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ABSTRACT

The aim of the study was to evaluate EGFR (exon 19 deletion, exon 21 L858R point mutation), KRAS and braf mutation rates besides 

their relationship with survival and response to the treatment in non small cell lung cancer (NSCLC). We evaluated 513 NSCLC patients 

followed-up between January 2004 and November 2009 according to our registration data, retrospectively. Only 42 advanced stage 

NSCLC patients had enough tumor tissue material in paraffin blocks for all mutation analysis. The patients  were evaluated retrospectively 

for clinicopathological features, EGFR, KRAS and BRAF mutations, erlotinib treatment, time to progression (TTP) and overall survival (OS). 

Mutation rates were as 7.14% (two patients) for EGFR exon 19 deletion; 4.76% (one patient)for KRAS codon 61 deletion and 2.38% for 

BRAF V600E mutation. They had neither EGFR exon 21 point mutation nor different mutations together.  Median follow-up was 26 months 

(5-83) for all patients. It was 43 months (23-83) for the patients who had erlotinib and 23 months (5-61) for those who did not. Ten (23.8%) 

patients had erlotinib. There was significant survival difference between the patients taking erlotinib and the others (28 ± 3 months versus 

15 ± 4 months, p= 0.05). TTP and OS were longer in the patients who had mutations, however the difference was not significant (p= 0.119 

and p= 0.06). To our knowledge, this is the first study evaluating EGFR, KRAS and BRAF mutations in advanced stage NSCLC in Turkey .
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ÖZET

Türkiye’de İleri Evre Küçük Hücreli Dışı Akciğer Kanserinde Sık Görülen EGFR, BRAF, KRAS Mutasyonlarının Tedaviye Yanıt 
ve Prognozla İlişkisi

Çalışmanın amacı, küçük hücreli dışı akciğer kanserinde (KHDAK) EGFR (ekzon 19 delesyonu, ekzon 21 L858R nokta mutasyonu), KRAS ve 
braf mutasyon oranlarının yanısıra bunların sağkalım ve tedavi yanıtı ile ilişkisini değerlendirmektir. Ocak 2004 - Kasım 2009 arasında merke-
zimizde takip edilen 513 KHDAK’li hasta retrospektif olarak değerlendirildiğinde sadece 42 ileri evre KHDAK’li hastanın paraffin bloklarında 
tüm mutasyonların analizi için yeterli tumor dokusu mevcuttu. Hastalar klinikopatolojik özellikler, EGFR, KRAS ve BRAF mutasyonları, erlotin-
ib tedavisi, progresyona kadar geçen süre (TTP) ve toplam sağkalım (OS) açısından retrospektif olarak değerlendirilmiştir. Mutasyon oranları 
EGFR ekzon 19 delesyonu için %7.4; KRAS kodon 61 delesyonu için %4.76 ve BRAF V600E mutasyonu için %2,38 olarak saptanmıştır. 
Hiçbirinde EGFR ekzon 21 nokta mutasyonu ve farklı mutasyonların birlikteliği saptanmamıştır. Ortanca takip süresi 26 ay (5-83) olup erlo-
tinib alanlarda 43 ay (23-83), diğerlerinde ise 23 ay (5-61)saptanmıştır. On (23.8%) hasta erlotinib aldı. Erlotinib alanlarla almayanlar arasında 
sağkalım farkı saptanmıştır (28 ± 3 aya karşılık 15 ± 4 ay, p= 0.05). Mutasyonu olanlarda TTP ve OS daha uzun bulunmasına rağmen fark 
ististiksel olarak anlamlı bulunmamıştır (p= 0.119 ve p= 0.06). Sonuç olarak, bu çalışma Türkiye’de ileri evre KHDAK’de EGFR, KRAS ve 
BRAF mutasyonlarının değerlendirildiği ilk çalışmadır.

