
 

MEDICAL UNIVERSITY - PLOVDIV 

Faculty of Medicine 

Department of “Special Surgery” 

  

 

 

Dr. Petar Angelov Uchikov 

 

 

ASSESSMENT OF THE INFLUENCE OF HORMONAL, MENSTRUAL AND 

REPRODUCTIVE FACTORS AND ANALYSIS OF SURVIVAL IN WOMEN WITH 

NON-SMALL CELL lUNG CANCER 

 

 Author’s Abstract  

of dissertation 

for awarding an educational and scientific degree "DOCTOR" 

in the doctoral program "Thoracic surgery", in the professional field 7.1. 

Medicine in the field of higher education 

7. Healthcare and sports 

 

 

 

 

Scientific supervisors: 

Assoc. Prof. Georgi Prisadov, MD. PhD 

Assoc. Prof. Silvia Genova, MD, PhD 

 

 

 

 

 

Plovdiv, 2021 



 2 

 

The dissertation contains 109 standard pages and it  is illustrated with 25 

figures, 8 tables and 2 applications. 

The bibliography includes 186 titles, of which 2 in Cyrillic and 184 in Latin. 

 

 

The dissertation was discussed and directed to the defense by an extended 

department council of the Department of Special Surgery, Medical Faculty of MU-

Plovdiv. 

 

The public dissertation defense will take place on …. .at… ..in the Auditorium 

Complex of MU-Plovdiv, at an open meeting of the scientific jury consisting of: 

1. Prof. Deyan Yordanov, PhD 

2. Prof. Nikolay Yaramov, MD 

3. Prof. Petar Petrov, MD 

4. Prof. Bozhidar Hadzhiev, PhD 

5. Prof. Ivan Novakov, MD 

 

Spare members: 

1. Prof. Boris Sakakushev, PhD 

2. Prof. Rumen Nenkov, PhD 

 

 

The materials materials for the defense of the dissertation are available in the 

Scientific Department and in the Library and  web page at the Medical University - 

Plovdiv. 

 

 

 

  



 3 

ABBREVIATIONS USED 

  

Non-small cell lung cancer NSCLC 

Lung cancer LC 

Estrogen receptors ER 

Estrogen Receptor α ERα 

Human epidermal growth factor receptor 2 HER2 

Epidermal growth factor receptor EGFR 

Estradiol E2 

Combined oral contraceptives COC 

Hormone replacement therapy HRT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 4 

Contents 
I.INTRODUCTION ...................................................................................................................... 5 
II.PURPOSE AND TASKS .......................................................................................................... 6 
III.MATERIAL AND METHODS .................................................................................................. 7 

1. Research methods used .................................................................................................................... 9 
1.1 Sociological methods ................................................................................................................................... 9 
1.2 Clinical laboratory and immunohistochemical methods - serum estradiol concentrations and expression 
of ERα , HER2 и EGFR receptors in tumor lung tissue .................................................................................... 10 
1.3 Statistical methods .................................................................................................................................... 14 

2. Methods of verification of hypotheses: ............................................................................................. 14 
2.1. Parametric: ................................................................................................................................................ 14 
2.2. Non-parametric methods: .......................................................................................................................... 14 

3. Regression analysis .......................................................................................................................... 15 
3.1. Logistic regression analysis – dependency of a dichotomous variable  and many independent 
variables, which can be qualitative or quantitative;........................................................................................... 15 
3.2. Binary logistic regression analysis – for quantitative assessment of factors in dichotomous outcome 
and calculation of probabilities for these outcomes. ......................................................................................... 15 

4. Survival analysis ................................................................................................................................ 15 
4.1. Kaplan-Meier method ................................................................................................................................ 15 
4.2. Life-tables method ..................................................................................................................................... 15 

IV.RESULTS OF THE INVESTIGATION OF THE GROUP OF “CASES” AND THE 
“CONTROL” GROUP ............................................................................................................... 16 

1. Age ................................................................................................................................................... 16 
2. Serum estradiol concentration. ........................................................................................................ 16 
3. Age of menarche .............................................................................................................................. 17 
4. Age of menopause occurrence ........................................................................................................ 18 
5. Age at the first birth .......................................................................................................................... 19 
6. Numler of births ................................................................................................................................ 21 
7. The expression of ERα , HER2 and EGFR in tumor tissue of NSCLC ............................................ 23 

7.1. Estrogen receptor expression - ERα .......................................................................................................... 24 
7.2. HER2 expression ....................................................................................................................................... 24 
7.3. EGFR expression ...................................................................................................................................... 25 

V.RESULTS OF THE GROUP III SURVEY - WOMEN OPERATED FOR  NSCLC .................. 27 
1. Age ................................................................................................................................................... 27 
2. Stage of the disease ......................................................................................................................... 28 
3. Type of surgical procedure ............................................................................................................... 29 
4. Five-year survival ............................................................................................................................. 30 

VI.CONCLUSION ..................................................................................................................... 38 
VII.DEDUCTIONS .................................................................................................................... 40 
VIII.CONTRIBUTIONS ............................................................................................................. 41 
IX.PUBLICATIONS AND PARTICIPATIONS IN RELATION TO THE DISSERTATION WORK 42 

Participation in scientific conferences in Bulgaria ................................................................................. 42 
Full text publications in in connection with the dissertation ................................................................... 42 

 

 

 

 

 

 

 

 

 

 



 5 

I. INTRODUCTION 

Despite improved diagnostic and therapeutic capabilities, lung cancer ranks first 

place in mortality among all cancer death rate worldwide with approximately 1.8 

million deaths per year. 

