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OBJECTIVE: The management of non-small cell lung carcinomas (NSCLC) has changed with the identification of molecular pathways.
We aimed to reveal the 3-year epidermal growth factor (EGFR), anaplastic lymphoma kinase (ALK), and ROS proto-oncogene 1 (ROST)
mutation profile in the Turkish population.

MATERIAL AND METHODS: The histopathological and molecular data of all NSCLC cases from our department between May 2019 and
April 2022 were evaluated.

RESULTS: Molecular testing was performed in 197 NSCLC cases, and results were obtained in 182 (92.4%) (M/F: 144/38, aged 39-86).
Of these, 121 were diagnosed with adenocarcinoma, 36 with squamous cell carcinoma, and 25 with NSCLC-not otherwise specified.
The EGFR mutation was seen in 21 (11.5%) cases (6 exon 19 deletions, 3 exon 18 [all codon 719], 2 exon 20, 8 exon 21 point mutations,
1 concurrent exon 19 deletion and exon 20 codon 790 M point mutation, and 1 concurrent exon 19 deletion and exon 21 point muta-
tion). The double mutation rate of EGFR was 1.1%. The mean age of these patients was 63.4 (40-79), with 24% of all females (n = 9) and
8.3% of all males (n = 12). The ALK mutation was detected in 6 (3.3%) patients (M/F: 4/2, aged 45-82), whereas the ROST mutation was
detected in 3 (1.7%) (M/F: 2/1, aged 40-64).

CONCLUSION: It is well established in the literature that EGFR-activating mutation rates vary depending on regions and ethnic groups.
We concluded that the EGFR-activating mutation rates of the Turkish population are similar to the European molecular data instead of the
Asian. The ALK and ROST mutation rates also seem concordant with the literature.
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INTRODUCTION

Lung cancer is the second most common cancer in the United States, according to Cancer Statistics 2022 data, and con-
stitutes the most common cause of cancer-related death in both genders.! Global Cancer Statistics 2020 data estimated
around 2.2 million new cases, representing 10% of all cancer cases, and 1.8 million new deaths.? The latest Cancer
Statistics report published by the Turkish Ministry of Health in 2021 depicted the annual lung cancer rates as 56.7 cases
per 100000 individuals in men, making it the most common cancer in men, and 11.1 per 100000 individuals in women,
ranking fourth in women.?

The histopathological classification of lung cancer is divided into 2 broad categories: small cell and non-small cell lung
cancer (NSCLC), with the latter representing approximately 85% of all lung cancer cases.* The NSCLC has several sub-
types, such as adenocarcinoma, squamous cell carcinoma, large cell carcinoma, etc. The management of NSCLCs has
changed with the identification of the molecular pathways that are now used in targeted therapies. Testing the presence
of driver mutations in specific genes in NSCLCs has affected the clinical management and outcomes of the disease, with
recent reports about lung cancer becoming seemingly more favorable in all stages.>®

After the first discovery of overexpression and aberrant activation of the epidermal growth factor receptor (EGFR) in
patients with lung adenocarcinoma and several activating mutations of the tyrosine kinase domain of the EGFR gene,
biological agents called “tyrosine kinase inhibitors” have started to be used in the treatment.” Thus, a new era began
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in personalized medicine for NSCLC patients. It is estimated
that up to 69% of advanced NSCLC patients have druggable
mutations in numerous genes such as EGFR, anaplastic lym-
phoma kinase (ALK), c-ros oncogene 1 (ROST), Kirsten rat sar-
coma virus (KRAS), V-raf murine sarcoma oncogene homolog
B1 (BRAF), MET, human epidermal growth factor receptor
(HER?2), etc.® In current practice, predictive testing for EGFR
mutations, ALK, ROST, NTRK fusions, and BRAF mutations
is recommended to be performed in lung adenocarcinoma
regardless of the different risk factors that these patients carry,
as only the drugs targeting these molecular alterations have
been approved for clinical use.’®

The incidence rates of these specific mutations vary among
different geographical areas, populations, and genders. There
have been many reports from Asian and European popula-
tions regarding the frequency of these mutations. Tiirkiye is
a country with a unique geographical location between Asia
and Europe, and with its multicultural structure, it is home to
various ethnic groups. We aimed to reveal the 3-year EGFR,
ALK, and ROST mutation profiles in the Turkish population in
this series and to identify the clinicopathologic characteristics
of the mutated cases.

