
Lung cancer is the main cause of cancer deaths in Poland among both men and 

women. A major problem is late diagnosis, when the tumor is in advanced stage. A lot of 

effort is currently made to find appropriate tumor markers, which could be helpful in early 

detection of lung cancer. There are some findings concerning DNA methylation, deregulation 

of microRNA expression and appearance of circulating tumor DNA in blood. But these new 

markers still need a lot of studies to become useful. 

Unfortunately the diagnosis of lung cancer is often made incidentally during 

examinations, which cover chest X- ray and blood morphology or if patient reports non- 

specific symptoms to physicians. Also correct result of X- ray does not exclude the presence 

of tumor, so when some symptoms appear, computed tomography (CT) should be done. The 

CT indicates the exact location of the tumor and severity of the disease. The pathological 

evaluation is necessary to make correct diagnosis of lung cancer. For this purpose we need a 

representative material from patients tumor, which could be acquired through bronchoscopy, 

biopsy, mediastinoscopy, sputum testing or more invasive techniques such as thoracoscopy or 

thoracotomy. That material should be properly fixed and secured for further diagnostic 

procedures. 

Lung tumors are divided into operational and non-operational ones, and based on 

tumor cells morphology, are divided into small cell lung cancer (SCLC) and non-small cell 

lung cancer (NSCLC). Small cell lung cancer is a very aggressive type, its cells divide rapidly 

and spread easily, so in most cases it cannot be treated by surgical methods. It is susceptible 

for chemotherapy and radiotherapy in contrast to non-small cell lung cancer, which can be 

treated surgically in first and second stage of disease, and also sometimes in third A stage. 

NSCLC has several subtypes and the most common is adenocarcinoma, squamous cell 

carcinoma and large cell carcinoma, which differ morphologically, genetically and in 

treatment possibilities. Lung cancer treatment is very difficult, despite of improved 

chemotherapy, radiotherapy and possibilities of using molecular therapy or immunotherapy. 

The response to chemotherapy treatment in advanced NSCLC is observed in only 40% of 

cases and survival time could be extended up to 12 months. Furthermore the side effects of 

chemotherapy are usually severe.  

In the selected group of patients with advanced NSCLC it is possible to use 

molecularly targeted therapies. The best known are tyrosine kinase inhibitors of EGFR, which 

could be used when mutations in the epidermal growth factor receptor (EGFR) gene are 



detected. They occur in approximately 10% of Caucasian patients with non-squamous lung 

cancer. The most frequent are deletions in exon 19 and substitution resulting in conversion of 

leucine to arginine at codon 858, in exon 21. Both mutations are associated with sensitivity to 

EGFR TKIs. However there are many other mutations in exons from 18 to 21, which occur 

less often and their sensitivity to EGFR TKIs are various. There are few EGFR TKIs which 

could be used: reversible, such as erlotinib and gefitinib; irreversible, like afatinib or the ones 

which could be used after reversible or irreversible EGFR TKI treatment, when the secondary 

resistance mutations have appeared, like osimertinib. Treatment with EGFR TKIs can also 

cause side effects, as these drugs are not selective only to tumor cells and the EGF receptor is 

present on epithelial cells as well. The most common side effects are rash, paronychia or 

gastrointestinal irritation. 

There are other novel molecularly targeted therapies, for example crizotinib which is 

an inhibitor of ALK, ROS and MET, and is active in case of gene rearrangements of ALK or 

ROS1. Another possibility is immunotherapy, which was first utilized as monoclonal 

antibodies, that blocked neoangiogenesis in tumor (eg. Bevacizumab). New agents that have 

been presented recently target immune checkpoints and restore the natural ability of our 

immune system to fight cancer, e.g. anti-CTLA-4 antibody: ipilimumab, anti-PD-1 nivolumab 

or pembrolizumab, and anti-PDL-1 atezolizumab. 

