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HISTOLOGY

MOLECULAR BIOLOGY

ACarcinogenesis
Pathways

Alargeted therapies
A-armacogenomics



You Just
Anymore




N SC LC Travis WD et al. JTO 2011

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 It
adenocarcinoma or squamous carcinoma are present




# Epidermal Growth Factor Receptor

signalina_pathwavs

Ligand (EGF, TGF-a)

_ ) _ EGFR homodimer
Ligand-binding —— -=—— or EGFR heterodimer
with HERZ or HER3
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Survival

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




O EGFR TKiIs: Gefitinib, Erlotinib

§




Response Rate of EGFR -TKIs according
to Clinical Backgrounds

(compiled from the literature N=1974)

About 10% of unselected NSCLC pts have an
objective response but

&l the frequency of response was related to clinical
W features

11

Ethnicity Smoking hx Histology




EGFR mutations: distribution and incidence

ir
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Tyrosinekinase domain ~ Autophosphorylation

Binding Binding TMI | domain

EGFE Exons ‘ 18-24 25.28
|

AN 21 y

mutation

823
20

GXGXXG DFG L LY

624 g75

: - wg insertions ﬁ i
Incidence

(N=569) 3.2%  48.20%*  3.7%* 42.7%* 1861

Lynch T et al N Engl J Med 2004
Mitsudomi et al. Cancer Science 2007.




& 1 Three Classes of EGFR Mutations

According to EGFR -TKI Sensitivity

A High sensitivity
ifExon 19 deletionOL858R

A Il ntermedi ate sensitiyv
F\ I D/61Y, L747S

o« A Resistant (Response 7
I T/790M
D I Exon 20 insertion mutation



Incidence of EGFR Mutations According

to Patient Backgrounds  (n=2sso)
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Ethnicity Gender Smoking Hx
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B EGFR - TKIs

Iressa Pan-ASia Study
chemotherapy vs. gefitinib in first line thera

Endpoints
Patients P

1,217 patients Primary |
* Progression-free survival

- Chemonaive inen-inferiority)
- Age 218 years
d years Secondary

- Adenocarcinoma * Objective response rate
histology * Overall survival
- Mever or light ex- * Quality of life

smokers® * Disease-related symptoms
e— Carboplatin » Safety and tolerability

(AUC 5 or 6) / |
paclitaxel ratory
'PS{'-E tzﬂu mg“‘nil H B2rs

- Measurable stage IIIB / 3 weekly*
IV disease

« Life expectancy
212 weeks

* EGFR mutation
* EGFR-gene-copy number
* EGFR protein expressio

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




IPASS (chemotherapy vs. gefitinib in first
line therapy)

Response Rate varied according to EGFR status

Owverall 80 - .
Gefitinib
response 11.2% i _
B [5‘5} 70 Carboplatin [/ paclitaxel
EGFR M+ odds ratio (95% CI) = 2.75
60 1 (1.65, 4.60), P = 0.0001
60 - EGFR M- odds ratio {95% CI) = 0.04
[(0.01, 0.27), P = 0.0013
40 4
o4
3 23.5%
20 -
10 -
1.1%
u -
(n=132) (n=129) {n=91) (n=85)
Mutation positive patients Mutation negative patients
H Odds ratio >1 implies greater chance of response on gefitinil»

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




IPASS (chemotherapy vs. gefitinib in first
line therapy)

m—— G efitinib (n=132) — Gefitinib (n=91)
] 1.0 = 1.0
2 2
E R.1A3°,Cl) 0.19 (0.36, 0.64) 2 HR (95% CI) = 2.85 (2.05)
: 0.8 p<0.0001 o 08T p<0.0001
£ . o g
z No. events gefitinib, 97 (73.5%) “ No. events gefitinib, 88 (96.7%)
% 0.6™ No. events C/ P, 111 {BE.U i=] 0.6 No. events C /P, 70 (32.4‘]}:})
g
g =)
E_ 0.4 g 0.4%
> S
= 0.2+ =
ﬁ E 02=
Na] o]
g 3
& 0.0 1 1 1 1 T 1 & 0.0
0 4 8 12 16 20 24 . In
Months
At risk :
Gefitinib 132 108 71 31 11 3 0
C/P 1290 103 37 7 2 1 0 gg gg 144 f a g g

4

l.'."
5

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




IPASS (chemotherapy vs. gefitinib in first
line therapy)

Hematological toxicity

Gefitinib Carboplatin /
(N=599) paclitaxel

Lab parameter, n (%)* (N=577)
Neutropenia 22 (3.7) 387 (67.1)
Leukopenia 9(1.9) 202 (35.0)
Anaemia 13 (2.2) 61 (10.6)
Thrombocytopenia 6 (1.0) 32 (5.5)