MATERIAL AND METHODS

All NSCLC cases that were evaluated histopathologically and
by molecular testing in our department between May 2019
and April 2022 were included in the study. The demographic
data of the patients, the type of specimen in which the molec-
ular testing was done (cell block, biopsy, resection), the local-
ization (primary/metastatic) of the specimen in which the
molecular testing was done, the histopathological diagnosis,
and the mutation rates were noted.

Molecular Analysis

After marking the tumor-rich areas on the hematoxylin-eos
in-stained slides, DNA was extracted from 5 paraffin sections
(10 pm) representative of the marked tumor tissue using the
GeneJET Thermo Scientific extraction kit according to the

Main Points

e The study investigates the molecular mutation profile of
non-small cell lung carcinomas (NSCLC) in the Turkish
population, focusing on epidermal growth factor recep-
tor (EGFR), anaplastic lymphoma kinase (ALK), and ROS
oncogene 1 (ROST) mutations.

e  The EGFR-activating mutation rates in the Turkish popula-
tion were found to be similar to European data rather than
Asian, with an overall rate of 11.5%.

e The ALK and ROST mutation rates in Turkish NSCLC
cases were consistent with the literature, with rates of
3.3% and 1.7%, respectively.

e Adenocarcinoma was the most common histological sub-
type associated with EGFR mutations, and EGFR muta-
tions were more prevalent in females compared to males.

e These findings underscore the importance of molecular
profiling in NSCLC management and highlight the need
for personalized therapies targeting specific mutations for
improved patient outcomes.
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manufacturer’s protocol. The PNAClamp™ EGFR Mutation
Detection kit (PANAGENE Inc., Korea) was used to detect
EGFR mutations by real-time polymerase chain reaction
(PCR). Real-time PCR reactions of PNA-mediated clamping
PCR were performed using an Applied Biosystems™ 7500
Fast and 7500 Real-Time PCR. The EGFR mutation types
were detected using PNA-mediated real-time PCR. The effi-
ciency of PCR clamping was determined by measuring the
threshold cycle (Ct) value. The target somatic mutations
included E19 deletions, E21 L858R and L861Q mutations,
E18 G719X mutation, E20 S768] mutation, E20 insertions,
and E20 T790M mutation.

The fluorescence in situ hybridization (FISH) method was used
for ALK and ROS1 translocation using the ZytolLight SPEC
ALK and ROS1 Dual Color Break Apart Probe (ZytoVision
GmbH, Bremerhaven, Germany). The FISH signal abnormali-
ties were confirmed using a fluorescence microscope with
appropriate channels. The signal pattern was evaluated in at
least 50 tumor cells as per the standard procedure. If >15%
split signals and/or loss of green for ALK/loss of orange for
ROS1 signals were detected, the test was considered to have
yielded a positive result.

This study was performed in line with the principles of the
Declaration of Helsinki, and approval was granted by the
Ethics Committee of izmir Katip Celebi University (Approval
number: 2021-GOKAE-0460, date: 2021). Informed consent
was obtained from the patients prior to the study.

Statistical Analysis

The results were analyzed using Statistical Package for the Social
Sciences Statistics software, version 24.0 for Windows (IBM
Corp., Armonk, NY, USA). Continuous variables were expressed
as the median, and categorical data as percentages. Besides
descriptive statistics, the categorical data were compared using
the chi-square test. Differences in continuous measurements
between the 2 groups were examined by the Student’s t-test. A
P-value of <.05 was considered statistically significant.

RESULTS

A total of 197 NSCLC cases underwent molecular analysis.
The molecular test results were obtained in 182 (92.4%) of
them, with 119 primary lung carcinomas and 63 metastases.
There were 144 males (79.1%) and 38 females (20.9%), with
a median age of 64 (39-86 years). Molecular testing was not
successful in 15 cases because of the inability to retrieve suf-
ficient DNA. These consisted of 7 bone biopsies, 6 cytologi-
cal specimens, and 2 tissue biopsies with low cellularity.

