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Introduction 

Lung cancer (LC) is the leading cause of cancer-related 

deaths worldwide (1). Histologically LC is classified 

primarily as small cell (15%) and non-small cell 

carcinomas (85%), whereas non-small cell lung cancers 

(NSCLC) are divided into two main groups as 

adenocarcinoma and squamous cell carcinoma (2). NSCLC, 

which accounts for the majority of LC, generally diagnosed 

in the advanced stage, while the 5-year survival rate is still 

low, around 16% (3). Unfortunately, the 5-year survival 

rate of stage IV patients treated with classical cytotoxic 

chemotherapy is <5% (3). However, it has been determined 

that this rate has increased to 15-25% by using targeted and 

immunotherapy agents (4-5). 

Targeted therapies in LC have initiated with the detection 

of driver mutations such as EGFR, ALK, ROS1 over a 

decade ago.  

 

EGFR mutation is detected by 15-25% (more than 50% in 

Asian race), ALK mutation is around 2-6% and ROS1 

mutation is around 1% by conventional methods such as 

Real time Polymerase chain reaction (PCR), fluorescence 

in situ hybridization (FISH), or Sanger sequencing (SS). 

Anti-EGFR, such as gefitinib, afatinib, erlotinib and 

osimertinib, anti-ALK therapies such as crizotinib, alectinib, 

brigatinib, lorlatinib provided both the advantage of 

progression-free survival (PFS) and overall survival (OS) 

compared to cytotoxic chemotherapy in advanced LC (6). 

In addition, due to oral administration, more manageable 

side effect profile, and rapid response, targeted agents have 

been superior to chemotherapeutics (7). Therefore, all 

updated guidelines such as the College of American 

Pathologists (CAP), International Association for the Study 

of Lung Cancer (IASLC), and the Association for 

Molecular Pathology (AMP) require mutation analyses of 
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Objective:  In Lung cancer (LC), which is one of the most deadly cancers, longer survival has been achieved with 

targeted agents. For this reason, it is important to find the patients who are suitable for targeted therapies. Next-

generation sequencing (NGS) is a method that allows multiple genetic variants to be detected simultaneously by 

performing massive parallel DNA sequencing at the same time. We wanted to reveal the clinical effects and benefits of 

genetic variant analysis with NGS for our patients. 

Material and Methods: Patients with stage IV non-squamous and not otherwise specified (NOS) non-small cell LC 

who underwent genetic variant analysis with NGS were included in the study, retrospectively. 

Results: Total of the 51 patients, 41 (80.4%) were male and the median age was 64 (35-85) years. According to TNM, 

21 (41.2%) patients were stage 4A, 30 (58.8%) patients were stage 4B and 39 (76.5%) patients had adenocarcinoma and 

12 (23.5%) had NOS histology. NGS analyzes were performed in median 14 days (8-43) and determined 24 pathogenic 

variants in 17 (%25) patients: 9EGFR (%17,6), 6PIKC3A (%11,7), 5KRAS (%9,8), 2PTEN (%3,9), 1BRAF (%1,9), 

1MET (%1,6) (7 of them concomitantly). Cytotoxic chemotherapy was recommended in 41, anti-EGFR agents in 8 

(afatinib in 4, erlotinib in 4 patients) patients and anti-BRAF+MEK inhibitor agent (dabrafenib+trametinib) in 1 patient. 

Conclusion: With the NGS, in just two weeks, both target and resistance genetic variants of our patients were detected 

at the same time and individualized treatments were applied. In this way, both time and cost were saved. 
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EGFR, ALK and ROS1 to all advanced non-squamous 

(adenocarcinoma, large cell carcinoma) and not otherwise 

specified (NOS) NSCLC (category 1). And they also 

recommended to detect mutations such as MET, RET, 

HER2, BRAF in a low level of evidence and to use targeted 

agents in appropriate patients (8). In spite of this 

information, it is now a known fact that detection of a 

mutation in step by step procedure by conventional 

methods such as FISH or SS causes both time and material 

wasting (9). Recently, with the completion of the cancer 

genome atlas project (TCGA), next generation sequencing 

method (NGS) has discovered. The most important 

advantage of this method over conventional methods is that 

it can perform multiple sequencing at the same time 

(massive parallel sequencing). Thus, more genetic variants 

can be detected at the same time, cheaper and faster. In 

addition, it enables the detection of variants using both 

tissue and liquid biopsies, thus reducing invasive 

interventions and also allowing the detection of genetic 

variants that are resistant to targeted agents (10). 