Anahtar Kelimeler: Küçük hücreli dışı akciğer kanseri, EGFR, KRAS, BRAF, Erlotinib
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INTRODUCTION
Lung cancer is the most common and leading cause 
of cancer deaths all around the world. Despite the 
many scientific efforts made to this desperate illness, 
only both performance status (PS) and tumour stag-
ing has been accepted as independent prognostic fac-
tors for nonsmall cell lung cancer (NSCLC).1 There 
is no doubt that new prognostic and predictive fac-
tors are needed. Cancer patients with similar histo-
pathologies and clinical features might have different 
prognosis and response to the treatments. This may 
be related to the pharmacogenetic variations.Phar-
macogenetics explores genetic variations and genetic 
mutations which might lead different treatment re-
sponses. Tailored therapy according to pharmacoge-
netics may provide less toxic, most effective, as a re-
sult cost-effective treatment. Pharmacogenetics may 
also help to the development of targeted therapies 
via detecting gene mutations. Epidermal growth fac-
tor receptor (EGFR) overexpression in solid tumors 
such as NSCLC is a well-known process. Nowadays, 
EGFR monoclonal antibodies (i.e.cetuximab) that 
bind to the extracellular regions of EGFR and EGFR-
tyrosine kinase inhibitors (i.e. erlotinib and gefitinib) 
which inhibit intracellular phosphorylation are com-
mon anti-EGFR strategies.2 The EGFR somatic muta-
tion rates are 30% for Caucasians and less than 10% 
for western countries.3 Exon 19 deletions and exon 21 
L858R mutations are the most common EGFR muta-
tions showing anti-EGFR targets.4 “KRAS” is a well-
known oncogene which has a role in some tumors 
like colorectal and lung cancers. KRAS mutation rate 
is 20-30% in NSCLC, predominantly in adenocarci-
nomas.5 Most of KRAS mutations occur in codon 12 
with a rate of 70% as guanine-thymine transversion.6 
KRAS mutation might have an association with de 
novo platinum resistance.2,7 We considered that eval-
uation of KRAS mutation, besides EGFR somatic 
mutations might contribute to the efficacy of EGFR-
TKIs, especially in adenocarcinomas.
The role of BRAF in NSCLC is not as clear as in 
colorectal carcinoma and malign melanoma.8,9 
V600E (exon 15, T1799A) mutation is the most com-
mon BRAF somatic mutation. Evaluation of BRAF 
V600E mutation may have importance in targetted 
therapies since its activation has role in intracellular 
signaling. 
Molecular markers and mutation analysis may con-
tribute to predict the clinical outcome of the patients.

The aim of the study was to evaluate common EGFR 
somatic mutations (i.e. exon 19 deletion andexon 21 
L858R point mutation) in tumor tissues or cell blocks 
of advanced stage NSCLC patients, additionally 
KRAS (codon 12, 13, 61 and 64) and BRAF (V600E) 
mutations which may contribute to the prognosis and 
response to the treatment. We also aimed to evalu-
ate mutation rates and probable relations among these 
mutations.

PATIENTS AND METHOD
Eligibility criteria
We evaluated five hundred and thirteen NSCLC pa-
tients who admitted to our center between January 
2004 and November 2009 retrospectively, according 
to our registration database. Only 68 of 513 patients 
were available after exclusions. The patients who 
had early stage, histopathologic diagnosis in other 
centers or cytological diagnosis without cell blocks 
were excluded. The patients with early stage NSCLC 
were excluded. It was thought that analysis and fol-
low up of the patients with advanced stage rather than 
all stages might have been more homogenous. The 
primary treatment modality is surgery in early stage 
and more favorable prognosis of these patients might 
have caused a more heterogenous group analysis if 
they were included. The patients who had only sup-
portive care and lost to follow-up after first visit were 
also excluded, besides others who were followed-up 
in other centers after our chemotherapy plannings. 
All of the patients had histopathologically document-
ed NSCLC diagnosis either by tissue biopsy or cell 
block cytology. Paraffin blocks of selected sixty-eight 
patients were re-evaluated by a pathologist and a cy-
topathologist. However, paraffin blocks of only 52 
patients had enough tumor tissue for next step In their 
cell blocks. Finally, only 42 advanced stage NSCLC 
patients’ tumor tissues were available for DNA analy-
sis, since ten patients were excluded because of inad-
equate material. Treatment modalities and their prob-
able relationships were also discussed. 

