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KHDAK’de   tetileyici 
mutasyon sıklığı % 
AKT1 1 
ALK 3-7 

BRAF 1-3 
EGFR 10-35 
HER2 2-4 
KRAS 15-25 
MEK1 1 
NRAS 1 

PIK3CA 1-3 
RET 1-2 

ROS1 1 

 

BRAF 
HER2 

MEK1 

 AKT1 

ALK 

PIK3CA 

NRAS 

ROS1 
RET 

www.mycancergenome.org Lindeman 2013; Scheffler 2015; Platt 2015; Cardarella 2013. 

                KHDAK’nin Moleküler  Alt tipleri ve 
                Tetikleyici Mutasyonlar(driver mutations) 

Unknown KRAS 

EGFR 
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ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; HER-2, human epidermal growth factor receptor 2; KRAS, V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; MEK1, mitogen-activated protein kinase enzyme 1; NRAS, N-rat sarcoma oncogene; PiK3CA, phosphatidylinositol 3-kinase catalytic subunit alpha.
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# Single 
Mutations 

ALK ALT BRAF EGFR HER2 KRAS MEK1 MET NRAS PIK3CA 

ALK (38) X 1 2 1 1 

AKT 1 (0) X 

BRAF (9) X 1 

EGFR (89) X 1 3 

HER2 (3) X 

KRAS (114) X 1 1 

MEK1 (2) X 1 1 

MET AMP (3) X 

NRAS (2) X 

PIK3CA (6) X 

          Lung Cancer Mutation Consortium 
       Mutasyonların %97’si tek olarak bulunuyor 

Kris MG, et al. ASCO 2011. Abstract CRA7506. 
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These mutations are mutually exclusive. Ninety-seven percent of the time there was only 1 mutation per patient. This highlights the fact that these mutations are driver events, and it is quite likely that only 1 driver event is needed to promote and maintain carcinogenesis. 




                Metastatik KHDAK 
Tedavi stratejileri Medyan 

sağkalım 
• Destek tedavi  3-4 ay 

• Eski kemoterapi rejimleri  6-8 ay 

• Güncel ikili kombinasyonlar  8-10 ay 

• İkili kemo. + hedefe yönelik ajan 12 ay 

•Histolojiye göre kemoterapi 12 ay 

•1. basamak sonrası idame 14-16 ay 

• EGFR TKI , ALK TKI +28 ay 



Tetikleyici 
mutasyon yok 
2.1yıl 

Tetikleyici 
mutasyon + 
Spesifikhedefe 
yönelik tedavi 
yok (n=313) 
2.4 yıl 

Hedefe 
yönelik tedavi 
+ (n=264) 
3.5 yıl 

         İleri evre KHDAK olguları n=938  

Johnson BE, Kris MG, Berry LD, et al. J Clin Oncol 31:490s, 2013 (suppl; abstr 8019)  
 



           Lung Cancer Mutation Consortium 

Johnson BE, Kris MG, Berry LD, et al. J Clin Oncol 31:490s, 2013 (suppl; abstr 8019)  
 
 



                     EGFR MUTASYONLARI 

Lynch TJ, et al. N Engl J Med. 2004;350:2129-2139. Paez JG, et al. Science. 2004;304:1497-1500. 
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NSCLC, non-small-cell lung cancer. 

Studies were undertaken by two groups within our same institutions, the Dana Farber Cancer Institute and  Brigham and Women’s Hospital with genomic support from the Broad Institute at MIT.  These were undertaken at the same time at one of the members of the Dana Farber/Harvard Cancer Center, Massachusetts General Hospital.  Both groups identified mutations in the intracellular portion of the epidermal growth factor receptor in patients who had dramatic responses to gefitinib,  The most common mutations in both patients from the United States and Japan include deletions of nucleotides in exon 19 that code for 5 amino near the ATP binding pocket and one amino acid in exon 21, L858R.  The other mutation that is seen in the 719th amino acid.  This is very consistent between groups in the US, Europe, Japan, and the rest of East Asia.   



