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HISTOLOGYHISTOLOGY

MOLECULAR  BIOLOGYMOLECULAR  BIOLOGY

NSCLC
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ÅCarcinogenesis 

Pathways

ÅTargeted therapies

ÅFarmacogenomics 
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AnymoreAnymore

NSCLCNSCLCNSCLCNSCLC
SMALL BIOPSY/CYTOLOGY:IASLC/ATS/ERS

Morphologic adenocarcinoma pattern clearly present

acinar, papillary, micropapillary,solid

Adenocarcinoma with lepidic pattern(if pure describe invasive component)

Mucinus adenocarcinoma

Adenocarcinoma with fetal patterns

Adenocarcinoma with colloid patterns

Adenocarcinoma with signet ring patterns

Adenocarcinoma with clear cell features

NSCLC, favor adenocaarcinoma

Squamous cell carcinoma

NSCLC, favor squamous cell carcinoma

Small Cell Lung Cancer

NSCLC , not otherwise specified (NOS)

NSCLC with neuroendocrine (NE) morphology (+)NE markers, possible LCNEC

NSCLC with neuroendocrine (NE) morphology (-)NE markers

Morphologic squamous cell and adenocarcinoma patterns

Morphologic squamous cell and adenocarcinoma patterns not present but 

immunostains favor separate glandular and adenocarcinoma componets

Poorly differentiated NSCLC with single and/or giant cell carcinoma (mention if 

adenocarcinoma or squamous carcinoma are present

Adenocarcinoma 

Squamous Cell Carcinoma 

SCLC
Large Cell Carcinoma

Adenosquamous 

Sarcomatoid

Travis  WD et  al. JTO 2011



Janku, F. et al. Nat. Rev. Clin. Oncol. ;2010

Epidermal Growth  Factor Receptor  Epidermal Growth  Factor Receptor  

(EGFR) signaling pathways(EGFR) signaling pathways

Epidermal Growth  Factor Receptor  Epidermal Growth  Factor Receptor  

(EGFR) signaling pathways(EGFR) signaling pathways



EGFR TKIs: Gefitinib, ErlotinibEGFR TKIs: Gefitinib, ErlotinibEGFR TKIs: Gefitinib, ErlotinibEGFR TKIs: Gefitinib, Erlotinib



About 10% of unselected NSCLC pts have an 

objective response but

the frequency of response was related to clinical 

features

Response Rate of EGFRResponse Rate of EGFR --TKIs according TKIs according 

to Clinical Backgroundsto Clinical Backgrounds
(compiled from the literature N=1974)(compiled from the literature N=1974)

Response Rate of EGFRResponse Rate of EGFR --TKIs according TKIs according 

to Clinical Backgroundsto Clinical Backgrounds
(compiled from the literature N=1974)(compiled from the literature N=1974)



EGFR mutations: EGFR mutations: distribution and incidence distribution and incidence EGFR mutations: EGFR mutations: distribution and incidence distribution and incidence 

Lynch T et al N Engl J Med 2004

19
deletion

21
mutation

Mitsudomi et al. Cancer Science 2007.

Incidence 

(N=569) 3.2% 48.2%* 3.7%** 42.7%*

insertions



Three Classes of Three Classes of EGFR EGFR MutationsMutations

According to EGFRAccording to EGFR --TKI SensitivityTKI Sensitivity

Three Classes of Three Classes of EGFR EGFR MutationsMutations

According to EGFRAccording to EGFR --TKI SensitivityTKI Sensitivity

Å High sensitivity

ïExon 19 deletionÓL858R, L861Q>G719S

Å Intermediate sensitivity (erlotinibÓgefitinib)

ïD761Y, L747S

Å Resistant (Response rate=0%)

ïT790M

ïExon 20 insertion mutation



Incidence of Incidence of EGFR EGFR MutationsMutations According According 

to Patient Backgrounds to Patient Backgrounds (N=2880)(N=2880)

Incidence of Incidence of EGFR EGFR MutationsMutations According According 

to Patient Backgrounds to Patient Backgrounds (N=2880)(N=2880)



Until PD

Mok T et al, NEJM 361:945 -957, 2009

EGFR EGFR -- TKIsTKIsEGFR EGFR -- TKIsTKIs

Iressa Pan-ASia Study 

(chemotherapy vs. gefitinib in first line therapy)



IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

Response Rate varied according to EGFR status

Mok T et al, NEJM 361:945-957, 2009



Mok T et al, NEJM 361:945-957, 2009

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)
PFS

0.19



IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

Hematological toxicity



IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

Summary of Adverse Events
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M+ Gefitinib C/P

N 132 129

Events 104  

(78.8%)

95       

(73.6%)

HR (95% CI) = 1.00 (0.76, 1.33) 

p=0.990

M- Gefitinib C/P

N 91 85

Events 82  

(90.1%)