In this study, we aimed to present the NGS results of our 

patients with advanced lung cancer and to show the effect 

of these results on our patient management. 

Material and Methods 

A total of fifty-one patients who were diagnosed as stage 4 

non-squamous and NOS NSCLC between November 2018 

and November 2019 at Atatürk University Medical 

Oncology and who underwent genetic variant analysis 

using NGS method were included in our study 

retrospectively. 

Ethics committee approval was obtained from the ethics 

committee of Erzurum Ataturk University. All the 

procedures were performed according to the 1964 Helsinki 

declaration.  

Sample and DNA Isolation 

FFPE tumor specimens and liquid biopsy materials were 

collected from lung cancer patients referred to the medical 

genetics clinic. All patients had a clinical indication for 

molecular testing and were informed about the purpose of 

the molecular analysis by the treating physician. 

DNA was isolated using the GeneRead™ DNA FFPE Kit 

(QIAGEN GmbH, Hilden, Germany) according to the 

manufacturer’s protocol. The nucleic acid concentration 

was measured with the Qubit dsDNA HS Assay kits on the 

Qubit 2.0 Fluorometer (Thermo Fisher Scientific). 

GeneReader Assay and Sequencing 

In total, 40 ng of each DNA sample was used as a template 

for the QIAGEN GeneRead QIAact Lung DNA Panel 

UMI Kit according to the manufacturer’s instructions. The 

GeneRead QIAact Lung DNA UMI Panel is designed to 

enrich specific target regions in select genes (AKT1, ALK, 

BRAF, DDR2, EGFR, ERBB2/HER2, ESR1, FGFR1, KIT, 

KRAS, MAP2K1, MET, NRAS, NTRK1, PDGFRA, PIK3CA, 

PTEN, RICTOR, ROS1). The amplicons in the panel cover 

multiple exons in 19 genes. -*Libraries were prepared using 

the QIAGEN GeneRead DNA Library Kit and an 

automated protocol on a QIAcube. PCR-enriched DNA and 

GeneRead libraries were qualified and quantified using a 

QIAGEN QIAxcel Advanced System. Emulsion PCR and 

bead enrichment steps were carried out using the GeneRead 

Clonal Amp Q Kit on a GeneRead QIAcube. Following 

clonal amplification, amplicon libraries were sequenced 

using the QIAGEN GeneRead Sequencing Q Kit and after 

an upgrade during the testing period, the GeneRead 

Advanced Sequencing Q Add-On on a GeneReader 

instrument (all protocols available 

on http://www.qiagen.com). QIAGEN Clinical Insight 

Analyze (QCI-A) software performed the secondary 

analysis of FASTQ reads generated by the GeneReader. 

Variants were imported into the QCI-interpret (QCI-I) web 

interface for data interpretation and report generation. 

Results 

Total of the 51 patients included in the study, 41 (80.4%) 

were male and 10 (19.6%) were female and the median age 

was 64 (35-85) years. 39 (76.5%) patients had 

adenocarcinoma and 12 (23.5%) had NOS histology. 

According to TNM, 21 (41.2%) patients were stage 4A, 30 

(58.8%) patients were stage 4B. Metastasis of the patients 

were detected in 16 (31.4%) contralateral lobe, 13 (25.5%) 

bone, 6 (11.8%) cranial, 6 (11.8%) liver, 6 (11%, 8) 

adrenal, 4 (7.8%) pleura. 

Mutation analysis with NGS was performed from tissue 

biopsy in 27 (52.9%) patients and liquid biopsy in 24 

(47.1%) patients. As a result of these analyzes, no genetic 

variant was detected in 29 patients but 7 variants of 

uncertain clinical significance in 5 patients and 24 

pathogenic variants in 17 patients were detected. Detailed 

results of uncertain clinical significance and pathogenic 

genetic variants are shown in Tables 1 and 2. Totally, 

9EGFR, 6PIKC3A, 5 KRAS, 1BRAF, 2PTEN, 1MET 

pathogenic variants were determined. Seven of 24 

pathogenic variants had concomitant mutations: EGFR + 

PIK3CA in 2 patients, EGFR + KRAS in 1 patient, EGFR + 

PTEN in 1 patient, EGFR + MET in 1 patient and KRAS + 

PIK3CA in 2 patients. 