                          EGFR Mutasyonları 
• Doğu Asya Kökenli kişilerde %50 

• Mutasyonların %60-70 sigara içmemiş veya az içmiş kişilerde 

• Kuzey Amerika da %15 

 

Duyarlılaştıran Mutasyonlar 

• Exon 19 delesyonu (LREA)  
%45 
RR %53 

• Exon 21(L858R)                    
%40 
RR %26 

• %55-80  RR  

• 9-13 aylık PFS 

• Exon 21 (L861Q) 

• Exon 18(GX17X) 

•                 (S768I) 
RR %21 

 
Herbst RS, Heymach JV, Lippman SM.N Engl J Med. 2008 
Rosell RN Engl J Med. 2009 
Shi YJ Thorac Oncol. 2014 



Previously untreated 
patients with stage 

IIIB/IV NSCLC; 
adenocarcinoma, 
never or ex-light 

smokers, WHO PS 0-2 
 

(N = 1217) 

Up to six  
3-wk cycles 

Gefitinib 250 mg/day PO 
(n = 609) 

Paclitaxel 200 mg/m2 IV on Day 1 + 
Carboplatin AUC 5-6 mg/mL/min IV on Day 1 

(n = 608) 

Mok TS, et al. N Engl J Med. 2009;361:247-257. 

                     IPASS Faz III Çalışması 

• Primary endpoint: PFS 

• Secondary endpoints: OS, ORR, quality of life, symptom reduction, safety 

• Study conducted in China, Japan, Thailand, Taiwan, Indonesia, Malaysia, Philippines, 
Hong Kong, and Singapore 

Presenter
Presentation Notes
These recommendations are based on the following data. Outlined here is a study design for a phase III randomized study popularly known as IPASS. In this study, which was predominantly done in Asian countries, previously untreated patients with stage 3B or 4 non-small-cell lung cancer of the adenocarcinoma variety in never or light smokers who had a good performance status of 0 to 2 were randomized to gefitinib or carboplatin and paclitaxel. 




                                   IPASS 
EGFR Mutasyonu Pozitif ve Negatif  Olgularda Cevap Oranları 

EGFR mutation–positive OR* 2.75 
(95% CI, 1.65-4.60); P = .0001  

EGFR mutation–negative OR 0.04 
(95% CI, 0.01-0.27); P = .0013 

O
RR

 (%
) 

(n = 132) (n = 129) (n = 91) (n = 85) 

*OR > 1 suggests greater chance of response on gefitinib. 

71.2 

47.3 

1.1 

23.5 

Mok TS, et al. N Engl J Med. 2009;361:947-957. 
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EGFR, epidermal growth factor receptor; OR, overall response; ORR, overall response rate.




                                      IPASS 

Mok TS et al.  
NEJM 2009;  
 



IPASS :  EGFR Mutasyon Durumuna Göre PFS 
 

• In EGFR mutation–positive subgroup, significantly longer PFS with gefitinib (HR: 0.48; 
95% CI: 0.36-0.64; P < .001) 

• In EGFR mutation–negative subgroup, significantly shorter PFS with gefitinib (HR: 2.85; 
95% CI: 2.05-3.98; P < .001) 

Mok TS, et al. N Engl J Med. 2009;361:247-257.  

EGFR-Mutation Positive 

HR: 0.48  
(95% CI: 0.36-0.64; P < .001) 
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EGFR-Mutation Negative 

HR: 2.85  
(95% CI: 2.05-3.98; P < .001) 
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Mos Since Randomization 

Gefitinib 

Paclitaxel/ 
carboplatin 
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Events 
Gefitinib: 97 (73.5%) 
Pac/carbo: 111 (86.0%) 

Events 
Gefitinib: 88 (96.7%)  
Pac/carbo: 70 (82.4%) 
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These are the main findings of the IPASS study. For the EGFR mutation–positive subgroup, the progression-free survival curves demonstrate a statistically significant improvement in progression-free survival for gefitinib vs carboplatin/paclitaxel, with a hazard ratio of 0.48. For patients who are EGFR-mutation negative, clearly chemotherapy is better than gefitinib, with a hazard ratio of 2.85. Clearly again, even for progression-free survival, mutation status is a very good predictor for benefit with gefitinib.