Smoking status
The patients who had smoking history during diag-
nosis and smoking cessation within the previous six 
months of diagnosis were accepted as active smokers.  
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Survival: Time to progression (TTP) was defined as 
the interval between the beginning of treatment and 
progression while overall survival (OS) was defined 
as the interval between diagnosis and death or the 
date of last known alive.

DNA isolation: At least five 5 micron sections from 
these paraffin-embedded tumor tissues were depar-
affinized and DNA was isolated from the tissues us-
ing QIAamp DNA mini kit, according to manufac-
turer’s instructions.

Mutation analysis: The PCR and sequencing proto-
col was performed to amplify and sequence exons 19 
and 21 of EGFR,exons 1 and 2 of KRAS, and ex-
ons 15 of BRAF in order to detect EGFR, KRAS and 
BRAF mutations using the primers described previ-
ously (10-12). Purified PCR products were sequenced 
on an automatic DNA sequencer (ABI 3130 Genetic 
Analyzer, Applied Biosystems).

Statistical Analysis: Survival analyses were done 
according to the Kaplan-Meier method, and the log-
rank test was used for survival comparisons. SPSS 
10.0 for Windows statistical package was used for all 
calculations and the patients’ data was evaluated by 
student t test. P< 0.05 was considered to be signifi-
cant.
	
RESULTS
Forty-two eligible advanced stage NSCLC patients 
were enrolled. They were evaluated for EGFR muta-
tions (exon 19 deletion, exon 21 L858R point mu-
tation), KRAS mutations (codon 12, 13, 61 and 64 
mutations) and BRAF V600E mutation (T1799A).
Mutation rates were as 7.1% (n= 3) for EGFR exon 
19 deletion, 4.7% (n= 2) for KRAS exon 2 codon 61 
deletion and 2.3% (n= 1) for BRAF V600E mutation. 
None of the patients had more than one mutation to-
gether.
Median follow-up duration was 26 months (range, 
5-83 months) and this was attributed to the enroll-
ment of most patients in 2008 and 2009. Ten patients 
had erlotinib and median follow-up of these patients 
was 43 months (range, 23-83 months) whereas it was 
23 months (range, 5-61 months) for others. Patient 
characteristics are summarized in Table 1. Two third 

of the patients were male with a median age of 59 
(range, 37-81). Median overall survival was 17 + 4 
months (range, 9-25 months). Nineteen patients had 
locally advanced disease while 23 patients had meta-
static disease. Time-to-progression (TTP) was 13 + 
3 (range, 7-19) months for the patients with locally 
advanced disease and 9 + 2 (months for others with 
metastatic disease (p= 0.05) (Figure 1a). Overall sur-
vival was 26 + 4 (range, 17-35) months for locally 
advanced disease and 15+ 5 (range, 6-24) months for 
metastatic disease (p= 0.148) (Figure 1b). 
Eastern Cooperative Oncology Group (ECOG)-PS 
was registered in thirty-two patients at diagnosis.
Time-to-progression (11 + 1 months vs 7 + 1) and 
OS (26 + 6 months vs 17 + 5 months) were similar 
in the patients with ECOG-PS 0 and 1 (p=0.205 and 
p=0.848, respectively). 

Diagnostic procedures: Bronchoscopic biopsy was 
the most common preferred diagnostic procedure with 
a rate of 40.5% (Table 1). Two thirds of the patients 
(64.2%) had adenocarcinoma with a predominance of 
bronchioloalveolar carcinoma. Most (56.2%) of the 
patients had poorly differentiated carcinoma.

Smoking: Seventy percent of the patients had smok-
ing history, most of them were male and in the fifth 
decade (Table 1). Median smoking rate was 30 pack-
years (range, 10-100). We noticed that 51.8% of the 
smokers were ‘ex-smokers’ who gave-up smoking 
before cancer diagnosis. Median smoking cessation 
duration before diagnosis was estimated as 8 years 
(1-40 ). Most (76.9%) of current smokers were male. 
Median age were as 59 (37-75) and 45 (range, 25-
100 pack year) for smoking rate. Adenocarcinoma 
(46.1%) was almost the most common histopathol-
ogy in current smokers.

