor vascular bed compared to systemic blood. This
approach allows the differentlially present proteins to
be identified against a complex and variable background
of proteomic profile. The analytic issue is reduced to
determining what has changed in an individual pre- and

post- passage through the affected lung to get around
the problem of finding specific biomarkers in blood.

AIM OF THE STUDY

The aim of the study was to develop new approach
for lung cancer biomarker research, introduce and
incorporate novel method into surgical practice, verify
method’s safety and evaluate intraoperative and
postoperative complications.

MATERIAL AND METHODS

This study was designed as a randomized, case-control
study. Development of novel approach was incorporated
in a study design of Pauls Stradins Clinical University
Hospital Department of Thoracic Surgery scientific
project “Investigation of CXC group chemokines — novel
diagnostic biomarkers for early stage lung cancer”.
Patients with early stage (IA — IIB, 7" edition of TNM
in Lung Cancer of the International Association for
the Study of Lung Cancer) NSCLC undergoing lung
resection with curative intent were involved in the
study (n = 50) from January 2010 till December 2012.
All patients participating in the study signed informed
consent form.

A simple randomization was used. Patients were
randomized into two groups — experimental (n = 25)
and control group (n = 25). In all patients extent of
resection was radical and restricted to lobectomy.
Open lobectomy and nodal dissection was performed
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in all patients. Steps of standard procedure were as
follows - lateral thoracotomy, mobilization of lung,
verification of tumor location, division of mediastinal
and interlobar pleura, exposure and identification
of hilar structures, dissection of pulmonary artery
and vein, ligation and division of pulmonary vessels,
dissection of lobar bronchus, division and closure of
bronchus, haemostasis, drainage and wound closure.
In experimental group at the time of thoracotomy
and resection of the lung, paired blood samples were
obtained from the lobar pulmonary vein draining lung
segment containing tumor, and from the peripheral
cubital vein which represents the systemic circulation.
After dissection of pulmonary vein 5 mL of blood were
aspirated with a syringe with 21-gauge needle prior to
blood vessel ligation (Fig.1).

Fig. 1. Anterior view of dissected middle lobe vein
of right lung before blood sample aspiration and
vein ligation. Pulmonary vein puncture site (A)
Afterwards pulmonary vein was ligated proximally to
puncture site. Blood samples were processed during next
two hours after collection — centrifuged at 3000 g for 10
minutes and stored at -70°C for further analysis. Safety
of procedure and its influence on surgery was evaluated.
Various parameters were assessed including duration
of surgery, intraoperative blood loss, postoperative
hospital stay, duration of chest tube drainage, volume of
postoperative fluid drained per day (postoperative day 1
to 3), haemoglobin concentration in blood and pleural
fluid on the first postoperative day. Cardiac events were
assessed intraoperatively and postoperatively — episodes
of arrhythmia and miocardial ischemia were recorded.
Data of two groups were compared.

Descriptive statistics and Student’s paired t-test were
used for the comparison of the means of numerical data.

RESULTS

Duration of surgery in experimental group was similar
to control group (148.8 + 37.1 minutes versus 141 + 38
minutes, p = 0.47). Intraoperative blood loss was slightly
higher in experimental group, but difference was not
statistically significant (482 + 177 ml (ranged 250 — 900
ml) versus 432 + 146 (ranged 260 — 780 ml), p = 0.28).
Volume of postoperative fluid drainage per day was
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similar in both groups with minor difference on the first
day after surgery (Fig. 2).
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Fig. 2. Volume of postoperative fluid drainage per
day (day 1 - 3). Values are expressed as the mean
drainage (in milliliters) + SE

Haemoglobin concentration in blood and pleural fluid on
the first postoperative day was similar in experimental
and control groups (Fig. 3).
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Fig. 3. Haemoglobin concentration in blood

and pleural fluid on the first postoperative day.
Values are expressed as the mean hemoglobin
concentration (g/L) + SE

Injuries of major anatomical structures as pulmonary
vessels, bronchi, trachea and pericardium due to blood
sample collection were not observed. Minor hemorrhage
from pulmonary vein needle puncture site was observed
in 5 patients (20 %). Duration of bleeding was restricted
to several minutes (ranged 1 — 5 minutes) and related to
the time necessary for pulmonary vein ligation.