Birinci Jenerasyon EGFR  Tirozin Kinaz İnhibitörleri 

Erlotinib 
• Optimal  
• Eurtac 
• Ensure 

Gefitinib 
• IPASS 
• West Japan Oncology Oncology Group 172 Çalışması 
• North-East Japan Study Group 002 çalışması 

       9-13ay PFS  
       27 aya varan  GSK  
       



Meta-Analiz:  6 çalışma 

• ENSURE, EURTAC, NEJ002, OPTIMAL, WJTOG 3405, 
IPASS 

• 3 erlotinib, 3 gefitinib çalışması 
 

• n: 1231 
• EGFR TKI: 632 
• Kemoterapi: 599 

 
• Kemoterapi sonrası Erlo/gefi: %73.8 
• Erlo/gefi sonrası kemoterapi: %65.9 

 
 

 
 

 

Lee et al. JNCI 2017; 109 (6) 
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                                                     Afatinib 
                      Tüm ErbB Ailesi Homo- ve Hetero-dimerlerinin  
                                Geri  Dönüşümsüz İnhibitörü 

Solca F ve ark. J Pharmacol Exp Ther 2012;343:342-350. 

Afatinib – ErbB Ailesinin geri dönüşümsüz blokajı 



     İkinci Jenerasyon EGFR Tirozin Kinaz İnhibitörü 
                                  Afatinib 



      LUX-LUNG 3 ve 6 Progresyonsuz Sağkalım 

LUX-Lung 3 (Cispaltin-Pemetrexed) Lux-Lung 6 (Cisplatin-Gemsitabine) 



LUX-Lung 3 ve 6’da  Objektif Yanıt Oranları  
(CR + PR, ikincil sonlanım noktaları, bağımsız inceleme ile değerlendirilmiştir) 

(p<0.0001) 

Afatinib 
(n=242) 

Gemsitabin/sisplatin 
(n=122) 

%67 

%23 

(p<0.0001) 

Afatinib 
(n=230) 

Pemetrekset/sisplatin 
(n=115) 

%56 

%23 

LUX-Lung 62 LUX-Lung 31 

Hastalık kontrolü 
(CR+PR+SD) 

%90 vs %81 %93 vs %76 

                                              Afatinib 
                               LUX-Lung 3 ve LUX-Lung 6    

Ha
st

al
ar

 (%
) 

 
1. Sequist LV ve ark. J Clin Oncol. 2013;31(27):3327-3334. 
2. Wu YL ve ark. Lancet Oncol. 2014;15(2):213-22. 
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Afatinib also demonstrated consistent tumour control in LUX-Lung 3 and LUX-Lung 6.  The objective response rate for afatinib for LUX-Lung 3 was 56% (versus 23% for pemetrexed/cisplatin) and for LUX-Lung 6 was 67% (vs 23% for gemcitabine/cisplatin). This provides further substantiation of afatinib’s superiority over standard-of-care chemotherapy and its reproducibility of efficacy outcomes.

References
6. Sequist LV et al. J Clin Oncol. 2013;31(27):3327-3334.
7. Wu YL et al. Abstract and poster #8016 ASCO, Chicago, June 2, 2013



                 LUX-Lung 3 ve 6 Kombine analiz 

 
Yang JC ve ark. Lancet Oncol. 2015;16(2):141-51. 

 



LUX-Lung 3+6:  del(19) and L858R Mutasyon         
Durumuna Göre Sağkalım 

Yang JCH, et al. Lancet Oncol. 2015;16:141-151. 
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Del(19) 
Afatinib  
(n = 236) 

Chemo  
(n = 119)  

Median, mos 31.7 20.7  
HR (95% CI) 0.59 (0.45-0.77) 

P = .0001 

L858R 
Afatinib  
(n = 183) 

Chemo  
(n = 93)  

Median, mos 22.1 26.9  
HR (95% CI) 1.25 (0.92-1.71)  

P = .1600 
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OS, overall survival.



