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To the memory of prof. Dr. Krassimir Mourdjev
INTRODUCTION
Surgical interventions of the lungs require good technique and specific post-operative
resuscitation measures that distinguish patients in lung surgery from patients undergoing other
types of interventions.
The specificity of surgical intervention is determined by the functions of the lung and
the possibility of acute respiratory insufficiency as well as the subsequent disorders of the
cardiovascular system. Patients undergoing pulmonary surgery are deprived of parenchyma,
especially in lung carcinoma, but are sometimes also immunosuppressed. They are therefore
also at high risk for the development of inflammatory complications that may be lifethreatening. These complications usually occur between the 3rd and 7th postoperative days.
Thoracic surgeons have always had the issue of prophylaxis, early diagnosis and treatment of
post-operative inflammatory complications in thoracotomy, most commonly performed on
primary lung carcinoma. Various markers were used to predict early post-operative
complications as well as the possibilities for risk assessment (Bata J et al., 1977, Brent J et al.,
2016, 1977, Chataigner O et al., 2008). Recent publications on early diagnosis and risk
assessment of the development of such complications have started to appear in specialized
scientific literature more frequently, following indicators (Szczesny T, et al., 2007,
Hildebrandt MA and 2015; Wang Q et al., 2015; Xu L et al., 2015; Saavedra D et al., 2016;
Yankulov A et al., 2013). Such are the inflammatory markers CRP and procalcitonin, certain
cytokines, the lymphocyte populations of T, B and NK cells, as well as the serum
immunoglobulins A, G and M.
The lack of a comprehensive approach in predicting early postoperative inflammatory
complications in patients with thoracotomy requires the identification of a sufficiently
informative panel of predictive markers for assessing the condition of the patients in the early
postoperative period. This is the basis for more adequate therapy. It is possible to diagnose
postoperative complications earlier, prior to their clinical appearance, especially in those at
risk, who have impaired lung function.
The prevention of complications and the timely treatment of early diagnosed ones
allows the reduction of postoperative mortality and the reduction of hospital stay. The timely
therapeutic measures applied will speed up the healing process and will more quickly tabulate
the condition of the patient, especially in large-scale pulmonary operations.
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AIM
To investigate early postoperative complications and their relationship to the changes in
immune response in patients with pulmonary resection for primary lung carcinoma.

TASKS
1. To establish the clinical and epidemiological characteristics of the studied patients in terms
of gender, age, and the type of lung resection for lung cancer.
2. To analyze the early post-operative complications (EPOC)after thoracotomy in patients
included in the study - operable and non-operable.
3. To investigate pre- and post-operative changes in baseline clinical laboratory markers and
inflammatory parameters - total leucocyte counts, percentage of neutrophils, erythrocyte
sedimenattion rate (ESR), albumin, CRP and procalcitonin 24 hours preoperatively and up to
7th postoperative day in the selected patients.
4. To screen pre- and post-operative cytokine profile (IL-1, IL-6, IL-8, IL-10, TNF-α); the
growth factor VEGF-A and the ICAM-1 adhesion molecule, as well as their correlation with
the EPOC.
5. To detect abnormalities in the humoral immune response in the tested patients through preand post-operative determination of the total serum immunoglobulins A, G and M.
6. To determine pre-and post-operative changes in cellular immune response (T, B and NK
cells) by flow cytometry and their relationship to EPOC development.
7. To propose a complex of the most important clinical-laboratory and immunological
indicators for predicting possible early postoperative complications after thoracotomy.
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MATERIAL AND METHODS
1. Patients
Three hundred and twenty seven patients with thoracotomy for primary lung carcinoma,
attending Second Surgical Clinic at the University Hospital "St. George "-Plovdiv during the
period 2013-2017, were included in the study. Early post-operative complications were
accepted to the 7th post-operative day.
The patients are included in the study based on certain selection criteria (Table 1).
Table 1. Criteria for inclusion and exclusion of the patients with lung resection in the study:
Inclusion
Exclusion
Criteria
1.
> 18 years
< 18 years and > 85 years
Age
2.
Diagnosis
Primary
lung Metastatic lung carcinomas, benign lung
bullous
formations,
blebs,
cancer, confirmed tumors,
pathohistologically inflammatory lung processes (tuberculosis,
abscesses and gangrene), infections and
fever,
bronchiectasis,
mediastinum,
esophagus and diaphragm diseases,
spontaneous pneumothorax, pulmonary
thromboembolism,
patients
with
anamnestic, clinical and laboratory data on
immune deficiency (HIV and other
secondary immune deficiencies, antiinflammatory and/or immunomodulatory
drugs, including corticosteroids and
cytostatics, radiotherapy) or autoimmune
diseases
3.
4.

thoracotomy
Surgical
approach
Consent to the yes
terms of the study

VATS
no; lack of collaboration

The patients were analyzed according to:
• gender;
• age;
• pulmonary resection volume (pulmonemectomy, lobectomy /bilobectomy,
segmentectomy, explorative thoracotomy);
• the presence of early post-operative complications: inflammatory, non-inflammatory
and exitus lethalis;
• changes in clinical-laboratory inflammatory markers - total leucocyte count, neutrophil
percentage, ESR, CRP, procalcitonin, albumin;
• cytokine profile
• serum growth factor VGEF-A and adhesion molecule ICAM-1
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• changes in some immunological indicators of humoral and cellular immunity - total
serum immunoglobulins A, G and M, lymphocyte populations and subpopulations.
2. Design of the study
The study is longitudinal (cross-sectional, prospective). Part of the collection of the
primary data has a certain retrospective nature, and the information gathered is
documentary.
Patient research has been conducted in two steps:
• 1st stage - at admission to the Clinic, 24 hours before surgery
• 2nd stage - 5-7 days after the thoracotomy.
The results of the pre- (I sample) and post-operative (II-sample) measurements of the
above-mentioned indicators, as well as the mean reference ranges calculated as the mean
of the upper and lower reference limits, were compared in the study patients. Comparisons
were made between the group of patients with early postoperative complications and those
without complications, as well as between the operable (with pulmonemectomy,
lobectomy, segmentectomy) and the inoperable patients (with explorative thoracotomy).
3.

The following methods were used for the study:
3.1. Surgical, with a different volume of pulmonary resection - lobectomy,
pulmonemectomy, segmentectomy.
3.2. Laboratory:
• Fully automated clinical and laboratory methods for determination of inflammatory
parameters - haematological (number of lymphocytes, percentage of neutrophils and ESR)
and biochemical (serum albumin, CRP, procalcitonin - PCT) in the Department of Clinical
Laboratory of MU-Plovdiv;
• Immunological - serum cytokines, VEGF-A, ICAM-1, total serum immunoglobulins A,
G and M and peripheral blood lymphocytes.
- Enzyme-linked immunosorbent assay (ELISA) - to determine serum cytokine levels (IL1, IL-6, IL-8 and IL-10, TNF-α) in 139 patients; as well as vascular growth factor VEGFA and adhesion molecule ICAM-1 in 135 patients.
- Nefelometry - to study serum immunoglobulins A, G and M (in 208 patients). Minineph
(The Binding Site, Birmingham, UK) was used.
- Flow cytometry for the determination of immune cells (T, B and NK lymphocytes) from
peripheral blood, pre- and postoperatively (in absolute number and percentage). Blood
specimens were proceeded using FACSCanto II, BD (Becton Dickinson), New Jersey,
US) flow cytometer, with three 6-color cell counting lasers. Fluorescent-labeled
monoclonal antibodies (mAbs) against human leukocyte antigens were used from
Multistep 6-color TBNK panel (CD3 F / CD4 PE-Cy7 / CD8 APC-Cy7 / CD16 + CD56
PE / CD19 APC / CD45 PerCP with BD Trucount ™ tubes (BD Biosciences, US), and
flow cytometry standards were applied to guarantee the proper functioning of the
instrument and the reproducibility of the measurements: BD FACS 7-Color Setup beads
for calibration of the FACS Canto II flow cytometer.
All immunological studies were conducted at the Immunology Research Center based at the
Department of Microbiology and Immunology, Medical University of Plovdiv, and the
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funding of the research was provided by an approved intra-university project at MU-Plovdiv
03/2011.
3.3.
Statistical methods of descriptive statistics as well as analytical ones.
• Parametric methods:
- Variational analysis - when describing quantitative indicators;
- Alternative analysis - for qualitative quantities represented by absolute frequencies and
percentage;
- t-Student criterion (independent sample t-test) - for comparison between two
independent samples with quantitative variables.
• Nonparametric methods
- Chi-squaered test - to establish dependencies between qualitative variables. Where the
conditions for its application were not met, four times - Fisher's Exact Test and Likelihood
Ratio (LR) tables were used.
- The Kolmogorov-Smirnov test was used to check the distribution normality.
- the Mann-Whitney u criterion - when comparing quantitative values in independent
samples with a distribution different from normal.
- Kruskal-Wallis test - when comparing more than 2 independent samples with data
distribution different from normal (analogue to parametric dispersion analysis).
• Correlation analysis - to estimate the dependence between individual variables:
Speirman coefficient (rs)
The results were processed with SPSS statistical software, 19.0 Ver. and are represented
as mean value with standard deviation (XSD), median (M); standard average error
(SEM); mean difference, statistical significance (p and rs). Statistically reliable were the
values at the level of significance level of the zero hypothesis P <0.05 with a confidence
probability greater than 0.95 (95% confidence interval).
3.4.
Graphic methods - SPSS 19.0 and Microsoft Excel were used to visualize the
results.
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RESULTS
1. Clinical-epidemiological characteristics of the investigated patients with
thoracotomy for primary lung carcinoma
1.1. Distribution of analyzed patients with thoracotomy by age and sex
The average age of patients with lung cancer and lung resections was 63.58 ± 10.12 years,
with the youngest being 37 years old and the oldest at 83 years.
Of the 327 patients enrolled in the study, 276 (84.4%) were male and 51 (15.6%) women
(Figure 1). Men are on average 2.13 years older than women (Figure 2). The age difference
between the two sexes was not statistically significant - p> 0.05.
Fig. 1. Distribution of the patients according to sex

n=51
(15,60%)
мъже
n=276
(84,40%)

жени

Fig. 2. Comparison betwenn sexes according to age
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1.2.
Distribution of patients with lung carcinoma according to pulmonary resection
volume
In Fig. 3 is the mean age of lung cancer patients grouped according to the volume of
surgery. The patients are grouped mainly as operable and non-operable. The operable
include cases with pulmonectomy (П) - 63 (19.3%), lobectomy (Л) - 187 (57.2%) and
segmentectomy (C) - 9 (2.7%). Inoperable patients (ИО) in the present study were 68
cases and represented 20.8% of the observed patients, and the total operable patients
were 259 (79.2%) of all subjects. It was found that the oldest patients had
segmentectomy - 72.50 ± 4.81 years, and the youngest were patients who had
pulmonectomy - 61.93 ± 7.10 years. The other cases, where lobectomy was performed
(63.59 ± 11.24 years), and inoperable patients (63.19 ± 10.31 years) were of similar age.
The overall intergroup difference was statistically significant at 90% confidence in the
results (X2 = 2.533, p = 0.057).
Fig. 3. Distribution of patients with lung carcinoma according to the volume of surgical
intervention and mean age
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In the analysis of the multiple intergroup comparisons of the mean age in the patients
with pulmonary carcinoma, depending on the volume of the performed operation, it was
found that the greatest age difference was recorded between the cases of segmentectomy and
pulmonectomy - the difference was 10.57 years (p = 0.077), followed by the age difference
between patients with segmentectomy and non-operable patients - 9,313 years (p = 0.016).
The age difference between segmentectomy and lobectomy cases was 8.91 years (p = 0.017).
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The listed differences are statistically significant - p <0.05. The remaining intergroup
differences found for this indicator are not significant (p>0.05).
The mean age between non-operable and operable patients is compared in Table 2. It
was found that in the two groups with the same similar mean age, the reported difference
(0.30 years) was statistically insignificant (p = 0.836).
Table 2. Mean difference in age between operable and non-operable patients
Mean
Mean age
N
SD
u
р
difference
(years)
Patients
(years)
Non-operable
operable