¥



IPASS (chemotherapy vs. gefitinib in first
line therapy)

Summary of Adverse Events

Treatment-related?®

Carboplatin /
Gefitinib paclitaxel
n (% N=607 N=589
SAE 21 (3.5) 53 (9.0)
AE leading to death 4 (0.7) 3 (0.5)
AE leading to discontinuation 24 (4.0) 67 (11.4)
CTC Grade 3,4 or 5 AE 103 (17.0) 334 (56.7)

O_



NIPASS (chemotherapy vs. gefitinib in first
I(i)nse therapy)

EGFR Mutation possitive EGFR Mutation negative

Median OS
Gefitinib: 21.6 months
CI/P: 21.9 months

Median OS
Gefitinib: 11.2 months
C/P: 12.7 months

T T T L B B LA s e s e B e e e s e B R LA s e o e e T T T e s e B s e e B s s s s s s s s sy B |
a 4 4 12 16 20 24 28 32 38 40 44 43 52 a 4 4 12 16 20 24 28 32 35 40 44 44 52

Tirne from randomisation {rmonths) Tirne from randornisation {months )

Fondomised treatment Gefitinib Corboplatin/Poditaxe! Fondomised treatment Gefitinib Corboplating/Poditaxel
Murnber of patients at rAsk
nnnnnn

Gafitinihb 132 128 121 103 3] 70 58 4 & 38 24 11 3 3 o Gafitinihb

Gefitinib C/IP

132 129

104 95
(78.8%) (73.6%)

) =1.00 (0.76, 1.33)

Gefitinib C/P
91 85

82 74
(90.1%) (87.1%)

Cl) = 1.18 (0.86, 1.63)

N

Events




IPASS (chemotherapy vs. gefitinib in first

Iine theraDV) Post -Discontinuation Treatments
M+ (N=132) M- (N=91)

23% received no further systemic
treatment

22% received no further
systemic treatment

26% received EGFR TKIs at
some time*

14% received EGFR TKIs at some
time*

68% received platinum
based chemotherapy
(55% received C/P at
some time)*

73% received platinum

based chemotherapy
(57% received C/P at some
time*

14% received ctx other than C/P

(N=85)

29% received no further
systemic treatment

Gefitinib ‘

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

51% received EGFR TKI
at some time*

(39% G, 8% E, 6% other
EGFR TKI)**

W
Ly

20% received chemotherapy
other than C/P
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Maintenance Targeted Therapies

Phase Ill SATURN study of maintenance Erlotinib in
advanced NSCLC

Erlotinib
150mg/day

Chemona
advanced

4 cycles of
platinum

doublet
chemotherapy*

NSCLC
n=1,949

Placebo
Mandatory

tumour sampling

Stratification factors: Primary endpoints:

EGFR IHC (positive vs negative vs indeterminate) APES in all patients
Astage (I1IB vs 1V) A :
PFS in EGFR IHC+
AECOG PS (0 vs 1)
ACT regimen (cis/gem vs carbo/doc vs others)
ASmoking history (current vs former vs never)
y ARegion

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

Capuzzo et al [abstract 8001], ASCO 2009



Phase Il SATURN study of maintenance
Eplotinib in advanced NSCLC

PFS in EGFR wild-type tumours

FS probability

1.0
— Erlotinib (n=199)

0.8 — Placebo (n=189)

0.6
HR=0.78 (0.63-0.96)

Log-rank p=0.0185
0.4 9 P

0.2

0

0 & 16 24 32 40 48 56 64 72 80 83 96
Time (weeks)

Capuzzo et al [abstract 8001], ASCO 2009

0.8

0.6

0.44

0.24

0

PFS probability
1.0+

PFS in EGFR mutation+

tumours®

— Erlotinib (n=22)
— Placebo (n=27)

HR=0.10 (0.04-0.25)
Log-rank p<0.0001

=

*60% censore d

0

I ] L] L] 1 1 I I L] 1 1
16 24 32 40 48 56 64 72 80 88 96
Time (weeks)



OEGFR mutations in NSCLC
Take homeé

PWho should be tested

All newly diagnosed  pts with stage IV NSCLC
(Wbecauseece

AClinical parameters are insufficient to select pts for
EGFR mutation analysis

N while 6 -15% of smokers, male, SCC and
f Caucasians have EGFR m (+)

Ats with EGFR m (+) treated with an EGFR -TKI have
iImproved ORR; improved PFS; improved convenience,