The molecular testing was performed on biopsies in 106
cases, on cell blocks obtained from cytological specimens
in 56 cases, and on resections in 20 cases. The histopatho-
logical subtype was adenocarcinoma in 121 cases (66.5%),
squamous cell carcinoma (SCC) in 36 cases (19.8%), and
NSCLC-Not otherwise specified (NOS) in 25 cases (13.7%).

The EGFR mutation was detected in 21 cases, with an over-
all rate of 11.5% and a median age of 67 (40-79). It was
seen more frequently in females with a rate of 23.7% (n =
9), whereas this rate was 8.3% in males (n = 12), and this
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Table 1. Relationship Between Case Characteristics and Epidermal Growth Factor Receptor Gene Mutation

EGFR Gene Mutation Status

Characteristics n (%) Mutated (%) Wild Type (%) P

Gender Female 38 (20.9) 9 (23.7) 29 (76.3) <.05
Male 144 (79.1) 12 (8.3) 132 (91.7)

Age Mean + SD 182 (100) 63.38 £9.19 63.71 £12.2 907
Median 67 (40-79) 64 (39-87)
(min-max)

Histologic diagnosis Adenocarcinoma 121 (66.5) 19 (15.7) 102 (84.3) <.05
SCC 36 (19.8) 1(2.8) 35 (97.2)
NSCLC, NOS 25(13.7) 1(4) 24 (96)

Specimen type Cell blocks (cytology) 56 (30.8) 7 (12.5) 49 (87.5) .102
Biopsies 106 (58.2) 9 (8.5) 97 (91.5)
Resections 20 (11) 5(25) 15 (75)

Sample location Primary 119 (65.4) 13 (10.9) 106 (89.1) 722
Metastatic 63 (34.6) 8 (12.7) 55 (87.3)

Total 182 (100) 21 (11.5) 161 (88.5)

EFGR, epidermal growth factor receptor; NOS, not otherwise specified; NSCLC, non-small cell lung carcinoma; SCC, squamous cell carcinoma.

difference was statistically significant (P = .008). The mean  no significant difference was found between the specimen
age for EGFR-mutated cases did not differ statistically from  types (cell blocks, biopsies, and resections) and EGFR muta-
the EGFR wild-type cases (63.38 + 9.19 vs. 63.38 + 12.20, tion (P=.102).

P=.907).

The histological subtypes of EGFR-mutated cases were as fol-

The mutations were observed in 10.9% (13/106) of primary  lows: 19 (90.4%) adenocarcinomas, 1 (4.8%) SCC with exon
tumor samples and 12.7% (8/55) of metastatic tumor samples. 20 T790M mutation, and 1 (4.8%) NSCLC-NOS with concur-
There was no statistically significant relationship between the  rent exon 19 deletion and exon 21 L858R point mutation.
tumor samples and EGFR mutation presence (P=.722). Also, The EGFR mutation prevalence was significantly higher in
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Figure 2. The details and frequencies of EGFR gene mutations in each exon. EGFR, epidermal growth factor receptor.

adenocarcinoma cases (P = .046). The rate of EGFR-mutated
adenocarcinomas was 15.7% among all adenocarcinoma
cases. The relationship between case characteristics and
EGFR mutation is given in Table 1.

The most common EGFR mutation was detected in exon 21
in 8 cases (38%). The point mutation in this exon was seen in
L858R in 7 cases and L861Q in 1 case. This was followed by
the exon 19 deletion in 6 cases (28.6%). Other point muta-
tions were detected in exon 18 codon 719 of the gene in
3 cases (14.3%), in exon 20 in 2 cases (9.5%) with a point
mutation in codon 768 in 1 case, and in exon 20 T790M in
1 case (Figure 1).

Apart from classical mutation patterns, double mutations
were detected in 2 cases (1,1%). Of these, 1 case was diag-
nosed with NSCLC-NOS, with an exon 19 deletion and
an exon 21 codon L858R point mutation. The other case
showed an exon 20 codon 790M point mutation with an
exon 19 deletion. This case was diagnosed as pulmonary
adenocarcinoma metastasis in the liver, and molecular stud-
ies were applied to a liver needle biopsy. A case with the
EGFR Exon 20 T790M mutation was diagnosed as “NSCLC-
primarily compatible with squamous cell carcinoma” from
the cell block of a lung transthoracic needle biopsy. The
details and the frequencies of EGFR-mutated cases in each
exon are given in Figure 2.