68
259

63,19
63,49

10,305
10,312

-0,207 0,836

-0,303

The types of surgical interventions performed in both gender are presented in fig 4.
Pulmonectomy and lobectomy cases are significantly more common in men than in women.
The intergroup difference found in the comparative relative shares is in favor of men: in
pulmonectomy is 11.2% and in lobectomy is 21.3%. Patients with segmentectomy and nonoperable patients are significantly more women in relative proportions than men, with the
percentage difference in non-operable patients at 24.2%. The inter-group difference found in
both genders, depending on the type of surgical intervention, was statistically significant (p =
0.001, LR = 15.828).
Fig. 4. Types of lung resections in patients with lung cancer - comparison by sex
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2. Early postoperative complications (EPOC) in patients with thoracotomy
2.2. Frequency of EPOC
In our study, patients with early postoperative complications (EPOC=РПОУ) were found to
be 53 (16.3%) of all those enrolled in the study, and 274 (83.7%) lacked such complications
(Figure 5).
Inflammatory complications predominated - they were a total of 29 (8.9%) and noninflammatory
occured
in
16
(4.9%)
of
cases
(Figure
6).
Table 3 shows the types of complications in patients with thoracotomy with lung cancer. The
reported types of complications were: inflammation - wound infection at 13 (4%),
hydrothorax - at 8 (2.5%), empyema at 5 (1.5%), postoperative pneumonia and / or fever at 3
(0.9%); non-inflammatory - atlelectasis at 8 (2.5%); subcutaneous emphysema and partial
pneumothorax - respectively in 2 (0.6%) and haemothorax - in 4 (1.2%) patients. Exitus
letalis occurred in 8 (2.5%) of patients due to cardiac decompensation.
Microbiological isolates from the suppurative wound proved to be mainly Gram negative
bacteria in 8 of 13 cases (mainly Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae). One isolate, Pseudomonas putida, is the first proven VIM-5 metal betalactamase producer in the country. He was diagnosed from wound infection of a 59-year-old
woman hospitalized in the clinic. The strain appeared to be resistant to the entire beta-lactam
group, including carbapenems, and had a sensitivity only to tobramycin and colistin.
Fig. 5. Early post-operative complications (РПОУ) in patients with thoracotomy for lung
cancer
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Fig. 6. Grouped early post-operative complications in patients with lung cancer and
thoracotomy
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Table 3. Types of early post-operative complications in lung cancer patients after
thoracotomy
Complications
numbers
percentage
I. Without complications

274

83,7

II. Inflammatory:
wound infection

13

4

empyema

5

1,5

hydrothorax

8

2,5

post-operative pneumonia, fever
III. Non-inflammatory:
atelectasis
subcutaneous emphysema
partial pneumothorax
hemothorax/post-operative bleeding

3

0,9

8
2
2
4

2,5
0,6
0,6
1,2

IV. Exitus letalis

8

2,5

327

100,0

TOTAL

13

2.2.
Age as a factor for the development of early post-operative complications
The mean age of the patients, grouped according to the type of postoperative
complications, is presented in Fig. 7. It is proven that the eldest were the deceased
patients (ЕЛ) - on average 67 ± 7.48 years, and the youngest were the patients with
inflammatory complications (ВУ) - 55.57 ± 11.26 years. The cases of noninflammatory complications (НВУ) were at an average age of 60.75 ± 11.09 years,
and the patients without complications (БУ) were at the mean age of 64.43 ± 9.79
years. The intergroup difference between the mean age and the postoperative
complications was clearly expressed and statistically significant (X 2 = 7.313, p =
0.000).

years

Fig.7. Mean age in lung cancer patients and post-operative complications after
thoracotomy
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2.3.
Gender as a prognostic factor for the occurrence of EPOC in thoracotomy
In Fig. 8 are presented the postoperative complications of both sexes. Noninflammatory complications occured only in men - 16 (5.8%). Inflammatory
complications occured in a similar percentage for both sexes: in males - 25 (9.1%), in
females - 4 (7.8%). Exitus letalis in women is significantly more common - 4 (7.8%)
than in men - 4 (1.4%). The observed intergroup difference in postoperative
complications is statistically significant in both sexes (p = 0.014, LR = 10.680). A
similar relative proportion of patients without complications was established.
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Fig. 8. Post-operative complications in patients with lung cancer and thoracotomy in
both sexes
n=231 n=43
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Legend: НВУ – non-inflammatory complications; ВУ – inflammatory complications; ЕЛ –
exitus letalis; БУ – without complciations; LR (likelihood ratio)

2.4.
Distribution of early post-operative complications according to the volume of
performed surgical intervention
Postoperative complications in patients depending on the volume of pulmonary resection are
presented in fig. 9. All registered non-inflammatory complications were found in cases with
lobectomy - 16 (8.55%). There were many inflammatory complications (ВУ) in this group.
There were no postoperative complications in segmentectomy, but this may be due to the very
limited number of patients with this type of surgery – only 9 cases.
Exitys letalis (ЕЛ) was found in 4 (5.9%) of inoperable patients and in 4 (6.3%) of
pulmonectomy patients. Inflammatory complications were commonest in cases of
pulmonectomy - 9 (14.3%), and rarest in inoperable patients - 4 (5.9%). The intergroup
difference between different types of surgical interventions, depending on the postoperative
complications, is statistically pronounced - p = 0.000, LR = 37.268. Most complications as a
relative share were recorded in cases of pulmonectomy - 20.6%, followed by cases of
lobectomy - 17.1%
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Fig. 9. EPOC depending on the volume of surgical resection

The structural distribution of postoperative complications in operable and non-operable
patients is presented in Fig. 10. Non-inflammatory complications (НВУ)- 16 (6.2%), occured
only in operative patients (O), and inflammatory postoperative complications (ВУ) were
found almost twice as often in operable patients - 25 (9.7%) than in non-operable patients
(ИО). In non-operable patients, exitus letalis (ЕЛ) occurred more often as a relative share of
deaths in operative cases - 4 (1.5%). In operable patients, overall complications were
observed in 17.4% of the cases and, in the case of non-operable patients, they were rarer 11.8%.
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Fig. 10. Early post-surgical complications in operable (O) and non-operable patients (ИО)
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3.

Inflammatory markers and correlational correlations with early post-operative
complications in patients with lung resections
3.1. Dynamics at mean levels of inflammatory markers pre- and postoperatively in patients
with lung resections
The mean levels of inflammatory markers in preoperative and postoperative
measurement are presented in Figure 11. Albumin showed a mean of 41.07 ± 4.92 g/l at the
first measurement, compared to the mean reference range 43.5 g/l which showes that this
level was lower by 2.43 g/l. The second measurement revealed a more significant reduction of
the mean albumin level - 35.83 ± 3.90 g/l. Here, the registered decline compared to the mean
reference range was already 7.67 g/l. Both reported differences in albumin were significant (p
= 0.000).
Leucocytes in the preoperative measurement averaged slightly above the upper reference
limit of 10.63 ± 4.43 x 109, with the observed difference of 0.129 x 10 9 not being significant
(p> 0.05). In the second measurement, there was some increase in the mean leukocyte level 12.41 ± 7.38x109, which was 1.91x109 higher than the upper reference limit. Here the
difference was now statistically pronounced (p = 0.020).
Neutrophils pre-operatively (65.56 ± 7.90%) showed lower mean values from the upper
reference limit (70%), with a 4.44% difference being significant (p = 0.077). Postoperatively,
a statistically significant increase of this score was recorded (73.30 ± 5.61%), by 3.30%
higher than the upper reference limit (p = 0.004).
CRP in both the first measurement (36.89 ± 40.67 mg/ml) and the second (110.57 ±
90.11 mg/ml) demonstrated significantly higher mean baseline levels of 5.9 mg/ml, the
observed differences in the first measurement of 30.99 mg/ml and in the second of 104.67
mg/ml were statistically significant (p = 0.000).
ESR in both measurements showed a statistically significant increase above the reference
limit of 25 mm/h, with the pre-operative difference being 17.11 mm/h and post-operative
already 46.67 mm/h (p = 0.000).
The preoperatively recorded mean procalcitonin level was elevated above 39.80 pg/ml,
statistically expressible (p = 0.000), but postoperatively decreased by 106.43 pg/ml relative to
the benchmark limit of 250 pg/ml. This postoperative decline was also reported as significant
(p = 0.008).
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3.2.

Comparison of inflammatory markers in inoperable and operative patients with

thoracotomy
Referring to fig. 12 data in the first measurement albumin levels in non-operable patients
(42.40 ± 4.06 g/l) and operable patients (40.98 ± 5.15 g/l) were similar and the intergroup
difference of 0.42 g/l was not statistically significant p> 0.05). In both groups, a decrease in
albumin level was observed postoperatively, and in the inoperable cases it was 34.67 ± 2.15
g/l, and in the operative patients (36.07 ± 4.14 g / l) it was higher by 1.40 g/l. In the second
measurement, the difference found between the two groups was significant at 90% confidence
in the results (p = 0.097).
Fig. 11. Inflammatory markers in thoracotomy patients with lung cancer - preoperative and
postoperative measurement
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Fig 12. Preoperative and post-operative levels of inflammatory markers in operable and nonoperative patients with thoracotomy for lung cancer
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The leukocytes in both measurements showed a pronounced downward trend in
inoperable patients, with the preoperative measure being 9.99 ± 4.02 x 109. At this stage, the
leukocytes in operable patients were higher - 10.8 ± 4.5 x 109, with the intergroup difference
in the first measurement for this indicator being 0.80 x 109, but it was not statistically
significant (p> 0.05). In the postoperative measure, the leukocyte level in the inoperable
patients (11.54 ± 3.44 x 109) was also lower by 1.07 x 10 9 from the level in the operable
patients (12.61 ± 8.04 x 109). The difference found here was not significant (p> 0.05).
Neutrophils preoperatively had a significantly higher level in inoperable patients
(73.07 ± 5.93%), and the recorded difference with the operable ones (64.15 ± 7.44%) was
8.92%. It was clearly statistically expressed (p = 0.000). Postoperatively, neutrophil counts
were lowere 63.60 ± 1.24% whereas in operable patients they increased and the observed
range of decreases and increases in both neutrophil counts was about 10% in both groups. In
the second measurement, neutrophils were significantly lower with 11.32% in non-operable
patients than in operable patients (p = 0.000).
Two-fold measurements of CRP in inoperable patients had higher levels. In the first
measurement, the difference in CRP levels between non-operable and operable cases was 9.63
mg/ml, and in the second measurement this difference already increased over 3 times - 35.00
mg/ml. In the first CRP study, the observed intergroup difference was not statistically
significant (p> 0.05), but at the second reading it was already significant (p = 0.018).
ESR preoperatively showed higher values in inoperable patients (44.17 ± 26.46 mm/h),
indicating that the index was higher by 2.47 mm/h than in the operable. In postoperative
measurement, the ESR in non-operative cases (70.67 ± 7.92 mm/h) was now slightly lower
than in the operable patients. The reported difference here was 1.17 mm h, and it was not
significant (p> 0.05).
Procalcitonin in both measurements in non-operable patients was higher than in
operable cases, with an inter-group non-significant difference of 6.32 pg/ml being registered
in the preoperative measurement, and in the post-operative measurement it was already 16.30
pg/ml (statistically clearly expressed - p = 0.000).
3.3.Intergroup comparisons of inflammatory markers in patients with early post-operative
complications after thoracotomy for lung cancer