NGS analyses were performed in median 14 days (8-43), 

and according to the data, standard cytotoxic chemotherapy 

was recommended in 41 patients, anti-EGFR agents in 8 

patients (afatinib in 4 patients, erlotinib in 4 patients) and 

anti-BRAF + MEK inhibitor agent (dabrafenib + 

trametinib) in 1 patient. Table 2 shows the treatment agents 

applied to patients with pathogenic mutations in detail. In 

one patient, no variant could be detected by liquid biopsy, 

ALK mutation was detected by FISH and alectinib, which is 

an anti-ALK agent, was used. In order to detect resistance 

mutations, variant analysis with NGS was performed in 2 

patients due to showing progression while using anti-EGFR 

agents and EGFR T790M mutations were detected in both 

of them. 
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Discussion 

The use of targeted agents in LC yields satisfactory results 

for both the patient and the clinician. These agents provide 

faster response and longer survival. In our study, a total of 

10 druggable genetic variants were detected, 6 of which 

had concomitant mutations, and 8 of them were initiated 

with anti-EGFR and 1 with anti-BRAF agents. Cytotoxic 

chemotherapy was planned for 1 patient because of 

concomitant EGFR resistance mutation. And these target 

mutations were detected in median 14 (8-43) days, allowing 

first line using targeted therapies without the need for 

cytotoxic chemotherapy. Since some lung cancer patients 

do not have a single day to wait for treatment, it is seen that 

the rapid and simultaneous detection of target mutations by 

NGS is very beneficial for our patients. 

Cancer is a genetic disease characterized by the 

uncontrolled growth of cells. Chromosome dissociation 

problems, replication errors or DNA damage, which cannot 

be corrected by repair mechanisms over the years, cause 

somatic mutations. These mutations are called driver 

mutations and give growth and survival advantages to 

certain cell groups by inhibiting apoptosis, accelerating cell 

proliferation (11). According to current data, the most 

important driver mutations in LC are EGFR, ALK, ROS1, 

BRAF, KRAS, HER2, MET, RET, NTRK (12). Detection of 

these mutations at the time of diagnosis and the use of 

targeted agents improve the quality of life and survival. 

Prior to NGS, target mutations allowed detection of a 

mutation in step by step procedure by conventional 

methods (13).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although the recommended time is 2 weeks, in our country, 

the general approach is to detect EGFR mutation first by 

Real time PCR (mean 10 working days) and if negative 

results, ALK (10 working day) and ROS (10 working day) 

mutations are detected by FISH method, respectively. On 

average, treatment decisions for these three mutations were 

made within 3-4 weeks. However, there are situations 

where patients need urgent treatment, so our patients may 

have to take chemotherapy even if their mutations are 

detected in the first place. In addition to these 3 important 

mutations, many different mutations are detected by NGS 

method and results are obtained within 2 weeks on average 

(14). In our study, mutation analyzes were performed in 

median 14 days in accordance with the literature and 

treatment opportunities were provided to the patients. It is 

one of the most important advantages of NGS to introduce 

so many different driver and resistance mutations in such a 

short time. 

The epidermal growth factor (EGF) family includes 4 

receptor kinases: EGFR, EGFR2 (HER2 or ERBB2), HER3 

(ERBB3), HER4 (ERBB4). When the activating ligand 

binds to these receptors, EGFR is active and sends 

intracellular growth, invasion, angiogenesis and anti-

apoptotic signals (15). The most common EGFR mutations 

are detected in exon 19 and 21. In the Asian race, the 

mutation rate increases to 50% and in western it is around 

15-20% (16-17). In our patient group, this rate is similar to 

western societies with 17.6%. Gefitinib, one of the first 

anti-EGFR agents, was first applied in the group of patients 

Table 1. Uncertain significance genetic variants detected by Next-Generation Sequencing 

Mutation DNA Code Protein  Allelic Fraction  

(%) 

Community frequency  

(%) 

Concomitant Mutation  DNA Code/Protein 

PIK3CA c.1173A>G P1391M 21 0 - - 

ERBB2 c.1963A>G P1655V 35 0 - - 

ERBB2 c.1963A>G P1655V 33 0 - - 

BRAF c.2128-5dupT  1,96 0 PIK3CA c.1173A>G/ 1391M 

BRAF c.1860+66A>C  8,74 0 EGFR c.1006+15G>A 

 

Table 2. Pathogenic genetic variants detected by Next-Generation Sequencing 

Mutation DNA Code Protein  Allelic 

Fraction  

(%) 

Community 
 Frequency 

(%) (gnomAD) 

