
 

 ABSTRACT�

Introduction  

Lung cancer has been the most common type of cancer worldwide for several 

decades. The significance of polymorphisms in the TOP2A and ERCC1 genes was 

evaluated for non-small-cell lung cancer (NSCLC) but there are no comprehensive 

reports on their significance in the case of small-cell lung cancer (SCLC). The aim of 

this study was to assess the prevalence of polymorphisms in the TOP2A genes 

(rs34300454; rs13695; rs11540720) and ERCC1 (rs3212986; rs11615). In addition, 

the effect of polymorphic differentiation on the occurrence of demographic and 

clinical factors such as stage, sex, age, smoking status and performance status was 

assessed. Additionally we assesesd the role of polymorphic variation on the 

effectiveness of chemotherapy in patients with SCLC. 

Materials and methods 

The doctoral dissertation presents the results of a study conducted in a group 

of 103 patients with small cell lung cancer (SCLC). The group consisted of 65 men 

and 38 women. The median age was 65 ± 7.5 years. Demographic data such as age, 

gender, environmental exposure, occurrence of cancer in the family and the status 

and intensity of smoking were obtained from all patients. In addition, the following 

clinical data were collected: severity of disease, performance status, presence of 

distant metastases, response to treatment according to RECIST criteria, weight loss 

and occurrence of neutropenia or anemia. Median overall survival (OS) was nine 

months (range: 1 - 28 months). The median progression free survival (PFS) counted 

from the start of treatment until the appearance of changes in the radiological images 

suggesting progression of the disease was six months (range: 1 - 22 months). 

The occurrence of various polymorphic forms of the examined genes was 

analyzed. Evaluation of single nucleotide polymorphism (SNP) was performed for 

the gene encoding the second alpha topoisomerase alpha subunit (TOP2A); and  

a gene that repairs the first DNA repair endonuclease (excision repair 1, 

endonuclease non-catalytic subunit - ERCC1). 

 



 

Results 

Study showed that the homozygous C/C genotype in the TOP2A gene in 

locus (rs34300454) was present with higher frequency (98.1%, 101/103) than the 

heterozygous C/ T genotype (1.9%, 2/103). Similarly, the homozygous genotype 

A/A (rs11540720) in the TOP2A gene occurred at a high frequency, which was 99% 

(102/103) of the study population, while only 1% (1/103) of the study group showed 

the heterozygous genotype of this polymorphism. Genotyping third polymorphic site 

of TOP2A gene (rs13695) showed an even distribution of the occurrence of 

particular genotypes: homozygous C/C genotype occurred in 53.4% (55/103), 

genotype T/T in 5% (4.9/103), and the C/T genotype was observed in 42% 

(58.3/103) of patients with SCLC. 

In the ERCC1 gene, homozygous genotype A/A (rs11615) was found in 64% 

(62/103) of patients, heterozygous A/G in 32.1% (33/103), and homozygous G/G 

genotype occurred in 6% (5.8/103) patients with DRP. In rs3212986 of the ERCC1 

gene, the homozygous C/C genotype occurred in 48.5% (50/103), while the 

heterozygous A/C occurred in 51.5% (53) patients and the homozygous A/A 

genotype was not observed. 

The relationship between the occurrence of different polymorphic forms of 

the TOP2A and ERCC1 genes was assessed, and the clinical-demographic features 

(advancement, performance status, presence of distant metastases, response to 

treatment according to RECIST criteria, age, gender, environmental exposure, 

occurrence of cancer in the family and status and intensity smoking cigarettes). No 

statistically significant relationships were found. 

When analyzing the influence of demographic and clinical factors on 

progression free survival (PFS), it was observed that the use of more cycles of 

chemotherapy was a favorable predictor, significantly prolonging PFS (p <0.0001; 

�2=71.1190). In addition, patients who received more than three cycles of 

chemotherapy had significantly (P <0.0001; �2=68.7556) longer median PFS than 

patients who received three or fewer cycles of chemotherapy (7 vs. 2 months). 