The lowest serum albumin levels in the preoperative measurement were recorded in
exitus letalis patients - 34.05 ± 2.61 g/l (Fig. 13).
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Fig.13. Serum albumin (Alb) in patients with thoracotomy for primary lung carcinoma, with
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In patients with inflammatory complications (ВУ), the mean albumin level was 40.00 ±
2.43 g/l, and it was 5.25 g/l lower than the mean albumin level of non-inflammatory
complications (НВУ). The intergroup differences found at albumin levels were significant (X2
= 7.496, p = 0.000). In the postoperative measurement, registered albumin levels showed a
decrease in all patient groups with no reported significant intergroup differences (X² = 0.075,
p = 0.928). Exitus letalis – ЕЛ, was not measured at this stage of the study.
In both measurements, leukocytes in cases of inflammatory post-operative complications
(ВУ) were higher than in the other compared groups. Compared to non-inflammatory
complications (НВУ), the difference was 3.10 x 109, and the difference was 4.51 x 10 9 for
patients without complications (БУ). Intergroup difference in preoperative measurement was
registered as significant (X 2 = 8.354, p = 0.000), but in postoperative measurement it was not
statistically significant (X 2 = 1.520, p = 0.225).
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Fig.14. Total leucocytes (Leuc) in thoracotomy patients for primary lung caнцер, with or
without post-operative complications

Neutrophil percentage in both measurements was highest in cases of noninflammatory complications - НВУ (first measurement - 73.50 ± 3.06%, in the second
measurement - 75.23 ± 3.85%) - fig. 15. Neutrophil percentage in inflammatory
complications (ВУ) was higher than in non-complicated cases (НВУ), preoperatively at 69.00
± 4.51% and postoperatively - 73.00 ± 5.13%. Intergroup differences, however, were not
significant (p> 0.05).
Fig.15. Neutrophilic leukocytes (percentage) in patients with thoracotomy for primary
lung cancer, with or without post-operative complications

Preoperative CRP in cases of inflammatory complications was 84.00 ± 11.03 mg/ml
and 33.88 ± 39.84 mg/ml in cases without complications (Figure 16). The highest CRP was in
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the exitus letalis (ЕЛ) patients - 92.00 ± 8.56 mg/ml, with the registered intergroup difference
at mean CRP levels in both measurements being statistically expressible (X2 = 7.324, p =
0.001). CRP in the postoperative (II-d) measurement showed even higher values for this
indicator in the case of postoperative inflammatory complications - 252.00 ± 189.22 mg/ml,
with 107.77 ± 60.86 mg/ml without complications and, in non-inflammatory complications,
51.75 ± 40.14 mg ml (X2 = 18.373, p = 0.000).
Fig.16. CRP in patients with thoracotomy for primary lung cancer, with or without
post-operative complications

In the first ESR measurement, the highest mean values for this parameter were
measured in the exitus letalis patients - 66.02 ± 10.14 mm/h (Figure 17). Patients with
inflammatory complications (ВУ) had ESR 46.67 ± 20.35 mm/h, higher than noninflammatory complications (НВУ) and those without post-operative complications (БУ).
Postoperatively, ESR in cases of inflammatory complications (ВУ) was higher than in
patients with non-inflammatory complications (НВУ).
The intergroup differences found for this indicator were not statistically expressed (p>
0.05) although a clear trend towards higher ESRs was emerging in cases of inflammatory
complications. However, for the ESR, two statistically significant inter-group differences
were found with 90% confidence in the results - the first significant difference was between
the mean preoperative ESR level in patients with non-inflammatory complications and exitus
letalis - the difference was 34.00 mm/h (p = 0.095). The second difference was between the
deceased patients and those without complications - 24.77 mm / h (p = 0.090).
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Fig.17. ESR (СУЕ) in patients with thoracotomy for primary lung cancer, with or
without post-operative complications
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Procalcitonin in the preoperative measurement showed the highest level in cases of
inflammatory complications - 297.00 ± 3.21 pg/ml, and it was 10 pg/ml higher than in
patients without complications. The intergroup difference found in this case is not significant
(p> 0.05).
The three inflammatory parameters found below the reference limit for some patients
from the investigated contingent are: albumin, procalcitonin and CRP (Table 4).
For the other indicators - leucocyte count, neutrophil percentage, and ESR, no lower
values were observed. For albumin and procalcitonin it was characteristic that in the second
measurement (postoperatively) the percentage of cases below the lower reference limit had
increased several times compared to their first study. For example, in preoperative
measurement, albumin below 35 g/l occured in 35 (11.9%) of cases, and in postoperative
measurement, the percentage of patients with low albumin levels was 66.3%. Similar to the
finding for procalcitonin, in the first case, cases with a level of less than 250 pg/ml were 13
(9.2%) and postoperatively all (100%) had lower procalcitonin. In the preoperative CRP
measurement in 51 (33.8%) of the non-complicated cases it was also found that there were no
high levels of this marker, but after the surgical intervention the percentage of CRP
investigated at the reference limit decreased to 19 (11.9%) patients.
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Table 4. Summarized structure distribution of patients with thoracotomies and deviations
from the reference range of inflammatory markers
Inflammatory
markers

Alb I specimen
Alb II specimen

Patients with values
below low reference
range
number
%
< 35g/l
32
11,6
65
66,3
< 3,5 х109

Leuc I specimen
Leuc II specimen

….
….

….
….
….

Neu I specimen
Neu II specimen

….
….

….
….

PCT I specimen
PCT II specimen

< 250 pg/ml
13
9,2
19
100

CRP I specimen
CRP II specimen

< 6 mg/ml
51
29,1
19
11,9
< 2 mm/h

СУЕ I specimen
СУЕ II specimen

….
….

….
….

Patients with values in
reference range
number
%
Alb
from 35 g/l to 52g/l
238
86.6
33
34,7
Leuc
from 3,5 х109 to 10,5
х10 9
144
55,4
73
59,3
Neu
from 42% to 70%
71
70,3
32
41
PCT
….
….
….
….
….
CRP
….
….
….
….
….
СУЕ
from 2 mm/h to 25
mm/h
57
26,4
15
10

Patients with values
higher than upper
reference range
number
%
> 52 g/l
5
…

1,8
…

> 10,5 х109
116
50

44,6
42,7
> 70%

30
46

29,7
59

> 250 pg/ml
129
90,8
….
….
> 6mg/ml
124
70,9
141
88,1
> 25 mm/h
159
135

73,6
90

Increased levels of inflammatory markers pre- and postoperatively were most common
in ESR and CRP. Postoperative CRP was increased in 141 (88.31%), and ESR - in 135 (90%)
of patients. It should be emphasized that in the postoperative measurement there was no case
with albumin above the upper reference limit (above 52 g/l). Preoperatively, the percentage of
cases with procalcitonin above the upper reference limit was high - 90.8%, whereas no
elevated levels were found postoperatively. The percentage of patients with neutrophils above
the upper limit of reefrence range also increased after surgery - preoperatively they were
found in 29.7% of the cases, and 71.4% of the subjects were post-operative.
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4. Cytokine profile in lung cancer patients with lung resections
4.1. Pre- and postoperative cytokine levels in lung cancer patients
In Fig. 18 preoperative and postoperative mean serum concentrations of
proinflammatory and anti-inflammatory cytokines were compared with the mean reference
values. Higher levels of the compared mean reference values were recorded in all cytokines
tested - IL-1a, IL-6, IL-8, TNF-α and IL-10. In the preoperative measurement of IL-1a, the
difference with the mean reference value (17.5pg / ml) was 6.34 pg/ml. At the second reading
of the mean level of this variable, the difference found was 12.29 pg/ml, and it increased
almost twice, i.e., as a whole, the average level of the indicator showed an increase in
dynamics. Both differences here were clearly statistically expressed (p = 0.000).
The difference between measured serum IL-6 in patients and its reference value in
preoperative measurement was 1.97 pg/ml (p> 0.005). In postoperative measurement, this
difference has already increased nearly two and a half times and was 4.53 pg/ml. In both cases,
the differences found were not significant, which is probably due to a second-order error
(especially in the second measurement) as a result of the limited number of samples tested.
In both measurements, the mean IL-8 level in patients was significantly increased
above the mean reference value. A significant difference of 151.09 pg/ml (p = 0.001) was
found preoperatively, and the postoperatively the difference for this variable was 170.64
pg/ml and it was also significant (p = 0.000).
Higher serum TNF-a levels in patients were found compared to the mean TNF-a
reference values and this was statistically significant (p < 0.05). In the first measurement for
this marker, the difference found was 4.78 pg/ml (p = 0.000), and in the second it was 5.21
pg/ml (p = 0.058), the latter being statistically expressed at 90% confidence in the results.
The anti-inflammatory cytokine IL-10 preoperatively slightly increased compared to
the mean refernce value (10.05 pg/ml), and the difference of 1.60 pg/ml was statistically
pronounced (p = 0.034). In postoperative measurement, a significant increase in IL-10 was
observed and the difference previously reported was 2.99 pg/ml (p = 0.007).
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Fig. 18. Pre- and postoperative mean serum concentrations of the measured
proinflammatory and antiinflammatory cytokines
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4.2.Correlation between serum preoperative cytokine levels and the presence of early
complications in thoracotomized patients
In Fig. 19, the mean pre-operative levels of pro-inflammatory and anti-inflammatory
cytokines were compared in patients with inflammatory complications, exitus letalis and those
without complications.
In the pre-operative IL-1a study, the highest values were determined in deceased patients 28.03 ± 4.10 pg/ml, and the lowest in the uncomplicated patients (22.95 ± 4.17 pg/ml), the
intergroup difference found for this indicator was statistically significant (X2 = 3.786, p =
0.026).
In the first IL-6 measurement, the lowest level was found in uncomplicated cases - 2.70 ±
0.39 pg/ml, and the highest in those with inflammatory complications - 10.60 ± 9.18 pg/ml.
There was no statistically significant intergroup difference in this case (X2 = 0.795, p = 0.454).
Different data were obtained preoperatively for IL-8 - the lowest serum concentrations
were in the patients without complications, and the highest - in the exitus letalis but no
statistically significant difference between cases of inflammatory complications and those
without complications was registered.
In pre-operative TNF-α measurements, the mean recorded concentrations in the groups
were close to a lower reference value and did not differ statistically between them (X2 = 0.635,
p = 0.532).
In the first IL-10 measurement, the highest level in patients with thoracotomies without
complications was 25.04 ± 4.05 pg/ml, and the lowest was found in patients with
inflammatory complications and lethal outcome. The intergroup difference for this indicator
was significant (X2 = 5.003, p = 0.009).
5. Serum VEGF-A and ICAM-1 in patients with lung resections for primary lung
cancer
5.1. Pre- and post-Operational dynamics of VEGF-A depending on EPOC after
thoracotomy
In both detections, VEGF-A showed the highest mean levels in patients with
inflammatory complications (ВУ) (Figure 20). The lowest VEGF-A concentrations were in
those without complications – БУ (376.83 ± 256.293 pg/ml) in the preoperative measurement
compared to both subgroups - with inflammatory complications or exitus letalis. Intragroup
differences were significant (p = 0.000).
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Fig.19. Comparison of proinflammatory and antiinflammatory cytokines in cases of
inflammatory complications (ВУ), exitus letalis (ЕЛ) and without complications (БУ) preoperative measurement
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Fig. 20. Pre- and postoperative screening of VEGF-A serum concentrations in
different patients with lung cancer - with and without post-operative complications
(inflammatory and exitus letalis)
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5.2. Pre- and post-surgical dynamics of ICAM-1 related to EPOC after thoracotomy
Post-operative ICAM-1 levels demonstrated an increase in two of the groups - with
inflammatory complications and with no complications (Fig. 21).
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Fig. 21. Pre- and postsurgical ICAM-1 serum concentrations in patients with lung cancer with
and
without post-operative
complications
(inflammatory and
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Before and after surgery, ICAM-1 was the lowest in the case of inflammatory
complications (1-st measurement - 210.01 ± 42.76 pg/ml, 2nd measurement - 270.04±114.351
pg/ml) compared to uncomplicated patients (224.45±75,606 pg/ml preoperatively and
330.04±162,083 pg/ml postoperatively) as well as those with exitus letalis (preoperative
230.0±36.151 pg/ml). However, in both measurements (pre- and post-operative) intra-group
differences were not significant (p> 0.05).
5.3. Multiple intra-group analysis of VEGF-A and ICAM-1 in patients with and
without complications
Multiple intra-group analysis of VEGF-A and ICAM-1 and their preoperative
measurement is presented in Table 5. VEFG-A values differed significantly between patients
with early inflammatory post-operative complications and those without complications (the
difference in concentrations was 553,182 ± 121.251 pg/ml, p = 0.000). There were differences
between patients with exitus letalis and those without complications (343,182 ± 167,865
pg/ml, p = 0,044). Significant intergroup differences in serum ICAM-1 levels were not found.
Post-operative VEGF-A measurement correlates positively with post-operative complications,
the relationship being significant in intensity (rs = 0.548, p = 0.001)
Table 5. Multiple intra-group analysis of the preoperative study of VEGF-A and
ICAM-1 in patients with early post-operative inflammatory complications, without
complications and with exitus letalis
Comparison between various types of Mean
difference SEM
Marker complications
pg/ml
test
VEGF-A inflammatory and exitus lethalis
210,000 201,072
pg/ml Pre- inflammatory and w/o complic. 553,182 * 121,251
surgical exitus letalis
and nflammatory
-210,000 201,072
test
exitus letalis
and w/o complic. 343,182 * 167,865
w/o
and inflammatory -553,182* 121,251
complications and exitus letalis -343,182* 167,865
ICAM-1 inflammatory
and exitus letalis
-20,000 44,408
pg/ml Pre- inflammatory
and w/o complic.
-14,455 26,779
surgical exitus letalis
and inflammatory
20,000 44,408
test
exitus letalis
and w/o complic.
5,545 37,074
w/o complic.
and inflammatory
14,455 26,779
w/o complic.
and exitus lethalis
-5,545 37,074
*. The mean difference is significant at the 0.05 p level.