The ALK rearrangement was detected in 6 cases, with an
overall rate of 3.3% (Figure 3).

Four of these patients were male, whereas 2 of them were
female, and the age range was 45-82. The histological diag-
nosis was adenocarcinoma in 5 of these cases and NSCLC
and NOS in 1. Among the six patients showing rearrange-
ment of the ALK gene, three received the diagnosis from
bronchoscopic biopsy, one from endobronchial ultrasound
(EBUS) bronchoscopy material, one from transthoracic nee-
dle biopsy, and the 48-year-old female ex-smoker patient was

. AL IAS TR e
Figure 4. Adenocarcinoma in solid and cribriform pattern in the
case showing anaplastic lymphoma kinase mutation that was
diagnosed from brain metastasis (H&E, X200)

Figure 3. Anaplastic lymphoma kinase fluorescence in situ
hybridization-positive case showing split red and green signals
detected with anaplastic lymphoma kinase break-apart probe.

Figure 5. ROST FISH-positive case showing split signals and loss of
red signals detected with ROST break-apart probe (ROST: ROS
proto-oncogene 1, FISH: Fluorescence in situ hybridization)
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Figure 6. Adenocarcinoma in the cell block in the case showing
ROS proto-oncogene 1 mutation diagnosed from endobronchial
ultrasound bronchoscopy material (H&E, X200).

diagnosed with the metastasis specimen from the brain. In
the brain metastasis case, the tumor exhibited a solid and
cribriform pattern (Figure 4). Three patients were ex-smokers,
two were non-smokers, and one was a smoker. ALK gene rear-
rangement rates in the FISH analysis were observed between
20%-45% (mean 32%).

Three patients harbored ROST rearrangement at an overall
rate of 1.7% (Figure 5). Two of them were male, and 1
was female, aged between 40 and 64 years. Two of these
tumors were adenocarcinomas, and 1 of them was SCC.
The diagnosis of these 3 patients was made from a cell
block from EBUS material (Figure 6) in one, an incisional
biopsy material from a supraclavicular lymph node in one,
and from bronchoscopic biopsy material in one patient.
Two patients were diagnosed with adenocarcinoma and
one with SCC. In FISH analysis, ROST gene rearrangement
rates ranged from 25% to 60% (mean 37%). The patient
diagnosed with SCC was a 64-year-old male who was diag-
nosed from a bronchoscopic biopsy. Among the cases, one
was an ex-smoker, one was a non-smoker, and one was a
smoker patient.

DISCUSSION

As one of the most commonly diagnosed cancers, lung can-
cer remains the leading cause of death from cancer world-
wide. With recent developments regarding the identification
of sensitizing mutations in NSCLCs, patients with metastatic
disease who did not have a chance at longer survival before
might now have more favorable outcomes with the use of
targeted, personalized therapies.” With this aim, molecular
profiling is recommended for all NSCLC patients to be able
to decide if they can be candidates for therapies with the so-
called “smart drugs.”

The EGFR is a cell surface protein that encodes a transmem-
brane protein with an extracellular component that serves
as ligand-binding sites. It promotes the autophosphorylation
of its tyrosine kinase domain after ligand binding, leading to
a molecular cascade of events. The gene is observed to be
involved in cell proliferation, decreased apoptosis, angiogen-
esis, metastasis, and chemoresistance in NSCLCs."°
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The incidence of EGFR mutation depends on different char-
acteristics such as gender, tumor type, smoking history, and
ethnic background.'” The prototype for this is non-smoking,
East Asian women with adenocarcinomas, as previously
reported by many studies.’>'* Even though NSCLC incidence
is reported to be higher in males, almost all studies that have
been published to date have reported a higher frequency of
EGFR mutation in females. Zhang et al* reported the over-
all female prevalence to be 43.7%, whereas the male preva-
lence was 24%. In the latest series reported from Tirkiye,
this rate was observed as 30.5% in females and 7.5% in
males.!> Consistent with these findings, our study revealed a
statistically significant difference in terms of gender in EGFR-
mutated cases, with a female prevalence of 23.7% and a
male prevalence of 8.3%.