Metastatic sites: Pleura was  the most common 
metastatic site (28.5%). Other sites were bone (25%), 
brain (21.4%), contralateral lung (21.4%) and surre-
nal (10.7%). These sites were involved either alone 
or together. Twenty-six percent of the patients had 
brain metastasis at diagnosis or during follow-up, in 
addition most of the brain metastasis (63.6) were as 
solitary or oligometastasis.
Laboratory values: The patients were also evaluat-
ed in terms of anemia, leukocytosis, thrombocytosis, 
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hypercalcemia and hypoalbuminemia. Median val-
ues were in normal ranges for these parameters (i.e. 
13.4 g/dl for hemoglobin, 8500/mm3 for leucocyte, 
318000/mm3 for thrombocyte, 9.4 mg/dl for calcium 
and 4.1 g/dL for serum albumin level). There were no 
statistical differences between the patients who had 

erlotinib or not, in terms of these parameters (p values 
were as 0.56; 0.26; 0.71; 0.45 and 0.76; respectively). 

Patients with epidermal growth factor receptor, 
KRAS or BRAF mutations 

Table 1. Patient characteristics

Male/female	 28/14

Age (median, range)	 59 (37-81)

Smoking rate (%)	 70

Smoking amount (pack-year; median, range)	 30 (10-100)

Smoking cessation before diagnosis (%)	 51,8

Smoking cessation duration before diagnosis (year; median, range)	 8 (1-40)

ECOG – PS* (n)

	 0	 10

	 1	 19	

Locally advanced stage (n)	 19

Stage IV (n)	 23

Diagnostic procedure (%)

	 Bronchoscopy	 40.5

	 Transthoracic fine needle aspiration biopsy	 21.4

	 Pleural biopsy	 9.5

	 Supraclavicular lymph node biopsy	 9.5

	 Others#	 19.1	

Histopathologic subtype (%)

	 Adenocarcinoma§	 64.3

	 Squamous cell carcinoma	 26.2

	 Others¤	 9.5

Differentiation (%)

	 Poorly differentiated	 56.3

	 Moderately differentiated	 31.2

	 Well differentiated	 12.5

Epidermal growth factor receptor exon 19 deletion (%)	 7.1

KRAS exon 2 codon 61 deletion (%)	 4.7

BRAF V600E mutation (%)	 2.3

Erlotinib (%)	 23.8

*: Eastern Cooperative Oncology Group – performance status, registered in 32 patients

#:  Mediastinal lymph node biopsy  (7.1%), bronchial lavage (4.8%), brain mass excision (2.4%), lung mass resection (2.4%),‘tru-

cut’biopsy of bone metastasis (2.4%) 

§: Bronchioloalveolar carcinoma (60%)

¤: Not otherwise specified subtype (7.1%), large cell carcinoma (2.4%)
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Two patients with EGFR exon 19 deletions and one-
patient with KRAS exon 2 codon 61 deletion had er-
lotinib among six patients with any mutations. 

Epidermal growth factor receptor exon 19 deletion
Two patients with mutation had erlotinib while the 
third one did not since she refused other treatments 
after first line chemotherapy. Two patients who had 
erlotinib had locally advanced disease. The first pa-
tient was a 70-year old woman without smoking his-
tory. She had 4 cycles of cisplatinum and gemcitabine 
for relapsed disease after postoperative 25 months. 
Stable disease was achieved with chemotherapy, 
however she had progression after 2 months. She had 
partial response with grade 2 skin rash after 2 months 
of erlotinib treatment. Her disease was controlled 
with 16 months of erlotinib. Shehaslived for addition-
al 11 months after erlotinib was stopped without any 
serious events. Her OS was 59 months. The other pa-
tient was a 65-year old man. He was a current smoker 
at diagnosis with 50 pack-year smoking history. He 
had complete remission after 4 cycles of neoadjuvant 
cisplatinum and vinorelbine, however he had relapse 
after 9 months. He had stable disease with 6 cycles 
of carboplatinum and paclitaxel. He was followed-up 
with supportive care for 6 months until progression. 
Erlotinib was started for progressive disease and he 
had complete response with 2 months of erlotinib. He 
had grade 2 skin rash during 8 months of erlotinib 