74              

(87.1%)

HR (95% CI) = 1.18 (0.86, 1.63)  

p=0.309

Median OS

Gefitinib: 21.6 months

C/P: 21.9 months

Median OS

Gefitinib: 11.2 months

C/P: 12.7 months

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

EGFR Mutation possitive EGFR Mutation negative

OS

Median OS

Gefitinib: 21.6 months

C/P: 21.9 months

Median OS

Gefitinib: 11.2 months

C/P: 12.7 months

Mok Tet al. ESMO 2010



C/P

Gefitinib

M+     (N=132) M- (N=91)

22% received no further 

systemic treatment

26% received EGFR TKIs at 

some time*

68% received platinum 

based chemotherapy 

(55% received C/P at 

some time)*

14% received  ctx other than 

C/P

29% received no further systemic 

treatment

64% received EGFR 

TKI at some time*

(47% G, 24% E, 9% 

other EGFR TKI)**

7% received  chemotherapy other than 

C/P

23% received no further systemic 

treatment

14% received EGFR TKIs at some 

time*

73% received platinum 

based chemotherapy 
(57% received C/P at some 

time*                        

14% received  ctx other than C/P

29% received no further 

systemic treatment

51% received EGFR TKI 

at some time*

(39% G, 8% E, 6% other 

EGFR TKI)**

20% received  chemotherapy 

other than C/P

(N=129) (N=85)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy)

IPASS (chemotherapy vs. gefitinib in first IPASS (chemotherapy vs. gefitinib in first 

line therapy)line therapy) Post -Discontinuation Treatments

Mok Tet al. ESMO 2010



Rosell R et al. N Engl J Med. 2009;10.1056.

Erlotinib in 1st and 2nd line NSCLCErlotinib in 1st and 2nd line NSCLCErlotinib in 1st and 2nd line NSCLCErlotinib in 1st and 2nd line NSCLC



Phase III SATURN study of maintenance Erlotinib in 

advanced NSCLC

1:1

Chemonaµve 

advanced 

NSCLC

n=1,949

Non-PD

n=889

4 cycles of

platinum 

doublet 

chemotherapy*

Placebo PD

Erlotinib

150mg/day
PD

Mandatory 

tumour sampling

Stratification factors:

ÅEGFR IHC (positive vs negative vs indeterminate)

ÅStage (IIIB vs IV)

ÅECOG PS (0 vs 1)

ÅCT regimen (cis/gem vs carbo/doc vs others)

ÅSmoking history (current vs former vs never)

ÅRegion

Primary endpoints:

ÅPFS in all patients

ÅPFS in EGFR IHC+

*cisplatin/paclitaxel; cisplatin/gemcitabine; cisplatin/docetaxel; cisplatin/vinorelbine; 

carboplatin/gemcitabine; carboplatin/docetaxel; carboplatin/paclitaxel

Maintenance Targeted TherapiesMaintenance Targeted TherapiesMaintenance Targeted TherapiesMaintenance Targeted Therapies

Capuzzo et al [abstract 8001], ASCO 2009



Capuzzo et al [abstract 8001], ASCO 2009

Phase III SATURN study of maintenance Phase III SATURN study of maintenance 

Eplotinib in advanced NSCLCEplotinib in advanced NSCLC

Phase III SATURN study of maintenance Phase III SATURN study of maintenance 

Eplotinib in advanced NSCLCEplotinib in advanced NSCLC



EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé

éWho should be tested for EGFR mutations?

All newly diagnosedAll newly diagnosed pts with stage IV NSCLC pts with stage IV NSCLC 

becauseébecauseé
ÅClinical parameters are insufficient to select pts for 

EGFR mutation analysis

while 6 -15% of smokers, male, SCC and 

Caucasians have EGFR m (+) 

ÅPts with EGFR m (+) treated with an EGFR -TKI have 

improved ORR; improved PFS; improved convenience; 

and reduced toxicity



What materials are necessary ?

Almost any adequate diagnostic biopsy

Formalin Fixed and Parafin Embedded

Fresh Frozen tumor

Many pleural effusions 

Pleural biopsies

Cytological specimens 

Bone biopsies 
NOT ADEQUATE

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé



éWhat materials are necessary ?

Greater than 5% of the specimen should 

contain tumor cells for analysis  

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé



éWhat type of EGFR testing ?

The gold standard: Direct sequencing 

Extremely accurate 

Less sensitive 

Moderate cost  

Only known mutation:

SARMS, SNAPSHOT, Sequenome etc

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé



éWhat type of EGFR testing ?





éTimelines ?