p
,299
,000
,299
,044
,000
,044
,653
,591
,653
,881
,591
,881

95% CI
Low
Upper
range
range
-189,07 609,07
312,53 793,83
-609,07 189,07
10,02 676,35
-793,83 -312,53
-676,35 -10,02
-108,14 68,14
-67,60 38,69
-68,14 108,14
-68,04 79,13
-38,69 67,60
-79,13 68,04
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6. Total serum immunoglobulins G, M and A in patients with lung cancer and
thoracotomy
6.1. Trends in mean levels of total serum immunoglobulins A, G and M in pre- and
post-operative measurement

Ig G

P

I
II
n=208 n=80
Ig M

I
n=204

II
n=80

2.16

1.52
P

2,4831,072

II
n=76

2,5291,128

I
n=200

0,9170,488

1,2370,899

12.48

11,223,091

20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
-1
-2

12,8353,856

g/l

In Fig. 22 mean serum immunoglobulins levels of IgG, IgM and IgA in patients with
lung resections are shown as components of humoral immunity. Although within reference
ranges, they show some interesting trends. The median serum IgG level in the preoperative
measurement demonstrated a slight increase over the compared reference mean, with the
difference of 0.355 g/L being statistically insignificant (p> 0.05). In the postoperative
measurement, the mean of this indicator decreased and the reported difference from the
reference was 1.26 g/L, which was statistically expressible (p = 0.001).

P

Ig A

In both measurements, the IgM in patients showed significantly lower levels with
the compared mean reference value - 1.52 g / L (p < 0.05). In preoperative reading, the
mean IgM level was 0.283 g/L lower than the predicted value. After the thoracotomy, the
decrease was deepening and the difference already established was 0.603 g / L, both of
which (pre- and post-surgery) were statistically expressible (p <0.05).
The Ig A measurement found a consistently higher level than the reference average
of 2.16 g/L. The difference between the calculated mean reference value in the first
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measurement was significant 0.368 g / L (p = 0.000) as well as in the second one - 0.323
g/L (p = 0.009).
6.2. Total serum immunoglobulins in patients with lung resections - with or without early
post-operative complications
Table 6 compares the mean levels of total serum immunoglobulins in patients, in those
with no complications (БУ), with inflammatory (ВУ) and non-inflammatory complications
(НВУ). When comparing preoperative IgG concentrations, the highest levels were found in
the non-inflammatory complication (НВУ) group - 14.95 ± 1.90 g/L and the lowest in
patients with inflammatory complications (ВУ) - 11.44 ± 2.67 g/L. Multiple group
comparison of the investigated total immunoglobulins found that the difference between the
above-mentioned patients groups of 3.52 g/L was statistically significant (p = 0.022). In the
postoperative IgG measurement again the highest measured values were recorded in the case
of non-inflammatory complications - 12.78 ± 3.04 g/L, and again the lowest levels were in
cases with inflammatory complications - 10.90 ± 2.47 g/L. Intergroup difference in this case,
however, was not significant (p> 0.05).
One of the highest IgM levels in both measurements was recorded in noninflammatory complications and one of the lowest levels - in patients with inflammatory
complications. In the first measurement, the inter-group difference for the level of Ig M was
not significant (p> 0.05), but for the second it was statistically significant at 90% confidence
level (p = 0.075).
It was found that at the first measurement the IgA level was highest in deceased
patients (3.86 ± 1.24 g/L), followed by non-inflammatory complications - 2.83 ± 0.29 g/L.
Intergroup difference in this case was also statistically significant at 90% confidence level (p
= 0.084). In postoperative IgA measurement, the lowest mean serum levels were in patients
with non-inflammatory complications - 1.72 ± 0.57 g/L and the highest in those with
inflammatory complications - 3.13 ± 1.90 g/L. In this IgA measurement, the intergroup
difference was statistically significant (p = 0.012).
In the preoperative measurement, a significant negative and weak correlation between
Ig M and postoperative complications (rs = - 0.259, p = 0.001) was demonstrated. Another
negative correlation at this stage of the study was between inflammatory complications and
preoperative IgG. It was statistically significant at 90% confidence in the results, again weak
in strength (rs = - 0.141, p = 0.084). This means that lower serum IgM and IgG serum
concentrations can preoperatively lead to the development of early inflammatory
postoperative complications.
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Table 6. Comparison of total serum immunoglobulins in cases of complications
(inflammatory, noninflammatory, extirpated) and without complications - preoperative and
postoperative measurement
Serum Ig in different post-surgical early
complciations
Ig G
I specimen

Ig G
II specimen

Ig M
I specimen

Ig M
II specimen

Ig A
I specimen

Ig A
II specimen

non-inflammatory complications
inflammatory complications
exitus letalis
withoiut complications
TOTAL
non-inflammatory complications
inflammatory complications
exitus letalis
withoiut complications
TOTAL
non-inflammatory complications
inflammatory complications
exitus letalis
withoiut complications
TOTAL
non-inflammatory complications
inflammatory complications
exitus letalis
withoiut complications
TOTAL
non-inflammatory complications
inflammatory complications
exitus letalis
няма усложнения
TOTAL
non-inflammatory complications
inflammatory complications
exitus letalis
withoiut complications
TOTAL

N

X g/L

SD g/L

12
16
4
136
168
12
8
0
52
72
12
16
4
140
172
12
8
0
56
76
12
16
4
136
168
12
8
0
56
76

14,953
11,435
12,470
13,007
12,984
12,776
10,900
.
10,939
11,241
1,236
0,467
0,120
1,361
1,240
1,126
0,630
.
0,877
0,890
2,830
2,47
3,860
2,525
2,574
1,720
3,125
.
2,502
2,444

1,902
2,665
0,000
4,254
4,002
3,039
2,469
.
3,247
3,176
0,402
0,301
0,000
1,226
1,035
0,349
0,331
.
0,513
0,487
0,285
1,504
0,000
1,076
1,091
0,570
1,897
.
0,949
1,086

Х2

р

1,817

0,146

1,718

0,187

1,346

0,261

2,688

0,075

2,251

0,084

4,749

0,012

7. Cellular immunity in patients with thoracotomy for lung cancer
The tested components of cellular immunity were analyzed in two groups:
In the first group, basic lymphocyte populations are represented by number and percent,
including:
- total lymphocyte count,
- CD3+ T immunocompetent cells,
- CD19+ B cells
- and CD56+ NK cells by number and percentage.
In the second group, subpopulations of T lymphocytes are interpreted:
- CD4+ CD8- T helper cells
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- CD4- CD8 + T suppressor-cytotoxic cells
- and CD4+/CD8 +index.
7.1. Changes in basic lymphocyte populations in patients with lung resections for lumg cancer
Lymphocyte counts as mean values were within the reference range, but there were no
clear trends for their decrease after thoracotomy. In the analysis of the first group of immune
cells it was found that the preoperatively measured total lymphocyte count of the examined
patients was 1.96 ± 0.74x109 lymphocytes/L (Figure 23), compared to the comparison median
reference value of 2.6x109 lymphocytes/L. The decrease of 0.62 x 109 was statistically
expressable (p = 0.00). In the postoperative lymphocyte count, a decrease in their total
number was also found with a difference from the average reference value of 0.75 x 109
lymphocytes L.

Fig. 23 Total number of lymphocytes - comparison with mean reference values (preoperative
and postoperative measurement)

4
3.5
3

1,960,74

1,850,59

2.6

II n=127
x10⁹

P

2.5
2
1.5
1
0.5
0
I n=291
x10⁹

Лимфоцити
In the preoperative measurement of CD3+ T-immunocompetent cells, both their
absolute number and the percentage were below the mean reference value (Figure 24). The
same tendency was observed about their absolute mean count in postoperative measurement,
and for this indicator, the difference found, compared to the CD3+ mean value of 1.6 x 109 /L,
was statistically significant (p <0.05).
When counting the total number of CD19+ B cells, it was found that the mean levels of
this parameter were two-fold and statistically lower (0.22 and 0.21 x 109 /L. respectively),
compared to the mean reference value of 0.4x109 B cells/L (p = 0.000). This applies to both
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preoperative and postoperative measurement of the total CD19+ count. However, a postoperative measurement of the percentage of CD19+ cells revealed a slight but not significant
increase (10.44%) relative to the measured mean reference value, which was 9.5% (p> 0.05).

Fig. 24. Basic lymphocyte populations - comparison with mean reference values (P) preoperative (Ist) and postoperative (IId) measurement
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Both the first and the second NK cell measurement (CD56 +) showed a statistically
significant decrease in their mean absolute numbers (0.35 and 0.25 x 109 /L, respectively),
compared to the mean reference value of 0.4 x 109/L (p = 0.000). In preoperative reading, the
CD56+ percentage was significantly increased by 4.89% relative to the mean reference value
of 15% (p = 0.000). But in the second measurement, average levels of natural killers were
decreasing by number and percentage.
7.2. T-lymphocyte subpopulations - pre- and post-operative findings in patients with
lung resections for lung cancer
In the second group of cells examined, the lymphocyte subpopulations of T helper
lymphocytes (CD3+CD4+) demonstrated that their absolute mean count at the first
measurement was 0.84 ± 0.39 x 109 cells /L and in the second measurement - 0.82 ± 0.26 x
109 cells/L. A statistically significant decrease was observed for both parameters compared to
the mean reference value - 1 x 109/L for CD3+ CD4+ (p <0.05) (Figure 25).
Fig. 25. T cell lymphocyte subpopulations - comparison with mean reference values (P) preoperative (Ist) and postoperative (IId)
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In T-suppressor/cytotoxic cell reading (CD3+ CD8+) it was determined that the mean
values at the first measurement - 0.46 ± 0.34x109/L and in the second 0.51 ± 0.29x109/L
were also statistically lower than the average reference value - 0.65 x 109 /L (p <0.05).
Comparison of the average percentage found for this indicator revealed significant
deviations from the mean reference value (24.5%) with 90% confidence in the results.
The CD4+/CD8+ index in the first measurement was 2.28 ± 1.41 and in the second 2.25
± 1.07. It was reduced but not statistically significant (p> 0.05), compared to the mean
reference value (2.25).
Fig. 26. CD4+/CD8+ index - pre- and post-operative values in patients with lung resections