; and reduced toxicity
O




OEGFR mutations in NSCLC
Take homeé

What materials are necessary ?

il Almost any adequate diagnostic biopsy
| Formalin Fixed and Parafin Embedded
Fresh Frozen tumor
Many pleural effusions
Pleural biopsies

jl Cytological specimens
Bone biopsies

NOT ADEQUATE



SNEGFR mutations in NSCLC
Take homeé

e Wh at mat er i1 al s? ar e

Greater than 5% of the specimen should
contain tumor cells for analysis




O EGFR mutations in NSCLC

Take homeé
éeWhat type of 2EGFR t

The gold standard: Direct sequencing
Extremely accurate
Less sensitive

Moderate cost

L858R (exon 21) EGFR E19del46-50 {exun 19]
point mutation EGFR 15-bp deletion

Siide, Courtesy of Or. Phlllp C. Mack, UC Davis Cancer Cemer.

Only known mutation:

SARMS, SNAPSHOT, Sequenome etc
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& Division of Lablorp AMVIENDIDY L MRErrsom

Sponsor: AstraZeneca Requisition NMo.: 101403021
Protocol: D7el1 ACO00 4 Wisit: Screen
Iinvestigator:  Dr. Konstantinos Syrigos E-code: E3001008
Site: 3001 Birthdate: 09-Feb-1945
Sex:
- = Z 5 Date Accessioned: 20-Apr-2011
Recipient: Dr. Andriani Charpidou - z E
Sotiria Chest Hospital of Athens - 3rd dep of _?:::‘e Céeneratec;_ ﬁ?‘?frce_rﬂ‘l !
Medicine-Oncology Unit - Mesogion Avenue . Senerared: ’
152 =
Athens 11526
Greece
Test Number e T S 01

Adequate Fixation (1)

v
Ad f ,:.i-:. : : v

EGFR Mutation Analysis
G718X (2)

: : Result: NOT DETECTED
Exon 19 Deletion (2)

Result: NOT DETECTED

S7681 (2) -
NOT DETECTED
Insertions Exon 20 (2)
- NOT DETECTED

T790M (2) : B
“NOT CETECTED

L858R (2)
NOT DETECTED

LE61Q (2)
it =NCHDETECTED



OEGFR mutations in NSCLC
Take homeé

eTi mel?d nes

The results of EGFR mutation status can be

performed I n | ess than

é In some cases, standard chemotherapy may
f" be started after repeat biopsy since
m& maintenance EGFR -TKI or 2nd -line EGFR -TKI
therapy can improve survival



EML4-ALK Fusion in NSCLC

Identification of the transforming
EML4-ALK fusion gene in non-small-cell
Iung cancer

i i
larmauSWacn Yz L 1 LESa | Pumasher o ErEererin =1igm | mEscp foaFebhes Yoarmersh Es . sl Bk n e

il I i NME S el .l_l'_r l_:- | [ L D] i - ESrErE o MiE J-_ll I-ll.l l_'l_ -_ r.:_-_ =" _'.rl_ m 2Tl -_" no
'|.|"| dhel e, Harorpoko Slsor Sl e Terifurs Mk ™, Fasanor i Sohars”, Vol ik Sogga i

EGFR homodimer
-<—— or EGFR heterodimer
with HER2 or HER3  {

Ligand-binding —»
domain

Nature 448; 561 (2007).

Survival Proliferation



Frequency of ALK Translocations

Auhor il I I /\cdian age is low but

Shaw, - PR Can be in elderly.
ASCO 2009

A-requency equivalent by
L - S sex, ethnicity and stage.
JTO 2008 :
Takeuchi, 253 M| 4%
CCR 2008 Avore common in ADC
Koivuner, 305 M ETS histology but occurs in
CCR 2008 SCC.
Wong, 266 13 | 5%
Sancer 008 Aore common in
Takahashi, o= = never/light smokers but
ASO 2009 :

may occur in smokers.

Therefore, testin all NSCLC not based on

clinical features.