The EGFR mutation prevalences vary between different pop-
ulations, ethnic groups, and geographic regions. The highest
prevalence worldwide has been shown in East Asian popu-
lations (up to 59%), whereas the lowest has been reported
in European populations (around 10%).'*'®2* The causes of
this discrepancy are still obscure and yet to be defined. With
a unique geographical location between Asia and Europe,
Turkiye is home to many ethnic groups and populations. The
studies from Turkish patient groups have shown a big varia-
tion ranging from 4% to 48.1% throughout the years.'>2>28
The reason for this variation might be the small sample size
in the early studies and the use of different methods for
the detection of the EGFR gene mutation. In the study by
Ozcelik et al? that evaluated the regional distributions of
mutations in lung cancer, even though the highest mutation
prevalence was observed in the Mediterranean region, the
differences were not found to be statistically significant. As
a tertiary reference center in the Aegean region in Western
Turkiye, the prevalence from our hospital was 11.5%, which
was similar to the results of Diniz et al*® (11.6%) but slightly
lower than the results of Calibasi-Kocal et al*®* (16.6%) who
reported the prevalence from the same region. The most
recent studies with the biggest sample sizes from the central
region of Turkiye reported this prevalence to be 16.7% and
16.6%."?% Along with our study, these latest results show
that the EGFR-activating mutation rates of the Turkish popu-
lation are similar to the European molecular data instead of
the Asian.

In terms of the histological tumor type, EGFR mutations are
reported to be present in up to 78% of adenocarcinomas in
East Asian populations, as opposed to only 10-16% of ade-
nocarcinomas in other ethnicities.'*'*2* This rate was 20.3%
in a comprehensive study from Turkiye that evaluated 959
NSCLC cases.” Zhang et al' state in their review that adeno-
carcinoma patients were more likely to harbor EGFR muta-
tions, with Asians showing a more striking prevalence than
Caucasians. There were a total of 121 adenocarcinoma cases
in our series, and 15.7% (n = 19) of them showed an EGFR
mutation with a statistically significant difference from the
other histological subtypes, validating our results being close
to the European data once more.

With the extensive research that focused on the activat-
ing mutations within the EGFR gene, it is now known that
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mutations in NSCLCs are limited to the first 4 exons (18-
21), and most of the mutations are either point mutations
that lead to amino acid substitutions (exons 18 and 21) or
in-frame deletions (exon 19).>" In-frame deletions in exon
19 and L858R point mutations in exon 21 constitute the
most powerful predictive biomarkers of response to EGFR
tyrosine kinase inhibitor therapy, whereas exon 20 muta-
tions were shown to be associated with a poor response to
therapy and increased mortality.>? In the present study, the
most commonly detected mutation type was point muta-
tions in exon 21 (n = 8; 38%) followed by an in-frame
deletion in exon 19 (n = 6; 28.6%), which comprised the
majority (66.6%) of the mutations in this population. It has
been shown that these mutation frequencies can differ in
EGFR exons owing to the fact that patient populations vary
in terms of ethnicity and smoking habits. Exon 20 codon
790M point mutation was observed in 1 of our cases diag-
nosed with squamous cell carcinoma from a lung trans-
thoracic needle biopsy. The EGFR mutations are reported
at a rate of 2%-10% in Asian series in squamous cell car-
cinomas. On a case-by-case basis, adenocarcinomas trans-
forming into squamous cell carcinoma after tyrosine kinase
treatment and the presence of EGFR mutations in squa-
mous cell carcinoma in these cases have been reported.
However, our case underwent the initial diagnosis and
treatment stages in an external center, and the clinical his-
tory could not be reached; therefore, no interpretation of
the transformation could be made.

Double mutation patterns have also been shown in NSCLC
patients, with prevalence rates ranging from 0.47% to 7%.3234
Even though the data on the clinical characteristics of these
cases are limited in the literature, in the study by Wei et al*?
that assessed 32 patients with double mutations in the EGFR
gene, the response rate to therapy was found to be lower
compared to patients who showed single mutations. The
double mutation rate in our study was 1.1%, and the mutated
genes were exon 19 deletion and exon 21 L858R in 1 case,
and exon 19 deletion and exon 21 L858R point mutation in
the other.