Concomitant 

Mutation  

DNA  

Code/Protein 

Treatment 

EGFR c.2235_2249del p.E.746_A750del 4,22 0 - - erlotinib 

EGFR c.1787C>G P596R 1,14 0 - - erlotinib 

EGFR c.2235_2249del E.746_A750del 3,2 0 - - erlotinib 

EGFR c.2235_2249del E.746_A750del 62 0 - - afatinib 

EGFR c.2235_2249del E.746_A750del 0,8 0 PIK3CA c.3140A>G/ H1047R erlotinib 

EGFR c.2127_2129del E.709_T710del 42 0 PIK3CA c.1633G>A/ E545K afatinib 

EGFR c.2237A>G E.746G 1,06 0 KRAS c.20T>G/ V7G chemoterapy 

EGFR c.2573T>G L858R 31 0 PTEN c.697C>T/ R233 afatinib 

EGFR c.323G>A R108K 0,45 0 MET Amplifikasyon afatinib 

PIK3CA c.1633G>A E545K 8,58 0 - - chemoterapy 

PIK3CA c.1624G>A E542K 17 0 - - chemoterapy 

KRAS c.34G>T G12C 12 0 - - chemoterapy 

KRAS c.34G>T G12C 54 0 - - chemoterapy 

KRAS c.35G>T G12V 14 0 PIK3CA c.1634A>C/ E545A chemoterapy 

KRAS c.34G>T p.G12C 17 0 PIK3CA c.1633G>A/p.E545K chemoterapy 

PTEN c.697C>T R233 20 0 - - chemoterapy 

BRAF c.1799T>A V600E  0 - - Dabrafenib+ 

trametinib 
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who progressed after chemotherapy regardless of mutation 

status and the expected results could not be obtained (18). 

Thereafter, gefitinib and erlotinib were compared with 

chemotherapy in the EGFR mutant group and PFS 

prolongation was detected (11 months vs 6 months). 

According to these results, anti-EGFR agents has been 

approved in first-line treatment with EGFR mutant patients 

(19). In the following years, second-generation anti-EGFR 

agents, afatinib and dacomitinib, were introduced and 

showed superiority of PFS compared with gefitinib. The 

difference of these agents from the first generation is that 

they inhibit irreversible EGFR with HER2 and HER4. In 

addition, afatinib provided longer median OS versus 

chemotherapy in exon 19 mutant patients (20). Although 

targeted agents show very promising results at the 

beginning, they lose their effectiveness due to resistance 

mechanisms developed within the median 10-16 months. 

The most important resistance mutation is EGFR T790M, 

which is detected at around 50% and is much less at the 

time of diagnosis (21). In order to overcome this resistance 

mechanism, the third generation of anti-EGFR agent called 

osimertinib is used. The FLAURA study has shown that 

osimertinib provides significant PFS contribution to 

gefitinib and erlotinib in the first-line treatment in the 

EGFR mutant group (18.9 months vs. 10.2 months; 0.46; 

95% confidence interval [CI], 0.37 to 95). 0.57; P <0.001) 

(22). In addition, ESMO 2019 published OS data for this 

study and showed that osimertinib provides longer OS with 

38.8 months versus 31.8 months (p: 0.0462) (23). With this 

result, osimertinib can be considered to be rapidly displaced 

from second-line treatment to first line. In our study, 9 

activating EGFR pathogenic variants were detected and 

afatinib was started in 4 and erlotinib was started in 4 of 

these patients. KRAS mutation is another common mutation 

in NSCLC and it is known to be around 25% on average. 

Although the survival of the KRAS mutant group was 

found to be shorter, targeted agents did not benefit. 

However, the KRAS mutation is thought to be a cause of 

intrinsic resistance to anti-EGFR agents (24). Despite the 

negative effects against anti-EGFR agents, recent studies 

have shown that KRAS mutation is associated with 

increased tumor-infiltrating lymphocyte, PD-L1 and tumor 

mutation burden and is thought to be a biomarker for 

immunotherapy agents (25). In our study, although 5 

patients (9.8%) were KRAS mutated, 1 was found to be 

concomitant with activating EGFR mutation. In this patient, 

chemotherapy was given because of anti-EGFR resistance. 

If EGFR mutation was examined by conventional method 

and positivity was detected, anti-EGFR agents would be 

prescribed. As a result, treatment would be unresponsive 

and would cause unnecessary costs. However, better and 

more personalized treatments can be planned for patients 

because NGS can be detected at the same time in both 

targeted mutations and other mutations that are resistant to 

them.  