éIn some cases, standard chemotherapy may 

be started after repeat biopsy since 

maintenance EGFR -TKI or 2nd -line EGFR -TKI 

therapy can improve survival

The results of EGFR mutation status can be 

performed in less than week, buté

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé

EGFR mutations in NSCLCEGFR mutations in NSCLC

Take homeéTake homeé



Nature 448; 561 (2007).

Translocation

ALK fusion protein*

Inversion

ALK

EML4EML4--ALK Fusion in NSCLCALK Fusion in NSCLCEML4EML4--ALK Fusion in NSCLCALK Fusion in NSCLC



Frequency of ALK TranslocationsFrequency of ALK TranslocationsFrequency of ALK TranslocationsFrequency of ALK Translocations

ÅMedian age is low but 

can be in elderly. 

ÅFrequency equivalent by 

sex, ethnicity and stage.

ÅMore common in ADC

histology but occurs in 

SCC.

ÅMore common in

never/light smokers but 

may occur in smokers. 

Therefore, Therefore, test in all NSCLCtest in all NSCLC not based onnot based on

clinical features.clinical features.

Therefore, Therefore, test in all NSCLCtest in all NSCLC not based onnot based on

clinical features.clinical features.



Inhibitor of EMLInhibitor of EML --ALK = ALK = Crizotinib Crizotinib 

(PF(PF--02341066)02341066)

Inhibitor of EMLInhibitor of EML --ALK = ALK = Crizotinib Crizotinib 

(PF(PF--02341066)02341066)

Potent & Selective ATP competitive oral inhibitor of MET and ALK 

kinases and their oncogenic variants



Tumor Responses to Crizotinib for pts

with ALK -positive NSCLC

Tumor Responses to Crizotinib for pts

with ALK -positive NSCLC

Bang Y et al. ASCO Annual Meeting 2010



ÅORR by gender and age: 
Å60% (n=31/52) and 53% (n=28/53) for male and female;

Å59% (53/90) and 40 (6/15) for age < and Ó65 years, respectively

Crizotinib Shows Clinical Activity in ALKCrizotinib Shows Clinical Activity in ALK --

PositivePositive Advanced NSCLC Regardless of Advanced NSCLC Regardless of 

Prior Therapy and PSPrior Therapy and PS

Crizotinib Shows Clinical Activity in ALKCrizotinib Shows Clinical Activity in ALK --

PositivePositive Advanced NSCLC Regardless of Advanced NSCLC Regardless of 

Prior Therapy and PSPrior Therapy and PS

ÅObjective response rate (ORR): 57% (95% CI: 46, 68%)
ï 57% (8/14) for patients with PS 2 or 3



Crizotinib Crizotinib (PF(PF--02341066)02341066)

PFS: 9.2 monthsPFS: 9.2 months

Crizotinib Crizotinib (PF(PF--02341066)02341066)

PFS: 9.2 monthsPFS: 9.2 months



PROFILE 1007: NCT00932893; PROFILE 1005: NCT00932451

Key entry criteria

ǒPositive for ALK by central 

laboratory

ǒ1 prior chemotherapy 

(platinum-based)

N=318

PROFILE 1007, phase III
R

A

N

D

O

M

I

Z

E

Crizotinib 250 mg BID (N=250)
administered on a continuous 

dosing schedule

Key entry criteria

ǒPositive for ALK by central 

laboratory

ǒProgressive disease in Arm B 

of study A8081007

ǒ>1 prior chemotherapy

PROFILE 1005, Phase II

N=250

Crizotinib 250 mg BID (n=159)
administered on a continuous 

dosing schedule

Pemetrexed 500 mg/m 2 or

docetaxel 75 mg/m 2 (n=159)
infused on day 1 of a 21 -day cycle

Crizotinib studiesCrizotinib studiesCrizotinib studiesCrizotinib studies



EML4EML4--ALK Fusion in NSCLCALK Fusion in NSCLCEML4EML4--ALK Fusion in NSCLCALK Fusion in NSCLC

How we can detect EML4 -ALK fusion?

FISH 

Solomon B, JTO 2009;4:1450-1454

IHC

RT PCR



édeals with the influence of genetic variation on drug 

response in patients by correlating gene expression or 

single -nucleotide polymorphisms with a drug's efficacy or 

toxicity . Such approaches promise the advent of 

"personalized medicine ";

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC

http://en.wikipedia.org/wiki/Genetics
http://en.wikipedia.org/wiki/Gene_expression
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
http://en.wikipedia.org/wiki/Efficacy
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/Personalized_medicine


Phase III study Comparing Cisplatin plus Gemcitabine 

with Cisplatin plus Pemetrexed in Chemo -naµve Patients 

with Advanced -Stage NSCLC

Scagliotti GV et al, JCO 2008



HISTOLOGY MS
months

P value

Adeno 12.6 

10.9

0.03

Large cell 10.4

6.7

0.03

SCC 9.4

10.8

0.05

NSCLC general 8.6

9.2

0.586

CIS/PEM vs CIS/GEM in 1 st- LINE NSCLC

Non -squamous histology

P=0.005

Scagliotti GV et al, JCO 2008
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Pemetrexed
Median OS: 9.3 mos