Colorectal cancer and breast cancer show a 50% increase in five-year survival 

over the past 25 years. Lung cancer increased by only 2%. In recent years, there has 

been an increase in cases and mortality of lung cancer in women compared to  men, 

incl. non-smoking women. 

Smiking is considered to be the main risk factor for both genders. Gender  

differences have been found in both - the frequency and histological variant of the 

tumor, which cannot be explained only by the carcinogenic nature of nicotine. 

The lung is extremely sensitive to the influence of estrogens. Even in utero, they 

affect its development, and after birth they affect the development of physiological 

and pathological lung processes. During the past years, the increasing cases of lung 

cancer in women has been associated with the number of births, the age of the first 

birth, the years of onset of menarche and menopause, the use of oral contraceptives 

and hormone replacement therapy. 

Even more -  controversial issues related to the risk factors for lung cancer in 

non-smoking women still remain. Further study on  sex hormone levels, reproductive 

factors, and the expression of estrogen receptor α (ERα) , human epidermal growth 

factor 2 receptor (HER2) and  epidermal growth factor  receptor (EGFR) in normal 

and tumor altered lung tissue would help the proper understanding of the role of 

these factors in lung carcinogenesis. 

The increasing incidence of LC in women (including non-smokers), the lack of 

studies in Bulgaria on the relationship between hormonal, menstrual and 

reproductive factors and the risk of developing non-small cell lung cancer (NSCLC), 

motivates the development of  the scientific work. 
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II. PURPOSE AND TASKS 

 

Purpose of the study 

The purpose of the present study is to assess the influence of hormonal, 

menstrual and reproductive factors and to analyze the survival women who had  non-

small cell lung cancer surgery.  

 

Main tasks 

1. To study and analyze the levels of serum estradiol and the impact on 

the risk of developing NSCLC. 

2. To assess the influence of the age of occurence of menarche and 

menopause on the development of NSCLC. 

3. To study the relationship between the age of the  first birth, the 

number of births and the risk of NSCLC. 

4. To analyze the expression of the estrogen receptor ERα, HER2 and 

EGFR in tumor tissue in women with NSCLC.  

5. To determine the postoperative survival in operated women with 

NSCLC . 
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III. MATERIAL AND METHODS 

Design of the study 

The performed observation is a combined retrospective and prospective case-

control study by its nature 

Subject of the study - the influence of hormonal, menstrual and reproductive 

factors, the expression of estrogen receptor ERα, HER2 and EGFR in tumor tissue 

and survival in operated women with non-small cell lung cancer. 

Object of the study 

The object of the present observation are hospitalized women in the clinic of 

"Second surgical clinic" of the University Hospital "St. George ”- EAD, Plovdiv.  

A retrospective and prospective study of the “case-control” type was peformed 

in the Department of Special Surgery of the Medical University of Plovdiv and in the 

Clinic of Thoracic and Abdominal Surgery of the University Hospital “St. George ”- 

Plovdiv, of a total of 161 women (Fig. 1), divided into three groups: I group  “ cases ”-  

49 women with NSCLC, in whom were studied and analyzed: serum estradiol levels, 

menstrual and reproductive factors, the expression of ERα, HER2 and EGFR in 

tumor tissue; II group  "control" - 41 women, similar in criteria to the first group, but 

without lung cancer or other cancers;  Group III - 51 women operated on for the 

NSCLC , where the 5-year survival was calculated. Twelve women of the case group 

were excluded from the study because they did not meet the inclusion criteria. The 

study includes the period: January, 2011. - August, 2020 
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Fig.1 Groups distribution of the studied contingent 
 
 
Observation units 

The Department of Special Surgery of the Medical University of Plovdiv and the 

Second surgical clinic at the University Hospital “St. George ”- Plovdiv have been 

selected as a technical unit. 

Logical observation units: 

1. During the first stage of the study, 61 women with histologically proven 

NSCLC were examined. 12 of them were excluded from the study because they did 

not meet the inclusion criteria. 

2. During the second stage of the study of 59 operated women with 

histologically confirmed non-small cell lung cancer, the five-year survival was 

calculated. 

The main signs of observation: 

All patients were followed up by: 

1. Demographic indicator: 

 Age 

2. Anamnestic data: 

 Age of  the first menstruation (menarche); 
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 Number of births; 

 Age of  the first birth; 

 Age of menopause. 

Data from the immunochemical laboratory study of estradiol (pmol / L) in the 

control group and the case group and expression of the estrogen receptor α (ERα), 

HER2 and EGFR in the case group. 

 

In the selection of the group of "cases" and the "control" group were 

used: 

Criteria for inclusion: 

 Age ≥ 40 years; 

 Women with natural occurred menopause; 

 Histologically proven lung cancer (for the cases). 

 

Excluding criteria: 

 Smoking; 

 Use of oral contraceptives and / or hormone replacement therapy; 

 Professional harmfulness; 

 Accompanying chronic lung diseases; 

 Accompanying other oncological diseases. 

 

Organs of monitoring 

The collection of the primary sociological information of the present study has 

been done by the dissertant. 

 

1. Research methods used 

To achieve the purpose of the study, the following research methods were 

used: 

1.1 Sociological methods 
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 Documentary method - primary information has been taken from 

the medical history of the disease and the accompanying epicrisis. 