There was no difference in hospital stay duration (7 + 2
days in experimental group versus 8 + 3 days in control
group, p > 0.05). Chest tube drainage was longer in
experimental group (6 + 4 days) than in control group
(5+2), p=0.04 (Fig. 4).
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Fig. 4. Hospital stay and chest drainage duration.
Values are expressed as the mean number of days +
SE

[l Experimental [l Control

Number of patients

Atrial Pleural Parenchymal Blood Hospital
fibrillation effusion air leak transflusion pneumonia
related
complicaaions
Fig. 5. Postoperative morbidity
There were no perioperative deaths. Cardiac

complications were noted in one of the cases in
experimental group (4 %) and three of the cases in
control group (12 %) — atrial fibrillation developed and
required treatment. In all cases arrhythmia successfully
resolved during hospital stay. Four patients from
experimental group (16 %) and five patients from
control group (20 %) were given blood transfusion.

In two experimental cases (8 %) and three control
cases (12 %) effusion-related complications developed
that necessitated antibiotic treatment and prolonged
drainage. Four patients from experimental group (16
%) and three patients from control group (12 %) had
parenchymal air leaks persisting for more than 7 days.
There were two cases of hospital pneumonia in control
group (8 %) (Fig. 5.).

DISCUSSION

Research in biomarker field and discovery of novel
potential biomarkers of NSCLC is essential and important
asitis promising strategy to reduce lung cancer mortality.
Single peripheral blood sample or in vitro tumor models
not always adequately reflect complex metabolic
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processes and cellular interaction which can be found in
vivo. Molecular theories based on experimental findings
invitro have limited impact on progress in cancer research
(12, 15). On the other hand many clinical studies fail to
isolate particular pathways in cancer cell biology due to
complexity of molecular mechanisms, versatile function
of receptors and ligands, as well as individual nature of
every tumor based on unique genetical information. Up
to date there is limited range of methods which make
detailed analysis of cancer biology in vivo possible
(2). As a rule with few exceptions these methods
are invasive and ethical issues narrow spectrum of
methods to be applied in human in clinical setting.
Applied method allowed us to collect valuable material
for further analysis with no impact on morbidity and
minimal impact on course of surgical procedure.
Presence of pleural adhesions can sufficiently prolong
the time of procedure, but what is more important —
excessive tissue trauma during mobilization of lung can
cause metabolic changes and affect potential lung cancer
biomarker profile (3, 18). One of the main goals during
surgery was careful handling of lung tissue, maximally
short time interval between skin incision and collecting
blood samples to minimize systemic response to general
anesthesia and surgical trauma.

Variations of pleural fluid drainage can reflect extent
of surgical trauma (4, 6, 11). Chest tube drainage
duration was longer in experimental group, but further
analysis revealed prevalence of lower lobectomies in
experimental group. It is known, that due to anatomical
features absorption of pleural fluid is more impaired in
case of lower lobectomy than middle or upper lobectomy
(8, 13).

Careful handling of pulmonary vessels during surgery
is essential (10, 17), because minor tear in blood vessel
wall can change course of operation or even affect extent
of pulmonary resection. Major risk associated with
novel approach is bleeding and injury of hilar structures
which did not occur in any of 25 experimental cases.
According to our results cardiac complications were not
related to experimental procedure and occurred more
often in control group, indicating possible relation to
surgery itself.

One of main issues is use of analytic methods that do not
provide precise and accurate determination of potential
tumor specific proteins that are expressed in very low
concentrations resulting in false negative results (1) —
gaining access to tumor microcirculation and its unique
environment holds promise to solve this problem.

CONCLUSIONS

Combination of surgical practice with new research
strategies can help to achieve progress in NSCLC
biomarker discovery. Pulmonary resection remains
a procedure containing a high risk of postoperative
complications by itself, but application of new method
for developing multimodal lung cancer model is safe
and does not increase the risk of intraoperative and
postoperative complications.
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