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  NSCLC: 
dalle mutazioni di EGFR 

alla traslocazione di ROS1 
 
 
 
 

Silvia Novello 
silvia.novello@unito.it 
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Platinum 
plus 

WHAT  

HISTOLOGY  
become 
relevant  

Finally a 
ñTARGETEDò drug 

also for lung 
(Beva)  

A TARGETED 
drug with 

the TARGET  
(EGFR)  

20 10 2011 

NSCLC: a crowded Timeline ROS1 

HER2 

KRAS 

BRAF 

squamous  

A new 
approach: 

MAINTENANCE  

Another 
TARGET is 

coming 
(Alk)  

Oncogenic 
Platforms  

ééé. 

Overcome 
Resistance  

2013 2014 2015 

New Alk 
and EGFR 
inhibitors  

Immunotherapy  
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ÅLa multisciplinarietà alla diagnosi 
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Impact of Lung MDT 

Ung KA et al, Asia-Pacific Journal of Clinical Oncology 2014 





Giugno 2012 
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ÅLa multisciplinarietà alla diagnosi 

ÅLΩottimizzazione del materiale diagnostico 
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Åñcell-blockò preparation from effusion and 

aspiration cytology is essential to increase 

quality of diagnostic and predictive tests 

Kossakowski et al. Respiration 2014 
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Lung Cancer Pathology: a real picture 

¢ǊŀǾƛǎ ² Ŝǘ ŀƭΣ WƻǳǊƴŀƭ ƻŦ ¢ƘƻǊŀŎƛŎ hƴŎƻƭƻƎȅ ω ±ƻƭǳƳŜ сΣ bǳƳōŜǊ нΣ CŜōǊǳŀǊȅ нлмм 
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ÅLa multisciplinarietà alla diagnosi 

ÅLΩottimizzazione del materiale diagnostico 

ÅLa necessità di stare al passo con i tempi 
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 KRAS 25% 

EGFR 17% 

Alk 8% 

EGFR other 4% 

FGFR1 ampl  

FGFR2 mut  

PI3KCA mut  

PTEN mut/del  

CCND1 ampl  

CDKN2A del/mut  

PDGFRA ampl/mut  

EGFR amp  

MCL1 ampl  

BRAF mut  

DDR2 mut  

ERBB2 ampl  

FGFR1 ampl 

 20-25 % 

Squamous Carcinoma 

RET 2% 

ROS 2% 

MAP2K1 

>1% 

MET Amp 5% 

NRAS 1% 

HER2 1% 

PIK3CA 2% 

BRAF 

3% 

ALK 

4% 

EGFR  

sensitizing 10% 

KRAS 25% 

None 

47%  

EGFR non-

sensitizing 2% 

Greater than one 

mutation 4% 

Adenocarcinoma 
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# Single 

Mutation

s 

AL

K 

AK

T 

BRA

F 

EGF

R 

HER

2 

KRA

S 

MAP2

K1 

ME

T 

NRA

S 

PIK3C

A 
RET 

RO

S 

ALK  (27) X 1 1 

BRAF (20) X 1 2 

EGFR (87) X 3* 4** 4* 2** 

HER2 (8) X 

KRAS (167) X 7 1 7* 

MAP2K1 (1) X 

MET AMP (34) X 1 1** 2 

NRAS (4) X 

PIK3CA (16) X 1 

RET (19) X 1 

ROS (12) X 

Lung  Cancer Mutation Consortium 2.0 

6% Cases with Aberrations in >1 Driver (39/687) 

Cases with 3 drivers: *EGFR-KRAS-PIK3CA (2),  **EGFR-MET AMP-RET(1) 

Johnson BE, WCLC 2015 
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EGFR-TKIs and EGFR Mutation   
Front - Line Studies 

Study Entry Criteria HR for PFS 
(EGFR mut +) 

HR for OS 
(EGFR mut +) 

IPASS 
Mok 2009 

Asiatic, never- & light ςsmokers, 
adenocarcinoma 
(EGFR mut +  59.7%) 

0.48  
(0.36-0.66) 

0.91 * 
(0.76-1.10)  

*overall population 

First ς SIGNAL 
Han JY 2012 

Adenocarcinoma, Never-smokers 
(EGFR mut + 44%) 

0.61 
(0.30-1.22) 

0.82 
(0.35-1.92) 

NEJ002 
Maemondo 2010 
Proc. ASCO 2011 

EGFR Mutation +  (all) 0.35 
(0.25-0.50) 

0.887 
(0.634-1.241) 