Phosphatidylinositol 3-kinases (PIK3) play a major role in 

cell metabolism, migration, growth, and proliferation. PIK3 

and AKT are important components of the EGFR pathway 

and induce oncogenesis and progression in LC. PIK3CA 

mutation is detected in 27% of glioblastoma, 25% of gastric 

cancer, 32% of colon cancer, and 1-4% of lung 

adenocarcinoma and the most common type of PIK3CA 

mutation is E545K (57.1%) (26-27). It is more common 

concomitantly with other mutations in LC cancer and the 

role of resistance to anti-EGFR agents is still controversial. 

However, in several studies, it was found that the survival 

of patients with concomitant EGFR and PIK3CA mutation 

with anti-EGFR agents was not different (28), PIK3CA 

c.1633G> A (p.E545K) mutation was found to be resistant 

to gefitinib in one trial (29). In our study, PIK3CA was 

found to be singular in 2 patients (3.9%) and concomitantly 

in 4 patients (7.8%). Two of the PIK3CA mutations were 

concomitantly with EGFR and c.1633G> A (p.E545K) was 

detected in one of them. Afatinib was applied instead of 

gefitinib in that patient due to possible resistance. It is 

thought that with the increasing use of NGS, the term 

known as class effect of drugs in oncology will lose its 

place to personalized medicine. The class effect is when an 

EGFR mutation detected any anti-EGFR agents can be 

given, but the concomitant mutations show us there is 

resistance to some of these drugs but not some the others. 

In this way, the clinician can determine which drug is given 

to the patient and get better results by NGS method. 

Phosphatase and tensin homologously deleted in 

chromosome 10 (PTEN) acts as a very strong tumor 

suppressor, in case of mutation the tumor passes through 

the PI3K / mTOR / Akt pathway to an uncontrolled growth 

phase (30). According to TCGA, it is 15% positive in lung 

squamous carcinoma and 3% in adenocarcinoma and is 

generally accepted as a poor prognostic factor (31). On the 

other hand, in a study with 162 Korean NSCLC patients 

were included, PTEN mutation was detected in 4 (2.5%) 

cases by NGS method (32). In addition, in two separate 

studies, it was found that decreased PTEN expression 

caused resistance to gefitinib and erlotinib (33-34). In our 

study, PTEN mutation (R233) was present in 2 patients 

(3.9%), one of which was associated with EGFR mutation. 

In order to prevent possible resistance to erlotinib and 

gefitinib, second-generation anti-EGFR afatinib was given 

to the patient with this concomitant mutation. 

B-Raf (BRAF) is one of the most important protooncogenes 

and is detected between 2-4% in NSCLC, while it is around 

3-7% mutant according to TCGA. The most common type 

of mutation is the BRAF V600E mutation, which is mostly 

detected in women and non-smokers (35). After the success 

of anti-BRAF treatments in malignant melanoma, and 

detection of BRAF mutant patients in LC have been found 

to have a shorter survival, it has been decided to use BRAF 

targeted therapy in lung cancer (36). BRAF and MEK 

inhibitor combination therapies have been tried since 

single-agent BRAF inhibitors did not provide superiority to 

chemotherapy in the first studies. In the Phase 2 study, 

dabrafenib was administered to previously treated patients 

in cohort A (78 patients), dabrafenib + trametinib to 

previously treated patients in cohort B (57 patients), and 

dabrafenib + trametinib to previously untreated patients in 

cohort C (36 patients). In the Cohort C, complete response 

was obtained in 2 patients and the overall response rate was 

64%. In addition, median PFS was found to be 10.9 months 

and OS 24.6 in this cohort (37).  FDA approval was 

obtained after these results and the guidelines were 
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included BRAF+MEK inhibitor therapy in the first-line 

treatment of NSCLC with BRAF V600E mutated. In our 

study, BRAF V600E mutation was detected in a non-

smoking female patient and dabrafenib + trametinib 

treatment was planned. 

The use of NGS, which was gradually increasing after 

finishing TCGA, was at a high cost in the early days, but 

over the years have been reduced to affordable prices (38). 