therapy. He had an OS of 28 months.Overall survival 
of the third patient with EGFR mutation was esti-
mated as 32 months without documented any other 
treatments. 
Time-to-progression was 25+5 (range, 10-31) months 
in the patients with any mutation and 9+1 (range, 
6-12) months in the other patients without any muta-
tions (p= 0.119) (Figure 2a). However, OS seemed 
to be higher in mutant patients. It was 32+3 months 
(range, 26-38) in the mutant patients and 16 + 2 
months in the others (p= 0.053) (Figure 2b). 
Two patients had KRAS exon 2 codon 61 deletions. 
The first one was a 57-year old male patient with lo-
cally advanced disease. He was an ex-smoker with 
25-pack year smoking history. He had stopped smok-
ing 8 years ago. Partial remission was achieved with 
chemo radiotherapy (radiotherapy with weekly cis-
platinum) followed by 3 cycles of neoadjuvant cis-
platinum and gemcitabine. He was given cisplatinum 
and docetaxel as second line chemotherapy since he 
had progression after 9 months. He was followed-up 
for 10 months with stable disease, eventually he died 
because of disease progression. His OS was estimated 
as 19 months. The other patient was a 53-year old 
woman with metastatic disease. She had partial re-
sponse with 6 cycles of cisplatinum and gemcitabine 
as first line therapy. Erlotinib was started as second 
line treatment because of progressive disease after 11 
months. She had stable disease with grade 2 skin rash-
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Figure 1a: Time to progression according to stages (p= 
0.05)

Figure 1b: Overall survival rates according to stages (p= 
0.148)
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es and grade 1 diarrhea. She was followed-up with 
supportive care after progression on seven months of 
erlotinib treatment and her OS was 28 months.        
The patient with BRAF V600E mutation was a 62-
year old man. He was a current smoker with 50-pack 
year smoking history. He had pleural nodules with-
out effusion at diagnosis. The pleural nodules were 
considered as nonmetastatic since they were stable 
although primary lesion regressed with 3 cycles of 
cisplatinum and gemcitabine. So, he was operated. 
He is still in remission with an OS of 22 months. 
Characteristics and treatment results of the patients 
taking erlotinib
Ten patients had erlotinib. Patient characteristics are 
summarized in Table 2. Male/female ratio was 0.42 
(3/7). All of them had adenocarcinoma and 75% of 
those who could have been subtyped had bronchi-
oloalveolar carcinoma.Two patients had smoking his-
tory. Median age was 58 (41-81). Erlotinib was used 
as a median second line therapy (range, 1-4) with a 
median duration of 7.5 (1-16) months. Overall sur-
vival was 28 + 3 months in the patients who had er-
lotinib whereas it was estimated as 15 + 2 months in 
the others (p= 0.068) (Figure 3).  A patient had com-
plete remission (CR), 2 patients had partial response 
(PR), and 4 patients had stable disease (SD) however 
3 patients had progressive disease (PD). The patient 
with CR and a patient with PR had EGFR exon 19 
deletions while a patient with SD had KRAS exon 2 
codon 61 deletions. None of the patients in the erlo-

tinibgroup had BRAF V600E mutation. However, the 
patient who had CR with EGFR exon 19 deletion was 
a current smoker with 50 pack-year smoking history.
Eight patients (80%) who had erlotinib died after a 
median follow-up of 27 (12-59) months.Apatient 
with CR and EGFR exon 19 deletion and another one 
with PR and without any mutations are alive. The 
first patient had relapse after 8 months of CR and his 
OS was estimated as 28 months. The second one had 
cisplatinum and pemetrexed since he had progression 
after 9 months of follow-up. His OS was estimated as 
22 months.Three patients with PD did not have any 
mutations. Two of them had locally advanced disease 
while the thirdone had surrenal metastasis. The first 
patient with locally advanced disease was a 63-year 
old man who had smoked rarely before diagnosis. 
He had chemo radiotherapy after achievement of SD 
with 3 cycles of neoadjuvant cisplatinum and gemcit-
abine. However, he had PD after 7 months of follow-
up. He had erlotinib as a second line treatment and his 
OS was estimated as 12 months. The second patient 
with locally advanced disease was a 46-year old fe-
male patient without smoking history. She had second 
line docetaxel treatment after she had stable disease 
with neoadjuvant cisplatinum and vinorelbine. She 
had erlotinib as a third line therapy since she had PD 
after 14 months. Her OS was 26 months. The third 
patient with surrenal metastasis was a 67-year old 
man with 10 pack-year smoking history. He gave up 
smoking 40 years ago. He had three lines of chemo-
therapy including platinum, taxane, gemcitabine and 
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Figure 2a. Time-to-progression of the patients who had any 
mutation or not (p= 0.119).