 Questionnaire method or individual records for statistical 

analysis - the survey took place in the mode of individual anonymous 

questionnaire, which was adapted for the purpose of study 

The questionnaire includes: demographic characteristics - age; 

anamnestic data for: age of menarche, age of menopause, age of  the first 

birth, number of births, smoking, use of COCs or HRT, histologically proven lung 

cancer, accompanying lung diseases, other accompanying oncological diseases 

 

1.2 Clinical laboratory and immunohistochemical methods - serum 

estradiol concentrations and expression of ERα , HER2 и EGFR receptors in 

tumor lung tissue 

 

Estradiol 

Serum estradiol concentration, with reference values for menopausal women 

(<73-147 pmol / L) was determined immunochemically, using a chemiluminescent 

principle with an automatic immunological analyzer (Access 2), in the Central Clinical 

Laboratory - University Hospital "St. George”, Plovdiv. The biological material has 

been taken atraumatically, under standard conditions. Serum without hemolysis and 

lipemia has been used for the study. 

 

The preparation of histological specimens and immunohistochemistry were 

performed in the Department of General and Clinical Pathology - University Hospital 

"St. Georgi ”. 

 

Estrogen Receptor α (ERα) 

Study of lung carcinomas with a research antibody.  

The clone we used is: DAKO Code IR084, Monoclonal Rabbit Anti Human 

Estrogen Receptor α Clone EP1: 

Ready-to-use rabbit monoclonal antibody provided in liquid form in a buffer 

containing stabilizing protein and 0.015 mol / L sodium acetate. 
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Cloning: EP1. 

Immunogen Recombinant protein of ER amino acids 1-300. 

Breast metastasis  control to the pleura was perfomed, which is positive for the 

Estrogen α Clone EP1 receptor. 

 

Immunohistochemical technique: 

Washing with buffer. Blocking  the endogenous peroxidase for 5 minutes. 

Washing with buffer. Detection of the antigen for 20 minutes at 97 ° C followed by 5 

minutes in EnVisi on FLEX washing buffer (code K8007). Antigenic unmasking of pH 

9 for 1 hour and 40 minutes 

DAKO autosteiner is used. 

A positive result is defined as nuclear staining in> 1% of tumor cells. This is in 

accordance with ASCO / CAP. Recommended cut-off of ≥1% positive tumor cells for 

positive evaluation.  

ER-positive breast cancer metastasis is used for control (Fig. 2). 

 
 

Fig.2 Control of ER positive breast cancer in pleural metastasis 
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The lung tissue examined in the control groups did not make ER positive. 

Reagent:  Affinity-isolated rabbit antibody purified by immobilized oncoprotein 

peptide c-erbB-2 and delivered in liquid form in 0,05 mol/L Tris/HCl, 0,1 mol/L NaCl, 

15 mmol/L NaN3.  

Paraffin sections: The antibody is used to label paraffin-embedded tissue 

sections fixed in formalin. A tissue pre-treatment procedure is required using HIER 

method to detect the epitope by placing the preparation in a heated buffer solution for 

20 minutes (EnVision™ FLEX Target Retrieval Solution, Low pH, код K8005 или 

Dako Target Retrieval Solution, Low pH, код S1699/S1700.  

Cell membrane staining is considered specific for c-erbB-2 oncoprotein. 

 

Performance features: The cells specifically labelled with the antibody show 

staining limited within the cell membrane.  

Normal tissues: The oncoprotein c-erbB-2 is a normal tissue component and 

the antibody might show poor labelling of normal epithelial cells. In some cases, the 

squamous epithelium in the oesophagus and tonsils might show moderate staining. It 

was also found that prostate tissue showed a moderately positive reaction. 

A number of other normal tissues such as of adrenal gland, bone marrow, brain, 

heart, liver, lung, skeletal muscles, skin, spleen, thymus and thyroid showed negative 

reactions. 

 

HER2 expression  

 

Immunehistochemical technique: 

1. A number of 5 μm deparaffinised sections were used and antigen recovery 

was performed in a water bath at 90°C for 20 min. 

2. The endogenous peroxidase was neutralized on cooled sections using 

Peroxidase Block, 3% Hydrogen peroxide for 5 minutes and the materials were 

rinsed in wash buffer under running water. 

3. Rinse in deionized water. 
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4. Affecting with primary HER2 of ph 6.0 for 1 hour and 40 minutes. 

5. Rinse in wash buffer under running water. 

6. After several subsequent steps of rinsing, secondary antibody, rinsing, 

polymer (five-step system for 25 min), it is treated with DAB Chromogen Wash. 

7. Counter-colouring with Haematoxylin. 

8. Bruising and inclusion. A DAKO auto stainer is used. 

9. Control on HER2-positive breast adenocarcinoma was performed and 

verified with CISH (Fig.3)  

 

 

Fig. 3 HER2-positive breast adenocarcinoma verified with CISH. 

 

DNA testing, analysis of EGFR gene mutation 

The molecular analysis was performed at the National Genetic Laboratory, 

Sofia. Material taken from paraffin-embedded resection and endoscopic biopsies was 

examined. Only cases with more than 50% tumor cell material in section were 

selected for DNA analysis. 10 sections of 5μm were used. DNA was extracted using 

Qiaamp DNA FFPE Tissue Kit® (Qiagen), which is specially designed to isolate and 

purify DNA of high quality. For genetic analysis of EGFR mutations, Scorpions 

Amplification Refractory Mutation System (SARMS) technology (Qiagen) is used. The 

study of EGFR mutations is based on real-time PCR technology to detect 29 somatic 

mutations in the EGFR gene, exons 18-21 of which T790M; deletion in exon 19; 

L858R; L861Q; G719X; S768I; insertion into exon 20. The thermal cycle includes 

initial incubation at 95°C for 10 min, 35 cycles at 94°C for 30 s, 51°C for 30 s and 
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72°C for 1 min, followed by matrix stretching at 72°C for 7 min. The primers used 

were: initial 5`-GAGCTTGTGGAGCC TCTTAC-3`, opposite 5`-

GCAGGGATTCCGTCATATGGCT-3`. 

