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Unique Feature of Lung Adenocarcinoma:  
Single Driver Oncogenes 
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Actionable Mutations 
(Driver Mutations?) 



Driver mutation 

• Single pathway control cell growth and death 

• Oncogene addiction 

• Mutually exclusive with other driver mutant genes 

Proof of concept in human trials:  

• Inhibitor resulted in high response and disease control 

• Durable response if alternative pathways relatively inactive 
 
 



Actionable  
 - is it a driver mutation gene?  

Not true driver mutations:  
PI3K, assisting driving 
Not sure about being a driver mutation 
AKT, MEK mutations  
Not targetable yet: 
K-ras, HER2, EGFR insertion 20 
Not targetable and not a full driver: 
P53, RB loss, PTEN loss, etc. 

 



Human Receptor Tyrosine Kinases 

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365 
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Distribution of mutations in the  
TK domain of EGFR: meta-analysis of  

five studies (n=1256) 

TK: tyrosine kinase; EGFR; epidermal growth factor receptor 



Gregory J. Riely, Katerina A. Politi, Vincent A. Miller and William Pao. CCR 2006 



Tumour shrinkage in patients with uncommon mutations 

-100

-80

-60

-40

-20

0

20

40

60

80

100

120

M
ax

im
um

 c
ha

ng
e 

 fr
om

 b
as

el
in

e 
(%

) Exon 20 insertions (n=20) 

De novo T790M (n=14): 
T790M alone(*), T790M+Del19, T790M+L858R, T790M+G719X, T790M+L858R+G719X 

Other (n=33): 
L861Q, G719X, G719X+S768I, G719X+L861Q, E709G or V+L858R, S768I+L858R,  
S768I, L861P, P848L, R776H+L858R, L861Q+Del19, K739_1744dup6 

7 

Independent review (n=67†) 

†8 patients were not included due to insufficient data 

* 

* 
* 

Yang JC et al. Lancet Oncology 2015 



Activity of afatinib in specific uncommon EGFR mutations 

Genotypes  
ORR, 
n (%) 

PFS (months), 
median (95% CI) 

OS (months), 
median (95% CI) 

G719X 
(n=18) 

G719X (n=8) 

G719X+T790M (n=1) 

G719X+S768I (n=5) 

G719X+L861Q (n=3) 

G719X+T790M+L858R (n=1) 

14 (78) 
13.8  

(6.8–NE) 

26.9  

(16.4–NE) 

L861Q 
(n=16) 

L861Q (n=12) 

L861Q+G719X (n=3) 

L861Q+Del19 (n=1) 
9 (56) 

8.2  

(4.5–16.6) 

16.9  

(15.3–22.0) 

S768I 
(n=8)  

S768I (n=1) 

S768I + G719X (n=5) 

S768I +L858R (n=2) 
8 (100) 

14.7  

(2.6–NE) 

NE  

(3.4–NE) 

9 
NE = not estimable 

Note: A patient may be presented in more than one category 
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ALK-PTPN3 

KLC1-ALK KL9;A20 

ALK Kinase domain 

 Several EML4-ALK fusion variants have been identified 
in NSCLC that demonstrate gain-of-function properties 

 ALK tyrosine kinase activity is required for transforming 
activity 

 Evidence shows ALK inhibitors lead to tumor shrinkage 
in vivo, and suggests oncogene addiction, and the 
potential target for therapeutic intervention 

 

Ou et al., Oncologist 2012; 2012;17:1351-75 

EML4-ALK fusion variants in NSCLC 



Published fusion partners in ALK-rearranged NSCLC 
Number  Fusion partner  Reference 

1 EML4 Seto, Nature 2007; Rihova, Cell 2007 

2 KIF5B Takeuchi, Clin Cancer Res 2009 

3 TFG Rihova, Cell 2007 

4 KCL1 Togashi, PLoS 2012 

5 STRN Majewski, J Path 2013 

6 TPR Choi, J Thorac Oncol 2014 

7 HIP1 Fang, J Thorac Oncol 2014; Hong J Thoracic Oncol 2014 

8 SOCS5 Drilon, Clin Cancer Res 2014 

9 CLIP4 Drilon, Clin Cancer Res 2014 

10 BRIC6 Shan, J Thoracic Oncol 2015 

11 DCTN1 Iyevleva, Cancer Lett 2015 

12 SQSTM1 Iyevleva, Cancer Lett 2015 

13 EIF2AK Ali, Oncologist 2016 

14 PPM1B Ali, Oncologist 2016 
15 PRKAR1A Ali, Oncologist 2016 



1st gen 2nd gen 3rd gen 

Crizotinib Alectinib Brigatinib Ceritinib Lorlatinib 
G1123S Res Sens2 N/D Res2 N/D 