Detecting individual mutations by conventional methods 

seems to be more cost-effective at first, but the clinical 

results suggest the opposite. Pennel et al. found that the use 

of NGS in a health plan involving 1000,000 people was 

associated with both shorter time and significant cost 

savings than conventional methods (39). In our country, in 

fact, one-to-one comparative evaluation of EGFR, ALK, 

ROS1 should be spent on average 100-150 USD 

(approximately 600 Turkish Liras) for conventional 

methods, while the cost of our NGS panel used in our 

hospital is 300-350 USD (approximately 1850 Turkish 

Liras) (according to the data obtained from the purchasing 

unit of our hospital). However, as the number of patients 

increases, it is expected that NGS costs will decrease. In 

addition, for example, if the EGFR mutation and 

concomitant resistance mutation cannot be detected by 

conventional methods at the diagnosis, the targeted agent to 

be administered may be ineffective. There are two similar 

examples in our patient group: gefitinib resistance EGFR 

mutant patients were detected with NGS and afatinib was 

applied. As a result, more money is given to the test, but no 

more money is unnecessarily spent on the whole treatment 

of the patient. In our country, the health insurance of 

individuals are covered by the state and have an important 

place in the budget of the state. Therefore, it is thought that 

the use of NGS method will be more beneficial for both the 

patients and the health service provider. 

In addition to the positive features of the NGS method, 

there are also disadvantages (40): The first of these is the 

ability to detect error in continuously repeating sequence 

regions. However, when this error persists, it can be 

understood by the geneticist that it is a mistake. Another is 

that sometimes certain decisions about the effect of genes 

cannot be made due to the finalization of the resulting raw 

data through many software programs. For example, in our 

study, 2 BRAF, 2 HER2, 2 PIK3CA, and 1 EGFR mutations 

were identified as clinical uncertain significance variants. If 

these mutations were considered pathogenic, targeted 

agents could be added to the treatment of 4 of these 

patients. The last disadvantage is that, although it is 

gradually decreasing due to the increase in the use of NGS, 

false-negative results are seen in the liquid biopsy around 

20-30%. In our study, we did not detect any ALK mutations 

with NGS, but we detected that one of our patients had 

ALK mutation by FISH method and we achieved a 

complete metabolic response at 3 months after alectinib 

use. Therefore, it is the role of the clinician to evaluate the 

results carefully and confirm them with another method if 

there is discordance. 

The limiting points of our study were retrospective nature, 

small number of patients, and lack of response to treatment. 

However, the results of our article are important as there 

are very few studies showing the effect of NGS in clinical 

use. 

Conclusion 

LC is one of the deadly cancers. With the help of targeted 

agents, patients' survival is extended in a more comfortable 

way than chemotherapy. Therefore, it is the first duty of the 

clinician to determine the appropriate patients for the 

targeted therapies and to initiate the treatment. NGS, which 

have increased using in recent years, is a method that 

quickly and accurately identifies all targeted genetic 

variants and resistance variants at the same time. According 

to the results, we have shown, NGS has helped us to apply 

more personalized and more effective treatments to patients 

for achieving longer survival. In addition, the use of NGS 

method instead of conventional methods has saved time 

and cost for both patients and health service providers. For 

these reasons, it would be more beneficial to use NGS 

method wherever appropriate. 

Acknowledgments: None  

Conflict of Interest: The authors declare no potential 

conflicts of interest with respect to the research, authorship, 

and/or publication of this article 

Author’s Contributions: CM, ÇK: field surveys, 

collection and analysis of data, preparation of the 

manuscript, ÇK, ÖY, AT, PE: NGS analysis. AT, MB, 

SBT: reading and revision of the manuscript. CM, AY, ÇK: 

collection data and preparation of the manuscript. CM, ÇK: 

development of the manuscript. CM, AY, ÖY, PE: reading, 

manuscript correction and literature search 

References  

1. Barta JA, Powell CA, and Wisnivesky JP. Global Epidemiology of 
Lung Cancer. Ann Glob Health. 2019; 85(1): 8. 

 

2. Oser MG, Niederst MJ, Sequist LV, Engelman JA. Transformation 
from non-small-cell lung cancer to small-cell lung cancer: molecular 

drivers and cells of origin. Lancet Oncol. 2015; 16(4): 165–172. 

 
3. Siegel RL, Miller KD, Jemal A. Cancer Statics, 2015. CA Cancer J 

Clin. 2015; 65: 5–29 

 
4. Lu  M, Su Y. Immunotherapy in non‐small cell lung cancer: The 

past, the present, and the future. Thorac Cancer. 2019; 10(4): 585–

586. 
 

5. Rivero JD, Enewold L, Thomas A. Metastatic lung cancer in the age 
of targeted therapy: improving long-term survival. Transl Lung 

Cancer Res. 2016; 5(6): 727–730. 

 
6. Chan BA, Hughes BGM. Targeted therapy for non-small cell lung 

cancer: current standards and the promise of the future. Transl Lung 

Cancer Res. 2015; 4(1): 36–54. 
 