Figure 2b. Overall survival of the patients who had any muta-
tion or not (p= 0.053).
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vinorelbine before erlotinib. His OS was 32 months.
None of the patients had severe (grade 3-4) toxicity. 
Two patients [CR (n= 1), PR (n= 1)] with EGFR exon 
19 deletion had grade 2 skin rash and a patient (SD) 
with KRAS V600E mutation had grade 2 skin rash 
and grade 1 diarrhea. None of patients without any 
mutation had erlotinib toxicity. 
Characteristics and treatment responses of the pa-
tients who had monoclonal antibodies and other ty-
rosine kinase inhibitors
Three patients had monoclonal antibody with chemo-
therapy and two patients had sorafenib, a multi-tyros-
ine kinase inhibitor.  
The first patient who had monoclonal antibody was a 
57-year old man. He had 3 cycles of neoadjuvant cis-
platinum, pemetrexed and bevacizumab. He was op-
erated after he had partial response with neoadjuvant 
chemotherapy and he was given 3 cycles of adjuvant 
pemetrexed and docetaxel.But,surrenal metastasis 
occurred after 7 months.He had thoracic paraverte-
bral mass after second line vinorelbine and gemcit-
abine. He had brain metastasis afterwards. He died 
because of progression and his OS was estimated as 
14 months.
Other two patients were 59-year old men who had 
cetuximab, an EGFR monoclonal antibody with 
chemotherapy. One of them had metastasis and he 
died because of febrile neutropenia after 2 cycles of 

cisplatinum, vinorelbine and cetuximab. The other 
one had cisplatinum, gemcitabine and cetuximab for 
locally advanced disease. He had stable disease after 
4 cycles of therapy and had maintenance cetuximab 
for 10 months. He is alive without progression and 
his OS was estimated as 13 months.

Figure 3. Overall survival of the patients who had erlotinib or 
not (p= 0.068). 
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Table 2. The characteristics of the patients who had erlo-

tinib

Male / female	 3/7

Age (median, range)	 58 (41-81)

Erlotinib treatment line (median, range)	 2 (1-4)

Follow-up duration (months; median, range)	 27 (12-59)

Smoking rate (%)	 20

ECOG – PS* (n)

     0 / 1	 1 / 6

Locally advanced stage (n)	 5

Stage IV (n)	 5

Histopathologic subtype (n)

Adenocarcinoma**	 10

Epidermal growth factor receptor 	 2

   exon 19 deletion (n)	

KRAS exon 2 codon 61 deletion (n)	 1

BRAF V600E mutation  (n)	 0

Erlotinib treatment line (median, range)	 2 (1-4)

Erlotinib duration (months; median, range)	 7.5 (1-16)

Remission rates with erlotinib (n/%)

Complete remission / Partial remission	 1 (10) / 2 (20)

Stable disease / Progressive disease	 4 (40) / 3 (30)

Response in epidermal growth factor 

  receptor exon 19 deletion  (n)

Complete remission / Partial remission	 1 / 1

Response in patient with KRAS exon 2 codon 61 deletion (n)

Stable disease	 1

Toxicity (n)

   Grade 2 skin rash***	 2

   Grade 1 diarrhea and grade 2 skin rash****	1

*: Eastern Cooperative Oncology Group– performance status; regis-
tered in 7 patients

**: Adenocarcinoma subtype was documented in 4 patients; bron-
chioloalveolar carcinoma (n=3), mucinous adenocarcinoma (n= 1) 

***: With EGFR exon 19 deletion; complete response (n= 1) and par-
tial response (n= 1) 

****: With KRAS exon 2 codon 61 deletion; stable disease (n= 1) 
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Two patients with adenocarcinoma had sorafenib, a 
VEGFR tyrosine kinase inhibitor. The first patient 
was a 64-year old man who had had sorafenib as a 
second line therapy for locally advanced disease. He 
had progression after 4.5 months although he had sta-
ble disease within 2 months of therapy. The second 
patient was a 44-year old woman. She had progres-
sion with sorafenib as a third line therapy for meta-
static disease. Grade 2 skin rash was observed in both 
of them. They are alive with OS of 23 and 14 months, 
respectively.