It was also observed that the possibility of using chemoradiotherapy was  

a favorable prognostic factor significantly prolonging PFS (p=0.0134, �2=6.1218). 



 

Median PFS in patients treated with chemoradiotherapy was seven months, and in 

patients receiving only chemotherapy four months. 

Statistical analysis also showed that an important predictor of chemotherapy 

was the type of response to the treatment being assessed according to the RECIST 

criteria (p <0.0001; �2=59.9179). Among patients who did not respond (they had 

early progression of disease), the PFS median was two months. In contrast, the six- 

and nine-month median PFS was observed in patients who demonstrated stabilization 

or partial response to chemotherapy. In addition, the median PFS was significantly 

(p<0.0004; �2=12.4424) longer in the group of patients who responded to the 

treatment compared to the group of patients who had progression or stabilization of 

the disease (9 vs. 4.5 months). 

The median survival time of patients (OS) was nine months (range: 1-28 

months). The number of cycles of chemotherapy influenced survival time of patients 

(p<0.0001; �2=64.4503). With each additional treatment cycle, the overall survival 

time was prolonged. In addition, the use of more than three treatment cycles was  

a favorable prognostic factor (p<0.0001; �2=60.4691) extending the total survival 

time by seven months (11 vs 4 months). 

Another factor that influenced the overall survival of patients (p<0.0001; 

�2=36.9265) is the type of response to chemotherapy assessed according to the 

RECIST criteria. In response to treatment, the median survival of the patients was 

twelve months, when the disease was stable - nine months, in the case of disease 

progression - three and a half months. In addition, patients with a response to 

treatment showed significantly (p=0.0035; �2=8.5187) longer median overall 

survival than patients with progression or disease stabilization (12 months vs  

8 months). 

The use of chemoradiation was another factor that positively influenced the 

OS causing a significant extension of the life time of patients with DRP (p<0.0221; 

�2=36.9265). The median survival time for patients with chemoradiation was twelve 

months compared to seven months for patients who were not exposed to radiation. 

Good ECOG performance status was a favorable prognostic factor in patients 

with SCLC. The median survival of patients in very good condition (0 ECOG 



 

performance status) was twelve months, in patients with ECOG performance 1 - 9.75 

months and in patients with ECOG performance 2 - seven months (p=0.0319, 

�2=6.8934). In addition, the median survival of patients in very good condition  

(0 according to ECOG) was three months longer (10 vs 7 months) than in patients 

with worse performance status (1 or 2 according to ECOG). This dependence has 

showed statistical significance (p=0.0170; �2=5.695). 

Statistical analysis showed that only some polymorphic changes in the 

ERCC1 gene have statistical significance in patients with SCLC treated with 

chemotherapy. However, the studied polymorphisms in the TOP2A gene did not 

show statistical significance in patients with SCLC. The homozygous A/A genotype 

in the polymorphism rs11615 of the ERCC1 gene has a favorable prognostic value 

(HR=1.657) compared to the heterozygous A/G genotype, which is associated with 

significant (p=0.0120; �2=6.3063) prolongation of the median OS (12 vs. 9 months). 

It was also observed that the presence of certain genotypes in rs13695 in the 

TOP2A gene and rs3212986 in the ERCC1 gene may have an impact on the risk of 

side effects of chemotherapy. Patients with the C/C genotype (rs13695) in the 

TOP2A gene had a significantly lower risk of neutropenia during chemotherapy than 

patients with heterozygous C/T genotype (p=0.01894, �²=5.51; OR=2.676; 95%CI: 

1.165- 6.143). In contrast, patients with the C/C homozygous genotype (rs3212986) 

in the ERCC1 gene had significantly higher risk of anemia during chemotherapy than 

heterozygous patients C/A (p=0.04531; �²=4.01; OR=0.417; 95%CI: 0,175-0,991). 