WJTOG3405 
Mitsudomi 2010 

EGFR Mutation + (all) 
 

0.520  (0.378-0.715) 1.185  (0.767-1.829) 
 

EURTAC (EU) 
Rosell 2012 
Benlloch 2014 

EGFR Mutation + (all) 0.42   (0.27-0.64) 0.86 (0.54-1.38) 

OPTIMAL (China) 
Zhou 2012 

EGFR Mutation + (all) 0.16  (0.10-0.26) 1.04   (0.69ς1.58) 

LUX-LUNG 3 
Sequist 2013 
Yang 2015 

EGFR Mutation + (all) 0.58 (0.43ς0.78) 
0.47 ((0.34ς0.65)*) 

0.88 
(0.66-1.17) 

Wu 2014 
Yang 2015 

EGFR Mutation + (all) 0.28 
(0.20ς0.39) 

0.93 
(0.72-1.22) 

gefitinib afatinib erlotinib 



EGFR mutant lung cancer ï T. Mitsudomi 

VExon-19 del and L858R are described as classic EGFR mutations  
 
VUncommon mutations with known clinical significance: G719X, 
S768I, T790M, insertions in exon-20, and L861Q 
 
VRare EGFR mutations are considered all other EGFR mutations  
 

wŀǊŜ ŀƴŘ ¦ƴŎƻƳƳƻƴ aǳǘŀǘƛƻƴǎΧΦΦŜǾŜƴ ŀƴ 
issue to define it properely 



EGFR mutant lung cancer ï T. Mitsudomi J Yang et al Lancet Oncol 2015 



Mitsudomi T Discussion WCLC 2015 

ÂWhile E709K (N=44, 0.17%), 

G724S(N=12, 0.046%) and T751I(N=10, 

0.039%) are relatively common, most of 

the others are <5 (0.019%). 

ÂE709K is sensitizing mutation (Kobayashi 

et al., CCR, 2015) 

ÂAll of the mutations with description of 

base change were C/G-T/A transitions 

Rare mutation N in Cosmic Base change 

R841K  2 G-A 

P699S 1 C-T 

L703P 5 T-C 

I706V  0 

M766T  1 T-C 

G735S  4 G-A 

Q812R  1 

R836H 2 G-A 

E697K 0 

D761M /V765M 0/6 /G-A 

R748G 1 A-G 

W731Stop 4 G-A 

E865K 1 G-A 

E804K 3 G-A 

L703P 5 T-C 

V742A 4 T-C 

R835H 0 

A871E 1 

T710I 0 

A840V 0 

T751I 10 C-T 

S768N 2 G-A 

E690K 1 

S811F 3 C-T 

L718P  3 T-C 

G724S 12 G-A 

S695N 0 

E709K 44 G-A 

W731X 4 G-A 

D855G 1 A-G 

G719R 0 

Incidence of the rare 
mutations reported in 25,898 

EGFR mutations in the 
COSMIC database 

We have to be careful 

when we see very very 

rare mutation using 

FFPE specimens, 

especially small biposies 
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Il target e il suo farmaco: una storia in rapida evoluzione 

BCR-ABL 

inhibition 

41 years 

BRAF 

inhibition  

8 years 

ALK inhibition 

3 years 

1999 

Hematologic 

responses in CML 

(53 of 54 patients) 

1993-1995 

BCR-ABL 

inhibitors 

(patents filed) 

2002 

BRAF mutations 

identified in cell 

lines and melanoma 

2010 

Responses in 

BRAF-mutant 

tumors 

1960 

Philadelphia 

chromosome 

discovered 

1973 

Mechanism of action: 

translocation of the 

ABL oncogene 

2007 

EML4-ALK 

translocation as a 

potential drug 

target in NSCLC 

2010 

ALK fusions 

predict 

response 

2003-2004 

EGFR-TKIs approved 

for NSCLC 

2004 

EGFR mutations 

predict response 

to EGFR-TKIs 

1981 

Tyrosine kinase activity 

of EGFR identified 

EGFR 

inhibition 

23 years 

2013 

EGFR-TKI approved 

for 1st-line EGFR 

mutant NSCLC 

HER2 

inhibition 

15 years 

1985-1987 

HER2 cloned & 

amplification identified 

1996 

HER2 expression 

predicts response 

1998 

1st HER2 targeted 

therapy approved  

 2001 

1st BCR-ABL 

targeted therapy 

approved 

2011 

1st BRAF targeted 

therapy approved  

2011 

1st ALK targeted 

therapy approved  

1. Chin L, et al. Nat Med. 2011;17:297-303. 

2. Chong CR and Jänne PA. Nature Med. 2013; 19:1389-1400. 
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Different way to approve 