7.3. Correlation between basic lymphocyte populations and subsets and the presence
of early complications in patients with lung resection
In Fig. 27 the mean levels of basic lymphocyte populations and subsets were
compared - in patients without complications, with non-inflammatory, inflammatory
complications and exitus letalis. It is evident that preoperatively the total number of
lymphocytes is highest in the cases with exitus letalis (ЕЛ) - 2.40 ± 0.13 x10 9 lymphocytes/L
and their level was lowest in non-inflammatory complications (НВУ) - 1.73 ± 0.47 x109
lymphocytes/L. There was no statistically significant inter-group difference for this indicator
at first measurement (P> 0.05). In postoperative measurement, the highest absolute
lymphocyte count was in non-inflammatory complications - 2.18 ± 0.34 x10 9, and the lowest in patients with inflammatory complications 1.36 ± 0.44 x109 lymphocytes. In this
measurement the inter-group difference in the total number of lymphocytes was statistically
expressed (p = 0.011).
In preoperative measurement of the total number of T immunocompetent cells - CD3+,
it was found that the highest level was recorded in exitus letalis patients - 1.93 ± 0.16 x 109
cells/L. Taking into account the percentage of this indicator, the same trend was found for it
as well - 80.66 ± 3.45%. The lowest CD3+ level in this measurement, both for the total
number and for the percentage of the variable, was recorded in the non-inflammatory
complications. The intergroup difference found for this indicator at the first measurement was
statistically significant (p> 0.05).
In the postoperative measurement of the total CD3+ lymphocyte count, the lowest
level was recorded in cases of inflammatory complications - 1.14 ± 0.36 x10 9/L, but the
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percentage of this variable was highest in these cases - 84.50 ± 0.53x109/L. The reported
inter-group difference for CD3+ cell percentage in the postoperative measurement was
statistically pronounced (p = 0.000).
Fig. 27. Comparison of total lymphocytes and immunocompetent CD3+ T cells in cases of
early post-surgical complications (inflammatory - ВУ, noninflammatory - НВУ and exitus
letalis - ЕЛ) and without complications (БУ)
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Fig. 28 and Fig. 29 present data on the absolute number and percentage of T
lymphocyte subsets according to the presence or absence of early post-operative
complications. In the preoperative comparison of the T helper cell subset (CD3+ CD4+) it
was found that the exitus letalis cases had the highest total number - 1.19 ± 0.13 x 109/L and
the lowest measured level was in the case of non-inflammatory complications - 0.58 ± 0.03 x
109/L. The intergroup difference found was statistically significant (p = 0.003) (Figure 28).
The same pattern was established when the indicator was reported as a percentage, but the
intergroup difference found here was not statistically significant (p> 0.05). In postoperative
measurement, T helper cells were highest in the case of non-inflammatory complications and
lowest in cases of inflammatory complications, both for the absolute number and the
percentage of the variable. Again, the intergroup difference for the total number of this
variable was statistically pronounced (p = 0.00), and a non-significant difference (p> 0.05)
was recorded in the intergroup comparison of CD3+CD4+ percentage.
Fig. 28. Comparison of the absolute number and percentage of CD3+ CD4+ helper/inducer T
cells in cases of early post-surgical complications (inflammatory - ВУ, noninflammatory НВУ and exitus letalis - ЕЛ) and without complications
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The intergroup comparison of T-suppressor/cytotoxic cell (CD3+ CD8+) showed that
the highest mean, both for absolute and percentage, was recorded during the first
measurement in the exitus letalis cases (Figure 29). In the absolute number, the lowest
CD3+ CD8+ level was found in the case of non-inflammatory complications - 0.39 ± 0.12 x
109 cells/L, while the percentage of this indicator was with the lowest level in cases without
complications - 21.53 ± 9.83%, followed by non-inflammatory complications - 26.33 ±
5.80%.
Fig.29. Comparison of suppressor/cytotoxic T cells and CD4+/CD8+ in cases of
complications (inflammatory, non-inflammatory and exitus letalis) and without
complications
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In the first measurement, the intergroup differences found for the absolute number
and the percentage of CD3-CD8 + were statistically significant (p < 0.05). In postoperative
measurement, the lowest CD3-CD8 + levels were measured in uncomplicated cases, and the
highest levels were found in those with inflammatory complications. Significant difference
was recorded when the variable was interpreted as a percentage (p<0.05).
When measuring the CD4+/CD8+ index, the two lowest levels were recorded in exitus
letalis cases (1.68 ± 0.28) and in patients with non-inflammatory complications (1.64 ± 0.35).
The preoperative level of this indicator was highest in cases without complications (2.51 ±
1.55). The intergroup difference in the preoperative measure at this index was statistically
significant at 90% confidence (p = 0.058).
Postoperatively, the highest CD4+/CD8+ level was recorded in cases of inflammatory
complications (3.74 ± 0.12), and the lowest was again in cases of non-inflammatory
complications (2.20 ± 0.14). The intergroup difference found in the postoperative measure
of the index was statistically pronounced (p = 0.032).
In Fig. 30, preoperatively the lowest level of B cells (CD3-CD19+) was shown in exitus
letalis cases, followed by cases of inflammatory complications. This applies to both the total
count and the percentage of CD3-CD19+ B cells. In this measurement, the intergroup
difference was not statistically significant (p > 0.05). In CD3-CD19+ postoperative counting,
there were no recorded metric measurements in exitus letalis patients, therefore the lowest
reported level was in cases of inflammatory complications, the inter-group difference of
CD3-CD19+ being statistically significant (p = 0.001). No statistically significant difference
(p>0.05) was found in the comparison of the percentage differences for this indicator.
When measuring the total number of NK cells (CD3-CD56+) preoperatively, the lowest
measured level was recorded in exitus letalis patients, followed by non-inflammatory
complications, and the highest level was found in patients with inflammatory complications.
In postoperative CD3-CD56+ measurement, this variable was not measured in deceased
patients and therefore we can not compare this group to the rest. The lowest level, both for
the total number and for the percentage, for the second measurement, is recorded in the
cases of inflammatory complications, and the highest - in patients without complications.
The intergroup differences found in both CD3-CD56+ counts were statistically expressible
(p <0.05).
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Fig.30. Comparison of the absolute number and percentage of B lymphocytes and NK
cells in cases of complications (inflammatory, non-inflammatory and exitus letalis) and
without complications

Table 7 lists correlations between the presence of postoperative inflammatory
complications and the basic lymphocyte populations. Six statistically significant
correlations were found between the parameters analyzed (p <0.05). Positive correlations
are between: inflammatory complications and CD3% at first measurement (rs = 0.166, p =
0.018, weak correlation), and between CD3% - second measurement and complications (rs
= 0.400, p = 0.000, moderate dependence). Another interesting positive correlation, which
was expressed in the 90% reliability of the results, should be addressed. In the preoperative
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measurement, this was the relationship between inflammatory complications and the
absolute number of CD3+ cells - first measurement (rs = 0.154, p = 0.051).
The indicators of the basic lymphocyte populations, which postoperative reduction
correlates with the presence of postoperative complications, are CD3-CD56+ and CD3CD19+. Both established correlations for CD3-CD56 + were negative in the direction and
moderate in terms of strength, i.e., the decrease of the variable is associated with the
presence of postoperative inflammatory complications: CD56+ absolute count and
complications (second study) rs = - 0.397, p = 0.000 and CD56+ % and complications
(second study) rs = - 0.332, p = 0.002. The correlation found between CD 19+ absolute
counts and complications was negative in the direction and moderate in strength (rs = 0.308, p = 0.02).
Table 7. Correlations between early postoperative inflammatory complications
(EPOC) and basic lymphocyte populations
Correlations

EPOC

Ly I
N
р

+

Ly II CD3 I
CD3
N
N
CD3+ CD3+ II II
р
р
I%
N
%

+

CD19+
I
CD19+ CD19
CD56
+ II CD56+ + I CD56+ CD56+
N
CD19
II
+ I%
р
N
%
IN
%
II N
II %

rs 0,079 0,163 0,154 0,166* 0,087 0,400 0,051 0,017
**

* 0,13 0,061 0,08
*
0,308
0,397 0,332*
*
*
*
7
8

р 0,250 0,112 0,051 0,018 0,399 0,000 0,472 0,814 0,002 0,20 0,406 0,25 0,000 0,002
3
8
N 212

96

204

204

96

100

200

184

100

88

188 168

92

** Correlation is significant at p 0.01.
* Correlation is significant at p 0.05.
Three out of ten correlations between the presence of post-operative inflammatory
complications and the lymphocyte subpopulations of T cells, were found (p<0.05). Positive
correlations were detected between development of complications and:
1) the first measurement of suppressor-cytotoxic CD3+ CD8+ T cells, (rs = 0.166, p =
0.018, poor dependence);
2) the second measurement of the CD4+/CD8+ index (rs = 0.332, p = 0.002, meanintensity dependence).
Increase of the above mentioned variables was associated with a high risk of
postoperative inflammatory complications.
The only observed negative correlation was between CD3+ CD4+ absolute count
(second measurement) and inflammatory complications (rs = - 0.349, p = 0.000, moderate in
strength).
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7. A complex of inflammatory and immunological markers for predicting early postoperative complications
On the basis of the results obtained and analyzed we could offer a set of markers with a
prognostic role for the emergence of early post-operative suppositories (Fig. 31).
Fig. 31. Risk factors for the occurrence of EPOC in lung cancer
Risk factors for EPOC

I. Demographic correlates
Sex- men
Sex - women
Age - > 60 years
<50 years
Volume of lung resection:
Operable patients (pulmonectomy)

Expected EPOC

Possibility
correction

for

НВУ
ЕЛ
ЕЛ
ВУ
ВУ

II.

Standard inflammatory
markers
Albumin pre- and post surgery

ЕЛ и ВУ

Leucocyets  post-surgery
Neutrophils  post-surgery
CRP  pre- and post-surgery
СУЕ  pre- and post-surgery

ВУ
НВУ и ВУ
ЕЛ
ЕЛ, ВУ

III. Serum cytokines and
growth factors
IL-1 a  prior surgery
IL-10  prior surgery
IL-8  prior surgery
VEGF-A  in dynamics