Inhibitor of EML -ALK = Crizotinib
PF-02341066

Potent & Selective ATP competitive oral inhibitor of MET and ALK
kinases and their oncogenic variants

ALK Cytoplasmic Fusion

— Variants of ALK
: 1
i Extracellular s i i % . I
Intracediular Infracelular i Kinase .“; Kinase -; o
I ° I | @ o Cl
Ki | :P Kinase . 8 B
I @ NPM-ALK EML4-ALK

]
:3 )



Tumor Responses to Crizotinib for  pts
with ALK -positive NSCLC

3

g o

T

Maximum change in tumor size (%)

M Progressive disease

I Stable disease

B Confirmed partial response
Bl Confirned complete response

Bang Y et al. ASCO Annual Meeting 2010




Crizotinib Shows Clinical Activity in ALK
Positive Advanced NSCLC Regardless of

Prior Therapy and PS

I 57% (8/14) for patients with PS 2 or 3

AORR by gender and age:
5%60% (n=31/52) and 53% (n=28/53) for male and female;
59% (53/90) and 40 (6/15) for age <

Mo prior ORR,
regimens’ % (NN
0 50 (3/6)

1 60 (18/30)
2 56 (10/18)
3 63 (10/16




Crizotinib  (PF-02341066)

PFES: 9.2 months

1.0 N, PFS probability at 6 months: 71% (95% CI: 60.3, 79.7)

M. 48% of patients in follow-up for PFS
\1‘_ Median follow-up for PFS: 8.0 months
0.8 i
...... L,
1'-\.
E\ ‘I11
5 069
©
o
e
o
E 0.4
o
LV —
=== 95% Hall-Wellner Band :..
0 J ' I !
0 5 10 15 20
o Time (months)

No. atrisk 113 59 17 5 0



Crizotinib studies

PROFILE 1005, Phase Il

~

Key entry criteria
0 Positive for ALK by central

laboratory Crizotinib 250 mg BID (N=250)

administered on a continuous
dosing schedule

0 Progressive disease in Arm B
of study A8081007

0 >1 prior chemotherapy

J

PROFILE 1007, phase Il

e ) Crizotinib 250 mg BID (n=159)
Key entry criteria administered on a continuous

. " i  odul
0 Positive for ALK by central osing schedule

laboratory

0 1 prior chemotherapy
(platinum-based)

ad Pemetrexed 500 mg/m? or
docetaxel 75 mg/m 2 (n=159)

infused on day 1 of a 21 -day cycle

PROFILE 1007: NCT00932893; PROFILE 1005: NCT00932451



EML4-ALK Fusion in NSCLC

How we can detect EML4 -ALK fusion?
Positive ALK FISH Patterns

FisH- " at

s P :
4 Y

o
Split + Single Reds Split Red/Green
. o Wy
. 'f- | ;- el
Single Reds

Solomon B, JTO 2009;4:1450-1454




MOLECULAR BIOLOGY IN NSCLC

‘Pharmacogenomics

é deals with the influence of variation on drug
response in patients by correlating or
with a drug's or
. Such approaches promise the advent of



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

Stage llIIB/IV
NSCLC

PSO-1

No prior chemo
Randomization:
gender, PS, stage,
histo vs cyto dx,
brain mets

Phase Il study Comparing Cisplatin plus Gemcitabine
ith Cisplatin plus PemetrexedinChemo -napve P
ith Advanced -Stage NSCLC

Study Design

Pemetrexed 500 mg/m? +
Cisplatin 75 mg/mZday 1

Primary objective: Overall Survival
15% Non-inferiority margin (HR 1.17)
N = 1700 Patients , Power 80%

Gemcitabine 1250 mg/m? +
Cisplatin 75 mg/m? day 1;
Gemcitabine 1250 mg/m?* day 8

B12, folate, and dexamethasone givenin both arms

| Scagliotti GV et al, JCO 2008



urvival Frobabily

0.9
0.8 -
0.7 -
0.6 -
0.5
0.4
0.3

0.2 1
0.7 -

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

CG

Meadian: 95% Cl

11.8; 10.4,13.2
10.4; 9.8, 11.2

CP v CG  Adjusted HR; 25% Cl

0.81; 0.70,0.94

P=0.005

; 12 18
Survival Time (months) in Patients

24 30

With Nonsquamous Histolog

HISTOLOGY MS

months

P value

NSCLC general

Scagliotti GV et al, JCO 2008



Overall Survival for Pem by Histology

A RETROSPECTIVE ANALYSIS OF A PHASE JJI TR
OF PEMETREXED VS DOCETAXEL IN PREVIPUSL' AINTENANCE PEMETREXED+BSC vs.