Other Treatments 
Eight patients with locally advanced disease were 
operated. Three of them were operated at diagnosis 
while 5 patients could have been operated after neo-
adjuvant chemotherapy. Adjuvant chemotherapy was 
given to six patients who were operated and onepa-
tient had chemo radiotherapy as adjuvant chemother-
apy. The other patient who had neoadjuvant treatment 
has been followed up without any adjuvant treatment. 
He had BRAF V600E mutation and he is still alive 
without any progression.Six of these eight patients 
had also adjuvant radiotherapy. 
The most common preferred chemotherapy regimen 
was cisplatinum and gemcitabine. 

DISCUSSION
Epidermal growth factor receptor somatic mutation 
rate in NSCLC is unclear in Turkey. We consider 
that our study has importance despite small number 
of patients, because it is the first study evaluating 
EGFR mutations, besides KRAS and BRAF muta-
tions in NSCLC in our country. Epidermal growth 
factor receptor activating somatic mutations at re-
gions exon 18-21 encode intracellular phosphoryla-
tion and they are well-known mutations with clini-
cal significance.13-15 We determined EGFR mutation 
rate as 7.1% in our study and all of them were exon 
19 deletion. Epidermal growth factor receptor exon 
19 deletion was also more common as EGFR muta-
tion in Spain.16 In NSCLC, EGFR mutation rate was 
reported as 16.6% by Rosell et al in Spain whereas 
it was reported as 12.1% in ISEL (‘Iressa Survival 
Evaluation in Lung Cancer’) study.16,17 None of our 
patients had EGFR exon 21 L858R point mutation al-
though it is also a common EGFR mutation. But, this 
might have been related to the limited number of our 