1151Tins Res Res3 N/D Res7 Sens9 

L1152P/R Res Sens N/D Res7 Sens9 

C1156Y/T Res Sens N/D Res7 Sens9 

I1171T/N Res Res4,5 N/D Sens4,5,7  N/D 

F1174C/L/V Res Sens Sens6 Res7 Sens9 

V1180L Res Res 4 N/D Sens4 N/D 

L1196M Res Sens3 Sens6 Sens7 Sens9 

L1198F Sens 1 Res1 Res1 Res1 Res1 

G1202R Res Res3 N/D Res7 Sens9 

S1206C/Y Res Sens3 Res6 Sens7 Sens9 

F1245C Res8 N/D N/D Sens8 N/D 

G1269A/S Res Sens N/D Sens7 Sens9 

REFERENCES 
1. Shaw NEJM 2016 4.    Katayama CCR 2014 7.   Friboulet Cancer Discov 2014             10.   Bayliss Cel Mol Lif Sci 2015  
2. Toyokawa JTO 2015 5.    Ou Lung Cancer 2015 8.   Kodityal Lung Cancer 2016 
3. Katayama STM 2012          6.    Ceccon MCR 2014 9.   Zou Cancer Cell 2015                           Courtesy- Dr. Christine Lovly 
  

ALK kinase domain mutations – drug efficacy-  



ROS1 fusions 

 The ROS1 oncogene encodes an 
orphan tyrosine kinase related to 
ALK and insulin-receptor family 
members1 

 
 ROS1 rearrangements have been 

identified in a number of different 
tumor types 
 ROS1 fusion events activate 

growth and survival signalling 
pathways common to other 
receptor tyrosine kinases2 

 
 Approximately 1–3% of NSCLCs 

involve ROS1 rearrangements3-6 

 
 Crizotinib has shown antitumor 

activity in ROS1-positive NSCLC7 

 
 

 ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; ROS1, c-Ros oncogene. 

1. Acquaviva J et al. Biochim Biophys Acta 2009;1795:37–52  
2. Davies KD et al. Clin Cancer Res 2013;19:4040–5  

3. Chen YF et al. J Thorac Oncol 2014;9:1171-9 
4. Bergethon, K et al. J Clin Oncol 2012;30:863-70 

5. Davies K et al. 2012;18:4750-9 
 6. Kohno T et al. Transl Lung Cancer Res. 2015 Apr; 4(2): 156–64 

7.. Shaw AT et al. N Engl J Med 2014;371:1963–71 

Kohno T et al 2015.6 



Fusion partners and fusion variants in  
ROS1+ NSCLC 

# Fusion partner Chromosomal breakpoint Reference Total 

1 CD74 C6;R32  Li, 2007  1 

C6;R34 Rikova, 2007  2 

2 SLC34A2 S4;R32  Rikova, 2007 3 

S4;R34 Rikova, 2007 4 

S13del2046; R32  Takeuchi, 2012  5 

S13del2046; R34 Takeuchi, 2012  6 

3 SDC4 S2;R32 Takeuchi, 2012  7 

S2;R34 Takeuchi, 2012  8 

4 GOPC F3;R36  Rimkunas, 2012  9 

F7;R35 Suehara, 2012  10 

5 ERZ E10;R34 Takeuchi, 2012  11 

E10;R35 Zheng 2014 12 

6 TPM3 T8;R35 Takeuchi, 2012  13 

7 LRIG3 L16; R35 Takeuchi, 2012  14 

8 CCDC6 C6;R34 Seo, 2012 15 

9 CLTC C31; C35 TCGA, Nature 2014 16 

10 KRELR2 Not reported Govindan, 2012 17 

11 LIMA1 L10;R35 Shaw, 2014 18 

12 MSN M8; R34 Shaw, 2014 19 

13 TMEM106B T3;R35 Ou, 2015 20 

14 TPD52L1 T3; R34 Zhu, 2016 21 



Phase II study of crizotinib in  
East Asian patients with  
ROS1-positive advanced  

non-small cell lung cancer 

Goto K. et al. ASCO 2016 abstract 9022  



Phase II study of crizotinib in 
 East Asian patients with 
 ROS1-positive advanced  

non-small cell lung cancer 

Goto K. et al. ASCO 2016 abstract 9022  



RET rearrangement in Lung Cancer & other solid tumors 

RET+ Lung Cancer RET+ Solid tumors 
KIF5B-RET KTN1-RET (thyroid) 

CCDC6-RET* CCDC6-RET (colon, thyroid) 
NCOA4-RET* NCOA4-RET (colon, thyroid)) 
TRIM33-RET TRIM33-RET (thyroid) 