Samples can be considered positive if one of the 29 activating EGFR mutations 

is detected. The study did not find variants in EGFR gene, connected with the 

resistance to therapy with tyrosine-kinase inhibitors. 

 

1.3 Statistical methods 

Based on the purpose and objectives of this study as well as on the volume and 

type of data with conducting examinations, the following statistical methods were 

used: 

 

Descriptive and assessment methods: 

1. Variation analysis - standard deviation, minimum, maximum and range; 

2. Frequency analysis of qualitative variables (nominal and rank) that 

includes absolute frequencies, relative frequencies (percentage), cumulative 

relative frequencies (percentage); 

3. Graphic images; 

 

2. Methods of verification of hypotheses: 

2.1. Parametric: 

T-test for two independent samples (Independent Samples T-Test) – 

verification of equality of two mean samples. 

2.2. Non-parametric methods: 

2.2.1.  Methods of Kolmogorov-Smirnov and Shapiro-Wilk – verification 

of normality of the quantitative variable distribution; 

2.2.2. Mann-Witney method – comparison of average values in two 

groups of one quantitative variable when the distribution is not normal; 

2.2.3. Kruskal-Walis H method - comparison of average values in three 

or more groups of one quantitative variable when the distribution is not normal; 
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2.2.4 Chi-square test or Fisher's exact test – search for a relationship 

between two qualitative variables; 

2.2.5. Median test – comparison of medians in two groups of one 

quantitative variable. 

 

3. Regression analysis 

3.1. Logistic regression analysis – dependency of a dichotomous variable  

and many independent variables, which can be qualitative or quantitative; 

3.2. Binary logistic regression analysis – for quantitative assessment of 

factors in dichotomous outcome and calculation of probabilities for these 

outcomes. 

 

4. Survival analysis 

4.1. Kaplan-Meier method 

4.2. Life-tables method 

The statistical processing of results was performed with statistical package 

SPSS v 23; SPSS Inc., Chicago, IL, USA. The results were presented by arithmetic 

mean and standard deviation (mean ± SD). The critical significance level used is α = 

0.05. The corresponding null hypothesis is rejected when P-value is less than α. 
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IV. RESULTS OF THE INVESTIGATION OF THE GROUP OF “CASES” AND 

THE “CONTROL” GROUP 

 

1. Age 

In this study, the avarage age in the lung cancer group was 65.96 ± 11.87, with 

the youngest woman being 40 and the oldest one being 87. 

The avarage age in the control group was 64.95 ± 7.04, with the youngest 

woman included in the study being 48 and the oldest one being 77. The percentage 

distribution by age groups is presented in Table 1. 

 

Table 1. Percentage distribution by age groups 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

No statistically significant difference between the ages in the control and 

case groups was proved (p > 0,05). 

 

2. Serum estradiol concentration. 

It was reported that there was a statistically significant difference in the 

mean values of serum estradiol concentrations in the two groups (p< 0,0001). 

The average value of estradiol in the group of cases was 304.14 pmol / l, while 

in the control group the average value was 63.05 pmol/l.( fig. 4,5) The serum 

 
Case group Control group 

Age N % N % 

40 2 4,10% о 0% 

41-50 5 10,20% 1 2,40% 

51-60 8 16,30% 9 22,00% 

61-70 15 30,60% 19 46,30% 

71-80 14 28,60% 12 29,30% 

>80 5 10,20% 0 0% 

Total 49 100% 41 100% 
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estradiol concentrations in the group of women with lung cancer were almost five 

times higher than in the control group. 

 

 

Fig. 4 Estradiol values in the group 
of cases 

 

Fig. 5 Estradiol values in the control 
group  

It was found that there was a correlation between estradiol values and 

lung cancer (p =0,04). 

The high estradiol serum concentrations in postmenopausal women are 

associated with increased risk of NSCLC . 

 

3. Age of menarche 

When examining the age of menarche occurrence, no statistically 

significant difference was found between the ages in control and case groups 

(p > 0,05) . 

The avarage age of menstruation in the group with lung cancer was 14.83 ± 

1.83, and in the control group it was 14.87 ± 1.63. 

The percentage distribution of the age of menarche occurrence in the examined 

groups is presented in Fig.6. 
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Fig. 6 Percentage of age distribution of menarche occurrence in the examined 

groups 
 

No relationship between the age of occurrence of the first menstruation 

and the development of lung cancer was established. A protective role of 

menarche after the age of 13 was not reported in NSCLC  development  

 

4. Age of menopause occurrence 

A significant difference in the mean age of menopause in the two 

examined groups was reported (p< 0,0001). The menopause occurred earlier in 

the group of cases, on average at the nage of 46.59 ± 7.91, while the average age of 

menopause occurrence in the control group was 49.78 ± 5.19.. In 66% of women with 

NSCLC, menopause occurred <50 years. (Fig.7). 
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Fig. 7 Percentage distribution of menopause occurrence (< 50 and > 50) in the 
groups under examination 

 

Chi – square analysis showed a relationship between the age of menopause 

occurrence and lung cancer (p =0,03; r =0,22).  