Correction with
replacement
therapy

ЕЛ
ВУ, ЕЛ
ЕЛ
ВУ

IV. Серумни Ig и лимфоцити
Ig М и IgG  prior surgery
ВУ

Correction with
replacement
therapy

CD3+CD4+  post-surgery
CD3+ CD8+  prior surgery
CD4+/CD8+  prior surgery
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DISCUSSION
1. Analysis of age, sex characteristics and volume of lung resection in the studied
patients
The mean age of patients with lung resections for lung cancer in our study was 63 years,
coincided with Finnish authors - 65.8 years (Gunn J et al., 2018), and some US researhers 60-64.9 years (Puri V et al., 2010; Berry MF et al., 2012). It is reported that older age, along
with adenocarcinoma histology and pulmonectomy, are worse prognostic markers for survival
for lung cancer patients (Puri V et al., 2010). However, our data on the average age of lung
cancer patients subject to lung resections do not confirm the current trend in the United States
for this disease, mostly observed at a later age of 70-79 years, whereas in the 1980s the
highest frequency has been observed in 60-year-olds. According to the American Society of
Thoracic Surgeons, the average age of about 30,000 patients with lung resections in the
United States for the period 2002-2013 was 73 years (Fernandez FG et al., 2017, Onaitis MW
et al., 2018). A likely explanation for the younger age of our lung resection patients for lung
cancer can be found in the absence of significant positive changes in health habits and the
lack of prevention of the Bulgarian population during the last decades that triggered the
emergence of the disease at a younger age in Bulgaria compared to other countries.
In our study, males compared to women are subject to more frequent operative
interventions (more than 5 times) for lung carcinoma, which is due to the greater incidence of
chronic obstructive pulmonary disease, smoking, and occupational diseases (Mihailova G ,
2017). As in the world and according to the National Cancer Registry of Bulgaria for 2014
and 2015, lung cancer has the highest percentage of malignancies in men (18.2%) and is the
most common cause of death from same-sex malignancies (26.2%) (Valerianova et al., 2017).
This also marks the risk of men being treated for lung cancer as statistically higher than that
of women. Tong et al. found that large pulmonary resections led to higher morbidity and
morbidity compared to sublober resections (Tong BC et al., 2014).
Despite the indisputable fact about the predominant frequency of lung cancer in males,
a large 10-year study in Spain of hospitalized patients with this disease proved a reduction in
the relative proportion of lung cancer men and an increase in female incidence for 2001-2011
(Palacio Nebreda MM et al., 2016). This trend has been also confirmed in the United States,
where not only the incidence of women with lung cancer increases, but also the mortality rate
in this sex is increasing due to multiple risk factors - smoking, molecular changes, growth
factor receptors, hormonal influences, cytochrome P-450 enzyme differences and DNA
reparative capacity (Rivera MP, 2013). The American Society of Thoracic Surgeons proves
that the difference in the incidence of lung cancer in both sexes is 48% (Fernandez FG et al.,
2017; Onaitis MW et al., 2018). It was found that in women undergoing lung resection for
lung cancer, post-operative complications and mortality were significantly less than in men
(Tong BC et al., 2014). This gives reason to discuss the female sex as a prognostic factor for
better survival after pulmonary resections and the male as a worse prognostic sign of
prolonged stay and higher perioperative lethality.
The surgical approach for lung cancer remains the most effective method of treatment
for resectable malignant tumors with minimal surgical risk (Gunn J et al., 2018). Surgical
resection is recommended mainly in non-small cell lung cancer of patients with stage I and
stage II, as well as in some patients at Stage III (Yordanov D et al, 2007, Baychev D, 2011).
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According to a study in Finland on patients with lung cancer, lung resection occurs in 14.4%
of the patients, but the incidence of video-assisted surgery increases to 30% of the patients
(Gunn J et al., 2018).
In a significant proportion (54.1%) of the lung cancer patients included in our study,
lobectomy was the leading surgical intervention. In chest surgery, it remains the main
therapeutic approach in most patients with pulmonary, mostly non-small cell lung cancer at an
early stage, regardless of the robotic surgery and video assistance (VATS) (Fernandez FG et
al., 2017; Berry MF et al. 2012, Baychev D, 2011).
The small number of segmentectomies in our study period can be explained by the fact
that the patients are at a later stage of tumor development and with larger sizes that are not
shown for sub-total resection. The segmentectomy in this study was performed in patients
with early-stage non-small cell cancer and with a diameter of <1 cm according to the
generally accepted recommendations for such type of intervention (Dziedzic R., 2015; Subotic
D et al., 2009) and as a relative proportion it is comparable to other authors (Fernandez FG et
al., 2017). In our patients there is no evidence of bi-lobectomy and sleeve lobectomy. Their
percentage in comparison with other lung resections and according to studies of European and
American authors is low (Fernandez FG et al., 2017, Gunn J et al., 2018). In addition, wedge
resection, segmentectomy, bilobectomy, and pulmonemectomy in lung cancer are associated
with an increased risk for postoperative complications and lethality compared to lobectomy
(Chataigner O et al., 2008; Subotic D et al., 2009; Onaitis MW et al., 2018).
In our clinic, non-resectable patients with primary lung cancer (20.8%) were in an advanced
(most often IV) stage of development, therefore lung resection was not possible, and the
exploratory thoracotomy was for biopsy and histological diagnosis. These patients have
serious prognosis that also depends on age, stage of development, radiation- and
chemotherapy, or biological therapy (Urvay SE et al., 2016).
2. Early post-operative complications in patients with lung resections for primary
lung cancer
Agostini P (2010) and LaPar DJ (2011) have shown as risk factors for pulmonary
postoperative complications after thoracotomy - advanced age, impaired pre-operative lung
function, cardiovascular disease, smoking, chronic pulmonary disease and
immunosuppressive status (Agostini P et al., 2010, LaPar DJ et al., 2011).
The early post-operative complications in our study (16.3%) among lung cancer patients are
comparatively low relative to other authors' studies. The mean incidence of postoperative
complications in thoracic surgery is about 30% ranging from 7% to 49% (Stephan F et al.,
2010; Birim O and Sow, 2003, Pei G et al., 2014; Feczko A and Syndrome 2017). These
differences are due to the type of complications studied, the clinical criteria for their
determination, the time of their appearance and the volume of lung resection. Simillarly to the
present study, postoperative complications in patients with thoracotomy for non-small cell
lung cancer were analysed in our clinic more than one decade ago for the period 2001-2005,
(Uchikov A et al, 2009). At that time complications were observed in 63 (19.61%) patients;
the most frequent were lung athelectasis (12%), followed by inflammatory complications surgical site infection and postoperative empyema (4.37%). New data now show that postoperative complications in radically-operated lung cancer patients present a tendency for
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some reduction in their percentage. In contrast to the previous period, inflammatory postoperative complications are prevalent, which marks the need for more adequate perioperative
prophylaxis. Among the isolated bacteria in the investigated patients with inflammatory postoperative complications is the first detected in our country Pseudomonas putida, producer of
VIM-beta lactamase, which is responsible for resistance to strategic carbapenem antibiotics
(Petrova A et al., 2017).
The lethal outcome in our eight patients till post-operative day 7 is in all cases due to
cardiac decompensation and as a relative share is comparable to that of other authors (Birim O
et al., 2003; Pei G et al., 2014).
Data analysis shows that the proportion of earlypost-surgical complications in the
inoperable patients is significantly lower. This is probably due to the nature of surgical
intervention in these cases, which is most often an exploratory thoracotomy for biopsy, and is
considerably gentler than pulmonary resection. The highest incidence of EPOC is in patients
with pulmonemectomy and lobectomy. It is comparable to the data of other authors and varies
from 10 to 50% in different studies. The longer duration of the operative technique for
lobectomy and pulmonectomy creates prerequisites for impaired organ function and the
occurrence of exogenous infections (Ziarnik E and L. Grogan, 2015, Kim SH 2013). Postoperative pneumonia was observed in single patients. In other studies it is also low (6%)
(Ziarnik E and L. Grogan, 2015). In the few patients with segmentectomy, we have not
monitored EPOC.
3. Markers of inflammation in patients with lung resections and their correlation
with EPOC
Pulmonary carcinoma is accompanied by chronic bronchitis and chronic obstructive
pulmonary disease, which are associated with an inflammatory process. They have several
common risk factors and pathophysiological mechanisms (Barnes PJ and BR Celli, 2009). In
the present study, the investigated markers of inflammation in thoracotomy patients can focus
on predicting some early post-operative complications and survival of patients.
Prior to surgery, albumin was observed in reference range in 232 (86.6%) of the patients, and
after thoracotomy it was in reference values only in 24 (33.3%) of the cases. This strongly
suggests that to the decrease of the indicator should be given special attention in this type of
illness and these interventions. The downward trend in serum albumin in operable and
inoperable patients as well as the preoperative albumin decrease, most significant in exitus
letalis patients and those with inflammatory EPOC, is a sign of the need for adequate healing
measures to restore its reserve. In oncological diseases, albumin stores are likely to be
depleted in the body, and surgical intervention may further exacerbate this process. Our data
correlate with studies of other authors who found that patients with resection for NSCLC and
high pre-albumin serum levels had a longer survival than those with low values (Alifano M et
al., 2014; Miura K et al., 2017). Li et al. found that perioperative reduction in serum albumin
of less than 14.7% even in patients with VATS for lung cancer is a predictor of the
development of pulmonary complications (pneumonia, athelectasis, acute respiratory distress
syndrome, pulmonary embolism) (Li P et al. 2018). According to K. Ikonomova and
colleagues, the change in acute phase proteins albumin and transferin in abdominal and
thoracic surgery is determined by the severity of operative intervention and the underlying
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disease of the patients. They are more significant stimuli for the acute phase response than the
change in the nutritional status (K. Ikonomova et al., 2004).
In our patients, preoperatively increased leukocyte count convincingly indicates that it
can be used as a preliminary marker of inflammatory complications, while increased
neutrophil counts are also observed in patients with non-inflammatory complications. In
addition, leukocytes are lower in inoperable patients in both measurements, and neutrophils
significantly higher in preoperative measurement and lower in non-resectable than in
resectable. It is possible that the advanced stage of the tumor process in inoperable patients
will induce immune tolerance with lower reactivity of the leukocytes. Only patients with
missing clinical and imaging data for active infection and lack of pre-operative leucocytosis
were selected in our study. Tumor-associated leukocytosis has been shown to be a
paraneoplastic syndrome and has been reported in patients with lung carcinoma (NSCLC)
(Kasuga I et al., 2001). It is assumed to be the result of increased production of hematopoietic
cytokines - G-CSF, GM-CSF, IL-6, concomitant infections, bone metastases and associated
withworse prognosis. Higher postoperative neutrophil levels in operable patients can be
explained by the more severe tissue damage in the cell-induced surgical intervention.
In our study, pre- and post-operative elevation of CRP and ESR was found more
frequently than elevated leukocytes and neutrophils. It is assumed that systemic inflammation
is a negative prognostic marker in patients with advanced NSCLC (Jafri SH et al., 2013). The
postoperative increase in CRP and ESR above the upper reference limit in more than 90% of
the cases of thoracotomy patients with lung carcinoma we have seen is a manifestation of an
inflammatory process, also influenced by surgical intervention.
Increased CRP levels in non-cancer individuals are associated with a higher risk of
developing lung cancer (Shiels MS et al., 2013; Allin KH et al., 2009). In a study of 11
predictive biomarkers for inflammation, it was considered that CRP is the best predictor of
lung cancer risk (Shiels MS et al., 2013), and diagnosis levels at setting the diagnosis are
associated with early mortality even in patients without metastasis (Allin KH et al., 2009).
Also interesting are the results of Zeng et al., which indicate that patients with higher
preoperative levels of CRP and fibrinogen are of shorter survival (Zeng Q et al., 2017). On
the other hand, according to some researchers, the concentrations of this marker can not
reliably predict the severity or outcome of the disease as well as a rapid diagnosis and
prognosis because it takes longer time to be positive than PCT (Alifano M et al., 2014; Barnes
PJ and BR Celli, 2009). This may explain its lower sensitivity in the early postoperative
period.
ESR is another marker of inflammation that we found increased in both measurements
of patients with thoracotomy and also preoperatively in non-operable patients, in exitus letalis
and those with inflammatory complications. In literature we have found scant evidence of its
role in predicting EPOC in thoracotomy. Other researchers found that its elevated values were
one of the predictive markers along with weight loss for the shorter survival of patients with
bronchial carcinoma (Clee MD et al., 1984; Lund MB et al., 1992).
According to Meisner, the postoperative increase in PCT depends on the volume of