*same chromosome (10) as RET TRIM24-RET (thyroid) 
TRIM27-RET (thyroid) 

PRKARIA-RET (thyroid) 
RAB61P2-RET (thyroid) 
GLOGA5-RET (thyroid) 

PCm1-RET (thyroid) 
TBL1XR1`-RET (thyroid) 
SPECC1l-RET  (thyroid) 
AKAP13-RET (thyroid) 
FKBP15-RET (thyroid) 

ERC1-RET (breast) 

Santoro Eur J Endocrin 2006; 155: 645-653 
Gainor & Shaw Oncologist 2013; 18: 865-875 
Stransky Nat Commun 2014 Sep 10;5:4846 



RET inhibitors 

Compound Tradename Manufacturer IC50 (nM) 
In vitro 
kinase 

IC50 (nM) 
Cellular 
kinase 

IC50 (nM) 
In vitro kinase 
RET V804M 

Other targets 

Regorafenib (1) Stivarga Bayer 1.5 ~10 NR VEGFR1-3, BRAF, c-
kit, PDGF-β 

Levantinib (2) Lenvima Eisai 1.5 48 NR VEGFR1-3, FGFR1-
3, c-kit, PDGFR 

Alectinib (7) Alecensa Roche/Chugai 4.8 ? 53 
V804L (32) 

ALK (1.9 nM) 

Cabozantinib (3) Cometriq Exelixis 5.2 27-85 4094 VEGFR2, MET 

Ponatinib (4) Iclusig ARIAD 7 0.7-11 12 Bcr-abl, FGFR1-4 

Sunitinib (4) Sutent Pfizer 30 40-164 55 VEGFR, PDGFR, c-
kit, Flt-3 

Sorafenib (5) Nexaavar Bayer 47 ~20-50 12 RAF, VEGFR2-3, 
PDGFR, c-kit, Flt-3 

Vandetanib (6) Capresia AstraZeneca 100 NR > 10,000 VEGFR, EGFR 

1. Wilheim, 2011; 2. Oamoto, 2013; 3. Bentzein 2013; 4. Mologni, 2013; 5. Carlomagno 2006; 6. Carlomagno 2002. 
 7. Kodama et al,  Mol Cancer Ther 2014 



Cabozantinib 
in RET fusion 



Vandetanib in  
RET fusions NSCLC 

LURET study, ASCO 2016 



Levantinib  
in RET fusion NSCLC 



[TITLE] 



Rare EGFR Fusion 

Konduri et al, Cancer Discov. 2016 Jun;6(6):601-11. 



MET & AXL rearrangement in Lung Cancer 

MET+ Lung Cancer AXL+ Lung Cancer 
KIF5B-MET AXL-MBIP 

Stransky Nat Commun 2014 Sep 10;5:4846 

Seo Genome Res 2012; 22: 2109-2119 



Summary of actionable RTK fusion partners  
identified in lung cancer 

RTK ALK ROS1 MET RET NTRK1 NTRK2 EGFR ERBB
4 

FGFR
1 

FGFR2 FGFR3 PDGFR-
a 

AXL 

Fusion 
partners 

EML4 
KIF5B 
TFG 

KLC1 
HIP1 
TRP 

STRN 
SOCS5 
CLIP4 
BRIC6 
DCTN1 

SQSTM1 
EIF2AK 
PPM1B 

PRKAR1A 

GOCP (FIG) 
KIF5B 
CD74 

CCDC6 
SLC34A2 

TPM3 
ERZ 

LRIG3 
KDELR2 
LIMA1 
MSN 

TMEM106B 
TPD52L1 

KIF5B NCOA4 
KIF5B 

CCDC6 
TRIM33 

 

MPRIP 
CD74 

RFWD2 
 

TRIM24 CD74 ERZ BAG4 KIAA196
7 

TACC3 SCAF11 MBIP 

13 RTK fusions 
36 different RTK fusion partners 

KIF5B-, CCDC6- are recurring fusion partners, More to be discovered? 
BRAF fusions in NSCLC 
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N581 - 
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155 227 
576 
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381 
DOCK4 fusion 

breakpoint 

439 
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RBD Tyrosine Kinase 

BRAF alteration frequency in 2179 lung 
adenocarcinoma cases  

• Of the total 6.1% of adenocarcinoma case with BRAF alterations, G469x, D594x, G466x all were at 8+%. 
• Focal BRAF amplifications defined as occuring on a <20 MB segment were at 8%. 
• Two BRAF fusions were identified in this series with breakpoints between intron 9 and 10. 