14/11/2012 



DJ Stewart et al, WCLC 2015 

 Impact of time to drug approval on potential years of life lost: the 

compelling need for improved trial and regulatory efficiency 
 
 
 

- Used phase III trials in incurable cancers published 2000-2015: 
With statistically significant increase in survival 
- Drug approved by the FDA in that malignancy 
- 21 drugs in 11 malignancies as illustrative examples 
 
Calculated:  
Life-years lost per year of approval delay: 
Multiplied no. deaths per year (for specific subgroups included in phase III trial) x median 
survival gain (yrs): 
- Life-years lost between drug discovery and approval: 
Used US dates as surrogate for worldwide 
- Life-years that would have been saved if time from discovery to approval reduced to < 5 
years 
- Life-years saved by improved trial safety 



Life-years lost worldwide per year delay in drug approval 

Life-years lost worldwide per year 

Total combined life-years lost / year: 

    Worldwide:      2,541,274 

 1 for every 12 seconds delay 

    North America:  240,085 



Life-years lost worldwide from patent application to approval 

Life-years lost worldwide 

Total combined life-years lost: 

    Worldwide:      31,537,958 

    North America:  2,956,667 
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ÅLa multisciplinarietà alla diagnosi 

ÅLΩottimizzazione del materiale diagnostico 

ÅLa necessità di stare al passo con i tempi 

ÅNuovi farmaci, differente gestione del pz 
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Å Targeted agents exhibit the same frequency (and 
sometimes severity) of toxicities as traditional cytotoxic 
agents, with the main difference being the nature of the 
toxic effects 
 
Å Some classical chemotherapy toxicities (such as nausea, 
diarrhea, fatigue) are still present, while in other cases 
toxicities have been replaced by vascular, dermatologic, 
endocrine, coagulation, immunologic, ocular, and 
pulmonary toxicities. 

Å Do we always describe these toxicities in the proper 
way, well reporting pt outcomes?  

Grace K. Dy , Ca J for Clinicians 2013 

reporting pt outcomes 

bŜǿ ōƛƻƳŀǊƪŜǊǎΣ ƴŜǿ ŘǊǳƎǎΧΦƴŜǿ ǘƻȄƛŎƛǘȅ ǇǊƻŦƛƭŜ 



Italian Survey in pts & referral oncologists 
Novello S, Orbassano 

Valmadre G, Sondalo  

Casartelli C, Como 

Cortinovis DP, Monza  

Seebacher C, Bolzano 

Bria E, Verona 

Binato S, Vicenza 

Tiseo M, Parma 

Merlo V, Udine 

Di Maio M, Napoli 

Rossi A, Avellino 

Galetta D, Bari 

Novello S et al, Transl Lung Cancer Res 2014 

Gefitinib 

Erotinib 

Erlotinib+Other 
Targeted 

Erlotinib+Bevacizuma
b 

Alk inhibitor 

Afatinib 

Carbo/Tax+Bevacizum
ab 

Bevacizumab 

N=90 (41 had only T0 and T1) 



During the previous days of therapy, did you develop skin toxicity of 
any type (ie: dryness, flaking and/or fissuring of the skin, erythema, 
pruritus, acneiform rash, infection or nail abnormalities)? 

If YES, please provide the 
degree  
of severity: 
Å Grade 0 (absent) 
Å Grade 1 (mild, without 

need  
of treatment) 

Å Grade 2 (moderate, need  
of minimum local 
treatment) 

Å Grade 3 (severe, need of 
medical treatment with 
restriction of daily 
activities) 

Å Grade 4 (severe, need of 
urgent medical 
treatment) 

 

Novello S et al, Transl Lung Cancer Res 2014  



WORK IN PROGRESS 

A cura della Drssa Sara Pilotto e 
Drssa Ausilia Mara Manganoni  
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ÅLa multisciplinarietà alla diagnosi 

ÅLΩottimizzazione del materiale diagnostico 

ÅLa necessità di stare al passo con i tempi 

ÅNuovi farmaci, differente gestione del pz 

ÅLa consapevolezza del risultato άa termineέ 

 



PFS of patients treated with TKis with 
mutation/rearrangement within clinical trails 