7. Mayekar MK, Bivona TG. Current Landscape of Targeted Therapy 

in Lung Cancer. Clin Pharmacol Ther. 2017; 102(5):757-764 
 

8. Lindeman NI, Cagle PT, Aisner DL, Arcila ME, Beasley MB, 

Bernicker EH, et al. Updated Molecular Testing Guideline for the 
Selection of Lung Cancer Patients for Treatment With Targeted 

Tyrosine Kinase Inhibitors: Guideline From the College of American 

Pathologists, the International Association for the Study of Lung 
Cancer, and the Association for Molecular Pathology. Arch Pathol 

Lab Med. 2018; 142(3):321-346.  

 



Mirili et al.                                                                                      http://dx.doi.org/10.36472/msd.v6i12.330 

332 
Medical Science and Discovery, 2019; 6(12):327-32 

9. Shim HS, Choi YL, Kim L, Chang S, Kim WS, Roh MS, et al. The 

Korean Cardiopulmonary Pathology Study Group, and The Korean 

Molecular Pathology Study Group. Molecular Testing of Lung 
Cancers. J Pathol Transl Med. 2017; 51(3): 242–254.  

 

10. Garinet S, Laurent-Puig P, Blons H, Oudart JP. Current and Future 
Molecular Testing in NSCLC, What Can We Expect from New 

Sequencing Technologies? J Clin Med. 2018; 7(6): 144. 

 
11. Kruglyak KM, Lin E, Ong FS. Next-Generation Sequencing and 

Applications to the Diagnosis and Treatment of Lung Cancer. Adv 

Exp Med Biol. 2016; 890:123-36. 
 

12. Bernicker EH, Allen TC, Cagle PT. Update on emerging biomarkers 

in lung cancer. J Thorac Dis. 2019; 11(Suppl 1): 81–88. 
 

13. Mehrad M, Roy S, Bittar HT, Dacic S. Next-Generation Sequencing 

Approach to Non-Small Cell Lung Carcinoma Yields More 

Actionable Alterations. Arch Pathol Lab Med. 2018; 142(3):353-357 

 

14. Friedlaender A, Banna G, Malapelle U, Pisapia P, Addeo A. Next 
Generation Sequencing and Genetic Alterations in Squamous Cell 

Lung Carcinoma: Where Are We Today? Front Oncol. 2019; 9: 166. 

 
15. Wapiszewski R, Pawlak SD, Adamkiewicz K. Anti-EGFR Agents: 

Current Status, Forecasts and Future Directions. Targ Oncol. 2016; 

11: 739–752 
 

16. Herbst RS, Morgensztern D, Boshoff C. The biology and 

management of non-small cell lung cancer. Nature. 2018; 
553(7689):446-454 

 

17. Dearden S, Stevens J, Wu YL, Blowers D. Mutation incidence and 
coincidence in non small-cell lung cancer: meta-analyses by 

ethnicity and histology (mutMap). Ann Oncol. 2013; 24(9): 2371–

2376. 
 

18. Nurwidya F,Takahashi F, Takahashi K. Gefitinib in the treatment of 

nonsmall cell lung cancer with activating epidermal growth factor 
receptor mutation. J Nat Sci Biol Med. 2016; 7(2): 119–123. 

 

19. Kanthala S, Pallerla S, Jois S. Current and future targeted therapies 
for non-small-cell lung cancers with aberrant EGF receptors. Future 

Oncol. 2015; 11(5): 865–878. 

 
20. Takeda M, Nakagawa K. First- and Second-Generation EGFR-TKIs 

Are All Replaced to Osimertinib in Chemo-Naive EGFR Mutation-

Positive Non-Small Cell Lung Cancer? Int J Mol Sci. 2019; 20(1): 
146. 

 

21. Wang J, Wang B, Chu H, Yao Y. Intrinsic resistance to EGFR 

tyrosine kinase inhibitors in advanced non-small-cell lung cancer 

with activating EGFR mutations. Onco Targets Ther. 2016; 9: 3711-
26 

 

22. Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, 
Chewaskulyong B1, Lee KH, et al. Osimertinib in Untreated EGFR-

Mutated Advanced Non-Small-Cell Lung Cancer. N Engl J Med. 

2018; 378(2):113-125. 
 

23. Ramalingam SS, Gray JE, Ohe Y, Cho BC, Vansteenkiste J, Zhou C, 

et al. Osimertinib vs comparator EGFR-TKI as first-line treatment 
for EGFRm advanced NSCLC (FLAURA): Final overall survival 

analysis. Annals of Oncology (2019) 30 (suppl_5): 851-934. 