The aim of the study is to assess the prevalence of rare mutations in the EGFR gene, in 

Polish patients with NSCLC, the impact of demographic and clinical factors, such as age, 

smoking status, pathological diagnosis, stage of disease and performance status on the effect 

of treatment with various tyrosine kinase inhibitors in patients with NSCLC harboring 

mutations in the EGFR gene. Moreover we try to examine the effectiveness of EGFR TKIs 

treatment in patients with rare EGFR gene mutations in terms of the possibility of achieving 

response, progression-free and overall survival. 

The tissue material was obtained from 3856 patients with NSCLC, treated witk EGFR 

TKIs, to determine the mutation status of the EGFR gene. 325 mutations (8.4%) were 

detected and 180 patients with these mutations were enrolled to EGFR TKI therapy, with 

erlotinib, gefitinib or afatinib. The group consisted mostly of women (n=128, 71.1%), median 

of age was 67 ± 11.8 years. 78 patients had never smoked cigarettes. The most common 

subtype of lung cancer was adenocarcinoma (95%). Deletions in exon 19 and substitution 

Leu858Arg were the most frequent mutations and they were detected in 92.7% (n=167), while 



rare mutations were detected only in 13 cases: insertions in exon 20 (n=4; 30,8%), 

substitution Ser768Ile (n=1, 7,7%), substitution Gly719X (n=1, 7,7%),  substitution 

Leu747Pro (n=2, 15,4%), rare deletion in exon 19: Leu747-Glu749 and Glu746-Thr751 (n=2, 

15,4 %), substitution Leu861Gln (n=1, 7,7%), coexistence of two rare mutations: Leu861Gln 

with Gly719X and Gly719X with Ser768Ile (n=2, 15,4%). 129 (71.1%) patients were treated 

with EGFR TKIs in first-line therapy and the rest received that treatment in second and third 

line.  

Mutations in EGFR gene were detected in DNA extracted from patients’ tumor cells. 

In this study DNA extraction was performed using the QIAamp DNA FFPE Kit (Qiagen, 

Germany) according to the manufacturers’ protocol. Isolated DNA was evaluated for purity 

and concentration, using Nano-200 Nucleic Acid Analyzer (Novazym, Poland). 

Molecular diagnosis of the presence of mutations in EGFR gene in each sample of 

DNA was carried out using CE-IVD certified EGFR Mutation Analysis Kit (Entrogen, USA) 

based on real-time PCR technique. The kit contains molecular probes, which are 

complementary to tested mutations. After addition of the reaction mixture and DNA samples 

onto the plate, the reaction was carried out on Cobas Z480 Real-Time PCR System (Roche 

Diagnostics, USA). 

In the first phase of the research, 3856 tumor samples from Polish advanced NSCLC 

patients were tested, and 325 (8.43%) mutations in EGFR gene were found. Over 80% of 

these mutation were deletions in exon 19 and substitution Leu858Arg in exon 21. The rest 

(n=48, 14.77%) were rare mutations and in 5% of cases (n=16) a coexistence of two rare 

mutations or one frequent and one rare mutation were detected. Above 50% of uncommon 

mutations were insertions in exon 20 (n=26), substitution Leu861Gln in exon 21 (n=10, 

20.8%), substitution Gly719X in exon 18 (n=7, 14.6%), and also substitution Ser768Ile in 

exon 20 (n=3, 6,2%) and substitution Thr790Met (n=2, 4.2%). For further analysis 180 

EGFR-mutated patients were included, who were treated with one of EGFR TKIs: erlotinib, 

gefitinib or afatinib, and the response was assessed using RECIST 1.1 criteria. 

Complete and partial response (CR; PR) for EGFR TKI treatment was observed in 

55% and 3.3% patents from the group, respectively. Stable disease (SD) was achieved in 

27.2% of cases while the early progression (PD) occurred in 14.5% of patients treated with 

EGFR TKIs. Noteworthy is the fact that the demographic factors such as gender, age or 

smoking status did not affect the possibility of response to EGFR TKIs. Also pathological 



diagnosis and severity of the disease did not have influence on the possibility of response to 

that treatment. Moreover the type of used inhibitor had no statistically significant influence on 

the possibility of response to EGFR TKI treatment and disease control. Only detection of a 

rare mutation was associated with a lower possibility to achieve disease control, when 

compared to the detection of a common mutation in EGFR gene (69.2% vs. 86.8%, p = 0.082, 

χ2 = 3.022). All patients with insertions in exon 20 showed early progression during treatment 

with EGFR TKI. The remaining patients with rare mutations responded to the treatment, 

including women with substitution Ser768Ile in exon 20. One patient with substitution 

Leu747Pro in exon 19 and one with co-existence of two mutations Gly719X and Ser768Ile 

achieved short stable disease. 