 



BRAF alterations in  
3300 lung cases (%) 

BRAF  
alteration 

Adenocarcinoma 
(N=2179) 

Non-small cell lung 
carcinoma (N=535) 

Squamous cell 
carcinoma (SCC) 

(N=385) 

Small cell lung 
carcinoma (SCLC) 

(N=201) 

V600 2.5 0.4 0 0 

G469 0.8 1.3 0.3 0 

G466 0.5 0.6 0 0 

D594 0.6 0 0 0 

G464 0.2 0.4 0.3 0 

N581 0.3 0 0 0 

K601 0.3 0 0 0 

G596 0.1 0.4 0 0 

Other short 
variants 

0.3 0 0 0 

Amplification 0.5 0.2 0 0 

BRAF fusion 0.1 0 0 0 

TOTAL 6.1% 3.2% 0.8% 0 

• From right to left, small cell lung cancer did not harbor BRAF alterations. 
• Squamous cell carcinoma harbored 0.8% BRAF alterations none of which were BRAF V600E. 
• Of the 3.2% of NSCLC NOS cases with BRAF alterations, 85% were non V600E BRAF. 
• Of the 6.1% of adenocarcinoma case with BRAF alterations, >50% were non V600E BRAF. 



BRF113928: Study Design 
Stage IV NSCLC 

BRAF V600E 
ECOG 0-2 

At least 1 platinum-based 
chemotherapy 

Cohort A (monotherapy) n = 60 
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Stage IV NSCLC 
BRAF V600E 

ECOG 0-2 
1-3 tx lines only 

(at least 1 platinum-based 
chemotherapy) 

Cohort B (combination D+T) n = 40 
 

Dabrafenib 
150mg BID 
Trametinib 

2mg once daily 

Stage 1 
N = 20 

Stage 2  
N = 20 

Recruitment stopped if fewer than 6 
out of the first  20 subjects  responded 

Interim futility 
analyses 



N=57, RR: 63.2%, DCR: 78.9%, PFS: 9.7M,  

Dabrafenib single agent : RR: 33%, PFS: 5.5M 
Planchard D. et. al. Lancet Oncol, 17 (2016), pp. 642–650 



Davies H, et al. Nature. 2002;417:949-954; Platz A, et al. Mol Oncol. 
2008;1:395-405; Karasarides M, et al. Oncogene. 2004;23:6292-6298;  
Long, et al. N Engl J Med. 2014;371:1877; Gilmartin et al Clin Cancer 
Res 2011;17:989. 

Dabrafenib Inhibits BRAF V600 Kinase and Trametinib 
Inhibits Downstream MEK Signaling 

Dabrafenib mode of action 
• Reversible, small molecule  
• BRAF inhibitor  
• ATP competitive 
• BRAF V600E: IC50 0.65 nM  
Trametinib mode of action 
• Reversible, small molecule  
• MEK1 and MEK2 allosteric 

inhibitor  
• MEK1 and MEK2: IC50 0.7 and 

0.9 nM  

35 
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Immunotoxin: T-DM1 
EMILIA 

Krop IE et al. JCO. 2012;28(16):2698-2704. 
EMILIA study: ASCO 2012 presentation. 



Methods of direct MET oncogene activation 

Methods of direct MET activation 

Amplification Point mutation 
Protein 

overexpression Rearrangement 

Stransky et al Nat Commun 2014 Sep 10;5:4846 

Stein et al,  
Eur Urology 2015; 67: 353-4  

Ou et al,  
J Thorac Oncol 2011; 6: 942-6 

Jeeyun Lee, MD 
Samsung Medical Center 
Personal communication 



Efficacy of crizotinib in patients with  
advanced MET-amplified NSCLC 

 

aConfirmed objective responses. 
bBased on investigator assessment. 
cTwo patients in the intermediate MET group had an unconfirmed PR that was not confirmed in a second assessment. 

Best percent change from baseline in target tumor lesionsa by patient 
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NSCLC 
cMET skipping exon 14 mutation 

Nele Van Der Steen et al. JTO 2016;11(9):1423-1432 



NSCLC 
cMET skipping exon 14 mutation 

Nele Van Der Steen et al. JTO 2016;11(9):1423-1432 



Looking for  
Needle in the hay 



Patients with driver mutations 
current challenges 

• Detection of driver mutations : NGS 
• Detection and quantitation of T790M: 

plasma test 
• Selection of TKIs 1st line vs. 2nd line 
• CNS metastasis 
• Poor performance patients 
• Selecting patients for combination therapy  

(bevacizumab, chemotherapy other 
targeted therapy) 
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In conclusion 

Presented by: 楊志新 James Chih-Hsin Yang 
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