 

 
Yang JC ve ark. Lancet Oncol. 2015;16(2):141-51. 

          Del 19 Populasyonunda Genel Sağkalım  



          Dacomitinib- 2.jenerasyon Geridönüşümsüz TKI 

PFS: Dacomitınib 14.7 ay   
          Gefitinib       9.2 ay  



GSK: Dacomitinib 34.1 ay 
         Gefitinib        26.8 
ay 



           Osimertinib 3. Jenerasyon TKI 

• T790M-pozitif   ve diğer EGFR TKI tedavilerine yanıt alınmayan  KHDAK 
(Aralık 2015 FDA onayı) 

 
• EGFR T790M-pozitif olgularda cevap oranı  59% to 61% 





                             FLAURA Çalışması 
                          Osimertinib / Gefitinib-Erlotinib 

PFS 18.9 ay  



                Osimertinib –Beyin Metastazları 



                    NCCN 2019 (2.versiyon)  

*Osimertinib- 
    T790M 
    En uzun PFS 18.9 ay 
*Afatinib  
 * Del 19 GSK avantajı 
*Dacomitinib 
       GSK avantajı 
 



Palmer ve ark., Biochem J 2009; 420:345-361 
Drexler ve ark., Leukemia 2000; 14:1533-1559 
Kwak ELN Engl J Med. 2010  

                                 Anaplastic lymphoma kinase (ALK) rearrangement (ALK-EML4) 
                 ALK fusion oncogene (ALK-echinoderm microtubule-associated protein-like 4) 

KHDAK’ lerinin %2-7 
Sigara içmemiş veya az içmiş 
Daha sık olarak erkek 



       ALK   Tirozin Kinaz İnhibitörleri- 1. seri tedavi 

Crizotinib ( ALK,ROS,MET) 
• PROFİLE 1014 

Alectinib  (ALK,RET) 
• ALEX 
• J-ALEX 

Ceritinib   (ALK,ROS,IGF-1) 
• ASCEND-4 

Brigantinib (ALK) 
• ALTA-IL 

 



                        ALK Pozitif KHDAK 
                 Crizotinib vs  Pemetrexed/ Platin 

Solomon BJ, et al. N Engl J Med. 2014;371:2167-2177. Mok T, et al. ASCO 2014. Abstract 8002. 
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  Crizotinib 
(n = 171) 

Chemotherapy 
(n = 169) 

HR (95% CI) 
 

P Value 

ORR, % 74 45 < .001 

mPFS, mos 10.9 7.0 0.45 (0.35-0.60) < .001 

Adv ALK-pos 
nonsquamous 

NSCLC not 
previously 

treated 
(N = 343) 

Crizotinib 250 mg BID 

Pemetrexed + Cisplatin or 
Carboplatin 

q3w x 6 cycles 

Primary 
endpoint: PFS 
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ALK, anaplastic lymphoma kinase; BID, twice daily; NSCLC, non-small-cell lung cancer; ORR, overall response rate; q3w, every 3 weeks; PFS, progression-free survival.






Nejm 2017 Aug 377;9  



     ALEX  Çalışması ( Alectinib/ Crizotinib ) 



     ALEX  Çalışması ( Alectinib/ Crizotinib ) 



       CERITINIB (ALK,ROS, IGF-1)- ASCEND 4  

PFS: Ceritinib 16.6 ay 
        KT              8.1 ay 

Lancet  2017 Mar 4;389(10072):917-929 



ALTA IL Çalışması 
 
PFS  Brigatinib % 67 
        Crizotinib % 43 
    HR: =o.49 

N Engl J Med 2018; 379:2027-2039 



                    NCCN 2019 (2.versiyon)  



                                 ROS1 

• ROS1 re-aranjmanları KHDAK’nin yaklaşık %1-3’de   bulunur. 
 
• Nispeten genç ve daha önce sigara içmemiş hastalarda daha fazla gözlenir. 
 
• Genellikle KRAS, EGFR ve ALK ile eşzamanlı bulunmaz.  