patients. In addition, none of the patients had more 
mutations together similar to other studies in the lit-
erature.17,18 All of our patients with EGFR mutation 
(n= 3) had adenocarcinoma in parallel to the literature 
and two of them had no smoking history.16,17,19,20 
It was reported that passive smoking (‘environmental 
tobacco smoke exposure’) might have been inversely 
related to EGFR mutations, even in the people who 
had never smoked actively.20 It was not easy to docu-
ment ‘real’ passive smokers among non-smokers in 
our study since the criteria for second-hand smoke 
‘intensity’ are not so clear almost in the literature. 
So, its effect on EGFR mutation rates could not have 
been clarified.
Epidermal growth factor receptor, KRAS and BRAF 
mutations have prognostic significance. Epidermal 
growth factor receptor exon 19 deletion is a good 
prognostic factor while others are poor prognostic 
factors. Survival of our patients with any mutations 
seems to be better. However, this might have been 
related to the extensiveness of the disease rather than 
mutation since good and poor prognostic mutations 
were evaluated together for TTP and OS analysis. 
Two third of these patients [EGFR mutation (n= 2), 
KRAS(n= 1), BRAF (n= 1)] had locally advanced 
disease. 
Epidermal growth factor receptor tyrosine kinase in-
hibitors are effective even as first line or following 
treatment modalities in NSCLC, especially in non-
smoker female patients. It seems to have safety even 
in older patients. Erlotinib was given to our patients 
as a median second line therapy, especially after first 
line platinum based chemotherapy regimens. None of 
them had serious erlotinib toxicity and it was well-
tolerated. The survival of our patients who had erlo-
tinib seemed to be better (28 + 3 months vs 15 + 2 
months, p= 0.068). It was reported that EGFR over-
expression and high gene copy number might have-
significance in prediction of erlotinib efficacy.17 It was 
reported that gefitinib was not inferior than docetaxel 
in advanced stage NSCLC patients who had prior 
platinum based chemotherapy in INTEREST trial. 
However, the investigators failed to demonstrate su-
periority of gefitinib in the patients with higher EGFR 
gene copy number.21 We did not evaluate EGFR gene 
copy number in any of our patients since the role of 
EGFR gene copy number is controversial. 
The efficacy of sequential chemotherapy and TKIs 
was reported with survival advantage in some tri-
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als, such as BR-21 trial.19 However, Rosell et al re-
ported that first or second line erlotinib treatment had 
no survival difference (16). Advanced stage NSCLC 
patients with EGFR activating somatic mutation had 
significantly better PFS with first line gefitinib when 
compared with carboplatin and paclitaxel combina-
tion.22,23 In our study, only an 81-year old woman 
had erlotinib as first line therapy for relapse. She was 
given erlotinib as first line therapy without evaluating 
mutation status. She had progression after a month of 
erlotinib treatment without any toxicity. It was deter-
mined that she had no EGFR mutation when she was 
evaluated for mutation analysis with other patients. 
Tyrosine kinase inhibitors impair ras/raf/MAPK and 
PI3K/Akt pathways in carcinogenesis.2 Inhibition 
of a pathway might lead compensatory activation 
of other pathways in tumor cells.KRAS mutation 
might decrease gefitinib efficacy probably by inhibit-
ing MAPK pathway independent from EGFR.24 So, 
KRAS or BRAF mutations might contribute to less 
TKI efficacy. It was reported that KRAS mutation 
might have a role in prediction of ‘de novo’ resistance 
to EGFR-TKIs in a meta-analysis.2,25 In our study, a 
53-year old non-smoker woman with stage IV adeno-
carcinoma and KRAS exon 2 codon 61 deletion had 
3 months of disease stabilization with second line er-
lotinib, however she had progression after 7 months. 
The effect of BRAF mutation on gefitinib response 
could not have been evaluated in ISEL study since 
none of the patients had BRAF mutation.17 In our 
study, we could not also comment on the relationship 
between BRAF mutation and erlotinib response as 
none of our patients on erlotinib treatment had BRAF 
mutation. Two patients had cetuximab with platinum 
based chemotherapy and none them had any mutation 
in our study.
It was emphasized that EML-4/ALK (‘echinoderm 
microtubule associated protein like-4 / anaplastic 
lymphoma kinase’) fusion gene rearrangement (2-
7%) might have had significance in NSCLC.26 The 
NSCLC patients with EML4/ALK tend to be young-
er with no smoking history. It was shown that these 
patients had favorable outcomes with crizotinib, an 
inhibitor of ALK and MET tyrosine kinases. We con-
sider that NSCLC patients should also be evaluated 
for MET amplification and ALK gene rearrangement 
since these patients may have benefit from crizotinib. 
It is a well-known process that MET amplification is 
one of EGFR-TKIs  resistance mechanisms. So, cri-

zotinib in NSCLC patients with MET amplification 
seems to be a better therapeutic option. Recently, it 
was reported that an actionable driver mutation rate 
was 64% in lung adenocarcinomas and coincidence 
of more than one mutation was 3%.27 It was also em-
phasized that the patients with oncogenic driver mu-
tations had longer survival with genotype-targeted 
therapy. Accelerations in the research of genotyping 
led more effective tailored therapy, especially in lung 
adenocarcinomas in the last decade.  
We evaluated our patients for other factors which 
might have prognostic significance such as anemia, 
leukocytosis, thrombocytosis, hypercalcemia and hy-
poalbuminemia. It was difficult to comment on these 
parameters in our patients since mean and median 
values were all in normal ranges.
In conclusion, this is the first study evaluating EGFR, 
KRAS and BRAF mutation rates in advanced stage 
lung cancer in our country. Mutation rates were simi-
lar to western countries. One forth (23.8%) of the pa-
tients had erlotinib. Two of these patients had EGFR 
exon 19 deletion, one patient had KRAS codon 61 
deletions. However, we need further prospective tri-
als with large number of patients to demonstrate the 
significance of these mutations in our country, since 
mutations might have ethnicity differences and these 
differences might contribute to various clinical out-
comes besides “tailored-therapy”.
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