A protective factor is the occurrence of menopause over the age of 50 

(OR=0,63 95% CI (0,41 - 0,96). 

The natural menopause having occurred before the age of 50 is a risk 

factor for development of NSCLC. The probability of developing lung cancer is 

almost three times higher in women who enter menopause before the age of 50 

(OR=2,54 95% CI (1,1 - 6,0). 

 

5. Age at the first birth 

The analysis of results did not show a significant difference between the 

examined groups when comparing the age at the first birth (p >0,05). 

In the control group, it was 21.88 ± 6.46, and in the group of cases the average 

age at giving birth to the first child was 21.71 ± 4.71. (fig 8,9). 
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Fig. 8 Age at the first birth in the group 
of cases 

Fig. 9 Age at the first birth  in the 
control group 
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It was found that there was a relationship between the age at first birth <25 and 

the development of lung cancer (p =0,04; r =0,21).  

The age > 25 of giving birth to the first child is a factor with a protective 

effect on the development of lung cancer (OR = 0,48; 95% CI (0,24 – 0,99).  

The risk of NSCLC development increases significantly for women who 

have given birth to their first children before the age of 25. 

 

6. Numler of births 

When considering the number of births in the groups examined, it was found 

that 9.8% of women in the control group did not have a birth, 41.5% had one birth, 

46.3% had two births, and 2.4% had three or more births. In the group of cases –  

4.1% had no birth, 16.3% had one birth, 57.1% had two births, and 22.4% of this 

group had three or more births (table 2 and fig. 10). 

 

 

 

 

Table 2. Frequency distribution of the examined contingent by number of births 

 

It was reported that there is a significant difference in the number of births in the 

examined groups (p – 0.01). Chi – square analysis showed that there was a 

relationship between the number of births and lung carcinoma (p = 0.01; r = 0.36), as 

the relationship between the two variables was mean (Cramer’s V = 0.386). 

 

Number of births 

 

Control group Group of cases 

 

N % N % 

No births 4 9,8% 2 4,1% 

One 17 41,5% 8 16,3% 

Two 19 46,3% 28 57,1% 

Three and more 1 2,4% 11 22,4% 

Total: 41 100% 49 100% 
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Fig. 10  Percentage distribution of the number of births in the examined groups  

 

With the linear regression analysis, it was reported that there is a relationship 

between the number of births and probability of developing lung carcinoma (Multipe 

R = 0.364), i.e. when the number of births increases, the probability to develop 

NSCLC also increases (Sig. F = 0.0001; Sig.T = 0.0001).  

It was found that there is a statistically significant relationship between 

the number of births and the occurrence of lung carcinoma (p = 0.005; r = 0.28).   

 

The summary analysis of hormonal, menstrual and reproductive factors 

showed: 

1.  High serum estradiol concentrations in postmenopausal women are 

associated with an increased risk to develop NSCLC. 

2. The menarche occurrence after the age of 13 is not a protective 

factor for NSCLC. 

3. The natural menopause, which has occurred before the age of 50, is 

a risk factor for the development of NSCLC. 

4. The risk of lung carcinoma development increases for women who 

have given birth to their first children before the age of 25. 

5. The risk of NSCLC increases in proportion to the number of births. 
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7. The expression of ERα , HER2 and EGFR in tumor tissue of NSCLC 

The expression of ERα, HER2 и EGFR in the tumor tissue was examined in 41 

women of the group of NSCLC cases. 

The distribution by age groups is presented in Table 3 and Fig. 11. The highest 

percentage is observed in the age group of 71-80 – 12 (29.30%), followed by the 

group of 61-70-year olds – 11 (26.8%). 

Table 3. Frequency distribution by age groups 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Percentage distribution by age groups  

 

Age groups 
Number         

N 

Valid 

Percent      

% 

Cumulative 

Percent 

40 2 4,90% 4,9 

41-50 4 9,80% 14,6 

51-60 8 19,50% 34,1 

61-70 11 26,80% 61,0 

71-80 12 29,30% 90,2 

>80 4 9,80% 100,0 

Total 41 100% 
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7.1. Estrogen receptor expression - ERα  

The estrogen receptor (ER) is a characteristic immune histochemical marker for 

breast carcinoma and it is commonly used as a means to distinguish breast 

carcinoma from adenocarcinomas with other primary sites, including also lung 

cancer. 

The positive expression of ERα in the study was observed in 4 (9.8%) of the 

examined patients. The one-way analysis of variance One-Way ANOVA found a 

substantial statistically significant difference in the mean values of estradiol in these 

patients compared to the patients without ERα expression (F=10.756; p=0.002). 

In female patients with ERα-positive expression, estradiol is several times 

higher. The fact that positive expression of ERα in this study was observed in 

women with late menarche occurrence is of certain interest. 

 

7.2. HER2 expression 

The positive expression of HER2 in this study was observed in 39% of cases 

with NSCLC, as 14.6% were with 1+, 14.6% with 2+ and 9.8% with 3+. 

The frequency distribution is presented in Table 4. 