Cox's multivariate logistic regression analysis for all analyzed genetic factors 

showed that the A/A homozygous genotype in the polymorphism rs11615 of the 

ERCC1 gene was favorable prognostic factor significantly extending patients 

survival (p=0.01781; HR=1.7260; 95%CI :1.1014- 2.7046, p-value for the tested 

model: p=0.0172, �2=5.6773). In addition, the presence of this genotype was 

associated with a negligible increase in progression-free time (p=0.08694; 

HR=1.4647 95% CI=0.9483-2,2624; p-value for the tested model: p=0.0865; 

�2=2.9379). 

Cox's multivariate logistic regression analysis for demographic and clinical 

factors showed that the younger age of onset (<60 years) was a favorable predictor 

for chemotherapy associated with insignificant prolongation of progression free 



 

survival (p=0.0757; HR=0.6625; 95%CI: 0.4216-1.0411; p-value for the tested 

model: p = 0.0825, chi2 = 3.0151). 

Discussion and conclusions 

The Nuclear Nucleotide Excision Repair (NER) system is responsible for the 

repair of various DNA damage. Mutations in DNA repair genes as well as existing 

polymorphism may have an effect on repair processes and the risk of cancer. ERCC1 

is an extremely important protein in the NER system. Thus, the polymorphism in the 

ERCC1 gene may affect the expression of the ERCC1 protein and the DNA repair 

ability. Presence of certain polymorphism of the ERCC1 gene may be a potential risk 

factor for lung cancer. The publications show the association of the ERCC1 gene 

polymorphisms with response to treatment for NSCLC. The polymorphism in the 

locus 11615 of the ERCC1 gene according to literature data is related to the 

aggressiveness of prostate cancer. It is associated with a better response to treatment 

in endometrial cancer. In addition, it is a protective factor in stomach cancer and 

ovarian cancer. It can be a risk factor for coronary heart disease and coronary 

atherosclerosis. The polymorphism rs3212986 of this gene is a risk factor for 

pancreatic cancer, glioza, colorectal cancer and head and neck cancer. The 

combination of these polymorphisms is an important prognostic factor for advanced 

breast cancer and osteosarcoma as well as a risk factor for colon and rectal cancer. 

The product of the TOP2A gene plays an important role in DNA replication, 

RNA transcription, DNA translocation. All these processes are associated with the 

development of cancer and response to treatment. High expression of TOP2A 

correlates with worse prognosis in patients with syncro sarcoma, ovarian cancer, 

nasopharyngeal carcinoma, and gall bladder cancer. The role of overexpression in the 

development of hepatocellular carcinoma has been demonstrated. 

There are many genetic abnormalities in lung cancer cells. In order to select  

a personalized therapy, one should look for specific polymorphisms of genes, which 

are associated with a better response to treatment, longer survival. When analyzing 

the SNP profile, it is possible to predict the occurrence of serious adverse reactions 

resulting from the use of chemotherapy, such as anemia or neutropenia, thus 

obtaining a longer survival and, consequently, longer patient observation.  



 

In this study it was fund that the number of cycles of chemotherapy is  

a favorable predictor factor significantly prolonging PFS in SCLC patients treated 

with chemotherapy and prolonging their overall survival. The possibility of using 

chemo-radiotherapy is a favorable prognostic factor significantly extending PFS and 

OS in patients with SCLC treated with chemotherapy. The occurrence of an early 

response to chemotherapy or chemo-radiotherapy is associated with an extension of 

the time free from progression and overall survival of patients with SCLC. Good 

ECOG performance status is a favorable prognostic factor in patients with SCLC 

affecting the prolongation of survival. 

In addition, it has been show that the homozygous genotype A/A in the 

polymorphism rs11615 of ERCC1gene is positive prognostic factor associated with 

prolonging overall survival of patients with SCLC. The presence of certain 

genotypes in rs13695 in the TOP2A gene and rs3212986 in the ERCC1 gene may 

increase the risk of side effects of chemotherapy. Patients with the C/C genotype 

(rs13695) in the TOP2A gene had an increased risk of neutropenia during 

chemotherapy. In contrast, patients with the C/C homozygous genotype in the 

ERCC1 gene had an increased risk of anemia during chemotherapy.