Docetaxel
Median OS: 8.0 mos

HR=0.778
(95% CI: 0.607 ï0.997)
p=0.048  

Survival Time (months)

Nonsquamous* (n=399)

P Peterson et al, WCLC 2007
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0

A RETROSPECTIVE ANALYSIS OF A PHASE III TRIAL 
OF PEMETREXED VS DOCETAXEL IN PREVIOUSLY 
TREATED PATIENTS WITH NSCLC   

+5.2 months

Nonsquamous* (n=481)

Overall Survival for Pem by Histology

MAINTENANCE PEMETREXED+BSC vs. 
PLACEBO + BSC: A PHASE III STUDY IN NSCLC

Gileanu T et al, Lancet 2009; DOI:10.1016/SO140-
6736(09)61497-5



PURINE SYNTHESISPYRIMYDINE SYNTHESIS

DNA, RNA biosynthesisDNA, RNA biosynthesisDNADNA

TSTS GARFTDHFRDHFR

PEM 
inhibits

PEM 
inhibits

PEM 
inhibits

PEM 
inhibits

TS: thymidylate synthase DHFR: dihydrofolate reductase GARFT: glycinamide ribonucleotide 
formyltransferase

PEMETREXED inhibits

Pemetrexed mechanism of Action

Sigmond et al. Biochem. Pharmacol. 2003; Giovannetti et al. Mol. Pharmacol. 2005)



Scagliotti GV et al, P ASCO 2009

Survival Benefit for Pemetrexed by 

Histology ïthymidylate syntheses thymidylate syntheses 

Survival Benefit for Pemetrexed by 

Histology ïthymidylate syntheses thymidylate syntheses 



ŷ ERCC1

Repair of DNA

Platinum Resistance 

ERCC1 (excission repair cross -complementation group1)

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC



International Adjuvant Lung Cancer Trial - Biology
IALT Bio. 

761/1867 ŬůȅŮȊŮǿȎ

St Regimen

I-III Cisplatin/ 
etoposide or 

vinca 
alkaloids

Evaluation  of   ERCC1 status, by IHC, in OS

Olaussen K et al N Engl J Med, 2006

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC

,



IALT Bio. N Engl J Med, 2006

Patients with ERCC1 - Negative tumors

P=0.002

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC

CDDP sensitive



IALT Bio. N Engl J Med, 2006

Patients with ERCC1 - Positive tumors

P=0.4

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC

CDDP resistant 



RRM1 (ribonucleotide reductase subunit 1)

RRM1

ŷRRM1

Repair of DNA

Gemcitabine Resistance

Platinum Resistance

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC



Functions of BRCA1 Tumor Suppression Gene

ŷBRCA1

ÅResistance to DNA 

damage agents:
CDDP

Topoisomerase I inh

Irinotecan,Topotecan

Topoisomerase II inh

Etoposide

ÅRT resistance

ÅSensitivity to 

antitubules agents :
Taxanes Vinorelbine

MOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLCMOLECULAR BIOLOGY IN NSCLC



Tomorrow is nowTomorrow is now

éfor change treatment paradigméfor change treatment paradigméfor change treatment paradigméfor change treatment paradigm

NSCLCNSCLC

Histological subtype  Histological subtype  
definitiondefinition

EGFR m, EML4EGFR m, EML4--ALK fusionALK fusion

Other mutations* Other mutations* 

όYw!{Σ a9¢Σ {ŎǊΧύόYw!{Σ a9¢Σ {ŎǊΧύ

Pharmacogenomics*Pharmacogenomics*

ό¢{Σ 9w//мΣ wwaмΣ .w/!мΧύό¢{Σ 9w//мΣ wwaмΣ .w/!мΧύ
*For investigational use only
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ÅWASHING

ÅBRUSHING

ÅFNA

ÅBRONCHIAL 

BIOPSY

ÅCMS

ÅCORE 

BIOPSY
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AnymoreAnymore
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SCC
ACC

LCC
LCNEC

EGFRm(+)

W-EGFR 

ALK

EGFRm(+)

ERCC1
?



A 77 years old Caucasian female presents with cough and dyspnea. 

Performance status:1  She is never smoker

CT scan shows: large mass in the L upper lobe, mediastinal lymph 

node enlargement, and small nodular lesions in the contalateral lung

PET scan demonstrates:

A large mass, 

Bilateral lung metastases,

Multiple mediastinal and 

Hilar lymph node involvement,

Bone metastases 

Brain MRI: negative

Case presentation 1Case presentation 1Case presentation 1Case presentation 1