Bergethon K J Clin Oncol. 2012 
Takeuchi KNat Med. 2012 



                  
      ROS1 Re-aranjmanı Olan KHDAK’de Crizotinib      

Shaw AT, et al. N Engl J Med. 2014;371:1963-1971. 

 ORR: 72% 
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CR, complete response; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.



                    NCCN 2019 (2.versiyon)  



        B-Raf(V600 E) mutasyonu + KHDAK 
       Dabrafenib +Trametinib Cevap Oranları 

• Median time on study treatment (dabrafenib and trametinib) = 108 days (range, 1 to 244 days) 

Planchard D, et al. ASCO 2015. Abstract 8006. Reprinted with permission. 
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CR, complete response; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.







                        KRAS Mutasyonu 

• Akciğer adenokarsinomlarında de en sık görülen mutasyon (%30) 
• EGFR tirozin kinaz inhibitörlerine cevapsızlıkta rolü var 
• Pozitifliğinde diğer mutasyonların bakılmasına gerek yok 

 
• SELUMETİNİB(Mek1/Mek2 inhibitörü 
•  Faz II çalışma 

Shigematsu HJ Natl Cancer Inst. 2005 
Riely GJProc Am Thorac Soc. 2009 



            
            Skuamöz Hücreli Karsinomlarda 
 



  KHDAK  Tedavisinde Birinci Seri Tedaviyi Belirlerken ….. 

• EGFR mutasyonları 
• ALK/EML4  
• ROS 
• B-RAF  

 
 

• PDL1 





              Anti EGFR TKİ –Direnç Gelişimi 

Primer direnç 
• Kras mutasyonu 
• Exon 20 insersiyon mutasyonu 

 
Edinsel direnç 
• T790M (tedaviye yanıt sonrası progresyonun %60’I) 
• 8-16 ay içinde 
• KHDAK----KHAK 
• Epitelyal- mezenkimal transizyon 

 



Sequist LV, et al. Sci Trans Med. 2011;3:75ra26. Oxnard GR, et al. Clin Cancer Res. 2011;17:1616-
1622. Ohashi K, et al. Proc Nat Acad Sci USA. 2012;109:E2127-E2133. Takezawa K, et al. Cancer 
Discov. 2012;2:922-933. 

HER2 amplification (12%)+  

BRAF mutation (1%)+ 

                Edinsel Direnç Mekanizmaları 

T790M 
(49%) 

With 
EGFR 
amp 

Met 
amp 
(5%) 

Unknown 
mechanism 

(30%) 

PIK3CA (5%) 

SCLC  
transformation  
(14%) 
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Amp, amplification; EGFR, epidermal growth factor receptor; HER-2, human epidermal growth factor receptor 2; MET, metastasis; PiK3CA, phosphatidylinositol 3-kinase catalytic subunit alpha; SCLC, small-cell lung cancer; TKIs, tyrosine kinase inhibitors.




   Osimertinib 3. Jenerasyon TKI 

• T790M-pozitif   ve diğer EGFR TKI tedavilerine yanıt alınmayan  KHDAK 
(Aralık 2015 FDA onayı) 

 
• EGFR T790M-pozitif olgularda cevap oranı  59% to 61% 



Cevap Oranı %61 

Cevap Oranı %21 



PFSPFS:9.6 ay 

PFS: 2.8 ay 





Spigel DR, et al. ASCO 2011. Abstract 7505.  

                                                 Met  

• Bir çok tümörde MET 
amplifikasyonu, mutasyonu, aşırı 
ekspresyonu var  

 
• MET ekspresyonu bir çok tümör ve 

KHDAK için kötü bir prognostik 
özellik 

• Amplifikasyonu 
• Exon14 mutasyonları 

 
• MET aktivasyonu    

erlotinib/gefitinib direncinde rol 
oynuyor 
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HGF, hepatocyte growth factor; MAb, monoclonal antibody; NSCLC, non-small-cell lung cancer.

The link between EGFR mutations and Response
Diversity of Response to EGFR-TKIs to Different Mutations
Genomic Characterization has shown us a role of TITF-1 in Adenocarcinomas of Lung
LKB1 Mutations in Adenocarcinoma
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