 

Table 4.  HER2 expression, frequency distribution 

HER2 
Number         

N 

Valid Percent      

% 

Cumulative 

Percent 

(-) negative 
25 61% 61,0 

1+ 6 14,60% 75,6 

2+ 6 14,60% 90,2 

3+ 4 9,80% 100,0 

Total 41 100% 
 

HER2 is a membrane-bound receptor with tyrosikinase activity and structural 

homology to EGFR. By binding to other receptors such as HER3, it catalyzes the 

activation of various signaling pathways that lead to cell proliferation, differentiation 

and invasion. HER2 is well-known as a prognostic factor in breast cancer. Its role in 

the NSCLC has been little studied. It was found that 68.8% of HER2-positive women 

entered menopause before the age of 50, as 75% of women gave birth to their first 
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child before the age of 25. It was observed that 81.3% of these women had late 

occurrence of menstruation. No statistically significant relationship was found 

between serum estradiol concentrations and HER2 positivity (p > 0.05). However, a 

statistically significant relationship was found between HER2 and ER-α (p=0.008; r-

0.38). HER2-positive expression was also observed in all women with positive 

ER-α expression. HER2 mutation was combined with EGFR mutation in 6 of the 

examined female patients (14.4%). HER2 expression is detected in 59% of NSCLC 

cases, as 2+/3+ were detected in approximately 5–20%. The results obtained in this 

study suggest further genetic testing of HER2 mutations in patients with NSCLC that 

will give an additional chance for therapy after depletion of other resources. 

 

7.3. EGFR expression 

The epidermal growth factor receptor (EGFR) is a transmembrane protein that 

plays an important role in signal transduction in the human cell. The pathological 

expression of epidermal growth factor receptor (EGFR) has been used more and 

more frequently in the diagnosis of various epidermal tumors recently. 

The results obtained show that EGFR expression was detected in 11 female 

patients (26.8%)  with lung carcinoma (Fig. 12). 

 

 

Fig. 12 Percentage distribution of EGFR 
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The one-way analysis of variance One-way ANOVA found a statistically 

significant difference in the mean menopausal age of women with receptor-positive 

expression and those with negative-expression (F=4.567; p=0.03). Of women with 

positive EGFR expression, in 66.7% menopause occurred before the age of 50. 

It is noteworthy that 80% of women with positive EGFR expression gave birth to 

their first children before the age of 25, and 81.8% of them had a late menarche 

occurrence. 

Further studies on the EGFR mutation, the age of menarche, the age of 

menopause, the number of births could explain the estrogen role in its occurrence. 

 

The generalized analysis of results of the estrogen receptor ERα, HER2 

and EFGR in the tumour tissue of women with NSCLC showed: 

1. In women with NSCLC, positive expressions of ERα and HER2 are 

observed simultaneously in the tumour tissue. 

2. A positive correlation was found between serum estradiol levels and 

ERα expression. 

3. The expression of HER2 and EGFR in women with NSCLC is 

associated with the menopause occurrence before the age of 50 and the first 

birth before the age of 25. 

4. No association was found between estradiol levels and HER2 

expression in the tumour tissue. 
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V. RESULTS OF THE GROUP III SURVEY - WOMEN OPERATED FOR  NSCLC 

 

1. Age 

The mean age of the examined group was 58.51 ± 10.84 (Fig. 13), and 59 

women patients with NSCLC were analyzed for survival, the stage of disease and the 

surgical procedure . The youngest woman in the study was 22 and the oldest one 

was 80. (fig 13) 

 

Fig. 13  Mean age of the examined contingent 

 

The patients were conditionally divided into six age groups (Fig. 14). It is 

noteworthy that the percentage distribution of women with NSCLC is the same in the 

age category 41-50 years and 71-80 years. The highest percentage of the disease is 

found in the group 51-60 years (42.37%). 
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Fig. 14 Percentage distribution by age groups 

 

2. Stage of the disease 

In this study, the diagnosis was most often made in stage IIIA (27.1%).  The 

frequency distributions by stage of the disease are presented in the table 5. 

Staging is an assessment of the spread of the disease and  it is performed for 

the purposes of prognosis and treatment. It is directly related to the outcome of the 

disease. We used the seventh inspection of the TNM classification of lung cancer for 

the staging of patients with NSCLC  in the study. 

The linear regression analysis reported a statistically significant 

relationship between the stage and the disease outcome (Multipe R = 0.439), 

i.e. the more advanced the stage of the disease is, the greater is the probability 

of death. (Sig. F = 0.0004; Sig.T = 0.0004). 
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Table 5. Frequency distribution of contingent studies by disease stage 

  

Stage Frequency 

(N) 

Percent (%) Valid Percent Cumulative 

Percent 

I А 7 11,90% 11,90% 11,90% 

I В 7 11,90% 11,90% 23,70% 

II А 7 11,90% 11,90% 35,60% 

II В 9 15,30% 15,30% 50,80% 

III А 16 27,10% 27,10% 78,00% 

III В 5 8,50% 8,50% 86,40% 

IV 8 13,60% 13,60% 100% 

Total 59 100% 100%   

 

 

3. Type of surgical procedure 

 

Fig. 15 shows the percentage distribution of the performed surgical 

interventions. Taking into account the volume of surgical interventions, it is 

noteworthy that the lobectomy is the most commpnly used procedure with  57.6%, 

followed by pulmonectomy - 25.4%. Bilobectomy was presented with 15.3% of the 

patients and segmentectomy was presented with 1.7%. 

 

Fig. 15 Percentage distribution of the performed surgical intervention 
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The type of surgical intervention in LC depends on the size of the tumor,  on its 

location and on its relationship to surrounding anatomical structures. A significant 

difference was found  comparing the stage of the disease and the volume of the 

performed surgical intervention (p - 0.001; r - 0.56). 

The percentage distribution of the performed surgical interventions, according to 

the staging, is presented in fig. 16. 