TREATED PATIENTS WITH NSCLC PLACEBO + BSC: A PHASE [Il STUDY IN

HR=0.70 (95% CI: 0.56-0.88)
100 w HR=0.778 P=0.002
(95% CI: 0.607 1 0.997) E
%0 0=0.048 L
80 o £+
Pemetrexed 08 4

70

+5.2 months

Median OS: 9.3 mos
N
40 /
30 *

20 Docetaxel
10 »] Median OS: 8.0 mos

60

50

Pamnebrexed 15.5mos

Survival Probability

Survival Probability (%)

I:II:I LUNEELINN L R B N B BN DN B DD [ R R N RN R DN DN RN DN DN NN BN BN N [N B NN N R R DN B R N R DN B R N B NN R LR
0 1 2 8 4 5 6 7 8 0 101 1213 % 151 17 19 9 2 0 3 B 8 A2 5He 2 B Al s 3B POasE

Survival Time (months) Time (months)

Nonsgquamous* (n=399) Nonsquamous* (n=481)

Gileanu T et al, Lancet 2009; DOI:10.1016/SG140
P Peterson et al, WCLC 2007 6736(09)61495




Pemetrexed mechanism of Action

PEMETREXED inhibits

PURINE SYNTHESIS

; i
s i L i
[ CI 3

X dihydrofolate reductase GARFT: glycinamide ribonuclec
-; formyltransferase

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




¥ Survival Benefit for Pemetrexed by
Histology 1 thymidylate syntheses

P=0.001

‘|

-

K

S
=
-
=
-
-~
=
=
-
-
-
=
=
-
-—
v

e Lo el o

LCNEC SCLC
N=8§ N=33

Scagliotti GV et al, P ASCO 20



A\ MOLECULAR BIOLOGY IN NSCLC

ERCCI1 (excission repair cross -complementation groupl)

TIIIIIIIIIIIIIL Illl TIIIL IO
XPE-DDBE1

' QoBA
IEENEEENNEEREENNEENEED lll IRERE IHII IEENNEREEEEN

Yy ERCC1

’ b A RS
- T — - . 1‘__"‘"".. "
T xee, XPA | e

ey

Repair of DNA

e . 2= Platinum Resistance
:-:i } ) Eﬁﬂ:ﬁi TITID

Double in:i.!innl_

\:'I;F": ' g : T '--- .l'_ =% 0
ERCCA - - TR =X P

T
EEEELA XFE
<

Encision
- . XPA, TFIIH
AFC., PCHNA _
e o aaarase A XPG, XPF, ERCC1
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MOLECULAR BIOLOGY IN NSCLC

International Adjuvant Lung Cancer Trial - Biology

IALT Bio.

761/1867 UG & UuUT|Ug O

St Regimen

|- 111 Cisplatin/
etoposide or
vinca
alkaloids

Evaluation of ERCCI1 status, by

IHC, in OS

Olaussen Ketal N EnglJ Med, 2006




MOLECULAR BIOLOGY IN NSCLC

Patients with ERCC1 - Negative tumors

i)

sl Chemotherapy (105 deaths)

D

40 Control {113 deaths)

; 20
k. P=0.002

Overall Survival (%)

HR= 0.86 [0.76-0.98] p<0.03

{
Do
a0 | 4.1% abs survival benefit at 5 yrs
Chemotherap
60% + /
40% T /

Control - 47
’ 20% 20 C y :.| 5

w 0%

0 1 2 3 [ 5 Years

IALT Bio. N EnglJ Mea, 2006




$ MOLECULAR BIOLOGY IN NSCLC

Patients with ERCC1 - Positive tumors _

Control (80 deaths)

£
E
:
7
E
o)

Mao. at Risk
Chemotherapy 155 a5 62 14
Cantrol 170 & 659 33

IALT Bio. N EnglJ Mead, 2006




MOLECULAR BIOLOGY IN NSCLC
& RRM1 (ribonucleotide reductase subunit 1)

vV RRM1

Repair of DNA
Gemcitabine Resistance

Platinum Resistance



MOLECULAR BIOLOGY IN NSCLC
Functions of BRCA1 Tumor Suppression Gene

E'. F' |':

E::.m:l:;:_p-'an racaptor

Anglogenesls Chromatin Changes Rpoptosis Induction

BRCA1 81-kb gene lecalized on ot 17921-220-kDa nuclear protein of 1.863 a.a.

(-TermInal Domaln
| |
Ublquitinetion DA Damage Repalr Transcription
BARDI BASC BRCT

| |

BAP1F poes
UbcH3a' {rC

Fl
MRETT?
BACH?
N EI "l ] T
BRCAY

V BRCA1
MResistance to DNA

damage agents:
CDDP

Topoisomerase | inh

Irinotecan, Topotecan
Topoisomerase |l inh
Etoposide

MRT resistance




Tomorrow IS now

NSCLC

|

Histological subtype
definition

|

EGFR m, EMLALK fusion

éf or change treatm



You Just

Anymore
ANVASHING ABRONCHIAL
ABRUSHING BIOPSY
ANA AcMS
ACORE
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Case presentation 1

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