The demographic and clinical factors had no statistically significant impact on the 

progression free and overall survival time in the examined group of patients treated with 

EGFR TKI. The median of PFS in the whole group was 10 months, while the median OS was 

27 months. 

The analysis of mutations in the EGFR gene could be made in a variety of samples 

from patients with advanced NSCLC, but only if it contains cancer cells. The laboratories 

which analyze these mutations should use validated and controlled method for in-vitro 

diagnostics, which have appropriate certificates. Currently available kits based on polymerase 

chain reaction (PCR) and using fluorescent probes allow to detect mutations in smaples, 

which contain small number of tumor cells. In group of Caucasian patients with advanced 

NSCLC the rate of mutations in EGFR gene is around 10%, of which most (80-90%) are 

deletions in exon 19 and substitution Leu858Arg in exon 21, which are mostly sensitive to 

EGFR TKI treatment. Other mutations in exons 18 to 21 are a heterogeneous group with 

different sensitiveness to EGFR TKI. The most common, in the group of rare mutations, are 

insertions in exon 20, substitutions Gly719X and Glu709X in exon 18, rare deletions and 

insertions in exon 19, substitution Ser768Ile in exon 20, substitution Leu861Gln in exon 21. 

Patients with substitution Gly719X and Glu709X in exon 18 and also with substitution 

Leu861Gln in exon 21 have a chance to respond to EGFR TKI treatment, but the 

effectiveness may be weaker than in patients with common mutations. Substitution 

Leu747Pro in exon 19 is described as insensitive to EGFR TKI treatment, but in this study 

one woman who harbored this mutation achieved benefit from this type of therapy. The 

coexistence of two mutations in EGFR gene is usually associated with good response to 

EGFR TKIs and some authors reported that the results of the treatments are comparable to 



ones achieved in patients with single common mutation. Rare deletions in exon 19 are 

generally described as sensitizing to EGFR TKI treatment, which was also confirmed in the 

results of this study. 

Based on the results of this research we have concluded that: 

1. Rare mutations in the EGFR gene could be detected in various tissue and 

cytological samples obtained from patients with NSCLC. These mutations were detected 

using Entrogen EGFR Mutation Analysis Kit, which bases on real-time PCR technique. Rare 

mutations in the EGFR gene were detected in 1% of the examined group with NSCLC and 

they accounted for 15% of all mutations. The most common rare mutations are insertions in 

exon 20, substitution Gly719X and substitution Leu861Gln. 

2. The demographical and clinical factors such as age, gender, smoking status, 

pathological diagnosis, stage of disease and performance status had no effect on the efficacy 

of EGFR TKI treatment in EGFR-mutated NSCLC patients. 

3. It seems that the complete remission of lung cancer after EGFR TKI treatment 

is possible mainly in patients who have been previously surgically treated or who underwent 

chemoradiotherapy, which resulted in significant reduction of tumor size, and when EGFR 

TKIs are incorporated, there is a slight recurrence of cancer observed. 

4. In the group of patients with rare mutations in the EGFR gene, such as 

substitution Gly719X in exon 18, substitution Leu747Pro in exon 19, substitution Ser768Ile in 

exon 20 and substitution Leu861Gln in exon 21 there are opportunities to achieve response to 

first and second generation of EGFR TKIs. Whereas all patients with insertions in exon 20 did 

not achieve any benefits. 

5. Due to different reports on the effectiveness of EGFR TKIs in patients with 

various rare mutations in the EGFR gene, the implementation of treatment in these patients 

should be preceded by thorough analysis of patients’ condition, and assessment of potential 

benefits and side effects of therapy. 