10,8

9,6

13,7

10,4
11,1 11,0 

7,7

5,4

6,6

4,6
5,1

6,9

5,6

4,2

NEJ002 WJTOG3405OPTIMAL EURTAC Lux-Lung 3 Lux-Lung 6 Profile 007

gefitinib  erlotinib  afatinib  crizotinib  

* 

*second line versus pemetrexed 
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 Defining resistance by RECIST may lead to 

premature termination of TKI 

Advance stage 
NSCLC with 

EGFR Mutation 

EGFR TKI 

PD 
By RECIST 

PD 
By doctor 

Discretion* 

PFS 1 

PFS 2  

*Doctor Discretion: Symptomatic progression, multiple progression 

Threat to major organéetc 

EGFR TKI 

PI: K Park 



  
  

  
  

  
  

  
  

 
U

N
IV

E
R

S
IT

Y
  

O
F

  
T

O
R

IN
O

  
 

ɀ
  D

E
P

A
R

T
M

E
N

T
 O

F
 O

N
C

O
L

O
G

Y
 

ASPIRATION trial-key results 

K Park et al, ESMO 2014 
 

ÅOf 207 patients, 171 had RECIST PD; 93 continued post-PD erlotinib 

ÅPFS1 median was 11.0 months (95% CI 9.2, 11.1)  

ÅPFS2 median was 14.1 months (95% CI 11.5, 14.8) 

ÅDifference between PFS1 and PFS2 in patients receiving post-PD 
erlotinib was 3.1months 



Diagnosis (and tests) do not end 
 at the time of diagnosis 



Mechanisms of drug resistance to EGFR and ALK 
targeted therapies 

Junko Tanizaki, WCLC 2015 

EGFR mutant  ALK rearranged  



Data with AZD9291 

E
s
c
a
la
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o
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Enrollment into first-line 

cohorts by local and / or 

central (cobasÊ EGFR 

Mutation Test) identification 

of EGFR-TKI-sensitizing 

mutation 

Cohort 1 

20 mg 

Negative 

Cohort 2 

40 mg 

Cohort 5 

240 mg 

Rolling six design 

Cytology 

Tablet 

Negative 

Cohort 3  

80 mg 

Negative 

Cohort 4  

160 mg 

Positive Positive Positive Positive Positive 

Biopsy Biopsy 

T790M  

cohorts 

First-line 

EGFRm 

80 mg 

First-line 

EGFRm  

160 mg 

E
x
p

a
n

s
io

n
 

Ramalingam S  et al, Mitsudomi T et al, Yang J et al, MINI  ORAL 16, WCLC 2015 

AURA 1 
AURA 2 



Data with AZD9291 

Ramalingam S  et al, Mitsudomi T et al, Yang J et al, MINI  ORAL 16, WCLC 2015 



	

	



 



EGFR mutant lung cancer ï T. Mitsudomi Mechanisms of acquired resistance to AZD9291 in EGFR T790M positive lung cancer ς J Oxnard et al, WCLC 2015 
DISCUSSANT T MITSUDOMI 

Mechanisms of Acquired Resistance in 2015 
 1G EGFR-TKI 3G EGFR-TKI 

T
a

rg
e
t 

m
o

d
if
ic

a
ti
o

n 

seconday 
mutation  

T790M C797S 

others (rare  
L747S, D761Y, T854A 

amplificati
on/loss 

EGFR amp/loss T790M loss 

B
yp

a
ss

/a
cc

e
ss

o
ry

 
p

a
th

w
a
y 

bypass 
track 

c-MET, HER2, HER3, 
IGF1R, AXL, DAPK, HER3, 

JAK 
HGF, FGF, VEGF 

HER2 amp 
MET amp 

down 
stream 

pathway 

BRAF⁸CRKL, PIK3CA, 
PTEN, MEK1, NF-kB, 

PUMA 

BRAF V600E 
mutation 

 Histologic 
transformation 

EMT 
(TGFb, MED12, AXL, 

Notch1) 

SCLC 

15/67 by ddPCR 

(13/43 in Del 19,  2/24 in 

L858R) 

32/67, suggesting 
overgrowth of an alternate 
resistance mechanism 

EGFR amp 

to R1 

L718Q, 

L844V to R2 

SCLC to 

R1 

ERK1/2 activation 

to WZ3 

NRAS mu to WZ, 

92914 

1. Piotrowska, Cancer Discov, 2015,  
2.  Ercan et al., Clin Cancer Res., 2015, 
3.  Tricker et al., Cancer Discov, 2015, 

4.  Eberlein et al., Cancer Res, 2015 



Shaw A et al, NEJM 2014 

Ceritinib  already approved by FDA 