 

 

Fig. 16 Percentage distribution of the performed   surgical interventions, according to 

LC stage 

 

The analysis of the results showed that in stages I, II and IV  the most 

frequently performed surgical intervention is lobectomy. Pulmonectomy was 

performed in over 50% of patients in stage III. 

 

4. Five-year survival 

In a five-year survival study, the following results were reported: out of 59  

patients with surgical intervention, 39 (66.1%) died, and only 20 (33.9%) survived the 

corresponding five-year follow-up period (Fig. 17).  

The probability of surviving for a period of five years was found in 33.9% of the 

operated patients with NSCLC in the study. 
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Fig. 17  Percentage distribution of deaths and survivors over a five-year period 

 

Survival studies revealed that the stage of the disease was a leading factor in the 

outcome of the disease (χ 2 = 9.564, p = 0.02). During the studied period, all patient 

died in stage IV, except one patient, in stage III there was a lethal outcome of 81%, in 

stage II -  62.5% of were with lethal outcome . The lowest mortality was observed in 

stage I of the disease, mortality was observed in 35.7% (Table 6). 

 

Table 6. Mean survival time of patients, according to the tumor stage for a five-year 

period 

 

Stage 

Average 

survival 

time 

± SE 

(months) 

Standart 

deviatio

n SD 

Min Max 
Number of 

patients  

Number 

/% deaths  

Number /% 

of 

survivors 

I 50,92±4,19 15,69 12м. >60 м. 14 5/35,7 % 9/64,3% 

II 38,75±5,20 20,82 10м. > 60 м. 16 10/62,5% 6/37,5% 

III 23,00±4,67 21,41 2м. > 60 м. 21 17/81,0% 4/19,0% 

IV 16,62±7,44 21,05 2м. > 60 м. 8 7/87,5% 1/12,5% 
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The five-year survival according to the generalized staging of LC is presented in 

fig. 18. 

 

Fig. 18  Five-year survival according to generalized staging 

 

The lowest survival is observed in the group with stage IV - the average survival 

is 16.62 months (1.38 years), followed by the group of stage III, where the average 

survival is 23.00 months (1.91 years),  stage II -38.75 months (3.22 years) , and in 

the  1st stage the average survival is the highest - 50.92 months (4.24 years). The 

indicators are calculated at the time of a five-year period and these values change 

during the follow-up of  female patients. 

The relationship between staging and disease outcome was confirmed by 

nonparametric analysis of variance (Kruskal-Walis H), where (χ 2 = 18.987, p = 

0.0002). 
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Table 7. Mean survival time of patients, according to advanced tumor staging over a 

five-year period 

Stage 

Average 

survival 

time 

± SE 

(months) 

SD 

standard 

deviation 

Min Max 
Number of 

patients 

Number/%

of deaths 

Number /% 

of survivors 

IА 53,14±5,12 13,56 30м. > 60 м. 7 2/28,6% 5/71,4% 

IВ 48,71±6,95 18,39 12м. > 60 м 7 3/42,9% 4/57,1% 

IIА 42,14±7,56 20,01 13м. > 60 м 7 4/57,1% 3/42,9% 

IIВ 36,11±7,41 22,24 10м. > 60 м 9 6/66,7% 3/33,3% 

IIIА 26,94±5,67 22,71 2м. > 60 м 16 12/75,0% 4/25,0% 

IIIВ 10,40±4,43 9,91 3м. 27м. 5 5/100% 0 

IV 16,62±7,44 21,05 2м. > 60 м 8 7/87,5% 1/12,5% 

 

The Kaplan-Meier survival curves showed that the 5-year survival of patients in 

stage IIIB was the lowest compared to the others. The average duration in this group 

was 10.4 months. This can be explained by the fact that this group is represented by 

lowest number of pacients, and that makes the statement subjective and uncertain. 

The greatest prolongation of survival shows the group of IA stage - 53.14 

months (4.42 years), where the lowest number of dead patients is. (Table 7; Fig. 19). 
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Fig. 19 Five-year survival, according to the extended staging of the disease 

 

The follow-up period of patients in terms of survival ranges from 1 to 108 

months.  

Out of 59 patients studied, 42 (71.2%) died during the follow-up period, 

and only 17 (28.8%) survived the respective study period (Fig. 20). 

 

 



 35 

 

Fig.20 Percentage distribution of deaths and survivors for the study period 

 

When we studied the survival, it turned out that the stage of the disease is 

the leading factor influencing it (χ 2 = 8.723, p = 0.03). During the study period, all 

patients in stage IV died except one woman, in stage III there was a lethal outcome  

85.7%, in stage II - 68.8% of the cases. The lowest number of deaths was observed 

in stage I (Table 8, fig 21). 

 

Table 8. Percentage distribution of survivors and deaths according to tumor 

staging for the entire study period 

Stage 
Number of 

patients 

Number of 

deaths 
% deaths 

Number of 

survivors 
% survived 

I 14 6 42,9 % 8 57,1% 

II 16 11 68,8% 5 31,3% 

III 21 18 85,7% 3 14,3% 

IV 8 7 87,5% 1 12,5% 
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Fig 21. Percentage distribution of survivors and deaths according to tumor 

staging for the entire study period 

 

Linear regression analysis reported a statistically significant relationship 

between  the stage and survival (Multipe R = 0.522), i.e. the higher the stage of the 

disease is, the lower   the survival is. (Sig. F = 0.00002; Sig.T = 0.00002 and 

consequently increases the probability of death  (Fig. 22). 