surgical intervention - in the case of colon and thoracic surgery, PCT is more frequently
elevated, while in small and primary sterile operations it is at normal levels (Meisner M et al.,
1998). Franke, however, points out that the increase in post-operative PCT is more significant
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after lobectomy and wedge resection compared to pneumonectomy (Franke A et al., 2008).
Investigating inflammatory markers on the first postoperative day in patients undergoing
major surgical interventions, Mokart et al. showed elevated levels of PCT and IL-6 as early
signs of postoperative sepsis development (Mokart D et al., 2005). Carboni et al. found that
PCT was a better laboratory marker for post-operative monitoring in patients after pleural
epimer decortication, as it decreased more rapidly postoperatively than CRP (Carboni G et
al., 2008). Falcoz added that PCT can better predict infectious complications than CRP in
postoperative thoracic surgery, especially for SIRS (Falcoz PE et al., 2005). Procalcitonin,
measured preoperatively in our study, showed a strong tendency to be above the upper
reference range in a large number of all tested groups, possibly resulting from the presence of
a neoplastic process in the body accompanied by chronic inflammation. Together with
albumin, procalcitonin stands out as a marker which decrease is more pronounced when a
thoracotomy is already taking place on the background of the oncology disease.
Although these values are high in all patients with inflammatory postoperative
complications and exitus letalis, preoperative levels of procalcitonin have no clear potential
for prognosis of postoperative inflammatory process or exitus as they are also found in a
significant proportion of patients without post-operative complications. Our data do not
contradict those reported in the literature because postoperative sepsis was not observed in
patients included in the study and the inflammatory EPOC were limited in localization. In all
patients without complications studied postoperatively, the reduction in PCT levels
corresponds to the clinical data for the favorable recovery of patients in the postoperative
period. An interesting fact is the more significant increase in PCT, mainly postoperative, in
inoperable patients compared to non-operable ones. We believe that PCT levels should be set
for different surgical procedures, including chest surgery, before this indicator is used as an
indicator of postoperative complications.
4. Cytokine profile in patients with thoracotomy and their association with the
development of EPOC
The inflammatory response in the tumor microenvironment has a dual role. On one hand,
it promotes inhibition of tumor growth by increasing the cytotoxic activity of T cells (de
Visser KL and coct., 2006), which restrict tumor proliferation. On the other hand,
inflammation is maintained by various microbial agents and aerogenic contaminants that in
the lungs cause the production of pro-inflammatory cytokines capable of inducing cellular
transformation and tumor cell development (Li J et al., 2015; Zhou B and co., 2012).
Cytokines can promote tumor growth in at least 2 ways: 1) stimulating cell growth and
differentiation, and 2) inhibiting apoptosis of transformed cells (Lu H et al., 2006).
The higher post-operative concentrations of some cytokines found in our study compared with
their mean value correspond to the trends reported in the literature. The most significant are
postoperative changes in IL-1a, IL-8 and IL-10. Numerous studies of other authors also show
that surgical trauma due to chest surgery can provoke a systemic cytokine response with
production of proinflammatory cytokines IL-6 and TNF-α in the early postoperative period
(Sakamoto K et al., 1994; Szczesny TJ et al.,2007; Shiels MS et al., 2013). In contrast to the
minimum volume surgery techniques in lung surgery (eg, VATS), the serum concentrations of
IL-6, IL-8 and CRP in thoracotomies are higher (Yim APC et al., 2000; Nagahiro I et al.,
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2001; Ng CSH & KKW Lau, 2015). This is explained not so much by the differences in
surgical access as by the duration of intra-thoracal intervention.
It has been shown that in the early post-operative period, VATS is associated with a
lower release of IL-10, which as Th-2 cytokine inhibits cellular immunity and helps tumor
cells to escape the immune response and cytotoxicity of NK cells (Yim APC et al. 2000; Ng
CSH & KKW Lau, 2015). Our data show that, after thoracotomy, this anti-inflammatory
cytokine rises compared to its preoperative levels.
While IL-1β and TNF-α are necessary for effective cellular immunity, IL-6 plays a
role in post-operative immunosuppression. It interacts with another immunomodulatory
cytokine - insulin growth factor (IGF) that stimulates cancer proliferation and suppresses
tumor cell apoptosis. Interactions between IL-6 and IGF cause inhibition of protein 3, binding
to insulin growth factor (IGFBP3). IGFBP3 is a natural antagonist of IGF-1, decreasing the
activity of IGF-1, and this determines its anti-tumorigenic properties demonstrated in colon,
prostate and non-small cell carcinomas (Ng CSH & KKW Lau, 2015; Sun Y et al. 2015). As a
result, suppression of IGFBP3 may facilitate the proliferation of some types of carcinomas, as
demonstrated by non-small cell lung cancer (Chang KT et al., 2005; Chang YS et al., 2002). It
is believed that high IGFBP3 activity in the early postoperative period after pulmonary
resection reduces the risk of metastasis, especially if tumor cells fall into the bloodstream
during surgery. It would be good to study the differences in serum pro-inflammatory
cytokines in individual lung cancer surgical approaches to elucidate the risk of metastasis and
the occurrence of complications. IL-6 as a cytokine-myokine, a muscle tissue product, inhibits
the production of TNF-α and stimulates the formation of the anti-inflammatory cytokines IL10 and IL-1RA (Ng CSH & KKW Lau, 2015). These data suggest that thoracotomy may
initially increase pro-inflammatory cytokines, and then anti-inflammatory. Although IL-6 is
elevated in lung cancer (Silva E et al., 2017) and is considered to be the major
proinflammatory cytokine for tumor progression in NSCLC, our study does not establish
statistical reliability for this indicator in predicting early inflammatory complications after
thoracotomy.
Song XY syn. showed that serum levels of proinflammatory TNF-α, IL-6, IL-8 were
elevated in patients with advanced NSCLC compared to early stage and compared with
healthy controls (Song XY et al., 2013). In addition, Shang GS et al. found that the expression
of IL-6 and TNF-α was significantly increased in serum and cancer tissue, correlating
positively with the development of distant metastases. This empowers the team to recommend
anti-inflammatory therapy in the complex treatment of lung carcinoma (Shang GS et al.,
2017). Measurement of pro- and anti-inflammatory cytokines in NSCLC patients may be
useful for assessing inflammatory status and especially for early detection of acute phase
response after thoracotomy.
In the intragroup comparison of thoracotomized patients with or without
complications, we demonstrated that preoperative measurements of all proinflammatory
cytokines were the lowest in patients without complications but the same subgroup had the
highest preoperative concentrations for anti-inflammatory IL-10. High serum but
postoperative levels of cytokines in patients after thoracotomy with complications are
reported by Szczesny et al. (2007). They found elevated concentrations not only in serum but
also in IL-6 and IL-1ra pleural fluid levels on the first post-operative day and referred to them
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as promising early markers for post-operative complications. Interestingly, we have obtained
data on lower serum IL-8 serum concentrations in thoracotomized patients without
complications compared to exitus letalis. Balla et al. found decreased IL-8 serum levels in
lung cancer patients compared to healthy controls, but they did not investigate them
depending on the complications of thoracotomy (Balla MMS et al., 2016). They assume that
high proliferative activity in lung cancer can be associated with lower levels of IL-8. We can
assume from our study that IL-8 has no convincing potential to distinguish patients with early
post-operative inflammatory complications from those without complications but can predict
exitus letalis when high IL-8 are established pre-operatively.
This complex approach to investigating serum cytokines in primary lung cancer
patients with thoracotomy allows the extension of future studies on the role of cytokines in
the postoperative period, their relationship to the clinical stage, and their assessment as
independent markers for the prognosis of early postoperative complications in NSCLC.
5. Significance of serum growth factors VEGF-A and adhesion molecule ICAM-1 in
the development of early post-operative complications in patients with
thoracotomy due to lung cancer
In the conducted study, mean serum levels of VEGF-A were increased both preoperatively and post-operatively in patients with inflammatory complications compared to
patients without complications. The higher postoperative VEGF-A levels we detect are
consistent with W Tian et al., also measuring the highest concentrations in the postoperative
period between day 2 and day 7. The same authors did not detect significant statistical
differences in VEGF between patients with VATS and those with traditional open access that
we use (Tian W et al., 2014). Different are the results reported by Y Lai et al. that
preoperative VEGF levels in patients with non-small cell lung cancer are significantly higher
than post-operative, but the above-mentioned authors measured them later - on 25-30 days
(Lai Y et al., 2018). Our study found that serum VEGF-A concentrations increased much
earlier in the postoperative period. Thus, VEGF-A may serve as a prognostic marker for early
post-operative, especially inflammatory complications. With the data we obtained, we are
expanding the knowledge on the role of VEGF-A not only in tumor angiogenesis but also in
relation to the development of early postoperative complications in lung cancer patients.
VEGF-A may be an attractive target for therapeutic strategies for this disease and shows
potential in the management of early post-surgical complications (Chekhonin VP et al., 2013,
Chen Y. et al., 2018; Frezzetti D et al., 2017).
By analyzing the results for ICAM-1, it can be noted that such a trend of increase in postoperative serum levels is also observed in this molecule. However, while significantly
increased post-operative serum VEGF-A are more indicative of post-operative complication,
the diagnostic role of ICAM-1 in these cases remains questionable. Pre- and postoperative
measurement of the molecule in patients with or without complications can not clearly
indicate its importance as a biomarker for early postoperative complications. Some authors
consider the role of ICAM-1 in the development of lung cancer as challenged. Although
sICAM-1 has been found to be significantly increased in lung cancer patients compared with
healthy subjects, correlation between its elevated levels and development of distant
metastases or survival of patients is not always documented (Gogali A et al., 2010; Guney N
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et al., 2008). According to others, this molecule has potential as a diagnostic or prognostic
marker because its increased expression in lung cancer progression is associated with a worse
prognosis of survival compared to patients with lower levels of sICAM-1 (Gu X et al. , 2012;
Kotteas AE et al., 2014; Shin HS 2004). ICAM-1 potentiates the adhesion of lung cancer cells
to the vascular endothelium in hematogenous metastasis, thereby avoiding the immune
response and providing tumor angiogenesis (Aznavoorian S et al., 1993). A similar view that
baseline ICAM levels may predict survival and response to chemotherapy in lung cancer
patients is also expressed by other researchers (Dowlati A et al., 2008; Qian Q et al., 2011).
However, none of the studies examined the potential role of ISAM-1 as a prognostic marker
for early complications after thoracotomy.
6. The role of total serum immunoglobulins IgG, M and A in predicting the risk of
developing EPOC and assessing immune status
Investigating total serum immunoglobulins pre- and post-operatively in patients
undergoing thoracotomy for lung cancer would direct the surgeon to changes in acquired
humoral immunity that might be corrected. We believe that surgical intervention leads to a
reduction in serum levels of immunoglobulins A, D and M in comparison with their
preoperative measurement, which may be a prerequisite for the risk of developing
inflammatory complications. In addition, in our study, we demonstrate that against the
background of oncology, lower mean serum preoperative and post-operative IgG levels, as
well as preoperative IgM, are associated with early inflammatory complications in the
resectable patients. Studies on serum proteins, including immunoglobulins, in patients with
lung carcinoma are scanty and controversial. In 1977, Bata and colleagues reported an
increase in alpha-1-antitrypsin, haptoglobin, IgA and IgG, whereas IgM did not change
(Bata J et al., 1977).
In the presence of decreased serum IgG levels, there is a possibility of substitution
therapy to restore the missing concentrations and to provide the necessary anti-infective
protection for infections of the lower respiratory tract or bronchiectasis as their
complications (Brent J et al., 2016). This also determines the need to examine
immunological reactivity before and after surgical intervention to perform the necessary
immunomodulatory therapy. A trend for lower total serum immunoglobulin concentrations
has been also found by other authors in lung cancer patients (Liu CY et al., 2017). These
data, correlative with ours, indicate that the tumor process is associated with a decrease in
humoral immune parameters such as immunoglobulins.
An interesting finding in our study is the reported lowest postoperatively measured
serum IgA levels in patients with early non-inflammatory complications. The highest level
was in patients with inflammatory complications after thoracotomy. In the literature, we
did not find such data, but overall significant differences in this indicator were not detected
between patients with lung cancer and chronic bronchitis or bronchiectasis (Atiş S et al.,
2001). More importantly, it would be thought that the secretion of secretory IgA (sIg A) in