 
24. Román M, Baraibar I, López I, Nadal E, Rolfo C, Vicent S, et al. 

KRAS oncogene in non-small cell lung cancer: clinical perspectives 

on the treatment of an old target. Mol Cancer. 2018; 19;17(1):33 
 

25. Adderley H, Blackhall FH, Lindsay CR. KRAS-mutant non-small 

cell lung cancer: Converging small molecules and immune 
checkpoint inhibition. EBioMedicine. 2019; 41: 711–716. 

 

 
 

 

26. Cantley CL. The phosphoinositide 3-kinase pathway. Science. 2002; 

296, 1655–1657 

 
27. Samuels Y, Wang Z, Bardelli A, Silliman N, Ptak J, Szabo S, et al. 

High frequency of mutations of the PIK3CA gene in human cancers. 

Science. 2004; 304(5670):554. 
 

28. Wu SG, Chang YL, Yu CJ, Yang PC, Shih JY. The Role of PIK3CA 

Mutations among Lung Adenocarcinoma Patients with Primary and 
Acquired Resistance to EGFR Tyrosine Kinase Inhibition. Sci Rep. 

2016; 6: 35249. 

 
29. Scheffler M, Bos M, Gardizi M, König K, Michels S, Fassunke J, et 

al. PIK3CA mutations in non-small cell lung cancer (NSCLC): 

genetic heterogeneity, prognostic impact and incidence of prior 
malignancies. Oncotarget. 2015; 6(2):1315-26. 

 

30. Papa A, Pandolfi PP. The PTEN–PI3K Axis in Cancer. 

Biomolecules. 2019; 9(4): 153 

 

31. Gkountakos A, Sartori G, Falcone I, Piro G, Ciuffreda L, Carbone C, 
PTEN in Lung Cancer: Dealing with the Problem, Building on New 

Knowledge and Turning the Game Around. Cancers (Basel). 2019; 

11(8): 1141. 
 

32. Ku BM, Heo MH, Kim JH, Cho BC, Cho EK, Min YJ, et al. 

Molecular Screening of Small Biopsy Samples Using Next-
Generation Sequencing in Korean Patients with Advanced Non-

small Cell Lung Cancer: Korean Lung Cancer Consortium (KLCC-

13-01). J. Pathol. Transl. Med. 2018; 52: 148–156  
 

33. Zhu Z, Yu T, Chai Y. Multiple primary lung cancer displaying 

different EGFR and PTEN molecular profiles. Oncotarget 2016; 7: 
81969–81971 

 

34. Sun H, Ma H, Wang J, Xia L, Zhu G, Wang Z , et al. Phosphatase 
and tensin homolog deleted on chromosome 10 degradation induced 

by NEDD4 promotes acquired erlotinib resistance in non-small-cell 

lung cancer. Tumour Biol. 2017; 39(7): 1010428317709639. doi: 
10.1177/1010428317709639. 

 

35. Lin Q, Zhang H, Ding H, Qian J, Lizaso A, Lin J, et al. The 
association between BRAF mutation class and clinical features in 

BRAF-mutant Chinese non-small cell lung cancer patients J Transl 

Med. 2019; 17: 298. 
 

36. Alvarez JGB, Otterson GA. Agents to treat BRAF-mutant lung 

cancer. Drugs Context. 2019; 8: 212566. 
 

37. Planchard D, Smit EF, Groen HJM, Mazieres J, Besse B, Helland Å, 

et al. Dabrafenib plus trametinib in patients with previously 

untreated BRAFV600E-mutant metastatic non-small-cell lung 

cancer: an open-label, phase 2 trial. Lancet Oncol. 2017; 18(10): 
1307-1316 

 

38. Gong J, Pan K, Fakih M, Pal S, Salgia R. Value-based genomics. 
Oncotarget. 2018; 20; 9(21): 15792–15815 

 

39. Pennell NA, Mutebi A, Zhou ZY, Ricculli ML, Tang W, Wang H, et 
al. Economic impact of next generation sequencing vs sequential 

single-gene testing modalities to detect genomic alterations in 

metastatic non-small cell lung cancer using a decision analytic 
model. Journal of Clinical Oncology 2018; 36(15): 9031-9031. 

 

40. Besser J, Carleton HA, Gerner-Smidt P, Lindsey RB, Trees E. Next-
Generation Sequencing Technologies and their Application to the 

Study and Control of Bacterial Infections. Clin Microbiol Infect. 

2018; 24(4): 335–341. 

Copyright © 2019 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), (CC BY NC) which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. International journal of Medical Science and Discovery.  