Due to the increase in genetic alterations with age, onco-
genic mutations are more likely to be seen in the elderly. In
patients with tumors harboring EGFR mutations, the mean
age is reported to be around 60-65 years. Older age has been
associated with a higher EGFR mutation rate in NSCLCs.?%3*
The median age in our study was 64, and we could not dem-
onstrate a significant relationship between the presence of an
EGFR mutation and age.

e ALK gene encodes a tyrosine kinase transmembrane pro-
tein and consists of 30 exons mapping to the long arm of
chromosome 2. After the discovery of EGFR mutations, a
novel transforming fusion gene resulting from the linkage
between the echinoderm microtubule-associated protein-
like 4 (EML4) and ALK genes in NSCLCs has been identi-
fied. It was elucidated that the resulting chimera proteins
from this fusion have accelerated tyrosine kinase activity,
which results in potent oncogenic effects. This fusion is
reported to be seen at varying rates in NSCLCs throughout
the world, ranging from 1% to 10%, is more prevalent in
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younger adults (in the fourth or fifth decades) compared
to EGFR mutations, and is typically detected in adenocar-
cinomas with solid patterns.” Our study’s ALK rearrange-
ment rate was 3.3% with 6 cases (5 adenocarcinomas, 1
NSCLC, NOS). Two of the patients were under 50 years
old, 3 were ex-smokers, and 2 were non-smokers. In the
majority of cases (5 out of 6), the histopathological type
was adenocarcinoma, consistent with the literature. In the
patient diagnosed with brain metastasis, the metastatic
pattern was solid and cribriform.

ROST is a gene that acts as an orphan tyrosine kinase recep-
tor, and even though it has functional and structural similari-
ties to the ALK gene, it has a unique extracellular domain,
and little is known about its function. Its frequency is similar
worldwide, with an estimated overall prevalence of 1.9%
ranging from 0.9% to 2.6% in different studies. Just like
ALK, rearrangements in this gene are seen more frequently
in women, non-smokers, and younger ages.” We detected
2 cases with ROST rearrangement, with an overall rate of
1.7%, which is consistent with the literature data. The young-
est patient was a 40-year-old female who was an ex-smoker.
Two patients had adenocarcinoma, whereas unexpectedly,
the other case was a SCC. The SCC diagnosis was given from
a bronchoscopic biopsy and the patient was a 64-year-old
male. In the literature, rearrangements of the ROS1 gene are
reported as quite rare in SCCs. Since our case received the
diagnosis from a bronchoscopic biopsy, the possibility of
an accompanying adenocarcinoma component cannot be
ruled out.

Molecular profiling in NSCLCs is performed routinely in
Tirkiye in most centers. However, in 5%-25% of the cases
retrieved for molecular studies, poor-quality biopsies and
an insufficient amount of tumor cells cause the testing to be
unsuccessful.® This rate was 7.8% in our study with 15 cases.
To obtain better results in molecular testing, tissue processing
and handling should be done very carefully.

A limitation of our study is that, because our hospital is a
tertiary reference center, most of the cases were brought
from other centers only for molecular testing. Therefore,
the data on the smoking history and clinical symptoms and
signs could not be obtained in most of them, and the asso-
ciation between smoking and mutation presence could not
be assessed. However, detailed and good-quality molecular
analysis along with confirmed histopathological diagnoses
constitute the strong point of our study.

In conclusion, it is well established in the literature that EGFR-
activating mutation rates vary depending on regions and ethnic
groups. Our study showed that the EGFR-activating mutation
rates of the Turkish population are similar to the European
molecular data instead of the Asian. Comprehensive studies
on mutation incidences report a substantial lack of data from
several large geographic regions of the world, including our
region, and we believe that our findings will contribute to the
literature in this context.

Ethics Committee Approval: This study was approved by Ethics
committee of izmir Katip Celebi University (Approval number: 2021-
GOKAE-0460, date: 2021).
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