 

 

Fig. 22  Linear regression according  to  the disease stage and survival in months 
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A statistically significant relationship was found between the stage and outcome 

of the disease, i.e. whether it will be fatal or not (p - 0.01; r - 0.31). The analysis 

showed an increased risk of death  more than 3 times higher in patients diagnosed in 

stage III and IV (OR = 3.14 95% CI (1.16 - 8.52)). That proves the need and 

importance of early detection of the disease and its prevention. 

Up to date, the five-year survival rate for lung cancer is unsatisfactory. 

According to data from the National Cancer Registry from 2017 for the period 2000-

2007, the average five-year survival rate for women with lung cancer is 10.4%. 

That survival is lower than  in our study and it is due to the fact that we calculate 

the average five-year survival only in patients with surgical intervention . The analysis 

of the results shows that the stage and type of surgical intervention are two of the 

main factors that affect the survival of women with surgical intervention of NSCLC. 

 

The summary analysis of the results showed: 

1. The more advanced the stage of NSCLC is, the greater   the 

probability of death is. 

2. The most frequently performed surgical intervention in women with 

NSCLC is lobectomy - 57.6%, followed by pulmonectomy - 25.4%, bilobectomy - 

15.3% and segmentectomy - 1.7%. 

3. The group in stage IA has the highest survival rate - 53.14 months 

(4.4 years), there are also the lowest number of dead patients. 

4. Probability of survival over a five-year period is assumed in 33.9% of 

operated patients with NSCLC. 

5. The risk of death is threefold  higher in patients with NSCLC 

diagnosed in stage III and IV. 
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VI. CONCLUSION 

The incidence of lung cancer is steadily increasing worldwide. In the last few 

years, even more evidence of gender differences has been established, both in terms 

of frequency and survival, and in terms of the histological variant of the tumor. 

The growing morbidity and mortality of non-smoking women with NSCLC 

necessitates the search  and analysis of other factors relevant to the development of 

LC. 

Studies on the link between lung cancer, hormonal and reproductive factors are 

deepening. There is still no consensus on this relationship due to the heterogeneity 

of the results and the small number of studies. 

The data from our study showed that there is a relationship between the risk of 

developing NSCLC, the years of the first birth, the number of births and the years of 

onset of menopause among the female population 

The positive association between high serum estradiol concentrations and the 

risk of lung cancer is in favor of the presumed participation of estrogens in the 

genesis of the disease. In patients with ERα-positive expression, estradiol is several 

times higher. Interesting fact of our study is that positive expression of ERα  was 

observed in women with late onset of menarche. We found no data in the literature 

on the relationship between ERα expression and menstrual factors. 

More in-depth studies on the immunohistochemical expression of human 

epidermal growth factor receptor 2 (HER2) in tumor tissue in women with NSCLC are 

needed. Positive expression of HER2 was observed in 39% of cases with NDBR, and 

in all women with positive expression of ER-α we found positive expression of HER2. 

It is possible that the high frequency of the HER2 mutation in our study is due to the 

immunohistochemical test methodology  that was used. In previous studies, no HER2 

receptor positive data were reported studied throgh immunohistochemistry. 

In 80%, women with positive EGFR expression gave birth to their first child 

before the age of 25, and 81.8% of them had late onset of menarche. The most 

commonly used surgical intervention in women with NSCLC is lobectomy - 57.6%, 

followed by pulmonectomy - 25.4%, bilobectomy - 15.3% and segmentectomy - 

1.7%. The group with the highest survival in the study is in stage IA - 53.14 months 

(4.4 years), there are the least dead patients here. 
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The affirmation of hormonal, menstrual and reproductive factors such as 

modern etiologic factors in the genesis of lung cancer requires  much more extended 

and continuous studies involving different populations and geographic regions. The 

search for and proper interpretation of these factors can change the strategy for 

prevention and treatment, duration and quality of life in women with non-small cell 

lung cancer. 
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VII. DEDUCTIONS 

 

1. High serum estradiol concentrations during the menopause are a risk 

factor fo NSCLC  

2. The onset of natural menopause after the age of 50 is a protective 

factor for NSCLC. 

3. The risk of  NSCLC  increases when women give birth to their first 

child before the age of 25. 

4. The risk of developing NSCLC increases proportionally to the 

number of births. 

5. The positive expression of ERα and HER2 is observed 

simultaneously in the tumor tissue in women with NSCLC 

6. The expression of HER2 and EGFR in women with NSCLC is 

associated with the onset of menopause before the age of 50 and the first birth 

before the age of 25. 

7. The probability of surviving a five-year period in patients operated on 

for NSCLC is 33.9%. 

8. The risk of death is three times higher in women who were diagnosed 

with NSCLC /stage III and IV/ and underwent surgery. 
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VIII. CONTRIBUTIONS 

Scientific and theoretical contributions: 

1. A combined retrospective and prospective study for the influence of 

hormonal, menstrual and reproductive factors in the development of NSCLC was  

conducted. 

2. For the first time in Bulgaria, the relationship between serum estradiol 

concentrations, the age of onset of menarche, menopause, first birth, the number of 

births and the development of NSCLC  was studied. 

 

Confirmatory nature contributions: 

It was confirmed that the stage of the disease is a leading factor in the survival 

of patients with NSCLC. 

 

Applied character contributions: 

1. New risk factors was identified - menstrual and reproductive, which affect 

the occurrence of NSCLC in women. 

2. Connection between high serum estradiol concentrations in menopausal 

women and the risk of developing lung cancer was found. 
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