bronchial secretion would be assessed to evaluate the degree of inflammatory lesion in the
epithelium (Atiş S et al., 2001) or the serum levels of the secretory component of Ig A
(Rossel M et al., 1993). We believe that higher mean postoperative serum IgA
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concentrations in early postoperative complications are a manifestation of an increased
local immune response in the lung under the influence of the inflammatory response.
Our studies complement the research by K. Ikonomova and co-authors, who
showed that even in patients with gastric cancer in the early postoperative period (at 96
hours), the serum immunoglobulin concentration decreased significantly, although the
deviations were within the reference range for all three immunoglobulin classes (K.
Ikonomova et al., 2004). We share the view that both operative intervention and cancer
together have metabolic and immunosuppressive ephecies.
7. Cellular immunity in lung cancer patients with thoracotomy - prognostic aspects
for EPOC
The development of the tumor process is controlled by the cellular immune response
(Onyema OO et al., 2015). This motivated us to track both the pre-and postoperative absolute
counts and percentages of T, B and NK lymphocytes as major factors in cell-mediated
immune responses.
Preoperatively, in all reported measurements of the total number of cellular immune
cells, a statistically significant decrease was observed compared to each mean reference value,
although they were within reference ranges. This suggests a certain decrease in the cellular
immune response of the body, probably caused by tumor-induced immunosuppression,
particularly on the T-cell population (Crespo et al., 2013). In the postoperative measurement,
the decrease of almost all of the studied parameters is deepening, which we consider to be the
result of the further reduction of the cellular immunity of the oncological patients as a result
of the severe surgical intervention (Ng CS & Lau KK, 2015, Cata JP et al., 2013). It is
important to note that, taking into account the percentage of these indicators, the same
findings are not clearly stated.
Similar studies in non-small cell lung cancer patients also found a decrease in CD4CD8+ cytotoxic-suppressor T cells, regulatory T lymphocytes, NK cells, CD19+ B
lymphocytes and the CD4 +/CD8 + ratio compared to healthy controls (Xu L et al., 2015;
Zhang S et al., 2015; Saavedra D et al., 2016). This is accomplished by tumor secreted
inhibitory factors such as transforming growth factor (TGF -β, IL-6, IL-10, cyclooxygenase-2
(COX-2) and its product prostaglandin E2 (PGE2), PD1 ligand, indolamin 2,3-dioxygenase
(IDO) (Gravekamp C et al., 2011). In spite of the reduced number and percentage of
peripheral blood immune cells, a tumor-induced tumor tissue taken intraoperatively from nonsmall cell lung cancer patients found a locally increased presence and activity of tumorinfiltrating lymphocytes (TIL) CD3 + and CD8 + (Kuo SH et al., 1998).
An important milestone in our results, however, is the preoperative increase in the NK
cell percentage compared to the mean reference limit. This can be explained by the presence
of a tumor as an inductor to increase the activity of natural killer cells that have expressed a
direct anti-tumor effect and elevation in the presence of a malignant process (Crespo J et al.,
2013; Naumova and Altankova, 2008; Zang S & amp; coat, 2015). Although the proportion
of NK cells remains relatively high even in postoperative measurement, in this second
measurment the percentage and absolute number decreased in comparison with the first
tetsing. We believe that the removal of the tumor decreases chronic stimulation of natural
killer cells, and surgery itself reduces cellular immune reactivity. Significant decrease in NK
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cells post-operatively even at 24 hours after thoracotomy in non-small cell lung cancer was
demonstrated by other authors regardless of the type of the applied anesthesia (general or
epidural), but with varying degrees of reduction compared with other surgery such as
mastectomy and hepatic resection (Cata JP et al., 2013; Ramirez MF et al., 2015).
Different trends in the study of populations and subpopulations of immune cells in
various patient groups (with and without complications) show the complexity of immune
reactivity and the need for further large-scale studies to elucidate the causes of the dynamic
deviations from the mean reference values. In our study, the preoperative increase in
immunocompetent CD3+ T cells and the postoperative decrease in CD56+ NK cells
(absolute count and percentage) as well as CD19+ B lymphocytes in absolute numbers was
associated with a high risk of postoperative inflammatory complications. The preoperative
increase in the percentage of T-suppressor/cytotoxic T cells (CD3+ CD8+) and the
postoperative increase in the CD4+/CD8+ index, as well as the postoperative decrease in the
absolute number of CD3+CD4+ T-helper cells, are associated with this risk.
We assume that the age of the study patients also contributes to the lower preoperative
values of cellular immunity. The aging of the immune system with a decrease in the number
and activity of immune cells in the age of 60 years is a risk factor for the development of the
cancer process. Significantly reduced absolute numbers of cytotoxic CD8+ T cells have been
demonstrated in elderly patients with lung cancer compared to healthy subjects (Gravekamp
C et al., 2011). Other authors found a significant reduction in CD19+ B lymphocytes and the
ratio of CD4+/CD8+ cells in non-small cell lung cancer patients in comparison with the
healthy controls (Saavedra D et al., 2016). Chen et al. reported significantly higher
percentages of immunoregulatory CD4+CD25+ FOXP3+ and CD8+ CD28- T cells in
peripheral blood of patients with non-small cell lung cancer that increased with tumor stage
and decreased in the postoperative period (Chen C et al.,2014). According to Onyama et al.
changes in CD8+ T lymphocytes in lung cancerpatients are comparable to those seen in
patients with an aging immune system - a higher proportion of aging-specific cells with the
most manifest decrease in patients with advanced cancer in the 4th stage (Onyema OO et al.,
2015). In addition, in chemotherapy patients, the authors observed a tendency for formation
of CD28+ CD57+ cells, also associated with aging. It is possible that immunological
changes in patients with lung cancer are associated with aging of the immune system and
may not respond to chemotherapy.
Knowledge of the suppressed cellular immune response in patients with lung cancer
may be of practical use. It was found that the introduction of Th1 type cytokines (IFN-gamma
and TNF-alpha) in experimental animals inhibits tumor growth and may have potential for
restoring immune anti-tumor reactivity to patients (Braumüller H et al., 2013). Tumor
growth-associated T-cell anergy combines with changes characteristic of the aging immune
system and expression of tumor secreted inhibitory molecules such as PD-1, Tim-3, LAG-3,
2B4, CD160, KLGR-1 F et al., 2006). It is encouraging that thanks to personalized
immunomodulatory therapy targeting PD-1, tumor growth in lung cancer can be affected.
Future studies on other biochemical and immunological indicators in patients with lung
cancer and pulmonary resection may contribute to clarifying their role in the emergence of
EPOC. For example, the patient's nutritional status can be evaluated in addition to serum
albumin, and by the use of anthropometric methods (measurement of weight changes) and
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transferrin assay. Determination of CD8+ CD28- (CD8+ CD57+) T-cells associated with
aging can provide valuable information on the relationship of the aging immune system and
immunological changes in lung cancer.
CONCLUSIONS
1. Lung resections, especially pulmonectomy and lobectomy in primary lung cancer, are
performed more frequently in males than in females. The prevalence of male gender in the
thoracotomy, however, differs from the global tendency to reduce the differences in
relative proportions of both sexes in these interventions.
2. The median age of patients with thoracotomy for primary lung cancer in our study (63
years) is lower than the current age-related trends for patients undergoing resection for
lung cancer. The youngest among the thoracotomized onco-patients in our study are those
with the pulmonectomy, and the oldest with segmentectomy.
3. Different inflammatory and non-inflammatory early postoperative complications are
observed in the study patients:
a. the volume of surgical intervention may be a predictor of the higher risk of
development of EPOC after thoracotomy - they are mainly registered in patients
with pulmonectomy and lobectomy;
b. age and gender can also predict the occurrence of EPOC in thoracotomy - the exitus
letalis patients are the eldest, and those with inflammatory complications - the
youngest. Non-inflammatory early post-operative complications are more common
in men and only after lobectomy, and the lethal outcome is more common in females.
4. There are some characteristic changes in the level of inflammatory markers in lung cancer
patients with thoracotomy:
a. the trend of decresing the albumin level, preoperative leucocyte elevation, as well as
the pronounced dynamic increase in CRP and ESR, is noticeable;
b. in operable patients the lowered albumin level, higher leukocyte counts,
significantly elevated ESR levels, especially CRP, are associated with a high risk of
inflammatory complications. The elevated neutrophil percentage is a predictor of
both inflammatory and non-inflammatory complications;
c. in inoperable patients the trend of inflammatory markers is also characterized by a
dynamic decrease in albumin reaching a lower baseline but a less pronounced
increase in leukocytes and neutrophils than in operable patients, a dynamic increase
in CRP and higher levels of procalcitonin than in operative patients.
5. Thoracotomy in patients with lung cancer causes an early post-operative increase in IL-1a,
IL-8 and IL-10, which are significantly higher than their pre-operative serum
concentrations. Preoperative, higher than average reference, serum levels of proinflammatory cytokines IL-1a and IL-8 as well as lower concentrations of antiinflammatory IL-10 may be reliable predictors of early postoperative complications,
respectively exitus letalis and inflammatory complications.
6. Determination of serum VEGF-A concentrations in dynamics with a tendency to increase
in the post-operative period has a prognostic role in patients with lung cancer for early
post-operative inflammatory complications after thoracotomy. Unlike VEGF-A, the serum
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level of the ICAM-1 molecule does not show the potential to predict early post-surgical
complications, and its significance remains controversial.
7. Against the background of malignancy and surgical intervention in patients with lung
cancer, a sustained downward trend in mean IgM and IgG levels was found in dynamics
compared to their average reference range. Lower preoperative mean IgM and IgG levels
can be reliable predictors of early postoperative inflammatory complications.
8. Against the background of the oncological disease, both pre-operative and postoperative,
there is a tendency to decrease the absolute mean number of all lymphocyte populations - T,
B and NK cells, compared to their mean reference values. A pre-operative elevation of
CD3+ T immunocompetent cells and suppressor cytotoxic CD3+CD8+ cells above the
reference mean value can be associated with a high risk of early postoperative
inflammatory complications and exitus letalis. This is also valid for the postoperative
increase in the CD4+/CD8+ index and the postoperative decrease in the absolute number
and percentage of natural CD56+ killer cells as well as the absolute count of B
lymphocytes (CD19+) and T helper CD3+CD4+ cells. On the other hand, the higher
percentage of NK cells preoperatively can be considered as an indicator of the oncology
disease activity.
9. Examination of immunological reactivity before and after thoracotomy for lung cancer
may also address the need for immunomodulatory therapy.
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CONTRIBUTIONS
I. Original:
1. For the first time in the country, а comprehensive study on patients with thoracotomy
and early post-operative complications until the 7th postoperative day was performed,
depending on the age, sex and volume of the thoracotomy. The role of advanced age and
female gender was identified as risks for patients' lethal outcome, as well as pulmonectomy
and lobectomy as surgical interventions with a higher risk for the development of EPOC.
2. For the first time, a complex of pre- and post-operative inflammatory and
immunological markers were investigated in patients with thoracotomy and their
relationship with early post-operative complications.
3. On the basis of the indicators and the results obtained, a model of accessible
indicators tested in the dynamics is proposed for the clinical practice to predict the risk of
early postoperative complications after thoracotomy. Their perioperative study is important
for improving postoperative survival.
II. To existing knowledge:
1. The tendency for serum albumin decrease, preoperative leucocyte increase, and dynamic
increase of CRP and ESR have been demonstrated in both operable and non-operable
lung cancer patients.
2. The role of cytokines for the development of EPOC in thoracotomy was enriched - the
preoperative serum levels of proinflammatory IL-1a, IL-8 and anti-inflammatory IL-10
compared to the reference mean, as well as the increase in dynamics of serum VEGF-A
may predict the onset of EPOC.
3. The significance to study serum immunoglobulins and immune cells in thoracotomy
patients for lung cancer has been confirmed and the fact that surgical intervention results
in a postoperative decrease in serum IgG compared to the average reference levels. In
addition, mean lower serum IgM concentrations were proved to be also a predictor for
EPOC and, together with IgG, point to the need for immunostimulation in the early
postoperative period. The obtained data on the lymphocyte phenotype enrich the
knowledge of their role as a risk factor in the occurrence of inflammatory EPOC especially preoperatively higher than the mean levels of CD4+ CD8+ suppressor/
cytotoxic T lymphocytes and the postoperative increase in the CD4+/ CD8+ index as
well as the postoperative decrease of the helper-inducer CD3+ CD4+ T lymphocytes.
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